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MPEREX has the most complete line of standardized types of radi-

ation counter tubes that are actual production line models. If you are 

working on anything which requires radiation counter tubes, chances 

are that Amperex can fit you neatly with a tube from our regular line. 

Save time ...save money ...write today for detailed Amperex literature. 

re-tube with 
Amperex... 

AMPEREX ELECTRONIC CORP. 
25 WASHINGTON STREET, BROOKLYN 1, N. T. 

In Canada and Newfoundland: Rogers Majestic Limited 

11-19 Brentcliffe Road, leoside, Toronto, Ontario, Canada 

Orn Of 



COMING 
March 7-10, 1949 

The Radio Engineering Show 
of the 

I.R.E. National Convention 
Grand Central Palace, New York City 

Last March 14,459 engineers and technically interested 
people attended the sessions and exhibits of the IRE Na-
tional Convention and Radio Engineering Show. They saw 
the worlds largest exhibit of: 

• The newest Transmitters, Station Equipment 

• Advances in Vacuum Tubes and all kinds of 
radio-and-electronic components. 

• Test Equipment in which a survey proves 68% of 
the audience showed interest. 

• Oscilloscopes, Meters, Central Equipment. 

• Audio Systems, Amplifiers, Tape Recorders 

• Television Transmitters, Cameras, Receivers 
• Materials and Tools for electronic manufacturing 
—a complete industry picture. 

In the coming Convention you can see more, learn more, 
meet more IRE engineers in four days than ever before. 

Plan to attend! 

Registration, Members, $1.00  Non-Members, $3.00 

•  ‘••  411  

s 
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1949 Radio Engineering Show 
Grand Central Palace, New York City 
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J.R E RADIO ENGINEERING SNOW  

EGNIGITION FLOOR PLAN 

101836101  tttttt 

36,000 Square Feet of Exhibits 

3 Floors 280 Booths 

Here 180 exhibitors will demonstrate and present their 

newest developments for engineers. Some will use com-

bination booths with sound rooms, others group with 

the government shows on the Third Floor or exhibit 

in the Nuclear Centre. Some first floor units still avail-

able at $4.00 a square foot. Second and third floor units 

10' x 8' at $3.121/2  sq. ft., or $250 a booth. 80' ; of all 

space assigned, so act today —write or wire. 

J. Robert Marcett, Reservations Mgr. 

THE INSTITUTE OF RADIO ENGINEERS 

303 West 42nd St., New York 18, New York 

Telephone Circle 6-6357 

PROCEEDINGS OF THE I.R.E.  January, 1949  . 
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%riser's 

sEnco mN 
'  SCI NTILLA) 

• Moisture-proof, Pressure-tight 

• Radio Quiet 

• Single-piece 

• Vibration-proof 

• Light Weight 

• High A.rc Resistance 

Assembly and 
• Easy  
Disassembly 

any 
• Fe Wer Parts than   

nne other Co ctor 
• Contacts filled with high-grade 

rn 
s  to in  top pe ifor on  older  ce 

W .  ONO  •••• 

I DA 

‘i Aorta linpoirmit athaXity-,1 
PRACTICALLY NO VOLTAGE DROP! 

Contacts that carry maximum currents with a minimum 
voltage drop are only part of the many new advantages you 
get with Bendix-Scintilla* Electrical Connectors. The use of 
"Scinflex" dielectric material, an exclusive new Bendix-
Scintilla development of outstanding stability, increases 
resistance to flashover and creepage. In temperature extremes, 
from —67° F. to +300° F., performance is remarkable. 
Dielectric strength is never less than 300 volts per mil. 
Bendix-Scintilla Connectors have fewer parts than any other 
connector on the market—and that means lower maintenance 
costs and better performance.  *T RA D E MA R K 

Available in all Standard A.N. Contact Configurations. 
Write our Sales Department for detailed information. 

SCINTILLA MAGNETO DIVISION o 
SIDNEY, NEW YORK 

AVIATION CORPORATION 



CATHODE-RAY TUBE 

Reija•Uld't 111 
DETERMINED BY SHERRON TEST UNITS 

COMPLETE CATHODE-RAY TUBE TEST EQUIPMENT 

•••°' 
SHERRON TEST CONSOLE serves as a 
two-position console for continuous pro-
duction quality control (capacity 50 
tubes per hour, making all tests) . . 
or as a one-position console for the 
laboratory. 

LIFE 'AND TEST RACK 

.••••••1m m•. .....aggl••••.....•••• "...ag m m•M• me.•••••I m".••• ••••MM•dl 

SHERRON LIFE RACK, principal pro-
duction test unit, can include any 
number of test positions for life test 
or seasoning. 

Flaw detection, performance, 
longevity every test to establish 
cathode-ray tube quality can be 
made with Sherron custom-built 
test equipment. Three basic 
Sherron designs are shown here. 
Available in any electrical or me-
chanical assembly, as sectional 
or combined set-ups. 

While the tabulation below 
describes units designed for 500 
electro•magnetic type testing 
units, the units may be designed 
to include electrostatic types, 
p. pi. 

LIFE RACK TEST CONSOLE 

TUBE TYPE. CUSTOM SELECTION — ELECTROSTATIC 50 0 ELECTROMAGNETIC, P.P.I. 

TESTS Non-plain raster on tube face (any or all tests 

listed under test console may be incorporated 

into life rack). 

Short; voltage-breakdown; beam, filament, 

focus coil, ion trap currents; centering; defini-
tion-resolution; spot size; line width; persist -

ency; light output; linearity; gas; glass 

blemishes; grid cutoff, gamma; leakage; 

interelectrode capacity; spurious illumination. 

TEST POSITIONS MANY AS DESIRED ONE OR TWO 

CUBICLE RACK OR CONSOLE AS ILLUSTRATED 

EQUIPMENT Sweep supply, high voltage supply, control, 

(one per test position); focus coil and ion trap 
supply; plug-in meters for adjustment; sweep- 

timer; control. 

High voltage supply; fil. supply, electrode di-

vider; sweep current supply; monoscope; video 

amp.; metering, photo-electric metering; short-

checker; control. 

FACILITIES ARE INCLUDED FOR COMPLETE TESTING OF PROJECTION 

Sherron   ectronics SHERRON ELECTRONICS oi El   

lio,475 A  'Division  of Sherron 
41 i IP. 

12 01  FL US HI N G  AVE N UE 

TYPE CATHODE-RAY TUBES 

CO. 
Metallic Corporation 

• BR O OKLY N  6 , N. Y 
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CAST ALNICO ¶ and VI IV_  RINGS 
FOR MAGNETIC FOCUSING ASSEMBLIES 

lid a  r, sharp 

e01 4- HO PRO81141 
• 

a 
In TELEVISION  SETS,  magnetic focusing eliminate ions s blur; gives clea 
re ception even during warm-up,  or line voltage fluctuat ; and the first  focusing  

adjustment is the last. The  thin ring-type permanent in 

of Alnico  V and  VI  

produced by Arn old for this  use  (several sizes are  pictured here)  are cast, not 

sintered, in order to save  on first cost.  It's a difficult job,  but Arnold's advanced 

methods produce these rin gs in the  desired  quality  and  any quantity,  trou ble. 

without 

—No matter w hat the application, in any grade  of  Alnico  or other materials, you 

can  depend on  Arnold Permanent  Magnets. We'll  welcome  your inquiries. 74111111 r 

THE A R N O L D ENGINEERING CO MPANY 

Subsidiary of 

ALL1GHENY LUDLU M STEEL CORPORATION 

147 East Ontario Street, Chicago 11, Illinois 

Specialists and Leaders in the Design, Engineering iind Manufacture of PERMANENT MAC:NETS 

PROCEEDINGS OF Jill; January, ly 



1AAD  SANK 
RIG  

PAT 1,11 

to....DESIGO ENGINEERS 
algvat  CP O 410. MOLDED 

NOW PRICED I MEEI RIGID ECONOPA1 REQUIREMEN15 

In the design of components  or complete equipment  r industrial controls or com-

fo 

munications —w here insulation qualities ore  of critical im  where elect  

portance—where mechan-

ical precision must be a fixed factor —where strength is ess ential — rical 

O 

S must accurately meet high frequency circu it needs ...then remember 

MYCALEX 410 as the insulation  that designs-in with your most exacting requirements. 

Various parts shown below are some of many made  for special applications. 



MYCALEX is today's improved insulation - de-
signed to meet the exacting demands of all 

types of high-frequency circuits. MYCALEX is unusual 

in that it possesses a combination of peculiar charac-
teristics that make it ideally suited for insulation in all 
types of electronic circuits. In tomorrow's designs for 

communications and industrial control equipment, 

MYCALEX 410 will be specified more than ever 

before because of its ... Low dielectric loss • High 
dielectric strength • High arc resistance • Dimen-

sional stability over wide. humidity and temperature 

changes • Resistance to high temperatures • Me-
chanical precision • Mechanical strength • Ability to 

mold metal inserts in place. If you have any insula-

tion problems, our engineers will be glad to help you 

in their solutions. 

MYCALEX CORP. OF A MERICA 
"Owners of M̀YCA!EX' Patents" 

Plant and General Offices: Clifton, N. J. Executive Offices: 30 Rockefeller Plan, New York 20, N. Y. 

CE  79i 

0 51, 
TH E  IN S U L AT O R 

TRAP( MARK PLO  U S PAT 

PART NAME 

1 Bushing 

2 Insulator 

3 End Seal 

4 Insulator 

5 Hermetic Seal 

6 Hermetic Seal 

7 Insulator 

8 Bushing 

9 Stand-Off 
Insulator 

10 Panel 

11 Switch Wafer 

12 Elbow 

13 Lead 

14 Insulator 

15 Lead through 
block 

16 Insulator 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

Dual Bushing 

Lead 

Actuating Bar 

Actuating Bar 

Spacer 

Panel 

Spacer 

Spacer 

Spacer 

Spacer 

Clamping Plate 

Electrode 
Mounting 

29 Spacer 

APPLICATION 

Motor Generator 

Electrical Instrument 

Thermostat Shell 

Electrical Instrument 

Crystal housing 

Crystal housing 

Automobile Antenna 

Ignitron 

Electronics circuit 

Television Selector Switch 

Television Selector Switch 

Aircraft ignition 

Transformer 

Polarizing relay 

Oscillator 

Telephone Transmitter 

Oil Burner Transformer 

Transformer 

Telephone relay 

Telephone relay 

Radio vibrator 

Television Selector Switch 

Telephone relay 

Relay 

Telephone relay 

Telephone relay 

Telephone relay 

Level Indicator 

Telephone relay 

30 Six Terminal  Transformer 
Header 

31 Test jack body  High Frequency Circuits 

32 Clamping Plate Telephone relay 

33 Printed Circuit  Experimental 
Base 

INSERTS  DIMEN. 

None 

None 

Stainless Steel 

None 

Nickel and 
Copper 

Copper 

None 

Steel 

Brass 

Silver 

None 

Steel and Brass 

Monel 

None 

Brass 

None 

None 

Monel 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Brass 

None 

Monel 

Monet 

None 

Silver 

1.75" 

3.18 

3.75 

3.00 

0.88 

1.09 

1.06 

4.50 

0.56 

1.38 

2.31 

2.75 

1.75 

1.09 

4.69 

0.88 

3.00 

2.50 

1.44 

0.78 

0.56 

1.75 

1.00 

0.91 

1.00 

1.00 

1.00 

1.13 

1.00 

1.42 

0.75 

1.00 

1.38 



VVide-band Amplifiers? 

20 CPS-2 MC 

Type 241 

$458 

Voltage ealil4ak4 

Type 264-A 

$39.50 

Pa'sia414-22 114.  
Type 164-E 

$127.20 

ei.kd Pwipaue 
Type 274-A 

$136.50 

• ALLEN I. DU MONT LABORATORIES. INC 

Intensity Modulation? 
HighSensi 

c 

tivialibty? 

Amplitude ration 2 

JUST CHOOSE FROM THESE 

DU M pgj 

Here's an adequate selection 
Du Mont instruments to meet an 

of the foregoing requirements: 

If you require a wide-band am 
',Wier, there's a choice of eithe 
Type 241 (5-inch) or Type 224-A (3 
inch). An intensity-modulation am 
plifier is also featured by the Type 
241. The deflection factor of Type 
241 is 0.07 rins v/in.: that of Type 
224-A, 0.1 rms v/in. 

If you require quantitative meas-
urements, the Type 264-A Voltage 
Calibrator is available. It works with 
any oscillograph. Once attached, ii 
need not be disconnected for opera-
tion of the oscillograph. 

If portability is your main re-

* Write for detailed sp 
all of these im 

Low Price? 

of  quirement, there is the Type 164-E 
weighing only 22 lbs. Its frequency 
response is uniform within 20% 
from 5 cps to 100 kc. 

- For a high-sensitivity (0 .01  rms 
r 

-  v/in.) general-purpose instrument, 
the Type 208-B is recommended. Its 
frequency response is within 10% 
from 2 cps to 100 kc. 

And as a very-low-priced general 
purpose 5-inch oscillograph, the 
Type 27 4-A is unsurpassed in its 
class. Its frequency response is 
within 10% from 20 cps to 50 kc: 
deflection factor is 0.2 rrns v/in. 

Regarding price, all these Du 
Mont oscillographs meet the de-
mand for low price and high quality. 

ecifications describing 
portant Du Mont instruments. 

elsogaiicie 

0.01 RMS v/in. 

Type 208-B 

$285 

Wide Raeg9e 
20 CPS-2 MC 

Type 224-A 

$290 

ALLEN  B.  DU  MONT  LABORAT ORIES,  INC.,  PASSAIC,  N.  J. 
CABLE  ADDRESS:  ALBEED U,  NE W  YORK,  N. Y.,  U. S. A. 
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the "electronic brain"... 
both A.C. & D.C. voltages 
accurately held with 
Sorensen equipment 
The Reeves Electronic Analog 
Computer, known in industry as 
REAC, is the first standard office 
size electronic"brain". This machine 

makes possible the rapid dynamic 
analysis of high order linear and 
non-linear  differential  equations, 
doing in a few hours computations 
formerly taking thousands of man-

hours. 

Nearly all major aircraft compa-
nies and many process industries are 
already making use of this amazing 

electronic ''brain" to speed up 
computations. 

voltage regulator by sorensen A. C. Voltage accuracies in REAC are held to 1/2  of 1% 
by a Model 150 Sorensen Voltage Regulator which controls all the servo follow up potentiometers. 
These limits must be met in order to maintain the high accuracy expected of the computer even 

though it is subjected to wide line variations. 

nobatron by sorensen In the computing amplifiers of REAC are 80 electronic tubes which 
require 1/4 of 1% hum free regulation of the D. C. for filament power. That is ideally done with 

a Model E-6-40 Nobatron. 
If you calibrate meters, need quality control on test lines, work with X-ray equipment or are a 
research physicist or chemist, there is a standard Sorensen A. C. or D. C. unit to solve your voltage 
problems. With their use you will experience: • Precise regulation accuracy • Excellent wave 
form • Fast recovery time • Constant output voltage and many other advantages. Ask for our 
latest catalog or put your Voltage Regulation Problems up to our engineers for a specific 

recommendation. 

THE FIRST LINE OF STANDARD ELI uri mNic VOLTAGE REGULATORS. 

SORENSEN & Company, Inc. 
Stamford, Connecticut 

Reprelented in all principal cities. 

PROCEEDINGS OF THE  R.E.  fitimaty, 19/9 
9A 



SPRAGUE 
THE ACQUISITION OF THE PLANT,EXECU-

TIVE STAFF AND FULL FACILITIES OF 

THE HERLEC CORPORATION 
MIL WAUKEE, WISCO NSI N 

Makers of 

CERAMIC CAPACITORS 
and 

ittit:BULPLATE PRINTED CIRCUITS," 
'Trademark Applied for 

PRODUCTION AND DEVELOPMENT FACILITIES 

WILL BE GREATLY EXPANDED 

To the Sprague Electric Company, North Adams, Mass., will now 

be added the full engineering, production and other facilities of 

the Herlec organization. The Herlec plant in Milwaukee will be 
continued. In addition, ceramic assemblies will be produced at a 

new Sprague factory in Nashua, N. H. Thus, customers will have 

the advantage of two fully-equipped and strategically located 
sources of supply. 

PROCEEDINGS OF TIIE I.R.E.  January, 1949 



These little by-pass and coupling type ceramic disc 
capacitors—shown here in actual size—offer distinct size 
advantages that warrant careful investigation. Now avail-
able in a broad range of values in single- and dual-capacity 

units that assure small size and a minimum of weight. 

Here, in a unit only 1" long x 1/2 " wide and 3/32" 

thick, it is possible to obtain a 4-section capacitor 

incorporating such typical values as 2000, 5000, 
220 and 220 mmfd.—and with only six leads to 

be soldered. Write for details of standard capacity 

combinations. 

SPRAGUE 
PIONEERS OF ELECTRIC AND ELECTRONIC PROGRESS 

SPRAGUE ELECTRIC COMPANY • NORTH ADAMS, MASS. 
Pieoi  III. Li; I.. .1111ittor 



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—Magnesium Alloys: 
Extruded Shapes, Forgings—Steel: Electric 
Welded Steel Tube. We solicit your orders for 
these materials. 

REVAPS 
COPPER AND BRASS INCORPORATED 

Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 

Mills: Baltimore, Md.; Chicago, III.; Detroit, Mich.; 
New Bedford, Mass.; Rome, N. Y. 

Sales Offices in Principal Cities, Distributors Everywhere. 

12a PROCEEDINGS OF THE I.R.E.  January, 1949 



LABORATORY  INSTRU MENTS  FOR  SPEED  AND  ACCURACY 

Accurate measurements 
are fundamental to 

the electronic industry. 

-hp- precision instruments 

are basic tools 

for obtaining these 

measurements swiftly, 

surely and easily. 

3 NE W -hp- INSTRUMENTS TO 

MAKE YOUR MEASURING JOBS 

EASIER 

-hp. 400C Vacuum Tube Voltmeter 

Wide range, 20 cps to 2 mc, 12 ranges, 0.001 v to 

300 v, fiat response, 10 megohms input impedance. 

-hp- 4154 Standing Wave Indicator 

300 cps to 2000 cps. For use with bolomecer or 
crystal rectifier. Previewed here for the first time. 

-hp. 404A lottery-Operated Voltmeter 

Light, compact, portable vacuum tube voltmeter. 
No ac power needed. 2 to 50,000 cps. 11 ranges, 
0.003 to 300 v. 

For brief details of these and other -hp- precision 
instruments, see following pages. For complete 
specifications, write direct to factory. 

1782-D PAGE MILL ROAD • PALO ALTO, CALIFORNIA 

Power Supplies  Audio Signal Generators 

UHF Signal Generators 

Frequency Standards 

Amplifiers 

Square Ware G•nerators 

Noil• and Distortion Analyzers 

FM Monitors  Frequency Meters 

Audio Frequency Oscillators 

Wore Analyzers 

Attenuators 

Vacuum Tube Voltmeters 



-hp. Model 200C 

Resistance Tuned Oscillator 

ti 

6) 6 ! 
to  0 

-hp- Model 206A 

Audio Signal Generator 

-hp- Model 300A 

Wave Analyzer 

-hp- Model 3308 

Distortion Analyzer 

-hp- Model 616A 

F Signal Generator 

kr 

-3 

MEASURING SPEED AND ACCURACY 

I to !lull 

HARD WARE 

LO W FREQUENCY 

STANDARDS 

FREQUENCY DIVIDER 

_ ,smis sevaissm il hee mi ms111111 11 1111 . . 

moT IL  I  CIIIARAC MISTICS PRIOUINCY 

10 

14 

100 A 

100B 

110 

200A 

200B 

200C 

200D 

RESISTANCE-TUNED 1  200 H 

OSCILLATORS 

200 1 

I 201B 

2028 

202D 

100 Ic, 10 lc, 1 Ii, ICO cps 

100 lc, 10 lc, 1 ic, 100 cps 

100 to 10 cps 

35 to 35,000 cps 

20 to 20,000 cps 

20 to 200,000 cps 

7 to 70,000 cps 

60 to 600,000 cps 

6 to 6,000 cps 

20 to 20,000 cps 

POSi 

flesibl• couplisr, ceramic insulated, permits rnIs• 
olignm•nt of I 12 - and or S' 

Accuracy 3 cps p•r ret p•r d•gr•• C•ntigrad• 

Tempetor.r• controlled, accuracy 0 001 % 

Controlled by 100A or 1008 Multipliers olso 
available up to 1 mc 

Output 1 watt into 500 ohms; 1% distortion 

Output 1 Watt into SOO ohms, I% distortion 

- 

Output 10 colts into 1,000 ohms, I% distortion 

Output 10 volts into 1,000 ohms; I% distortion 

Output 10 mc into o 100 ohm load 
3% total distortion 

frequency toting closer than 1%; output 10 rolls 
into 1,000 ohms; I% distortion 

Output 3 watts at 1% and 1 watt at 1/2 % 
distortion into 600 ohms 

204 A 

1 205 A 

205AG 
AUDIO SIGNAL 

GENERATORS I 

205AH 

206A 

SQUARE WAVE , / 
210A GENERATOR k 

W AVE ANALYZER { 300 A 

1/2 to 50,000 cps 

2 to 70,000 cps 

2 to 20,000 cps 

20 to 20,000 cps 

20 to 20,000 cps 

For low frequency studies. Output 10 volts 
into 1,000 ohms; I% distortion 

Output 10 colts into 1,000 ohms; 2% distortion 

Portable, bonery-operoted; output 5.0 volts to 
10,000 ohm load? I% distortion 

Output 5 watts, 1% distortion into impedances of 
50, 200, 600, 5,000 ohms. Output VTVM end 110 

db attenuator, 1 db steps   

Some as 205A, plus separate VTVM for complete 
guin measurements 

Ito 100 lc 
Output 5 watts, 3% distortion into SO, 200, 500, 
5,000 ohm impedances. Output VTVM ond 110 db 

attenuotor, 1 db steps 

20 to 20,000 cps Output +15 dbrn with less than 0.1% distortion 
into SO. ISO, 600 ohm impedances. Output VTVM 

and III db ottenuotor in 0.1 db steps 

20 to 10,000 cps Output 50 volts peak to peak; 1,000 ohm internal 
impedance; 70 db attenuate., ‘db steps 

30 to 16,000 cps Variable selectivity; measurement range 1 me to 
SOO volts; 5% accuracy 

PAGE MILL ROAD • PAL O ALT O, CALIF OR NIA 



'---1 111111111 =111 Mallini mos 
THROUGHOUT THE ELECTRONIC FIELD 

FUNCTION  MODEL 

DISTORTI ON 

ANALYZERS 

FM BR OADCAST 

M ONITOR 

FREQUENCY CHARACTERISTICS 

1 320A 
320B 

400 cps and 5 kc 

50, 100, 400 cps and 
1, 5 and 7.5 kc 

30, 50, 100, 400, 1,000 cps; 
5, 7.5, 10 and 15 kc 

Measures total distortion as low as 0.1 %. 70 db 
attenuator, 1 db steps for comparison 

Same as 320A 

Measures total distortion as low as 0.1 %. Input 
amplifier and complete VTVM each usable 

separately 
325B  

330B ,Any frequency 20 to 20,000 cps  Similar to 325B but measures at any frequency 
I  and includes AM detector 

Similar to 3308, no AM detector. Meter has VU 
iAny frequency 20 to 20,000 cps  characteristics to meet FCC requirements for 

1   FM broadcasting 

I 
Ill. 

ATTENUATORS 1 

VACUUM TUBE 
VOLTMETERS 

AND 
ACCESSORIES 

AMPLIFIERS-

ELECTRONIC . 
FREQUENCY METER 

ELECTRONIC 
TACHOMETER 

SIGNAL GENERATORS 

PO WER SUPPLY fl 

335B • 
88 to 108 mc 

FCC approved. Monitors carrier frequency and 
modulation. High fidelity output for aural 

monitoring 

350A 



ERIE TRIMMERS 
for easy assembly and dependable 
performance at reasonable cost 
T_TERE are six popular ERIE Resistor trimmers, all notable for 
± their fidelity to specifications, their rugged stability, and 

their straight-line capacity change throughout the total range. 

The new miniature style Tubular Trimmers and Styles 
554 and 557 open up many design possibilities for added 
efficiency in chassis layout. 

General specifications are given below. Samples will 
be sent to interested manufacturers on request. 

STYLE 531 and 332 

STYLE TS2A 

STYLI 557 

Approx. 
actual size 

Approx. 
IA times 
actual siva 

Approx. 
I lttirn•s 
octuol sae 

ST ILE TD2A 

STYLES 531 and 532 

Capacity Ranges: 0.5-5 MMF & 1-8 MMF 

Working Voltage: 500 V.D.C. 

Max. Temperature: 75°C 

Q Factor (4) 1 MC.: 1,000 min. 

Initial Leakage Resistance: 10,000 megohms min. 

Styles: 531 for panels .015" to .039"; 532 for 
.040" to .065" 

STYLES TS2A and TD2A 
Capacity Ranges: 

Zero Temp. Coeff. 1.5-7 MMF & 3-12 MMF 
N300 Temp. Coeff. 3-13 MMF & 5-20 MMF 
N500 Temp. Coeff. 4-30 MMF & 7-45 MMF 

Working Voltage: 500 V.D.C. 

Q Factor ® 1 MC.: 500 min. 

Initial Leakage Resistance: 10,000 megohms min. 

Styles: TS2A, Single Condenser; 
TD2A, Dual Condenser 

STYLES 554 and 557 

Capacity Ranges: 
Zero Temp. Coeff. 3-12 MMF & 5-25 MMF 
N750 Temp. Coeff. 5-30 MMF & 8-50 MMF 

Working Voltage: 350 V.D.C. 

Q Factor ® 1 MC.: 500 min. 

Initial Leakage Resistance: 10,000 megohms min. 

Styles: 554 Mounted with Spring-Clip; 557 for 
Sub-panel or Bracket Mounting 

Steeentuar,d Deve4iO4 
ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND . . . TORONTO, CANADA 

16A PROCEEDINGS OF THE I.R.E.  January, 1949 



ENGINEERING DEVELOPMENT 

Since its inception, the designs of the UTC Engineering 

Department have set the standard for the transformer field. 

Hum Balanced Coll Structure: Used by UTC in 

practically all high fidelity designs. . . Hum 

balanced transformers are now accepted as 

standard  practice  in  the  transformer  field. 

Linear  Standard 

Audib  Units:  Flat 

from 20 to 20,000 

cycles...A goal no 

others have met. 

Ultra-Compact Audio Units: A complete series of 

light  weight  audio  and  power  components 

for aircraft and portable applications. Ultra' 

Compact Audio units ore hum balanced . . . 

weigh approximately six ounces  . . . high 

fidelity response. 

Tri-Alloy Shielding: The combination of linear 
Standard frequency response and internal tri• 

alloy magnetic shielding is a difficult one to 

approach. Used by G.E., RCA, Western Electric, 

Westinghouse, Raytheon, Collins, Gates, etc. 

Ouncer Audio Units: Extremely compact audio 

units for portable application were a prob-

lem until the development of the UTC Ouncer 
series. Fifteen types for practically oil applica-

tions . . . range 40 to 15,000 cycles. 

Universal Equalizers: The UTC Universal Equal-

izers, Attenuators, and Sound Effects Filters fill 

o specific need of the broadcast and record-

ing Reid. Almost any type of audio equipment 

can be equalized to high fidelity standards. 

Sub-Ouncer Units: A series of 1/3 ounce minia• 

•  lure units with  non-corrosive—long life con-

struction for hearing aid, miniature radio, and 

similar applications. Five types cover practi-

cally all miniature requirements. 

Hermetic Seal Pioneering: Realizing the essen-
tiality of hermetic sealing for many applica-

tions, UTC pioneered a large number of the 

terminals and  structures for  hermetic  trans-

formers  now available for commercial use. 

Toroidal  Wound High 0 Coils: UTC type HO 

permalloy dust coils afford a maximum in 0, 

stability and dependability with a minimum 

of hum pickup. Standardized types for all re-

quirements from 200 cycles to 500 KC. 

Variable Inductors: The type VIC high 0 vari-

able inductor revolutionizes the approach to 
tuned audio circuits. Variation of  +90 % to 

—50 % of mean inductance permits tuning any 

type of filter or equalizer to precise frequency 

characteristic. 

Standardized Filters: UTC type HPI. LPL and 
BPI  (low  pass,  high  pass, and  band  pass) 

Filters  are  standardized  to effect  minimum 
cost and good delivery time. Available for 

frequencies throughout the entire audio range. 

Sub-Audio and Supersonic Transformers: Embody 

new design and constructional principles, for 

special frequency ranges.  to 60 cycles for 

geophysical, brain wave applications . . . 8 
to 50,000 cycles for laboratory service, 200 to 

200,000 cycles for supersonic applications. 

Stabilized low Frequency High 0 Coils. Temper-

ature  stabilized  units  for  frequencies  from 

to 300 cycles with minimal variation in 

for wide range in exciting voltage. 

Tronsductors for Power Control and Amplification 

Purposes Employing Nickel Steels  These satur-

able  reactors  are available  for  frequencies 

from 25 cycles to 250 KC 

1 1 New Items: The UTC Research laboratory is developing new items and im• 
proving standard designs in 1949. While some of these developments will 

be described in our advertisements, many are applied to customers' problems. 
Write for new catalogue 

ISO VA RI C K  ST REET  NE W  YO R K  13.  N. Y. 

EXPORT DIVISION: 13 EAST 40th STREET. NEW VORA 111, N. V.. CABLES: "ANLAD" 



The Spotlight's On 

MALLORY 
P. R. M ALL ORY 8. C O. Inc. 

Midgetrol The little BIG addition to the 
Mallory Line of Television Controls. 

Mallory has done it again. Here is an all-new, revolutionary control that is 
perfect for television application. Only IK" in diameter, it is Mallory's 
answer to the designer's cry for smaller and smaller controls. 

Don't be deceived by its compact size. It's all Mallory through and through. 
For instance: Shaft is completely insulated from thassis. Good for higher 

voltage applications—can't get a shock. The insulated shaft is knurled 
for easy adjustment—has screw-driver slot for back panel applications. 

Thoroughly tested, the Mallory Midgetrol has come through with flying 
colors for television applications. 

The Mallory Midgetrol is typical of Mallory superiority in controls. Today, 

Mallory has a control, carbon or wire-wound, required for any specific 
usage, for every television application. 

The dependability of today's television receivers which is responsible for 

the great public demand has as one of its bases the precision performance 
built into Mallory controls by special skills, long experience and devotion 
to quality ideals. 

And with all this superiority. Mallory offers service—quick delivery for both 
standard and special applications—and low price. 

Precision Electronic 

M ALLORY CONTROLS 

FOR 

TELEVISION APPLICATION 

I. For volume 
2. For focusing 
3. For height of picture 
4. For linearity 
5. For centering picture on tube, 
horizontal or vertical 

6. For contrast or brightness 
7. For horizontal and vertical 
"hold" controls 

8. For audio tone control 

You Expect More 

And Get More 

Front Mallory 

Parts—Switches, Controls, Resistors 

MALLORY 
P. R. M ALLORY & C • Inc.  

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

SERVING INDUSTRY WITH 

Capacitors 

Contacts 

Controls 

Rectifiers 

Switches 

Vibrators 

Power Supplies 

Resistance Welding Materials 
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14 " Er/Of ANNATRON 
giving many more 
hours of superior 

_5545 

Filame nt v 

Filament current 
Pea k anode voltage, torvtard 

an d inverse 
Pea k cathode current 

cathode cursent 

Current av er aging time —55 
Ambien t temp tints  to +10c 

2 .5 
21 amP 

1,500 v 

BO amp 

64 any 
15 sec 

'S 
service! 

Outlasts gas-filled 
control tubes of earlier design 

(see below)'  
Out-perfornis them 

by combining! 

• High anode voltage 
• High peak-to-average current ratio 

•
 cte ristics 
Stable control chara 

GENERAL ELECTRIC COMPANY pioneered the thyra-
tron, so that G-E leadership in its design is to be 

expected. Thus new Type GL-5545 's oversize gas  
charge . . . which compensates for anode gas absor p-
tion, foremost enemy to long life of thyratrons used  
for motor-control work. Gas absorption is caused  by 
the inductive load found in both field and armature-

control circuits. 

Greater inert-gas content—twice that of former 
types—means that the GL-5545 needs no snubber 
circuit in motor-control applications. The tube will 
operate with a commutation factor* at least 100  times  
that of other gas-filled tubes of earlier design. 

This results in longer tube life—in many more 
hours of performance per dollar of investment. And 
further assuring Type GL-5545's ability to stand up in 
• hard service, vibration-resisting strength features the 
tube's construction, with key parts internally braced 

GENERAL 

- 

• Short heating time 

" Climate-proof" ambient 

temperature range 

and the grid-anode structure solidly supported both 
at top and bottom. 
Electrically the GL-5545 shows similar progress 

over older types. A special shielded-grid design 
cushions any grid effect from voltage surges, making 
for a stable circuit and reliable tube behavior. The 
GL-5545's ratings establish its high peak voltage 
and current capacities, yet the tube can be applied to 
replace gas-filled types of earlier design—C6J's and 
306's—without socket or circuit change. 
Get on the bandwagon by phoning your nearby G-E 

electronics office for further facts about this new 
General Electric thyratron that lasts longer and does 
more. Or wire or write General Electric Company, 
Electronics Department, Schenectady 5, New York. 

*Commutation factor is the product of the rate of decay 
of current in amperes per microsecond just before com-
mutation, and the rate of rise of inverse voltage in volts 
per microsecond just after commutation. 

ELECTRIC 
FI RST  A N D  GRE ATEST  NA ME  IN  ELE CT R O NI CS 
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CHICAGO... 
The Engineer's 
Transformer 

HIGH 0 CHOKES 

for Dynamic 

VViile for 

hteroture 

Noise Suppression Circuits 

Two precision-built chokes with 
inductance values of .8 and 2.4 
henrys respectively—accurate to 
within ± 5% with up to 15 ma 
d-c. Units have a minimum Q of 
20. Exceptionally compact, 1"4" 
x 2  " x 1746". 

No. 

NSI-1 

NSI-2 

Inductance 

.8 h 

2.4 h 

List 

510.00 

10.00 

Famous "Sealed in Steel" 
New Equipment Line 

Chicago Transformer's New Equipment Line offers 
transformer engineering ahead of the trends in circuit 
design. It's the Transformer Line preferred by experts 
in the P.A., ham, communication and experimental 
fields, and by broadcast stations and manufacturers. 
Check these features drawn steel cases to provide 

compact, streamlined mounting; conservative ratings 
that meet all RMA and FCC recommendations; pre-
cision characteristics for stable, uniformly excellent 
performance—these, and many others. Check the 
prices—and you'll learn how little more 
these advanced units cost over conven-
tional transformers. 

Typical of the New Equipment Line are the 
outstanding audio transformers listed below. 
Get full details on the complete line— 
write for descriptive catalog today. 

No. 80-6 

List Price $23.00 

Response within .2db, 30 to 20,000 cycles 
New Full frequency Range Output Transformer 

No. B0-6. For use in high fidelity amplifiers. 
Couples push-pull 6L6's (7500 ohms, C-T) to 
6/8 or 16/20-ohm voice coil. Center-tapped 
tertiary winding provides 15% inverse feed-
back to reduce harmonic distortion to a mini-
mum. In drawn steel case, 4546" x 3%" x 3146", 
with mounting studs and pin-type terminals. 

There's a CHICAGO OUTPUT TRANSFORMER For Every Fell Frequency Use 

Cat No Application  Impedance  Max. Power  List 

80 -1 

B0.2 

80.3 

t80-4 

80-5 

Single Plate to Line 

P.P. Plates to Line 

P.P. Plates to Line. 

P P. Plates to Line 

P.P. Plates to Line 

Pri.-15.000 ohms at 0 to 10 ma d-c 
'Sec.-600 150 ohms CT  +20 dbm  $13.00 
Pri.-20. 000 ohms CT 
'Sec.-600 150 ohms CT   +30 dbm.. 19.00 
Pri.-5.000 ohms CT 
*Sec.-600 150 ohms CT  +40 dbm . 17.00 
Pri.-7.500 ohms CT 
*Sec.-600 /150 ohms CT  +43 dbm.. 18.00 
Pri.-10.000 ohms CT 
*Sec.-600/150 ohms CT; lb 84 ohms. +37 dbm.. 24.00 

ITertiary winding provides 15% inverse feedback.  *Split and balanced windings. 

Television Transformers to fit today's leading TV circuits 
Because Chicago Transformer is the largest 
single supplier of transformers to the Tele-
vision industry, you gain the advantages of 
"Original Equipment" components when you 
buy Chicago TV Transformers. Available now, 
the three units described here are part of a 
complete new line, soon to be announced. 

Vertical Blocking Oscillator Transformer No. TB0-1, 60-
cycle unit for creating the vertical sweep "sow-tooth" 
voltages required in conventional circuits. 

Pri. Inductance: 1.15 hy ± 20 % at 3 v., 1000 cycles 
Pri. Leakage Inductance: 8 mh  25 %, —15 % 
Ratio, Primary to Secondary: 1 to 4.2 

Exact equivalent to R. C. A. Part No. 20812. List Price, $3.10 

TRADE MARK PC--; 

TV Power Transformer No, TP-363. Designed to supply 
405 volts d-c with two 51.14G's to an 80 mfd con-
denser input. Copper shorting band around  core 
reduces external magnetic field; cuts image distortion 
to a minimum. 

Pri.: 115 v., 60 cycles  Fil. No. 1: 12.6 v., 5 amps, C.T 
N.V. Sec.: 362-0-362 v., a.c, Fit. No. 2: 5 v., 2 amps 

.295 amps dc  Fit. No. 3: 5 r., 6 amps 

Exact equivalent to R. C. A. Part No. 20116. List Price, $26.00 

Vertical Scanning Output Transformer No. 150-1. Couples 
vertical output tubes to picture tube deflection yoke. 

Pri. Impedance: 19,000 ohms at 30 v., 60 cycles, 13 ma d-c 
Ratio, Primary to Secondary: 10 to 1 

Exact equivalent to R. C. A. Port No. 20412. List Price, $3.90 

Write for Descriptive Literature 

3501 ADDIS ON STREET • CHICAG O 18, ILLI N OIS 

Millions of nationally-

known receivers produced 

annually are equipped 

with Chicago Transformers 

20.s 

- 
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4111 .1 . 
*0 OSCILLATING CIRCUIT 

solf3 THAN ITS CAPACITOR (%)  

CM-1S 

Actual Size 9/32" x 1/nd 2" 1 3/1b" 
For Television, Radio a er Electronic 

olt. cap. at 500 2 — 420 m  v DCA 
App lications 

CA 
2 —525 mmi. cap. at 300v D  
'Temp.  ificient • 50  parts per 

Coe million 

per degree C for most capacity- values. 

b-dot color coded. 

NO CAPACITOR 
IS BETTER THAN 

EFifionca 
This is why more and more manufacturers 

of Radio, Electrical and Electronic equipment are 
turning to EL-MENCO. Engineers specify EL-
MENCO when they want small size, high capac-
ity and unquestioned performance in capacitors. 

Each tiny EL-MENCO capacitor does the 
job it was designed to do, with absolute accuracy 
and complete dependability. When you wanr to 
protect your products' reputation for perform-
ance perfection — specify EL-MENCO for 
capacitors that really satisfy. 

CM-30 
Available in A, B, C, D 
and  E Characteristics. 
Minimum  tolerance  (A 
and  B)  5' , . Minimum 
tolerance (C, D, E) ; . 
470 to 6,200 mmf. cap. 
at 500 DC working vol-
tage'. 6-dot color coded. 

ARC O ELECTR O NICS, INC., 135  Liberty Street, Ne w York, N. Y. 

Sole  agent  for  jobbers  and  distributors  in  U.  S.  and  Canada. 

'Can be mode in other capa-

city values and voltage ratings 

Foreign Radio and Elec-
tronic Manufacturers com-
municate direct with our 
Export Dept. at williman-
tic. Cimn. for information. 

M OLDED MIC A 

THE ELECTRO MOTIVE MFG. CO., INC. 

WILLIMANTIC  CONNECTICUT 

1 BM 
CAPACIT ORS 

CM-40 
Available in A, B. C, D and E 
Characteristics. Minimum tol-
erance (A and B) 5' . Mini-
mum tolerance (C, 0 E) ; . 
3,300 to 7,500 mmi. cap. at 
500 DC working voltage'. 
8,200 to 10,000 mmf. cop. at 
300 DC working voltage' 6-
dot color coded. 

rill"011 10/1 r 

Jim; letter-
head for ( at-
alog and Sa m - 
Pie5 

MIC A  TRI M MER 

PROCEEDINGS OF TI1E I.R.E.  January, 1949 



004S  ot% 

? A.c• 

Note how CRL's special two-piece "Ampec" fits 
into the completely-molded Paravox unit. This 
plastic chassis makes it possible to dismantle or 
assemble a Paravox hearing aid in one minute — 
without the use of tools. 

Two-Piece P.E.C. "A mpec" and Model 1 "Radiohm" 
Switch are the Centralab units Paravox uses in 
its 41/2 -ounce hearing aid. See below for sche-
matic diagram of this custom "Ampec". 

How Paravox uses Centralab's 

amazing Printed Electronic Circuit 

to build small, light, 

quickly-assembled hearing aids! 

Models courtesy of Parovox, Inc. 

*Centralab's "Printed Electronic Circuit" 
— Industry's newest method for 

improving design and manufacturing efficiency! 

M IME, space and material savers ! That's how Paravox, Inc., Cleve-
-1- land hearing aid manufacturer, describes Centralab's revolution-
ary P.E.C. "Ampecs". These tiny audio-amplifying units save time 
for Paravox by eliminating many assembling operations. They save 
space and material by reducing the number of components needed. 
What's more — like all CRL Printed Electronic Circuits —they are 
rugged, dependable, resistant to temperature and humidity. 
Integral ceramic construction: Each Printed Electronic Circuit is an 

integral assembly of "Hi-Kap" capacitors and resistors closely bonded 
to a steatite ceramic plate and mutually connected by means of metal-
lic silver paths "printed" on the base plate. All leads are always the 
same length, each plate is an exact duplicate of the original or "master." 
This outstanding hearing aid development, illustrated above, was 

the product of close cooperation between Centralab and Paravox en-
gineers. Working with your engineers, Centralab may be able to 
fit its Printed Electronic Circuit to your specific needs. Write for 
complete information, or get in touch with your nearest Centralab 
Representative. 

LOOK TO C e n a ll:1 IN 1948! 

Division of GLOBE-UNION INC., Milwaukee 

PROCEEDINGS OF THE lied:.  funttary, 1949 
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callose a ball bat 
w  to make it C ., 

ME M 

it's simpler to design the 
radio around the battery! 

N0 MATTER what size portable receiver you are designing, you'll 
find a compact, long-lasting "Eveready" battery to fit it. By design-

ing your portables around "Eveready" batteries, you automatically insure 

that the user will get long-playing life and—very important—he can get 
replacements anywhere, anytime. "Eveready" brand batteries are 
always top-quality, always easy for the user to obtain. 

SEND COUPON BELO W FOR LATEST BATTERY DATA 

The registered trade-mark "Eveready" distinguishes products of National Carbon Company, Inc. 

WIND  • M•ir 

Please send me, free of charge, the 
1949 Revision of -Battery Engi-
neering Bulletin No. 1- which con-
tains latest battery data for porta-
ble receivers and includes speci-
fications for six completely new 
batteries of interest to designers. 

Name 

Street  

City  State 

ME W  •IMI•  .1• MI 

NATIONAL CARBON 

CO MPANY, INC. 

30 East 42nd Street 
New York 17. N.Y. 

Unit of Union Carbide 
and Carbon Corporation 

if 
•=••  M MOD  4 0  O ME• = MD  011•1.  M I MI.  ME M  •/ // ••• •  •• ••  • M•P 
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The C)1' 

the Creeping Sleeve 

Lead sheathing on telephone cable meets many stresses 
— the tug of its own weight, wind pressure, contraction 
and expansion from cold and heat. Then, too, there's 
the pressure of nitrogen gas put in Long Distance cable 
to warn of sheath breaks and keep out moisture. 

And, sometimes, lead is subject to "creep"— a 
permanent stretching — even when the stress is but a 
fraction of the normal tensile strength. Creep is 
especially likely at the lead sleeves used where two 
lengths of cable are joined. The sleeve may stretch 
and break open exposing telephone circuits to the 
elements. 

So Bell Laboratories scientists have developed meth-
ods to test and control creep. In a special testing room, 
weights are applied to scores of samples of lead, under 
controlled conditions. Exact records of the amount of 
creep are obtained with a precision instrument. 

Years of careful study have produced a lead com-
position which resists creep and yet has all the other 
properties required of sleeves. This means better tele-
phone service for you and helps give that service at 
lowest possible cost. It is an example of the way Bell 
Telephone Laboratories scientists study and improve 
every part of the great telephone plant. 

BELL  TELEP H O NE  LA B OR AT ORIES 

EXPLORING AND INVENTING  DEVISING AND PERFECTING  FOR CON. 

TINUED  IMPROVEMENTS  AND  ECONOMIES  IN  TELEPHONE  SERVICE. 

.2 
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riots, 

superior performance in a limited space, the utili-
n compactness of HO co mponents is sure to meet 
r enthusiastic approval. Although HO components 
compact, there is no sacrifice of accuracy, depend-
lity or uniformity. Each component meets or surpasses 
Id standards for capacity, tolerance and performance.  
is compactness is accomplished through application  of  
to-the-minute processing techniques, combined with 
of highest quality materials and complete control  of  
lity throughout all stages of manufacture. Specify HA 
maximum efficiency in a minimum amount of  space.  

FO 
tar 
yo 
ar 
ab 
ri 

us 
au 
or 

I I I 

I  OL___COMPONENIS .• 
% 

B El I ER  S 
f 0 

PRECISION  Tested step by stop from  VI mote riot to finished 

product Accurocy guaranteed to your specified tolerance. 

OfinfORMIrf  Constoncy of quality isfac maintained ove r entire 
production through continuous manu turin  controls. 

g 

DEPENDABILITY  Interpret this factor in terms of your cusi rmaomers• 

solisfoction • ..Yeor afterro  e 

ytar of iroubloTroe perfo nce. 

Our 141.0 mottos your p duc better. 

IPAINIATURIZAIION The smallest BIG okLUE  ne nts in 

com po 
the 

business make possible spoce saving factors which reduce 

your production costs ... increase your  profits• 

eiacteagee 
FRA NKLI NVILLE, N. Y. 



READAIIIIGHIS 

• Interested? 
Write for detailed literature. 

• Outstanding production equipment in the hands of Aerovox 
craftsmen, accounts for these veritable capacitor dreadnaughts. 
In exacting services such as radio transmitters, heavy-duly 
electronic equipment, and in the electric power field, these 
units have won citation after citation for exceptional rugged-
ness. 

Such ruggedness stems from the Aerovox winding facilities 
second to none. Special winding machines insure that the 
multi-layered sections are uniformly and accurately wound 
under critically-controlled tension. Also, a system of impreg-
nation tanks, pumps and control equipment guarantees the 
necessary drying after vacuum impregnation that is positively 
unexcelled by any impregnation process anywhere. 

Hermetically-sealed welded steel containers; heavy-duty 
porcelain insulators; cork gaskets and pressure sealing; non-

ferrous metal hardware; silver-soldered joints; sturdy mount-
ing means—these are the externals of these capacitor dread-
naughts. Standard listings of Type 20 up to 50,000 v. D.C. W. 
Capacitances from 0.1 to 10 mfd. 

FOR RADIO-ELECTRONIC AND 

INDUSTRIAL APPLICATIONS 

AEROVOX CORPORATION, NEW BEDFORD, MASS.,  

SALES OFFICES Is ALL PRINCIPAL Mrs • Expert: 13 E. 40th Si.  NEW You 16, N. Y. 
_ 

Cable: 'ARIAS' • In Canada: AERO VOX CANADA LTD., Hay mow, ONT.  . 
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COMPARE 
This ADVANCED IRC Resistor 

to Your Current Standards 

You'll profit by a careful comparison of IRC's new, 
advanced Type BT to your present standards for re-
sistor performance. This new fixed insulated compo-
sition resistor meets JAN-R-11 specifications, and 
marks the obsolescence of much current thinking on 
resistor performance. 

COMPARE this new 1/3, 1/2 , 1 and 2 watt resistor 
characteristic by characteristic. Note its performance 
curves in relation to Joint Army-Navy requirements. 
Conclusive proof of IRC's superior engineering and 
production techniques. 

COMPARE the possibilities of this advanced resistor 
to your specific requirements; Its outstanding charac-
teristics are particularly evident at high ambient 
temperatures, and it easily performs the rigorous 
requirements of television. 

COMPARE the availability of the advanced BT. It 
has been in production for months. . . hundreds of 
thousands are being shipped daily. 

COMPARE the test results shown here for the Errs 
1/2 watt with the equally excellent performance curves 
for the BTR 1/3 watt, BTA 1 watt and BT-2 2 watt. 
Technical Bulletin B-1 gives complete information. 
Use the handy coupon. International Resistance Co., 
401 N. Broad Street, Philadelphia 8, Pa. In Canada: 
International Resistance Co., Ltd., Toronto, Licensee. 

power resistors • precisions • 

insulated composition resistors • 

low wattage wire wounds • rheostats • 

controls • voltmeter multipliers • 

deposited carbon resistors • voltage 

dividers • HF and high voltage resistors. 

INTERNATIONAL RESISTANCE COMPANY 

TEMPERATURE CHARACTERISTIC 
IRC Type BTS 1/2  Watt 

JAN It 11 Limit I 

CNARACTER611C "f •   

\  I 
-55'C 

'  .- ,c-., 

.65 c-"" 

IAN t ti  At •I( WC 

CHARACTEA TIC  f 

VOLTAGE CHARACTERISTIC 
IRC Type BTS 1/2  Watt 

w •ir, 

IAN R 11 ['mil' 

1000 HOUR 40°C. LOAD LIFE 
IRC Type BTS 1/2  Watt 

AMP ! LIMIT 

250 HOUR HUMIDITY TEST 
IRC Type BTS 1/2 Watt 

IAN FlU I IP 

JANR 11 11/A11 

Mir 

END FOR TECHNICAL BULLETIN 

International Resistance Co. 

401 N. Broad St., Philadelphia 8, Pa. 

•25'C 
REFERENCE Temp 

-  

IRA WRG 

I want to know more about IRC's advanced BT 
Resistor: 

n Send me Technical Bulletin B-1 
j Hove your representative call —no obligation. 

Name   

Title   

Company 

Address  
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Designed for a wide variety of laboratory measurements, 

especially those where high sensitivity and a long scale arc are required. 
Electrostatically and magnetically shielded, Model 622 is ideally suited for 

precise measurements of potential and current at the very low energy levels 
frequently encountered in nuclear physics, electronics and electro-chemical 

research. Microammeters, rnilliammeters, millivoltmeters and voltmeters are 
available in single and multi-range D-C types; milliammeters and voltmeters 
in thermo and rectifier types for RF and A-C. 

Complete information on Model 622 is available from your 

nearest W ESTON representative, or by writing ... W ESTON Electrical Instrument 
Corporation, 589 Frelinghuysen Avenue, Newark 5, N. J. 

WESTON 
ALBANY • ATLANTA • BOSTON • BUFFALO • CHARLOTTE • CHICAGO • CINCINNATI • CLEVELAND • DALLAS • DENVER DETROIT • HOUSTON • JACKSONVILLE • KNOXVILLE • LITTLE ROCK • LOS ANGELES MERIDEN • MINNEAPOLIS • NEWARK 

NEW ORLEANS • NEW YORK • PHILADELPIIIA • PHOENIX • PITTSBURGH • ROCHESTER • SAN FRANCISCO • SEATTLE • ST. LOUIS • SYRACUSE • TULSA • IN CANADA NORTHERN ELECTRIC CO., LTD., POWERLITE DEVICES, LTD 
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HAUTE THIN RESISTORS 

SINGLE-UNIT BRACKET 

ADJUSTABLE TYPE 

VITREOUS-INAMIL 

COVERING 

inding is rigidly 
eld in place and 
rotected  from 
image by Ohmite 
pecial vitreous 
enamel. 

EVEN, UNIFORM 

WINDING 

Hot spots" and re-
sultant failures are 
prevented by the 
resistance winding's 
unsurpassed uni-
formity. 

STRONG, CERAMIC 

CORI 

Unaffected by cold, 
heat, fumes, or high 
humidity, its core 
provides a strong 
base for winding. 

FIVE WATTAGE 

SIZES 

Lengths range 
from I inch to 
ii inches, corre-
sponding to rat-
ings of 30 to 75 
watts. 

INTEGRAL MOUNT-
ING BRACKETS 

Distribute heat 
more evenly 
throughout resis-
tor and conduct 
heat away quickly. 

STACKING BRACKET 

ADJUSTABLE TYPE 

SINGLE-UNIT BRACKET 

FIXED TYPE 

STACKING BRACKET 

FIXED TYPE 

...PACK HIGHER WATTAGE 

INTO LESS SPACE 

Because of their compact design, Ohmite Thin Type Resistors 
have a higher wattage rating per unit of space. They provide 
all the time-proven superiority of conventional Ohmite 
vitreous-enamel resistors—giving you a compact unit you can 
depend upon. Available in four types—all only % inch thick by 
1 inch wide—in five lengths and a wide range of resistance values. 

Send for Bulletin No. 138 

OHMITE MANUFACTURING CO. 
4860 W. Flournoy St., Chicago 44, III. 

a Regice eigea 
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RADIO • TELEVISION • INDUSTRIAL 

• 

\\\ 

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

Sample controls gladly submitted 
to specifications to quantity users. 

z 

11L 'iA1liL• 

• • 

• 

Fixed arid Variable Resistors • Iron Cores (All standard and special types) • Switches 

(inexpensive line, slide and rotary-action types) • Sintered Alnico II Permanent Mag-

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

Electronic Components Division 

STACKPOLE CARB ON CO MPANY  • ST. MARYS, PA. 
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Now. 

Motors 

Luminous-tub• 
transformers 

Fluorescent lamp 

• • 

CAPACITORS 

are 

Silicone-Sealed 

for Life! 

GENERAL 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

Flash photograph 

Stroboscopic 
•guipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

AND MA S  OTHER APPLICATIONS 

Silicone -the amazing new synthetic — 
made headlines when General Electric 

brought it out during the war. It's news 

again today -for G.E. has now made 

Silicone bushings and gaskets a standard 
feature of all its specialty capacitors up 

through 5000 volts. 
This means that your new G-E capacitor 

is sealed positively, permanently -for max-
imum life. For Silicone seals by compres-
sion alone, without the use of contaminat-

ing adhesives. It will never shrink, loosen 
or pull away —it remains elastic at any 
operating temperature a capacitor will 
ever meet. Moreover, it is impervious to 

oils, alkalies and acids, and its dielectric 

strength is permanently high. 
This exclusive G-E feature —with the 

use of highest grade materials, with strictest 

quality control and individual testing — 
make General Electric capacitors finer and 

more dependable than ever before. Appara-
tus Dept.,  General Electric  Company, 

Schenectady 5, N. Y. 

Silicone  bushings  used 
with capacitors 660-v a-c, 
or 1500-v d-c and lower. 

Silicone gaskets and plos-
- tic stand-offs used with 
capacitors rated 2000-v 
d-c and lower. 

ELECTRIC 

Silicone  bushings  and 
plastic cups used with 
capacitors 660-v a-c, or 
1500-v d-c and lower. 

Silicone gaskets and por-
celain  stand-offs  used 
with capacitors rated 
2500-v to 5000-v d-c. 

407-159 
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RCA PREFERRED TYPE RECEI VI N G  TU BES 

DIODE 
DETECTORS 

The RCA List of Preferred Type Receiving Tubes fulfills the 
major engineering requirements for future receiver designs. 

Most likely to succeed 
RCA preferred type tubes for AM, FM, and TV receiver designs 

W iiLTHER IT'S GLASS, metal, or miniature— 
RCA preferred Ope receiving tubes will serve 

your major requirements for a long time to come . . . 
and RCA preferred types are the tubes you can bank 
on for your future designs. 

These RCA receiving types are especially recom-

mended because their wide-spread application 
permits production to be concentrated on fewer types. 
Longer manufacturing runs reduce costs—lead to 

TUBE DEPART MENT 

improved quality and greater uniformity. These 

benefits are shared by you and your customers. 

RCA Application Engineers are ready to suggest the 

best preferred types for your receiver design require-
ments. Just contact our nearest regional office—or 

write RCA, Commercial Engineering, Section 47AR, 
Harrison, New Jersey. 

The Fountainhead of Modern Tube Development. is RCA 

RADIO CORPORATION of A MERICA 
H A R RIS O N, N. J. 
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Stuart L. Bailey 
PRESIDENT, 1949 

Stuart L. Bailey was born in Minneapolis, Minnesota, on October 
7, 1905. He received the degree of Bachelor of Science in Electrical 
Engineering from the University of Minnesota in 1927 and the Master 
of Science degree from the same institution in 1928. During his 
undergraduate years he was active on the staff of W9X1, an experi-
mental station run by the University, and while taking his graduate 
work he was chief engineer of WLB, owned and operated by the 
University of Minnesota. His master's thesis was on the subject of 
radio field-intensity measurement. 
In the summer of 1928, Mr. Bailey became assistant radio engi-

neer with the airways division of the United States Department of 
Commerce. His experience there included work on radio aids to 
marine and air navigation. He initiated and supervised the early 
work of the Lighthouse Service on radio-controlled fog signals and 
participated in the development of the visual radio range for use on 
the airways of the United States. 
In the summer of 1929, Mr. Bailey went to Panama, where he 

installed two automatic marine radio beacons, one at the entrance 
to Cristobal Harbor and the other at Cape Mala, 120 miles south 
of Balboa. 
In September 1930 he joined with C. M. Jansky, Jr., to form the 

consulting engineering firm of Jansky and Bailey. Mr. Bailey's ac-
tivities in the consulting field have been on both general allocation 
problems and specific engineering guidance for broadcast stations and 
commercial operating companies. He has had charge of all of the 
laboratory activities of the firm. 

During World War II, Mr. Bailey was in charge of all govern-
ment-contract work done by the firm of Jansky and Bailey, a great 
deal of which was done under the Office of Scientific Research and 
Development. This work involved a detailed study of all factors 
affecting mobile short-range radio communication, a study of the 
effect of hills and trees as obstructions to radio transmission from 
4 to 116 megacycles, and detailed analysis of electronic equipment to 
determine certain characteristics important to its operation by the 
armed services. In addition, under a Signal Corps contract, he super-
vised the work on measurement of many existing and proposed radio 
antennas for use by the ground forces. 
Mr. Bailey has been active in the development of frequency 

modulation broadcasting, supervising the technical operations of 
radio station W3X0, an experimental FM broadcasting station 
operated by Jansky and Bailey from 1938 until 1945. 
He became an Associate Member of The Institute of Radio Engi-

neers in 1928, a Member in 1936, Senior Member in 1943, and was 
advanced to the grade of Fellow in 1943. He has been a member of 
the Committee on Wave Propagation since 1937 and was a member of 
the Admissibns Committee in 1943 and 1944. He was appointed a 
member of the Board of Directors of the Institute in 1943 and 1944 
and was elected to the Board for a three-year term beginning in 1945. 
He has been a member of the Executive Committee since 1945. He 
was appointed Treasurer of The Institute of Radio Engineers in 
1948. 

He is a member of Sigma Xi, Tau Beta Pi, and Eta Kappa Nu. 
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Thoughtful and analytical observers of any human institution may sometimes see more of its 
scope and philosophy than those who are more closely and directly involved in that institution. The 
following analysis of the purposes and accomplishments of the PROCEEDINGS OF THE I.R.E. ad-
mirably presents some of the fundamental and underlying characteristics and achievements of that 
publication. It has been prepared by a Fellow of the IRE, who is a member of several of the IRE 
Editorial Groups, and is also Manager of Physics Laboratories of Sylvania Electric Products Inc.— 
The Editor. 

The .Place of the Proceedings 
ROBERT M. BOWIE 

Through the 47,000 pages of the PROCEEDINGS has flowed the life blood of a profession. For thirty-seven years its 
circulation has carried to our growing society the building blocks of scientific knowledge on which our profession, and 
the industry which it serves, are based. The circulation of the PROCEEDINGS has left a heritage rich in the fundamental 
concepts and knowledge of radio, electronics, and related sciences. These are ours to guide us in our further advances 
in both the science and the technology of our profession. The passing years have not only seen the recording of wisdom 
in succeeding issues, but have witnessed a broadening of the scope and purposes which it serves. 
As our Institute has grown from the small initial group of under 50 in 1912 to the present membership of some 

23,000, the publication needs have broadened. The PROCEEDINGS of earlier years was primarily a scientific source jour-
nal, the need for which continues undiminished, for the pages thus devoted serve as a medium to disseminate funda-
mental precepts which form the foundation of further scientific progress and the basis of industrial advances in tech-
nology. In the PROCEEDINGS of today, some five other purposes are now clearly evident. Some have developed over the 
years, while others are of more recent origin. 
In an organization so large and so far-flung as ours, the wide circulation of its journal must carry with it reports of 

Institute activities and professional news and reviews, together with those life-giving human notes which lend sub-
jective interest to an essentially objective science. These have found an important place in the PROCEEDINGS. 
About the science just mentioned has grown a vast industry, many of whose transactions have technical impact, 

and receive notice in the pages of our PROCEEDINGS, some in the form of announcements of products, others as selected 
reports from the Radio Manufacturers' Association. 
Stemming from this science also is a technology giving rise in turn to a technical literature, which, though of a more 

transitory interest, is nevertheless a vital part of the life blood of the profession. This, too, has its place in the PRO-
CEEDINGS. 
As a science and its associated technology gain in stature and age, their vital literature becomes so extensive that 

recording alone can no longer serve the profession which created it. Thus is born the need for systematic abstracts. 
Their advent marks the maturity of a profession. 
There may come in the life of any society, as there has been recently in ours, the need to acquaint its membership 

with pre-eminent advances in a sister science which are destined to draw heavily upon the science and technology of 
that society. Such an end may best be served by well-planned articles of a tutorial nature. The joining of the interests 
of electronics and nucleonics but marks the beginning of a new era in human progress in which our profession will play 
an important part. 
The very PROCEEDINGS which gives life to our society by its circulation is a product of that society. It can not be 

expected to be better than the contributions of its authors and its editors. To each of us, therefore, falls his share of 
responsibility for the excellence of the journal which he receives and to which he may contribute. In this interest may 
each of us keep constantly in mind the importance of reporting worthy scientific or technical advances, together with 
the importance of thoughtful and careful preparation. Certainly a scientific or technical advance deserves a presenta-
tion commensurate with its value. A lesser one may cause its import to be lost. 
To some is granted the privilege of serving in an office or upon a Committee charged with responsibility for some 

aspect of the affairs of the PROCEEDINGS. This responsibility must not rest lightly upon such incumbents, for the con-
tent of our journal is largely in their hands. Some must sit in judgment upon the contributions of fellow members of the 
profession. May they exercise judgment, foresight, and courage, touched with forbearance, in upholding the profes-
sional standards of our journal! 
To each of us is granted the right and duty to participate, through the democratic processes of the Institute, in 

the guidance of its affairs. Thus through the years to come, as in the past, those in authority who guide the destinies of 
our PROCEEDINGS will welcome the privilege of serving the membership's interests. 
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The Electron- Wave Tube 

A Novel Method of Generation and Amplification 
of Microwave Energy* 
ANDRE W V. HAEFFt, FELLO W, IRE 

Summary—A novel method of generation and amplification of 
microwave energy is described, based on space-charge interaction of 
electron streams of different velocities. The electron streams are 

generated within a common space which, in the presence of electrons, 
behaves as a unidirectional transmission medium having negative 

attenuation. The basic theory of the new method is developed, and 
formulas and curves are given for propagation constant, electronic, 
gain, and bandwidth which can be achieved with the device based on 
the new method. This device is called the "electron-wave tube." 
The design and performance of the "two-beam"-type and the 

"single-beam"-type experimental electron-wave tubes are described. 

Electronic gains of the order of 80 db at a frequency of 3000 Mc and 
electronic bandwidths of over 39 per cent have been observed in ex-
perimental electron-wave tubes. It is pointed out that, since no pas-
sive circuit is required in the amplifying region of the electron-wave 

tube, the new method is important in the development of tubes for 
millimeter waves. 

INTRODUCTION 

F0., A LONG time it has been recognized by work-
ers in the field of ultra-high-frequency tube re-
search that a most serious obstacle to the. exten-

sion of the high-frequency limit of tube operation is an 
apparent necessity to use resonant circuits or wave-
guiding structures of smaller and smaller dimensions as 
the frequency is increased. This requirement arises from 
the fact that the tube structures have to be arranged so 
that kinetic energy of electrons can be efficiently con-
verted into the energy of the high-frequency electric 
fields which are supported by these structures. The re-
duction in tube size usually leads to a reduction in use-
ful power when maximum power dissipation on collec-
tor electrodes and maximum emission current density 
on cathodes are approached. 

These fundamental considerations made it extremely 
important to search for new methods of amplification 
and generation of microwave energy. Such a method was 
found in an arrangement where the high-frequency en-
ergy is amplified or generated in the process of space-
charge interaction of electron streams without the use of 
any field-supporting or waveguiding structure. 
This paper describes the novel method in some detail, 

gives its basic theory, and describes some experimental 
arrangements and experimental results. 

INTERACTION BETWEEN STREAMS OF ELECTRONS 
OF DIFFERENT ENERGIES 

When a high-temperature body is placed close to a 
low-temperature body, the heat energy flows in the 
direction which tends to equalize the temperatures of 

'' Decimal classification: R339.2. Original manuscript received by 
the Institute, September 29, 1948. 
t Naval Research Laboratory, Washington, D. C. 

the two bodies in contact. This is one case of a general 
law of statistics that the entropy tends to increase. If 
an electron stream of high energy is projected in the 
proximity of another electron stream of lower energy, 
then, by the mechanism of elastic collisions between fast 
and slow electrons, there will be a gradual interchange 
of energy between the two streams, with the result that, 
on the average, the fast electrons are slowed down and 
the, slow ones are speeded up. The nature of this process 
is similar to elastic scattering of high-energy particles 
by other particles which are either stationary or moving 
slowly. In the case of electron scattering, the forces 
acting between the electrons obey Coulomb's law. As 
a consequence, the mechanism of scattering of electrons 
by electrons can be described in terms of the familiar 
concepts of electromagnetic theory. 
Consider a uniform stream of electrons of charge 

density pi moving in the Z direction with the velocity 
Any disturbance of the stream will produce electron 

waves in the stream. By "electron waves" is meant 
either space-charge-density fluctuations with associated 
electric-field fluctuations, or velocity fluctuations of 
electrons in the stream. The phase velocity of these 
waves depends upon the space-charge density. Two 
waves are usually associated with any disturbance. One 
of these waves has its phase velocity somewhat higher 
than the velocity, of translation of electrons in the 
stream, and the other wave has velocity lower than the 
translational velocity. 

If another stream of electrons of density p2 moving 
with velocity v2 is injected near or into the space oc-
cupied by the first electron stream, the electron waves 
interact so that the phase velocities of electron waves 
in the two streams are modified, and an interchange of 
energy between the two streams takes place. It is most 
convenient for the purposes of analysis to consider the 
two streams of electrons as components of one inhomo-
geneous stream. The space-charge densities p, current 
densities i, and velocities v can be expressed as: 

P1' =•  Pi + 

P2' =•  P2 +  7)2 

= 1/1 

.2/2 = V2 ± f.,21 
= ii + 11 = il + lVl + twit 
=•  12 +  12  172 ±  112112 +  D2P2) 

In these expressions the first symbol represents aver-
age or dc quantities, and the second symbol represents 
first-order quantities which can be assumed to vary 

(3) 



1949  Haeff: Electron- Wave Tube  5 

with time and distance in an exponential manner similar 
to variations of the voltage V: 

V = Voe-rz+i"  (4) 

where F is the propagation constant, and w is the fre-
quency of the disturbance, or signal, having an initial 

value Vo at Z=0. 
The fundamental equations which are required in the 

analysis are: 
(a) The Poisson's equation: 

V • D = p, or 

Or 

021, 

az2 
= po' + p2I, 

(5) 

€r217 = 11 ±  T2; 

(b) the equation expressing conservation of electric 
charge: 

or 

Op  ai 
— +  = o, • 
at  az 

jw, -13 = riit 
jw-p2 = ri2f 

and (c) the force equation: 

dv OV  dv  av  av az 
m—= e —  where — = — + — — = 
dt  az  dt  at aZ at 

— virti = — —• ry 

jwt2 — v2rf,2 = — —• ry 

By using the relations (3) in (6), we obtain 

jcoTio 

j0,-; 2 

Solving for ti and t2, 

= 

= r(Tivi + 1/1/31)k 

= I(152v2  D2P2)5 

we get 

(jw — I'v1) 
rpi 
7,2 v2 = — (jw — rvo 
rp2 

Substituting (9) into (7), 

7,1 
(jw — 1'02 = — — ry 

rp i 

../52 
(jw — I'v2)2 = — — 11/ 

CP2  no 

Solving for Pi, and ../32, 

e_ Pi 
km )  

To = r2v (w + irvo2 

(-nt '2)  
P2 — r2V 

(to + irv2)2 

(6) 

dv  dv 
— + v 
at dZ 

(7) 

(8) 

(9) 

Finally, the substitution of (11) into (5) results in the 
following expression, which defines the propagation con-
stant F in terms of the frequency w, velocities vi and v2 
of the two electron streams, and the corresponding 

space-charge densities pi and P2: 

p2) m 
r2v =[    r2v.  (12) 

m e 

(co + jrvi)2 (CO + i nt) 2 

Excluding tr'vial solutions corresponding to conditions 
that either F = 0 or V=0, and replacing space-charge 
densities by electron plasma frequencies col and co2 from 

defining expressions, 

e pi 
= 042 and 

m e 

e p2 
—  

W22 r 
e 

(13) 

we obtain the equation from which the propagation 
constant of the inhomogeneous stream can be obtained: 

wi2 CO22 

1 =   (14) 
(co + jrvi)2 ▪ (co + jrv2)2 

It can be easily shown that, in a general case of a 
composite stream of electrons having many components 
of plasma frequencies an and velocities v„ the formula 

(14) takes the form: 
COt2 

1= E   (14') 
1 (co + jrvi)2 

Again, in the case of a continuous distribution of 
velocities between the limits of vi and v2, (14) can be 

written as follows: 

1.=
f  V2  

VI 

dw,2 
  dv 
dv 

(0) + jrv)2 
(14") 

In the case of a homogeneous electron beam, when 
0)2=0, (14) reduces to a familiar form: 

(w irivo2 

The solution of (15) immediately gives 
expression for the propagation constant: 

ri = JCL' ±  (16) 
\vi vi/ 

The expression (16) shows that two electron waves 
(10)  propagate along the beam with the velocities somewhat 

higher and somewhat lower than the average electron 

velocity. 
These waves produce interference effects in the beam 

which manifest themselves by the fact that, along the 
beam, periodic conversion of kinetic energy of electrons 
into space-charge-field energy takes place without 
amplification of the original disturbance. 
In order to solve (14) in the case when the velocities 

are not equal, we can assume that 

vi v + 6} 
(17) 

(15) 

the familiar 



6  PROCEEDINGS OF THE I.R.E. January 

where v is the average velocity.of electrons in the stream, 
and 26 represents the difference in velocity of the two 
streams, i.e., 26 = —v2. 
By putting 

we obtain 

co 
F = j — j7, 

co + Jr?), = - - - 

+ jrv2 = - - (.4 — -yv 

In terms of & and 7, (14) can be written as follows: 

wi 2 
C422 

1= 
( 5  )2 ( .5  )2 

CO +  —  — yV 

(18) 

range of the inhomogeneity factor, from 0 to a value of 
V2. It is only over this range that effective amplifica-
tion of the disturbances can take place. The maximum 
value of the real component is equal to one-half when 
the inhomogeneity is equal to the value of V3/2. The 
formula expressing the amplitude of the disturbance in 
this case is as follows: 

V = V o cos co (t  [cosh -y2 ± cos -y,Z1, (23) 
vi 

(19)  where y, is the real, and 7i is the imaginary component 
of the propagation constant ,fry. 
The value of the imaginary component of the prop-

agation constant increases with the degree of inhomo-
geneity. When the inhomogeneity exceeds the value of 
N/Z four interfering waves are present in the beam with-

(20) out any amplification effects. In this case the magnitude 
of the disturbance along the beam can be expressed as 
follows: 

This equation can be solved explicitly for a case when 
col =oh. In this case, the equation reduces to the follow-
ing form: 

1  1 
1=   (21) 

(ow -12 Sco 
-  - 

kvw, VW  Wi 

It can be easily shown that (21) has the following solu-
tion: 

7 =  \ 2+  ( ow V +  

COI  vcoi) 

The factor oco/vcoi is dimensionless and expresses the 
degree of inhomogeneity of the electron stream; the 
quantity -yv/coi is proportional to the looked-for com-
ponent of the propagation constant and the average 
velocity v of the electrons, and is inversely proportional 
to the electron plasma frequency col. The real and 
imaginary components of the normalized propagation 
constant j(7v/coi) are shown plotted in Fig. 1 as a func-

4 

3.0 

2.0 

(22) 

V = V cos <g(f« -,1,-)[osh  « cos 7,z] 

cos w(t )cos (-7; 7 cos (7; - r): 

'MAMMARY 

FICAL 

.2 10 1.2 1.4 16 20 

Fig. 1—Real and imaginary components of propagation constant 
versus inhomogeneity of the electron beam. 

tion of the inhomogeneity6w/vcoi of the electron stream. 
The real component has finite value only over a limited 

V = Vo cos co(  —z ) cos R7i'  •yi")Z• 

cos ley,' 7i")Z. (24) 

Since the inhomogeneity of the beam is proportional 
to the signal frequency, the curves of Fig. 1 also repre-
sent variations of the real and imaginary components of 
the propagation constant with frequency. The ratio of 
the square of the amplitude of the disturbance at a dis-
tance Z along the beam to the magnitude of the disturb-
ance at its origin at Z=0, represents a gain in energy 
of the disturbance. For large values of 7,Z the gain in-
creases exponentially with the length Z. 

EXPERIMENTAL ARRANGEMENTS•AND RESULTS 

Fig. 2 represents an experimental arrangement which 
utilizes an inhomogeneous electron stream for amplifi-

Fig. 2—Electron-wave tube (two-velocity type). 

cation of high-frequency energy. The electron stream 
originates at two separate cathodes, No. 1 and No. 2, 
placed near the input end of the tube. Accelerator and 
focusing electrodes, placed in front of the cathodes, 
project the electron streams through a long, hollow 
metal cylinder, usually called the drift tube. At the op-
posite end of the tube the electrons are collected by a 
collector electrode. The divergence of the electron 
stream is prevented by the use of a magnetic field parallel 
to the velocity of electrons in the stream. This field is 
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created by focusing solenoids as shown in the figure. The 
input signal is brought to the input end of the tube by 
means of a transmission line which terminates in a short 
helix surrounding the electron stream. In this manner 
the signal voltage produces initial disturbance in the 
beam. This disturbance is amplified in an exponential 
manner along the length of the drift tube. Greatly am-
plified fluctuations in the electron stream induce volt-
ages in the output circuit. This circuit can be similar to 
the input circuit, as is shown in the figure. 
In order to obtain maximum gain in the tube, the po-

tentials between the cathode No. 1, cathode No. 2, and 
the drift tube are adjusted so that the inhomogeneity 
factor approaches the value of 0/2. Since this factor 
involves electron plasma frequency, the optimum ad-
justment depends upon the value of current density in 
the beam. Since the maximum value of the normalized 
real component of the propagation constant is equal to 
0.5, the maximum gain of the electron-wave tube can be 
expressed as follows: 

gain (db) = 20 logio e s z = 8.68( 7v co—r)  Z 
l v 

(amp/cm 
= 1330 Z I/ cm 

V3/2 

—:(1121 "r 
Fig. 3—Real and imaginary components of the propagation constant 

versus average electron energy. 

2)1 / 2 

volts3i 
(25) 

Instead of adjustment of the difference of potential 
between the two cathodes, the drift-tube potential can 
he adjusted for optimum gain. For a constant current 
in the beam, the variation of the real and imaginary 
components of the propagation constant with the poten-
tial of the drift tube expressed in dimensionless units is 
shown in Fig. 3. The real component reaches its maxi-
mum value at the normalized drift-tube voltage of ap-
proximately 0.4. The variation of the output, or gain, 
of the tube with the drift-tube potential can be easily 
derived from the generalized curves of Fig. 1. Such a 
diagram is represented in Fig. 4, where a rapid increase 
in gain as the voltage is lowered can be readily seen. The 
effect of interference of the component waves is appar-
ent in the fluctuations of the output as the drift voltage 
is varied. 
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Fig. 4—Gain versus drift potential for a 70-db electron-
wave tube for S/N--=10 db. 

Fig. 5 shows an electron-wave tube where only one 
electron beam is used. In this case the inhomogeneity of 
the beam is the result of the space-charge reduction of 
the potential along the axis of the beam, so that outer 
electrons travel at a velocity higher than the velocity 
of electrons along the axis. A more familiar form of the 

Fig. 5—Electron-wave tube (space-charge type). 

resonant input and output circuits is shown in the figure. 
These circuits resemble those of a conventional tube, 
where the signal voltage, applied to the grid placed near 
the cathode, produces current modulation in the elec-
tron stream. The high-frequency energy is derived from 
the stream at the output circuit during the passage of 
electrons in the space between the screen-grid and the 
anode. The input control-grid—cathode structure is sep-
arated from the output screen-grid—anode structure by 

the intervening drift tube which may be of considerable 
length. The amplification of energy takes place entirely 
along the length of the drift tube. Since the signal is 
amplified in the drift tube before it arrives at the screen, 
the partition noise caused by partial interception of 
current by the screen grid is negligible. In this respect 
the signal-to-noise ratio for this tube is expected to 
approach that of a conventional triode. The variation 
of the real and imaginary components of the propaga-
tion constant with the drift-tube voltage for this "space-
charge" type of electron-wave tube is shown in Fig. 6. 
In general, the shape of the curves in this figure very 
much resemble those of Fig. 3. The variation of the 
output with the drift-tube voltage for the space-charge 
type tube is shown in Fig. 7. 
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Fig. 6—Real and imaginary components of propagation constant 
versus drift-tube potential for the space-charge-type electron-
wave tube. . 
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Fig. 7—Output versus drift-tube potential for a 90-db electron-wave 
tube (space-charge type) (S/N=20 db). 

Experimental curves of Figs. 8 and 9 show variation 
of output with the drift-tube potential. A close resem-
blance, in most respects, to the theoretical curves of 
Figs. 4 and 7 is apparent. These experimental data were 
obtained for a drift tube 20 cm in length. 
The generalized curves of Fig. 1 make it possible to 

estimate the electronic bandwidth of the electron-wave 
tube. The variation of the fractional bandwidth with 
the gain of the tube is shown in Fig. 10. It is interesting 
to observe that, even at gains as high as 100 db, the elec-
tronic bandwidth is still greater than 30 per cent. 
Fig. 11 shows a cross section of a demountable tube 

of the two-velocity type. Two flat spiral cathodes are 
arranged along the axis of the tube in such a way that 
electrons emitted by the first cathode can penetrate be-
tween the turns of the spiral of the second cathode and 
enter into the input-circuit region. By the use of such 
semitransparent cathodes, a very thorough mixing of 
the two electron streams is achieved. After passing 
through the input circuit, consisting of a helix sur-
rounded by a metal cylindrical shield, the electron 
streams enter the region of the drift tube, which can be 
maintained at a suitable potential independent of the 
potential of the helix. The output circuit is similar to 
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Fig. 8—Output versus drift-tube potential of the two-
velocity-type electron-wave tube. 
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Fig. 9—Output versus drift-tube potential of the space-charge-type 
electron-wave tube (beam current =5 ma). 
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Fig. 10—Electronic bandwidth versus gain of the electron-wave tube. 

the input circuit. Both input and output helices are 
maintained at a high potential, so that the velocity of 
electrons in passing through the helix is approximately 
equal to the phase velocity of the held waves on the 
helix. The electrons are finally collected on the collector 

electrode, which can be maintained at a somewhat 
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Fig. 11—Cross section of an experimental demountable electron-
wave tube of the two-velocity type. 

higher potential in order to suppress secondaries which, 
if permitted to re-enter the drift tube in the backwards 
direction, may produce undesirable regenerative effects. 
The input and output helices are tuned by means of ex-
ternal tuners attached to the coaxial transmission lines 
connected to the helices, one end of which is shorted to 
the surrounding shield. When energy is fed to the input 
helix, the interaction of the field waves on the helix 
produces modulations in the electron streams. This 
modulation is amplified as the electrons drift towards 
the output circuit. The density-modulated electron 
stream entering the output circuit induces voltages in 
the output helix which are then fed to the output cir-
cuit. Fig. 12 shows a photograph of a demountable tube 

bilearioNgammo*mia 
Fig. I2—Photograph of an experimental demountable electron-

wave tube of the two-velocity type. 

constructed in accordance with the sketch of the previ-
ous figure. The input and output structures and the 
drift tube can be readily seen in the photograph. Fig. 13 
shows detail of the construction of the spiral cathodes. 
Figs. 14 and 15 show the details of the input circuit and 
the cathode assembly, and the output circuit and the 
collector assembly, respectively. 
Fig. 16 shows the experimental arrangement which 

was used to measure the performance of the electron-
wave tube. The demountable electron tube is mounted 
on the pumping table, and is surrounded by the focusing 
solenoids, at the extreme ends of which the input and 
output tuners can be seen. On the left are the power 
supplies, and on the right, the signal generator, the re-
ceiver, and the rf voltmeter. The input signal is fed 
from the signal generator to the input circuit. The ow 
put of the tube is fed from the output circuit through a 
series of attenuators to the input of the wide-rangc 
microwave receiver. The attenuators are used in ordei 
to prevent overload of the receiver because of the high-
level output from the electron-wave tube. The rf volt-
meter is used to indicate the output voltage. 
The gain measurements were made by the direct-sub-

stitution method. For a given output voltmeter reading,  case when the electron-wave-tube amplifier is in the cir-
the signal-generator voltage level is recorded for the cuit, and for the case when the signal is fed directly 

Fig. 13- Detail of the cathode assembly. 

Fig. 14—Detail of the input circuit and cathode assembly. 

Fig. 15—Detail of the output circuit and collector assembly. 

Fig. 16—Experimental arrangement used to measure the 
performance of electron-wave tubes. 
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through the attenuator to the receiver. In this manner, 
the gain versus the cathode-potential-difference curve of 
Fig. 17 was obtained. This figure corresponds rather 
closely with the theoretical curve of propagation con-
stant versus the inhomogeneity factor, shown in Fig. 1. 
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Fig. 17—Gain versus cathode-potential-difference characteristics 
of the two-velocity-type electron-wave tube. 

At a frequency of 3000 Mc and a total current of 1,5 ma, 
a net gain of 46 db was obtained, even though no at-
tempt was made to match either the input or output 
circuits. The lack of appropriate match is responsible 
for the fact that the gain curve assumes negative values 
when the electronic gain is not sufficient to overcome the 
losses due to mismatch. At the peak of the curve, it is 
estimated that the electronic gain is of the order of 80 
db. 
The curves of output voltage versus the potential of 

the drift tube were shown in Figs. 8 and 9. Fig. 9 shows 
this characteristic for the electron-wave tube of the 

space-charge type illustrated in Fig. 5. The shape of this 
curve corresponds rather closely with the shape of the 
theoretical curve given in Fig. 7. Fig. 8 shows the output 
voltage versus drift-potential characteristic for the two-
velocity-type electron-wave tube. When the drift-tube 
voltage is high, the tube behaves like the two-cavity 
klystron amplifier. As the drift voltage is lowered the 
gain gradually increases, due to the space-charge inter-
action effect, and achieves a maximum which is ap-
proximately 60 db higher than the output achieved with 
klystron operation. With further reduction of the drift-
tube potential the output drops rather rapidly, because 
the space-charge conditions become unfavorable; that is, 
the inhomogeneity factor becomes too large. 
The electronic bandwidth was measured by measur-

ing the gain of the tube over a frequency range from 
2000 to 3000 Mc and retuning the input and output cir-
cuits- for each frequency. It was observed that the gain 
of the tube was essentially constant over this frequency 
range, thus confirming the theoretical prediction of 
electronic bandwidth of over 30 per cent at the gain of 
80 db. 
The electron-wave tube, because of its remarkable 

property of achieving energy amplification without the 
use of any resonant or waveguiding structures in the 
amplifying region of the tube, promises to offer a satis-
factory solution to the problem of generation and 
amplification of energy at millimeter wavelengths, and 
thus will aid in expediting the exploitation of that por-
tion of the electromagnetic spectrum. 
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Communication in the Presence of Noise* 
CLAUDE E. SHANNONt, MEMBER, IRE 

Summary—A method is developed for representing any com-
munication system geometrically. Messages and the corresponding 
signals are points in two "function spaces," and the modulation 
process is a mapping of one space into the other. Using this repre-
sentation, a number of results in communication theory are deduced 
concerning expansion and compression of bandwidth and the 
threshold effect. Formulas are found for the maximum rate of trans-
mission of binary digits over a system when the signal is perturbed 
by various types of noise. Some of the properties of "ideal" systems 
which transmit at this maximum rate are discussed. The equivalent 
number of binary digits per second for certain information sources 
is calculated. 

* Decimal classification: 621.38. Original manuscript received by 
the Institute, July 23, 1940. Presented, 1948 IRE National Conven-
tion, New York, N. Y., March 24, 1948; and IRE New York Section, 
New York, N. Y., November 12, 1947. 

Bell Telephone Laboratories, Murray Hill, N. J. 

I. INTRODUCTION 

GENERAL COMMUNICATIONS system is 
shown schematically in Fig. 1. It consists essen-
tially of five elements. 

1. An information source. The source selects one mes-
sage from a set of possible messages to be transmitted to 
the receiving terminal. The message may be of various 
types; for example, a sequence of letters or numbers, as 
in telegraphy or teletype, or a continuous function of 
timef(t), as in radio or telephony. 

2. The transmitter. This operates on the message in 
some way and produces a signal suitable for transmis-
sion to the receiving point over the channel. In teleph-
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ony, this operation consists of merely changing sound  the channel capacity may be defined as 

pressure into a proportional electrical current. In teleg-

INFOR MATION 
SOURCE  TRANS MITTER RECEIVER DESTINATION 

ME SSAGE 

SIGNAL RECEIVED 
SIGNAL 

NOISE 
SOURCE 

Fig. 1—General communications system. 

log2 M 
C= lirn   

T 
(1) 

A precise meaning will be given later to the requirement 
of reliable resolution of the M signals. 

raphy, we have an encoding operation which produces a 
sequence of dots, dashes, and spaces corresponding to 
the letters of the message. To take a more complex 
example, in the case of multiplex PCM telephony the 
different speech functions must be sampled, compressed, 
quantized and encoded, and finally interleaved properly 

to construct the signal. 
3. The channel. This is merely the medium used to 

transmit the signal from the transmitting to the receiv-
ing point. It may be a pair of wires, a coaxial cable, a 
band of radio frequencies, etc. During transmission, or 
at the receiving terminal, the signal may be perturbed 
by noise or distortion. Noise and distortion may be dif-
ferentiated on the basis that distortion is a fixed opera-
tion applied to the signal, while noise involves statistical 
and unpredictable perturbations. Distortion can, in 
principle, be corrected by applying the inverse opera-
tion, while a perturbation due to noise cannot always be 
removed, since the signal does not always undergo the 
same change during transmission. 
4. The receiver. This operates on the received signal 

and attempts to reproduce, from it, the original mes-
sage. Ordinarily it will perform approximately the math-
ematical inverse of the operations of the transmitter, al-
though they may differ somewhat with best design in 

order to combat noise. 
5. The destination. This is the person or thing for 

whom the message is intended. 
Following Nyquisti and Hartley,2 it is convenient to 

use a logarithmic measure of information. If a device has 
n possible positions it can, by definition, store logb n units 
of information. The choice of the base b amounts to a 
choice of unit, since logb n = logb c loge n. We will use the 
base 2 and call the resulting units binary digits or bits. 
A group of m relays or flip-flop circuits has 2'̂ possible 
sets of positions, and can therefore store 10g2  = m bits. 
If it is possible to distinguish reliably M different sig-

nal functions of duration T on a channel, we can say 
that the channel can transmit 10g2 M bits in time T. The 
rate of transmission is then logs MIT. More precisely, 

1 H. Nyquist, "Certain factors affecting telegraph speed," Bell 
Sysl. Tech. Jour., vol. 3, p. 324; April, 1924. 

'R. V. L. Hartley, "The transmission of information," Bell Sys. 
Tech. Jour., vol. 3, p. 535-564; July, 1928. 

II. THE SAMPLING THEOREM 

Let us suppose that the channel has a certain band-
width W in cps starting at zero frequency, and that we 
are allowed to use this channel for a certain period of 
time T. Without any further restrictions this would 
mean that we can use as signal functions any functions. 
of time whose spectra lie entirely within the band W, 
and whose time functions lie within the interval T. Al-
though it is not possible to fulfill both of these condi-
tions exactly, it is possible to keep the spectrum within 
the band W, and to have the time function very small 
outside the interval T. Can we describe tn a more useful 
way the functions which satisfy these conditions? One 

answer is the following: 
THEOREM 1: If a function f(t) contains no frequencies 

higher than W cps, it is completely determined by giving 
its ordinates at a series of points spaced 112 W seconds 

apart. 
This is a fact which is common knowledge in the com-

munication art. The intuitive justification is that, if f(t) 
contains no frequencies higher than W, it cannot 
change to a substantially new value in a time less than 
one-half cycle of the highest frequency, that is, 1/ 2 W. A 
mathematical proof showing that this is not only ap-
proximately, but exactly, true can be given as follows. 
Let F(co) be the spectrum of fit). Then 

f(t) = .1"  F(co)eiwidw  (2) 
2r 

1 +2rW 

=  f-2.w 
-  F(co)ei"tdco, 
2r  

(3) 

since F(co) is assumed zero outside the band W. If we 

let 

= --
2W 

(4) 

where n is any positive or negative integer, we obtain 

4-21rW 

f 
) -  J _2,rw F(w)eiw2w dco. 

2 W  27r   

On the left are the values of f(t) at the sampling points. 
The integral on the right will be recognized as essen-
tially the nth coefficient in a Fourier-series expansion of 
the function F(cu), taking the interval — W to  W as a 
fundamental period. This means that the values of the 
samples f(nI2 W) determine the Fourier coefficients in 
the series expansion of F(c4). Thus they determine F(w), 
since F(co) is zero for frequencies greater than W, and for 

(5) 
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lower frequencies F(w) is determined if its Fourier co-
efficients are determined. But F(co) determines the origi-
nal function f(t) completely, since a function is deter-
mined if its spectrum is known. Therefore the original 
samples determine the function f(t) completely. There 
is one and only one function whose spectrum is limited 
to a band W, and which passes through given values at 
sampling points separated 1/2 W seconds apart. The 
function can be simply reconstructed from the samples 
by using a pulse of the type 

sin 2irllit 

21. Wt 
(6) 

This function is unity at 1=0 and zero at t = n/2 W, i.e., 
at all other sample points. Furthermore, its spectrum is 
constant in the band W and zero outside. At each sam-
ple point a pulse of this type is placed whose amplitude 
is adjusted to equal that of the sample. The sum of these 
pulses is the required function, since it satisfies the con-
ditions on the spectrum and passes through the sampled 
values. 

Mathematically, this process can be described as fol-
lows. Let x„ be the nth sample. Then the function f(t) 
is represented by 

i(t) = x. sin 7(2Wt — n) 
(7) r(2147 1 — n) 

A similar result is true if the band W does not start at 
zero frequency but at some higher value, and can be 
proved by a linear translation (corresponding physically 
to single-sideband modulation) of the zero-frequency 
case. In this case the elementary pulse is obtained from 
sin x/x by single-side-band modulation. 
If the function is limited to the time interval T and 

the samples are spaced 1/2 W seconds apart, there will 
be a total of 2TW samples in the interval. All samples 
outside will be substantially zero. To be more precise, 
we can define a function to be limited to the time inter-
val T if, and only if, all the samples outside this interval 
are exactly zero. Then we can say that any function lim-
ited to the bandwidth Wand the time interval T can be 
specified by giving 2TW numbers. 
Theorem 1 has been given previously in other forms 

by mathematicians' but in spite of its evident impor-
tance seems not to have appeared explicitly in the litera-
ture of communication theory. Nyquist,“ however, and 
more recently Gabor,' have pointed out that approxi-
mately 2TW numbers are sufficient, basing their argu-

r1 = -40 

3 J. M. Whittaker, "Interpolatory Function Theory," Cambridge 
Tracts in Mathematics and Mathematical Physics, No. 33, Cam-
bridge University Press, Chapt. IV; 1935. 

4 H. Nyquist, "Certain topics in telegraph transmission theory," 
A.I.E.E. Transactions, p. 617; April, 1928. 

' W. R. Bennett, "Time division multiplex systems," Bell Sys. 
Tech. Jour., vol. 20, p. 199; April, 1941, where a result similar to 
Theorem 1 is established, but on a steady-state basis. 

"D. Gabor, "Theory of communication," Jour. (London), 
vol. 93; part 3, no. 26, p. 429; 1946. 

ments on a Fourier series expansion of the function over 
the time interval T. This gives TW sine and (T W-I-1) 
cosine terms up to frequency W. The slight discrepancy 
is due to the fact that the functions obtained in this way 
will not be strictly limited to the band W but, because 
of the sudden starting and stopping of the sine and co-
sine components, contain some frequency content out-
side the band. Nyquist pointed out the fundamental 
importance of the time interval 1/2 W seconds in con-
nection with telegraphy, and we will call this the Ny-
quist interval corresponding to the band W. 

The 2TW numbers used to specify the function need 
not be the equally spaced samples used above. For ex-
ample, the samples can be unevenly spaced, although, if 
there is considerable bunching, the samples must be 
known very accurately to give a good reconstruction of 
the function. The reconstruction process is also more 
involved with unequal spacing. One can further show 
that the value of the function and its derivative at every 
other sample point are sufficient. The value and first and 
second derivatives at every third sample point give a 
still different set of parameters which uniquely deter-
mine the function. Generally speaking, any set of 2TW 
independent numbers associated with the function can 
be used to describe it. 

III. GEOMETRICAL REPRESENTATION OF 
THE SIGNALS 

A set of three numbers xl, x2, x3, regardless of their 
source, can always be thought of as co-ordinates of a 
point in three-dimensional space. Similarly, the 2TW 
evenly spaced samples of a signal can be thought of as 
co-ordinates of a point in a space of 2TW dimensions. 
Each particular selection of these numbers corresponds 
to a particular point in this space. Thus there is exactly 
one point corresponding to each signal in the band W 
and with duration T. 

The number of dimensions 2TW will be, in general, 
very high. A 5-Mc television signal lasting for an hour 
would be represented by a point in a space with 2X5 • 
X 10  X 60' = 3.6 X101° dimensions. Needles  § to say, 
such a space cannot be visualized. It is possible, how-
ever, to study analytically the properties of n-dimen-
sional space. To a considerable extent, these properties 
are a simple generalization of the properties of two- and 
three-dimensional space, and can often be arrived at 
by inductive reasoning from these cases. The advantage 
of this geometrical representation of the signals is that 
we can use the vocabulary and the results of geometry 
in the communication problem. Essentially, we have re-
placed a complex entity (say, a television signal) in a 
simple environment (the signal requires only a plane for 
its representation as f(t)) by a simple entity (a point) in 
a complex environment (2TW dimensional space). 
If we imagine the 2 TW co-ordinate axes to be at right 

angles to each other, then distances in the space have a 
simple interpretation. The distance from the origin to a 
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point is analogous to the two- and three-dimensional 

cases 

2TW 

d =  E Xn2 

n=1 

where x„ is the nth sample. Now, since 

2TW  sin 7(211'1 — n) 

f(1)  xn r(211't — n) 

we have 

1 
f(t)2d1 = —  E xn2, 

2W 

using the fact that 

f sin r(2Wt — m) 

ir(2Wt — m) 

sin ir(21471 — n) 

r(IUt — n) 

0 m  n 

= 1 
m = n. 

2W 

dl 

(8) 

(9) 

(10) 

(11) 

Hence, the square of the distance to a point is 2W times 
the energy (more precisely, the energy into a unit resist-
ance) of the corresponding signal 

d2 = 2WE 

= 2 WTP 

where P is the average power over the time T. Similarly, 
the distance between two points is V2 WT times the 
rms discrepancy between the two corresponding signals. 
If we consider only signals whose average power is less 

than P, these will correspond to points within a sphere 
of radius 

(12) 

all perpendicular to each other and are obtained by 
what is essentially a rotation of the original co-ordinate 

system. 
Passing a signal through an ideal filter corresponds to 

projecting the corresponding point onto a certain region 
in the space. In fact, in the frequency-co-ordinate sys-
tem those components lying in the pass band of the filter 
are retained and those outside are eliminated, so that 
the projection is on one of the co-ordinate lines, planes, 
or hyperplanes. Any filter performs a linear operation on 
the vectors of the space, producing a new vector lin-
early related to the old one. 

r = V2WTP.  (13) 

If noise is added to the signal in transmission, it 
means that the point corresponding to the signal has 
been moved a certain distance in the space proportional 
to the rms value of the noise. Thus noise produces a 
small region of uncertainty about each point in the 
space. A fixed distortion in the channel corresponds to 
a warping of the space, so that each point is moved, but 

in a definite fixed way. 
In ordinary three-dimensional space it is possible to 

set up many different co-ordinate systems. This is also 
possible in the signal space of 2TW dimensions that we 
are considering. A different co-ordinate system cor-
responds to a different way of describing the same sig-
nal function. The various ways of specifying a function 
given above are special cases of this. One other way of 
particular importance in communication is in terms of 
frequency components. The function f(t) can be ex-
panded as a sum of sines and cosines of frequencies 1/T 
apart, and the coefficients used as a different set of co-
ordinates. It can be shown that these co-ordinates are 

IV. GEOMETRICAL REPRESENTATION 
OF MESSAGES 

We have associated a space of 2TW dimensions with 
the set of possible signals. In a similar way one can as-
sociate a space with the set of possible messages. Sup-
pose we are considering a speech system and that the 
messages consist of all possible sounds which contain no 
frequencies over a certain limit W1 and last for a time 

Ti. 
Just as for the case of the signals, these messages can 

be represented in a one-to-one way in a space of 27.11Vi 
dimensions. There are several points to be noted, how-
ever. In the first place, various different points may rep-
resent the same message, insofar as the final destination 
is concerned. For example, in the case of speech, the ear 
is insensitive to a certain amount of phase distortion. 
Messages differing only in the phases of their compon-
ents (to a limited extent) sound the same. This may have 
the effect of reducing the number of essential dimensions 
in the message space. All the points which are equivalent 
for the destination can be grouped together and treated 
as one point. It may then require fewer numbers to 
specify one of these "equivalence classes" than to spec-
ify an arbitrary point. For example, in Fig. 2 we have a 
two-dimensional space, the set of points in a square. If 
all points on a circle are regarded as equivalent, it re-
duces to a one-dimensional space—a point can now be 

Fig. 2- --Reduction of ditnew,ionahty through 
equivalence classes. 

specified by one number, the radius of the circle. In the 
case of sounds, if the ear were completely insensitive to 
phase, then the number of dimensions would be reduced 
by one-half due to this cause alone. The sine and cosine 
components a. and b5 for a given frequency would not 
need to be specified independently, but only N/a52-1-12.2; 
that is, the total amplitude for this frequency. The re-



14  PROCEEDINGS OF THE January 

duction in frequency discrimination of the ear as fre-
quency increases indicates that a further reduction in 
dimensionality occurs. The vocoder makes use to a con-
siderable extent of these equivalences among speech 
sounds, in the first place by eliminating, to a large de-
gree, phase information, and in the second place by 
lumping groups of frequencies together, particularly at 
the higher frequencies. 

In other types of communication there may not be 
any equivalence classes of this type. The final destina-
tion is sensitive to any change in the message within the 
full message space of 2T1 W I dimensions. This appears 
to be the case in television transmission. 
A second point to be noted is that the information 

source may put certain restrictions on the actual mes-
sages. The space of 2T, W I dimensions contains a point 
for every funetion of time f(t) limited to the band W 1 and 
of duration T1. The class of messages we wish to trans-
mit may be only a small subset of these functions. For 
example, speech sounds must be produced by the human 
vocal system. If we are willing to forego the transmission 
of any other sounds, the effective dimensionality may be 
considerably decreased. A similar effect can occur 
through probability considerations. Certain messages 
may be possible, but so improbable relative to the oth-
ers that we can, in a certain sense, neglect them. In a 
television image, for example, successive frames are 
likely to be very nearly identical. There is a fair proba-
bility of a particular picture element having thd same 
light intensity in successive frames. If this is analyzed 
mathematically, it results in an effective reduction of 
dimensionality of the message space when T1 is large. 
We will not go further into these two effects at pres-

ent, but let us suppose that, when they are taken into 
account, the resulting message space has a dimensional-
ity D, which will, of course, be less than or equal to 
2 TIM. In many cases, even though the effects are pres-
ent, their utilization involves too much complication in 
the way of equipment. The system is then designed on 
the basis that all functions are different and that there 
are no limitations on the information source. In this 
case, the message space is considered to have the full 
2 Ti Wi dimensions. 

V. GEOMETRICAL REPRESENTATION OF THE 
TRANSMITTER AND RECEIVER 

We now consider the function of the transmitter from 
this geometrical standpoint. The input to the transmit-

ter is a message; that is, one point in the message space. 
Its output is a signal—one point in the signal space. 
Whatever form of encoding or modulation is performed, 
the transmitter must establish some correspondence be-
tween the points in the two spaces. Every point in the 
message space must correspond to a point in the signal 
space, and no two messages can correspond to the same 
signal. If they did, there would be no way to determine 
at the receiver which of the two messages was intended. 
The geometrical name for such a correspondence is a 

mapping. The transmitter maps the message space into 
the signal space. 
In a similar way, the receiver maps the signal space 

back into the message space. Here, however, it is possi-
ble to have more than one point mapped into the same 
point. This means that several different signals are de-
modulated or decoded into the same message. In AM, 
for example, the phase of the carrier is lost in demodula-
tion. Different signals which differ only in the phase of 
the carrier are demodulated into the same message. In 
FM the shape of the signal wave above the limiting 
value of the limiter does not affect the recovered mes-
sage. In PCNI considerable distortion of the received 
pulses is possible, with no effect on the output of the re-
ceiver. 

We have so far established a correspondence between 
a communication system and certain geometrical ideas. 
The correspondence is summarized in Table I. 

TABLE I 

Communication System Geometrical Entity 

The set of possible signals 
A particular signal 
Distortion in the channel 
Noise in the channel 

The average power of the 
signal 

The set of signals of power 

The set of possible messages 
The set of actual messages 
distinguishable by the 
destination 

A message 
The transmitter 

The receiver 

A space of 2 TW dimensions 
A point in the space 
A warping of the space 
A region of uncertainty about each 
point 

(2 TW)-1 times the square of the dis-
tance from the origin to the point 

The set of points in a sphere of radius 
V2TW P 

A space of 2 TIM dimensions 
A space of D dimensions obtained by 
regarding all equivalent messages 
as one point, and deleting messages 
which the source could not produce 

A point in this space 
A mapping of the message space into 
the signal space 

A mapping of the signal space into 
the message space 

VI. MAPPING CONSIDERATIONS 

It is possible to draw certain conclusions of a general 
nature regarding modulation methods from the geo-
metrical picture alone. Mathematically, the simplest 
types of mappings are those in which the two spaces 
have the same number of dimensions. Single-sideband 
amplitude modulation is an example of this type and an 
especially simple one, since the co-ordinates in the sig-
nal space are proportional to the corresponding co-ordi-
nates in the message space. In double-sideband trans-
mission the signal space has twice the number of co-
ordinates, but they occur in pairs with equal values. If 
there were only one dimension in the message space and 
two in the signal space, it would correspond to mapping 
a line onto a.square so that the point x on the line is rep-
resented by (x, x) in the square. Thus no significant use 
is made of the extra dimensions. All the messages go into 
a subspace having only 2T1 W 1 dimensions. 

In frequency modulation the mapping is more in-
volved. The signal space has a much larger dimensional-
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ity than the message space. The type of mapping can be 
suggested by Fig. 3, where a line is mapped into a three-
dimensional space. The line starts at unit distance from 

TO NEXT COORDINATE 

Fig. 3—Mapping similar to frequency modulation. 

the origin on the first co-ordinate axis, stays at this dis-
tance from the origin on a circle to the next co-ordinate 

3 axis, and then goes to the third. It cit.' be seen that the 
I line is lengthened in this mapping in proportion to the 
total number of co-ordinates. It is not, however, nearly 
as long as it could be if it wound back and forth through 
the space, filling up the internal volume of the sphere it 

traverses. 
This expansion of the line is related to the improved 

signal-to-noise ratio obtainable with increased band-
width. Since the noise produces a small region of uncer-
tainty about each point, the effect of this on the recov-

) 

C.  
) 
) 

C.  

L/ 
) 
) 

UNCERTAINTY 
DUE TO NOISE 

Fig. 4—Efficient mapping of a line into a square. 

will become very badly distorted. This effect is well 
known in PCM. 
Suppose, on the other hand, we wish to reduce di-

mensionality, i.e., to compress bandwidth or time or 
both. That is, we wish to send messages of band WI and 
duration T1 over a channel with TW <TiWi. It has al-
ready been indicated that the effective dimensionality D 
of the message space may be less than 2 TILVI due to the 
properties of the source and of the destination. Hence we 
certainly need no more than D dimension in the signal 
space for a good mapping. To make this saving it is nec-
essary, of course, to isolate the effective co-ordinates in 
the message space, and to send these only. The reduced 
bandwidth transmission of speech by the vocoder is a 

case of this kind. 
The question arises, however, as to whether further 

reduction is possible. In our geometrical analogy, is it 
possible to map a space of high dimensionality onto one 
of lower dimensionality? The answer is that it is pos 
ble, with certain reservations. For example, the points of 
a square can be described by their two co-ordinates 
which could be written in decimal notation 

ered message will be less if the map is in a large scale. To 
obtain as large a scale as possible requires that the line 
wander back and forth through the higher-dimensional 
region as indicated in Fig. 4, where we have mapped a 
line into a square. It will be noticed that when this is 
done the effect of noise is small relative to the length of 
the line, provided the noise is less than a certain critical 
value. At this value it becomes uncertain at the receiver 
as to which portion of the line contains the message. 
This holds generally, and it shows that any system which 
attempts to use the capacities of a wider band to the full ex-
tent possible will suffer from a threshold effect when there 
is noise. If the noise is small, very little distortion will 
occur, but at some critical noise amplitude the message 

x = .aia2a3 • • • 

y = .b1b2b3 • • • . 

From these two numbers we can construct one number 
by taking digits alternately from x and y: 

z = .a1b1a2b2a3b3 • • • • 

(14) 

(15) 

A knowledge of x and y determines z, and z determines 
both x and y. Thus there is a one-to-one correspondence 
between the points of a square and the points of a line. 
This type of mapping, due to . the mathematLian 

Cantor, can easily be extended as far as we wish in the 
direction of reducing dimensionality. A space of n di-
mensions can be mapped in a one-to-one way into a 
space of one dimension. Physically, this means that the 
frequency-time product can be reduced as far as we wish 
when there is no noise, with exact recovery of the origi-

nal messages. 
In a less exact sense, a mapping of the type shown in 

Fig. 4 maps a square into a line, provided we are not too 
particular about recovering exactly the starting point, 
but are satisfied with a near-by one. The sensitivity we 
noticed before when increasing dimensionality now takes 
a different form. In such a mapping, to reduce TW, there 
will be a certain threshold effect when we perturb the 
message. As we change the message a small amount, the 
corresponding signal will change a small amount, until 
some critical value is reached. At this point the signal 
will undergo a considerable change. In topology it is 
shown' that it is not possible to map a region of higher 
dimension into a region of lower dimension continuously. 
It is the necessary discontinuity which produces the 
threshold effects we have been describing for communi-
cation systems. 

7 W . Hurewitz and H. Waltman, "DimenEtion Theory," Princeton 
University Press, Princeton, N. 1.; 1941. 
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This discussion is relevant to the well-known "Hartley 
Law," which states that " . . . an upper limit to the 
amount of information which may be transmitted is set 
by the sum for the various available lines of the product 
of the line-frequency range of each by the time during 
which it is available for use."' There is a sense in which 
this statement is true, and another sense in which it is 
false. It is not possible to map the message space into 
the signal space in a one-to-one, continuous manner 
(this is known mathematically as a topological mapping) 
unless the two spaces have the same dimensionality; 
i.e., unless D = 2 TW. Hence, if we limit the transmitter 
and receiver to continuous one-to-one operations, there 
is a lower bound to the product TW in the channel. 
This lower bound is determined, not by the product 
WiTi of message bandwidth and time, but by the num-
ber of essential dimension D, as indicated in Section IV. 
There is, however, no good reason for limiting the trans-
mitter and receiver to topological mappings. In fact, 
PCM and similar modulation systems are highly dis-
continuous and come very close to the type of mapping 
given by (14) and (15). It is desirable, then, to find 
limits for what can be done with no restrictions on the 
type of transmitter and receiver operations. These 
limits, which will be derived in the following sections, 
depend on the amount and nature of the noise in the 
channel, and on the transmitter power, as well as on 
the bandwidth-time product. 
It is evident that any system, either to compress TW, 

or to expand it and make full use of the additional vol-
ume, must be highly nonlinear in character and fairly 
complex because of the peculiar nature of the mappings 
involved. 

VII. THE CAPACITY OF A CHANNEL IN THE 
PRESENCE OF WHITE THERMAL NOISE 

It is not difficult to set up certain quantitative rela-
tions that must hold when we change the product TW. 
Let us assume, for the present, that the noise in the sys-
tem is a white thermal-noise band limited to the band 
W, and that it is added to the transmitted signal to pro-
duce the received signal. A white thermal noise has the 
property that each sample is perturbed independently of 
all the others, and the distribution of each amplitude is 
Gaussian with standard deviation a = N where N is 
the average noise power. How many different signals can 
be distinguished at the receiving point in spite of the 
perturbations due to noise? A crude estimate can be ob-
tained as follows. If the signal has a power P, then the 
perturbed signal will have a power P+N. The number 
of amplitudes that can be reasonably well distinguished 
is 

K /P N 
N 

(16) 

where K is a small constant in the neighborhood of unity 
depending on how the phrase "reasonably well" is inter-
preted. If we require very good separation, K will be 
small, while toleration of occasional errors allows K to 

be larger. Since in time T there are 2TW independent 
amplitudes, the total number of reasonably distinct sig-
nals is 

M = [K  ±  N ]2"  (17) 

The number of bits that can be sent in this time is 
1eg2 M, and the rate of transmission is 

log2 M  P + N 
 = W 10g2 K2   (bits per second).  (18) 

The difficulty with this argument, apart from its 
general approximate character, lies in the tacit assump-
tion that for two signals to be distinguishable they must 
differ at some sampling point by more than the expected 
noise. The argument presupposes that PCM, or some-
thing very similar to PCM, is the best method of en-

coding binary digits into signals. Actually, two signals 
can be reliably distinguished if they differ by only a 
small amount, provided this difference is sustained over 
a long period of time. Each sample of the received signal 
then gives a small amount of statistical information 
concerning the transmitted signal; in combination, 
these statistical indications result in near certainty. 
This possibility allows an improvement of about 8 db 
in power over (18) with a reasonable definition of re-
liable resolution of signals, as will appear later. We will 
now make use of the geometrical representation to de-
termine the exact capacity of a noisy channel. 
THEOREM 2: Let P be the average transmitter power, and 

suppose the noise is white thermal noise of power N in the 
band IV. By sufficiently complicated encoding systems it is 
possible to transmit binar3 digits at a rate 

P+ N 
C = If' 10g2 (19) 

with as small a frequency of errors as desired. It is not pos-
sible by any encoding method to send at a higher rate and 
have an arbitrarily low frequency of errors. 
This shows that the rate W log (P+N)/N measures in 

a sharply defined way the capacity of the Channel for 
transmitting information. It is a rather surprising result, 
since one would expect that reducing the frequency of 
errors would require reducing the rate of transmission, 
and that the rate must approach zero as the error fre-
quency does. Actually, we can send at the rate C but 
reduce errors by using more involvedenceding and longer 
delays at the transmitter and receiver. The transmitter 
will take long sequences of binary digits and represent 
this entire sequence by a particular signal function of 
long duration. The delay is required because the trans-
mitter must wait for the full sequence before the signal 
is determined. Similarly, the receiver must wait for the 
full signal function before decoding into binary digits. 
We new prove Theorem 2. In the geometrical repre-

sentation each signal point is surrounded by a small re-
gion of uncertainty due to noise. With white thermal 
noise, the perturbations of the different samples (or co-

.4/ 
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1 

ordinates) are all Gaussian and independent. Thus the 
probability of a perturbation having co-ordinates 
X2, • • • 1 OCrt  (these are the differences between the 

original and received signal co-ordinates) is the product 
of the individual probabilities for the different co-ordi-

nates: 
2TW 

 exp 
TWN  2TWN 

xn 2 

1 
 exp 
(272 TWN)Tw 

Since this depends only on 
2TW 

E xn2, 

1 2 7W 

 E x2. 
2TW 

the probability of a given perturbation depends only on 
the distance from the original signal and not on the direc-
tion. In other words, the region of uncertainty is spheri-
cal in nature. Although the limits of this region are not 
sharply defined for a small number of dimensions 
(2TW), the limits become more and more definite as the 
dimensionality increases. This is because the square of 
the distance a signal is perturbed is equal to 2TW times 
the average noise power during the time T. As T in-
creases, this average noise power must approach N. 
Thus, for large T, the perturbation will almost certainly 
be to some point near the surface of a sphere of radius 
V2TWN centered at the original signal point. More 
precisely, by taking T sufficiently large we can insure 
(with probability as near to 1 as we wish) that the per-
turbation will lie within a sphere of radius V2 TW(N+e) 
where e is arbitrarily small. The noise regions can there-
fore be thought of roughly as sharply defined billiard 
balls, when 2TW is very large. The received signals have 
an average power P+N, and in the same sense must al-
most all lie on the surface of a sphere of radius 
V2TW(P-E/V). How many different transmitted signals 
can be found which will be distinguishable? Certainly 
not more than the volume of the sphere of radius 
V2 TW(P+ 1V) divided by the volume of a sphere of 
radius V2TWN, since overlap of the noise spheres re-
sults in confusion as to the message at the receiving 
point. The volume of an n-dimensional sphere8 of radius 
r is 

rn/2 

V =  r" • (20) 

r(-" + 1) 
\ 2 

Hence, an upper limit for the number M of distinguish-
able signals is 

(vp  N vrw 

N ) 

Consequently, the channel capacity is bounded by: 

log2 M  P + N 
C =  W log2   (22 ) 

T 
• D. M. Y. Sommerville, "An Introduction to the Geometry of N 

Dimensions," E. P. Dutton, Inc., New York, N. Y., 1929; p. 135. 

(21) 

This proves the last statement in the theorem. 
To prove the first part of the theorem, we must show 

that there exists a system of encoding which transmits 
W 10g2 (P+1V)/N binary digits per second with a fre-
quency of errors less than e when e is arbitrarily small. 
The system to be considered operates as follows. A long 
sequence of, say, m binary digits is taken in at the trans-
mitter. There are 2'" such sequences, and each corre-
sponds to a particular signal function of duration T. 
Thus there are M=2m different signal functions. When 
the sequence of m is completed, the transmitter starts 
sending the corresponding signal. At the receiver a per-
turbed signal is received. The receiver compares this 
signal with each of the M possible transmitted signals 
and selects the one which is nearest the perturbed signal 
(in the sense of rms error) as the one actually sent. The 
receiver then constructs, as its output, the correspond-
ing sequence of binary digits. There will be, therefore, 
an over-all delay of 2T seconds. 
To insure a frequency of errors less than e, the M sig-

nal functions must be reasonably well separated from 
each other. In fact, we must choose them in such a way 
that, when a perturbed signal is received, the nearest 
signal point (in the geometrical representation) is, with 
probability greater than 1 —e, the actual original signal. 
It turns out, rather surprisingly, that it is possible to 

choose our M signal functions at random from the points 
inside the sphere of radius V2TWP, and achieve the 
most that is possible. Physically, this corresponds very 
nearly to using M different samples of band-limited 
white noise with power P as signal functions. 
A particular selection of M points in the sphere corre-

sponds to a particular encoding system. The general 
scheme of the proof is to consider all such selections, and 
to show that the frequency of errors averaged over all 
the particular selections is less than e. This will show 
that there are particular selections in the set with fre-
quency of errors less than e. Of course, there will be 
other particular selections with a high frequency of er-

rors. 
The geometry is shown in Fig. 5. This is a plane 

cross section through the high-dimensional sphere de-
fined by a typical transmitted signal B, received signal 
A, and the origin 0. The transmitted signal will lie very 

Fig. 5—The geometry involved in Theorem 2. 
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close to the surface of the sphere of radius V2TWP, 
since in a high-dimensional sphere nearly all the volume 
is very close to the surface. The received signal simi-
larly will  lie on the surface of the sphere of radius 
N/2 TW(P-I-N). The high-dimensional lens-shaped re-
gion L is the region of possible signals that might have 
caused A, since the distance between the transmitted 
and received signal is almost certainly very close to 
V2TWN.L is of smaller volume than a sphere of radius 
h. We can determine h by equating the area of the tri-
angle OAB, calculated two different ways: 

ihV2TW(P  N) = i-V2TWPV2TWN 
PN  

h= 2TW 
P  N 

The probability of any particular signal point (other 
than the actual cause of A) lying in L is, therefore, less 
than the ratio of the volumes of spheres of radii 
V2TW PN/P-I-N and N/2 TWP, since in our ensemble 
of coding systems we chose the signal points at random 
from the points in the sphere of radius V2TWP. This 
ratio is 

(4/2TW  PN 27' W  

P  N) N  \rw 
V2TW  \P N ) • 

(23) 

We have M signal points. Hence the probability p that 
all except the actual cause of A are outside L is greater 
than 

1 [ N P N 
(24) 

When these points are outside L, the signal is inter-
preted correctly. Therefore, if we make P greater than 
1 —e, the frequency of errors will be less than e. This will 
be true if 

rwim-i) 

[1 G  -I-N N)  > 1 — e. (25) 

Now (1 —x)̂ is always greater than 1 — nx when n is pos-
itive. Consequently, (25) will be true if 

N TW 

1 —  ( M —  1)  N  > 1 — (26) 
P  

or if 

or 

(M — 1) < e t  N N\rw 

log (M — 1)  P - F N  loge 
  < W log   

(27) 

(28) 

For any fixed e, we can satisfy this by taking T suffi-
ciently large, and also have log (M— 1)/T or log MIT as 
close as desired to W log P-I-N/N. This shows that, 
with a random selection of points for signals, we can ob-

tain an arbitrarily small frequency of errors and trans-
mit at a rate arbitrarily close to the rate C. We can also 
send at the rate C with arbitrarily small e, since the ex-
tra binary digits need not be sent at all, but can be filled 
in at random at the receiver. This only adds another 
arbitrarily small quantity to e. This completes the proof. 

VIII. DISCUSSION 

We will call a system that transmits without errors at 
the rate C an ideal system. Such a system cannot be 
achieved with any finite encoding process but can be 
approximated as closely as desired. As we approximate 
more closely to the ideal, the following effects occur: (1) 
The rate of transmission of binary digits approaches 
C= W 10g2 (1 +P/N). (2) The frequency of errors ap-
proaches zero. (3) The transmitted signal approaches a 
white noise in statistical properties. This is true, roughly 
speaking, because the various signal functions used 
must be distributed at random in the sphere of radius 
V2TWP. (4) The threshold effect becomes very sharp. 
If the noise is increased over the value for which the sys-
tem was designed, the frequency of errors increases very 
rapidly. (5) The required delays at transmitter and re-
ceiver increase indefinitely. Of course, in a wide-band 
system a millisecond may be substantially an infinite 
delay. 
In Fig. 6 the function C/ W = log (1-I-P/N) is plotted 

with P/N in db horizontal and C/ W the number of bits 
per cycle of band vertical. The circles represent PCNI 
systems of the binary, ternary, etc., types, using posi-
tive and negative pulses and adjusted to give one error 
in about 106 binary digits. The dots are for a PPM sys-
tem with two, three, etc., discrete positions for the pulse.9 
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Fig. 6—Comparison of PCM and PPM 
with ideal performance. 

The PCM points are  ca lcu late d from  formulas  given  in "The  
philosophy of PCM," by B. M. Oliver, J. R. Pierce, and C. E. Shan-
non, PROC. 1.R.E., vol. 36, pp. 1324-1332; November, 1948. The 
PPM points are from unpublished calculations of B. McMillan, who 
points out that, for very small P/N, the points approach to within 
3 db of the ideal curve. 
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The difference between the series of points and the ideal 
curve corresponds to the gain that could be obtained by 
more involved coding systems. It amounts to about 8 
db in power over most of the practical range. The series 
of points and circles is about the best that can be done 
without delay. Whether it is worth while to use more 
complex types of modulation to obtain some of this 
possible saving is, of course, a question of relative costs 

and valuations. 
The quantity TW log (1 +P/N) is, for large T, the 

number of bits that can be transmitted in time T. It can 
be regarded as an exchange relation between the differ-
ent parameters. The individual quantities T, W, P, and 
N can be altered at will without changing the amount 
of information we can transmit, provided TW log 
(1 +P/N) is held constant. If TW is reduced, P/N must 
be increased, etc. 
Ordinarily, as we increase W, the noise power N in the 

band will increase proportionally; N= NoW where Aro is 
the noise power per cycle. In this case, we have 

c= W log (1 +  P ). 
NoW 

and it is distributed among the various frequencies ac-
cording to P(f). Then 

fw P(f)df = P. e   (31) 

We can divide the band into a large number of small 
bands, with N(f) approximately constant in each. The 
total capacity for a given distribution P(f) will then be 

given by 

CI = f w log (1 + P(f)(f))df,  (32) 
N 

since, for each elementary band, the white-noise result 
applies. The maximum rate of transmission will be found 
by maximizing CI subject to condition (31). This re-
quires that we maximize 

10w [log  + v -  + XP(f)]df. (33) 

The condition for this is, by the calculus of variations, 
(29 ) or merely from the convex nature of the curve log 

(1+x), 

If we let Wo =P/No, i.e., Wo is the band for which the 
noise power is equal to the signal power, this can be 

written 

C  W  /  lITo 

—W = — W0 W ). 
(30) 

In Fig. 7, C/ Wo is plotted as a function of W/ Wo. As we 
increase the band, the capacity increases rapidly until 
the total noise power accepted is about equal to the 

ASYMPTOTIC VALUE =1.443 

Wo = BAND FOP  wH CH P= N 

4  a 

Fig. 7—Channel capacity as a function of bandwidth. 

signal power; after this, the increase is slow, and it ap-
proaches an asymptotic value logs e times the capacity 
for W = Wo. 

IX. ARBITRARY GAUSSIAN NOISE 

If a white thermal noise is passed through a filter 
whose transfer function is Y(f), the resulting noise has 
a power spectrum N(f) = KI Y(f)I 2 and is known as 
Gaussian noise. We can calculate the capacity of a chan-
nel perturbed by any Gaussian noise from the white-
noise result. Suppose our total transmitter power is P 

1 
 + X = 0,  (34) 
N(f) + P(f) 

or N(f)+P(f) must be constant. The constant is ad-
justed to make the total signal power equal to P. For 
frequencieswhere the noise power is low, the signal power 
should be high, and vice versa, as we would expect. 
The situation is shown graphically in Fig. 8. The 

curve is the assumed noise spectrum, and the three lines 
correspond to different choices of P. If P is small, we 
cannot make P(f) +N(f) constant, since this would re-
quire negative power at some frequencies. It is easily 
shown, however, that in this case the best P(f) is ob-
tained by making P(f)+N(f) constant whenever possi-
ble, and making P(f) zero at other frequencies. With 
low values of P, some of the frequencies will not be used 
at all. 

Fig. 8—Best distribution of transmitter power. 

If we now vary the noise spectrum N W, keeping the 
total noise power constant and always adjusting the 
signal spectrum P(f) to give the maximum transmission, 
we can determine the worst spectrum for the noise. This 
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turns out to be the white-noise case. Although this only 
shows it to be worst among the Gaussian noises, it will 
be shown later to be the worst among all possible noises 
with the given power N in the band. 

X. THE CHANNEL CAPACITY WITH AN ARBI-
TRARY TYPE OF NOISE 

Of course, there are many kinds of noise which are not 
Gaussian; for example, impulse noise, or white noise 
that has passed through a nonlinear device. If the signal 
is perturbed by one of these types of noise, there will 
still be a definite channel capacity C, the maximum rate 
of transmission of binary digits. We will merely outline 
the general theory here." 
Let xl, x2, • • • , x,, be the amplitudes of the noise at 

successive sample points, and let 

P(xl, x2, • • • , x.)dx1 • • • dz.  (35) 

be the probability that these amplitudes lie between xi 
and xr-Fdxi, x2 and x2-1-dx2, etc. Then the function p 
describes the statistical structure of the noise, insofar 
as n successive samples are concerned. The entropy, H, of 
the noise is defined as follows. Let 

H.= --f fP(x.,.. 11 

Then 

• log e p(xi, • • • , x„)dx,, • • • , dx„.  (36) 

H = lim (37) 
0-4 04 

This limit exists in all cases of practical interest, and can 
be determined in many of them. H is a measure of the 
randomness of the noise. In the case of white Gaussian 
noise of power N, the entropy is 

H = log e .V2reN.  (38) 

It is convenient to measure the randomness of an arbi-
trary type of noise not directly by its entropy, but by 
comparison with white Gaussian noise. We can calculate 
the power in a white noise having the same entropy as 
the given noise. This power, namely, 

1 
N = —  exp 211  (39) 

2re 

where H is the entropy of the given noise, will be called 
the entropy power of the noise._ 
A noise of entropy power N acts very much like a 

white noise of power N, insofar as perturbing the mes-
sage is concerned. It can be shown that the region of 
uncertainty about each signal point will have the same 
volume as the region associated with the white noise. Of 
course, it will no longer be a spherical region. In proving 
Theorem 1 this volume of uncertainty was the chief 

lc' C. E. Shannon, "A mathematical theory of communication," 
Bell Sys. Tech. Jour., vol. 27, pp. 379-424 and 623-657; July and 
October, 1948. 

property of the noise used. Essentially the same argu-
ment may be applied for any kind of noise with minor 
modifications. The result is summarized in the follow-

ing: 
THEOREM 3: Let a noise limited to the band W have 

power N and entropy Power NI. The capacity C is then 

bounded by 

P + P  N 
W log2 <C  W 10g2   

N1 N1 
(40) 

where P is the average signal power and W the bandwidth. 
If the noise is a white Gaussian noise, N1= N, and the 

two limits are equal. The result then reduces to the 
theorem in Section VII. 
For any noise, N1 <N. This is why white Gaussian 

noise is the worst among all possible noises. If the noise 
is Gaussian with spectrum N(f), then 

1   N1 = W exp ow log N(f)df. (41) 

The upper limit in Theorem 3 is then reached when we 
are above the highest noise power in Fig. 8. This is easily 
verified by substitution. 
In the cases of most interest, P/N is fairly large. The 

two limits are then nearly the same, and we can use 
W log (P IV)/ Arias the capacity. The upper limit is the 
best choice, since it can be shown that as P/N increases, 
C approaches the upper limit. 

XI. DISCRETE SOURCES OF INFORMATION 

Up to now we have been chiefly concerned with the 
channel. The capacity C measures the maximum rate at 
which a random series of binary digits can be transmit-
ted when they are encoded in the best possible way. In 
general, the information to be transmitted will not be 
in this form. It may, for example, be a sequence of let-
ters as in telegraphy, a speech wave, or a television 
signal. Can we find an equivalent number of bits per 
second for information sources of this type? Consider 
first the discrete case; i.e., the message consists of a se-
quence of discrete symbols. In general, there may be 
correlation of various sorts between the different sym-
bols. If the message is English text, the letter E is the 
most frequent, T is often followed by H, etc. These cor-
relations allow a certain compression of the text by 
proper encoding. We may define the entropy of a dis-
crete source in a way analogous to that for a noise; 
namely, let 

1 
H„ = —  • • • , 10g2 p(i, j, • • • , s) (42) 

n . • .,. 

where p(i, j, • • • , s) is the probability of the sequence 
of symbols i,j, • • • , s, and the sum is over all sequences 
of n symbols. Then the entropy is 

H = lim H,,. (43) 
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It turns out that H is the number of bits produced by 
the source for each symbol of message. In fact, the fol-
lowing result is proved in the Appendix. 
THEOREM 4. It is possible to encode all sequences of n 

message symbols into sequences of binary digits in such a 
way that the average number of binary digits per message 
symbol is approximately H, the approximation approach-
ing equality as n increases. 
It follows that, if we have a channel of capacity C and 

a discrete source of entropy H, it is possible to encode 
the messages via binary digits into signals and transmit 
at the rate C/H of the original message symbols per 
second. 
For example, if the source produces a sequence of let-

ters A, B, or C with probabilities pA.o.6, pB.o.3, 
pc.o.i, and successive letters are chosen independ-
ently, then H„ =Hi = —[0.6 10g2 0.6+0.3 10g2 0.3 
+0.1 10g2 0.11=1.294 and the information produced is 
equivalent to 1.294 bits for each letter of the message. 
A channel with a capacity of 100 bits per second could 
transmit with best encoding 100/1.294= 77.3 message 

letters per second. 

XII. CONTINUOUS SOURCES 

If the source is producing a continuous function of 
time, then without further data we must ascribe it an 
infinite rate of generating information. In fact, merely 
to specify exactly one quantity which has a continuous 
range of possibilities requires an infinite number of 
binary digits. We cannot send continuous information 
exactly over a channel of finite capacity. 
Fortunately, we do not need to send continuous 

messages exactly. A certain amount of discrepancy be-
tween the original and the recovered messages can al-
ways be tolerated. If a certain tolerance is allowed, then 
a definite finite rate in binary digits per second can be 
assigned to a continuous source. It must be remembered 
that this rate depends on the nature and magnitude of 
the allowed error between original and final messages. 
The rate may be described as the rate of generating in-
formation relative to the criterion of fidelity. 
Suppose the criterion of fidelity is the rms discrep-

ancy between the original and recovered signals, and 
that we can tolerate a value VN1. Then each point in 
the message space is surrounded by a small sphere of 
radius V2/1WINI. If the system is such that the re-
covered message lies within this sphere, the transmission 
will be satisfactory. Hence, the number of different mes-
sages which must be capable of distinct transmission is 
of the order of the volume V1 of the region of possible 
messages divided by the volume of the small spheres. 
Carrying out this argument in detail along lines similar 
to those used in Sections VII and IX leads to the fol-

lowing result: 

THEOREM 5: If the message source has power Q, en-
tropy power Q, and bandwidth W1, the rate R of generating 
information in bits per second is bounded by 

W1 10g2  R  Wi log2 Q 
Ni N 

where N1 is the maximum tolerable mean square error 
in reproduction. If we have a channel with capacity C 
and a source whose rate of generating information R is 
less than or equal to C, it is possible to encode the source 
in such a way as to transmit over this channel with the 
fidelity measured by N1. If R> C, this is impossible. 
In the case where the message source is producing 

white thermal noise, -0 =Q. Hence the two bounds are 
equal and R= Wi log Q/ NI,. We can, therefore, transmit 
white noise of power Q and band W1 over a channel of 
band W perturbed by a white noise of power N and re-
cover the original message with mean square error N1 
if, and only if, 

(44 ) 

P  N 
W1 log —Q  W log  • (45) 

N1 • N 

APPENDIX 

Consider the possible sequences of n symbols. Let 
them be arranged in order of decreasing probability, 

P2  pa • • • pm. Let P.= a 'pp The ith message 
is encoded by expanding Pi as a binary fraction and us-
ing only the first ti places where ti is determined from 

1  1 
10g2 — ti < 1 +10g2 — • 

Pi  Pi 

Probable sequences have short codes and improbable 
ones long codes. We have 

1  1 
— pi 
2" 2ii-1 

The codes for different sequences will all be different. 
P5.4.1, for example, differs by pi from Pi, and therefore 
its binary expansion will differ in one or more of the 
first ti places, and similarly for all others. The average 
length of the encoded message will be Epiti. Using 
(46), 

or 

• 

(46) 

(47) 

— E Pi log Pi E piii < E — log po (48) 

nII„  E p,ti < 1 + (49) 

The average number of binary digits used per message 
symbol is 1/n Epiti and 

1  1 
1-1. — E p,ii <—+  (50) 

As n—>00, H,,-41 and 1/n—*0, so the average number of 
bits per message symbol approaches H. 
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Multiplex Employing Pulse-Time and Pulsed-
Frequency Modulation* 

HAROLD GOLDBERGI, SENIOR MEMBER, IRE, AND CARL C. BATH t, ASSOCIATE, IRE 

Summary—A microwave communication system giving two-chan-
nel voice transmission over a single carrier is described. Diplexing 
is accomplished by the use of two types of modulation, rather than 
by time or frequency division. One channel is transmitted by a form 
of pulse-time modulation using 1-microsecond pulses at a mean 
repetition rate of 10 kc, and the other channel by frequency modula-
tion of the pulsed microwave carrier (FM burst). The addition of the 
pulsed-FM channel requires no additional carrier power or change 
of duty cycle. Cross talk is negligible. The double system is applicable 
to most of the common forms of pulse-time modulation. Time-divi-
sion techniques are as applicable as in systems employing pulse-time 
modulation alone. If a time-division index of n is employed, i.e., that 
necessary to give n channels in a straight pulse-time time-division 
multiplex system, the employment of the diplex system described 
gives 2n channels.' Compared to a straight pulse-time time-division 
system giving 2n channels, the double-modulation system results 
in economies in synchronizing equipment, and provides a better 
signal-to-noise ratio on the pulse-time portion of the system, but 
requires some additional bandwidth. 

I NT RODUCTION 

r]1 HIS PAPER describes a proposal, and the experi-
mental study, of a method of diplexing a pulse-

  time-modulation channel by the superposition of 
an additional channel on the same channel pulses by 
the frequency modulation of the pulsed carrier. The 
motivation for such a system is the desire to increase 
the number of channels that may be carried in a pulse-
time-division system having a particular time-division 
index n. (By index n is meant the number of channels 
provided in a single modulation system by a system of 
time division.) The experimental study was carried out 
on a system which provided only a single pulse-time 
channel, i.e., index of unity. The use of a single pulse-
time channel in this study, which is eventually aimed at 
time-division systems, was justified by the preliminary 
conclusion that cross talk between pulse-time and 
pulsed-FM channels would be the most difficult prob-
lem, and that this cross talk would be greatest in a sys-
tem of unit time-division index. The validity of these 
preliminary conclusions should become clear later in 
this paper. 
The pulse-time system used in this study has not 

been previously reported in the literature. Its character-
istics are not particularly germane to the study, except 
that it makes the cross-talk problem as severe as can 

• Decimal classification: R460 X R148.6. Original manuscript re-
ceived by the Institute, July 8, 1947; revised manuscript received, 
May 26, 1948. 
t National Bureau of Standards. Washington 25, D. C. 
Bendix Radio Division, Bendix Aviation Corporation, Balti-

more, Md. 
1 In pulse-time systems which employ a synchronizing pulse that 

does not carry channel information, an additional pulsed-FM channel 
can be sent via the synchronizing pulse, thus resulting in 2n+1 chan-
nels. 

be envisaged. The pulse-time modulating system used 
transmits information in terms of the periods between 
consecutive pulses, these periods being single-valued 
functions of the modulating voltage. The relationship is 
not a linear one, the over-all system linearity being 
provided by a complementary nonlinearity in the pulse-
time demodulator. The ratio of maximum to minimum 
length of period in this system is greater than four to 
one for heavy modulation. Space transmission is by 
pulse modulation of a microwave carrier; i.e., the in-
formation is carried by the variation in time interval be-
tween consecutive carrier pulses. It is proposed to trans-
mit an additional channel by modulating the frequency 
of the pulsed carrier (not the repetition rate of the 
pulses). It should be noted that requirements on the 
pulse-repetition rate imposed by the modulating fre-
quencies impressed on the pulse-time channel are suffi-
cient to satisfy the demands for the pulsed-FM channel 
as well, provided both channels have the same upper 
limit for the modulating frequency. A mean pulse-
repetition rate greater than twice the highest modulat-
ing frequency is required. A discussion of these require-
ments for certain pulse-modulation systems has been 
given in the literature.' 

CROSS-TALK PROBLEM 

Cross talk was judged to be the most severe problem, 
since many successful systems may be proposed for 
accomplishing pulse-time or pulsed-FM transmission, 
but not all of these alternative methods will keep cross 
talk within satisfactory limits. In fact, the object of this 
study is to provide a system which does keep the cross 
talk within bounds. Two kinds of cross talk were con-
sidered; one, that arising from interactions between the 
two modulating processes up to but not idcluding the 
final demodulator; secondly, that inherent in the de-
modulation process. Consider the first type in the 
transmitter-modulator portion of the system. Any 
change in the shape of the transmitter keying pulse due 
to the time-modulation process might conceivably cause 
a frequency modulation of the transmitter, and thus 
impose some of the pulse-time-channel information on 
the pulsed-FM channel. Additionally, the process of 
frequency-modulating the transmitter might alter the 
envelope of the outgoing carrier pulse even though the 
keying pulses were not affected, and in this way impose 
some pulsed-FM-channel information on the pulse-

'G. L. Fredendall, K. Schlesinger, and A. C. Schroeder, "Trans-
mission of television sound on the picture carrier," PROC. I.R.E., vol. 
34, pp. 49P-61P; February, 1946. 
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time channel. A consideration of the properties of the 
space transmission path and the portions of the receiver Iup to the demodulator shows that additional envelope 
distortion may occur as a result of the fact that the 
carrier is frequency-modulated. This can result in addi-
tional cross talk in the pulse-time channel. 
The cross-talk effects in the transmitter-modulator 

r may be minimized by proper circuit design and choice 
f of transmitter operating parameters. Envelope delay 
and distortion variations with frequency over the space 
propagation path are generally minimized by making 
the frequency deviation a small percentage of the mean 

• carrier frequency. The effect of the phase versus fre-
quency and amplitude versus frequency characteristics 
of the receiver on the envelope delay and distortion as 
the frequency of the carrier shifts may be minimized if 
the amplitude response is flat, and the phase response 

, linear, over a frequency band equal to the maximum 
, total frequency deviation plus the width of the signifi-
cant portion of the pulse spectrum. The diplex system 
here proposed, therefore, requires more bandwidth than 
the pulse-time system alone, to the extent that addi-
tional bandwidth equal to the total possible frequency 
deviation is necessary. 
The greatest problem with respect to cross talk 

arises in the demodulation process. The method pro-
posed in this report cannot, even theoretically, eliminate 
cross-talk effects in demodulation. It does provide a 
satisfactorily low level of cross talk, at least for speech 
circuits, even under the drastic conditions previously 
outlined. Once the necessary steps have been taken to 
minimize envelope distortion and delay, the pulse-time 
channel may be demodulated without further cross-talk 
problems. This channel is not affected as to cross-talk by 
the demodulation process. It is the pulsed-FM channel 
that gives evidence of cross talk from the pulse-time 
channel as a result of the demodulation process. 

Fig. 1—(a) Pulse-time modulating voltage. (b) Pulsed-FM modu-
lating voltage. (c) Pulse-time modulation +pulsed FM with FM 
converted to pulsed AM. 

One might propose to demodulate the pulsed-FM 
channel by passing the signal through a conventional 
frequency discriminator, and then passing the result-
ing amplitude-modulated pulse train through an appro-
priate low-pass filter to recover the modulation. This 
would be satisfactory as long as no modulation was 
impressed on the pulse-time channel. The pulse train 

is modulated both in amplitude and time, however, if 
modulation is present on both channels. In such a case 
the output of the low-pass filter would then be a hope-
less mixture of both channel modulations. One should 
note, however, that the envelope of the pulse train ob-
tained from the discriminator is the modulation on the 
pulsed-FM channel only, even though pulse-time modu-
lation is also present (see Fig. lc). The proposed demodu-
lation scheme, therefore, is to recover the envelope of 
this train as closely as possible, as the means of de-
modulating the pulsed-FM channel. 
Fig. 2 illustrates the method for recovering a reason-

able facsimile of the envelope of the discriminator'out-
put. It is proposed that the pulse train will be operated 
on by a circuit which will produce the stepped envelope 
shown in the figure. This will be termed the step-func-
tion envelope, and the process will be called step-func-
tion demodulation. The envelope is produced by pro-

Fig. 2—Conversion u- amplitude-modulated tram to 
step function. 

longing each peak pulse amplitude until the occurrence 
of the next pulse. The step-function envelope is passed 
through a low-pass filter as the final step in the de-
modulation process. Simple diode peak detection is not 
satisfactory as a means of recovering the envelope be-
cause of the low ratio of pulse-repetition frequency to 
modulating frequency. 
The following discussion indicates the difficulties in-

volved in using simple discriminators; outlines a partial 
solution requiring broad-band discriminators and addi-
tional filters; and, finally, treats the successful solution to 
the demodulation problem. 
The production of the amplitude-modulated pulse 

train by means of a discriminator is not simply done by 
the use of a conventional discriminator as proposed. Due 
to the fact that a frequency-modulated pulsed carrier 
may be considered to be a pulse spectrum whose center 
frequency is varied, it is obvious that the output of a 
typical balanced discriminator, such as the Foster-
Seeley, will not be an undistorted amplitude-modulated 
pulse train whose envelope represents the frequency 
modulation. This may easily be seen by considering 
the output of such a discriminator when the input pulse 
spectrum is centered at the discriminator cross over. 
The output of the discriminator is not zero because a 
pulse spectrum is applied, not a single frequency. The 
output in this case is a differentiated pulse, and has the 
form of a pair of pulses, opposite in polarity, repre-
senting the leading and trailing edges of the applied 

8 D. E. Foster and S. W. Seeley, "Automatic tuning, simplified 
circuits and design practice," PROC. I.R.E., vol. 25, pp. 289-314; 
March, 1937. 
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pulse. To use such a discriminator in the proposed sys-
tem, it is necessary that the distortions take place only 
at the leading and trailing edges of the pulse, i.e., the 
transient response of the discriminator must be short 
compared to the pulse length. If that is the case, the 
effects of the distortion may be suppressed by passing 
the discriminator output through a low-pass filter of 
cutoff frequency of the order of the reciprocal of the 
original pulse length. To make the transient response 
adequate requires discriminator bandwidths of the order 
of several times the reciprocal of the pulse width. This 
bandwidth is undesirable if the frequency deviations 
employed are of the order of the reciprocal of the pulse 
width. The dual problem of discrimination and step-
function demodulation has been met by means of a 
circuit which accomplishes both functions simultane-
ously and which may have a bandwidth only slightly 
greater than the maximum total frequency deviation, 
even when this deviation is of the order of the reciprocal 
of the pulse width. 
The properties of the step-function demodulation 

process should be carefully considered. In the absence 
of modulation on the pulsed-FM channel, i.e., during 
silence, there can be no cross talk from the pulse-time 
channel, since the output of the step-function de-
modulator is a constant voltage, independent of the 
degree of time modulation. Cross talk, therefore, can 
only occur when information is transmitted, i.e,, when 
the channel is not silent. The way in which this cross 
talk occurs is by means of the variation of the step 
lengths. It cannot be greater than the modulation on 
the pulsed-FM channel. It appears as distortion, essen-
tially by a cross-modulation process, and is not recog-
nizable as the interfering modulation. Psychologically, 
therefore, the absence of cross talk during silence, and 
the masking effect of the desired modulation during 
periods of transmission, give the effect of negligible 
cross talk. The absence of cross talk during silence has 
enormous psychological value. Quite aside from the 
cross-talk suppression feature, step-function demodula-
tion is valuable as a means of pulse-communication 
demodulation. The repetition frequency disappears 
during silence and the amount of repetition-frequency 
amplitude in the step function envelope is generally 
less than the amplitude of the desired signal. The result-
ing masking of the repetition rate reduces the require-
ments on attenuation in the low-pass filters genet ally 
employed in pulse demodulators. Its value is such that 
the pulse-time channel used in these experiments also 
uses step-function demodulation. An additional gain 
from the use of this system of demodulation is that the 
signal recovery from the step-function demodulator is 
roughly the reciprocal of the duty cycle greater Than the 
signal recovery from an identical pulse train by means 
of a low-pass filter. (The duty cycle is the product of 
pulse length and repetition frequency.) 
Since the cross-talk distortion appearing in the 

pulsed-FM channel output is a function of step-length 

variation, it will be reduced if the variation in step 
length is reduced. This may be done by a decrease in 
depth of modulation on the pulse-time channel and by 
the employment of other pulse-time systems which do 
not result in step-length variations which follow the 
modulation. (There are certain systems, essentially 
push-pull systems, in which the sum of any two ad-
jacent pulse-to-pulse time intervals is almost a con-
stant.) The conditions of this study were severe because 
the step-length variations were deliberately large. Re-
gardless of the type of pulse-time modulation used, the 
employment of time division to increase the number of 
channels reduces this cross-talk distortion, provided all 
other factors remain constant. To illustrate, a single-
channel system is first assumed. The channel pulse-
repetition rate is determined by the highest modulating 
frequency to be employed, and is 1/r where r is the 
pulse-repetition period. Ignoring the reference pulse, the 
upper and lower limits of the interval between ad-
jacent-channel pulses are approximately 2r and 0. The 
step length in such a system can therefore range be-
tween 0 and 2r in length. If time division is now em-
ployed to allow the transmission of n channels, and the 
highest modulating frequencies employed are the same 
as for the single-channel system, the channel repetition 
rate must still be 1/r, independent of n. The total 
number of pulses transmitted per second, excluding 
the reference or synchronizing pulse, is n/r. Since (n —1) 
pulses will occur between any two consecutive channel 
pulses, the time swing available for any channel is 
reduced compared to the single-channel case. The upper 
and lower limits for the time interval between any two 
consecutive channel pulses becomes r(1-1-1/n) and 
r(1 —1/n). The pulsed-FM channels are carried by 
their complementary pulse-time channel pulses. The 
time interval between any two consecutive pulses for 
any FM channel is the same as for the pulse-time 
channels. It is obvious, therefore, that the time in-
terval between any two consecutive channel pulses 
tends to a constant r, as n increases without limit for 
both pulse-time and pulsed-FM channels. An increase 
in n, therefore, reduces the maximum signal-to-noise 
ratio that may be achieved, per channel, in the pulse-
time channels, assuming that the peak power and pulse 
length has not been changed in the time-division proc-
ess. If it is assumed that time division is not carried to 
the point of interference between adjacent pulses (this is 
a necessary limitation for both pulse-time and pulsed-
FM), the carrier frequency deviation employed to trans-
mit information over pulsed-FM channels is inde-
pendent of the time-division process. The peak power 
and pulse length have been assumed to have been 
kept constant. The result is a signal-to-noise ratio in 
the pulsed-FM channels independent of the degree of 
time division employed. Since it has already been 
shown that the interval between consecutive channel 
pulses tends to a constant as n increases, the step 
lengths in the FM demodulation process will tend 
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toward a constant, and the cross talk from pulse time 
into pulsed FM will tend towards zero. 

SIGNAL-TO-NOISE-RATIO ADVANTAGES 

An m-channel system may he provided by a single-
modulation time-division multiplex of index m, or by a 
diplex system of index m/2. If all factors are kept con-
stant in a pulse-time system with the exception of the 
number of channels, a lower index allows a correspond-
ingly higher maximum signal-to-noise ratio. Diplexing 
of the sort proposed in this report increases the possible 
signal-to-noise ratio of the pulse-time channels by re-
ducing the time-division index. It was found experi-
mentally that the pulsed-FM channels could be given 
signal-to-noise performance equivalent to pulse-time 
systems of index one. In a time-division system, while 
the maximum possible performance of the pulse-time 
channels is reduced, the pulsed-FM channels, which do 
not carry information by means of pulse position, are 
not affected as to signal-to-noise performance (assum-
ing that time division is not carried to the point of 
interference between adjacent pulses). 

ADDITIONAL SYSTEMS 

Pulsed FM may be diplexed to pulsed-AM systems, 
pulse-width modulated systems, and pulse-code systems. 

Experimental Equipment 

The test gear used in this study consisted of two 
complete transmitter-receiver units, each diplexed, pro-
viding two-way two-channel operation. Carrier fre-
quencies in the neighborhood of 3,000 Mc were em-
ployed. The gear was designed for voice transmission; 
emitted a peak pulse power of approximately 1.5 watts; 
used a pulse length of 1 microsecond, a mean repetition 
rate of 10 kc, and an average power output of about 15 
milliwatts. Tests were conducted with a loop around 
one transmitter-receiver unit, and with space paths of 
up to 8 miles. Horn radiators were used. 
The transmitter block diagram is shown in Fig. 3. 

The input audio amplifiers have the frequency char-
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Fig. 3—Transmitting system; block diagram. 

into the grid circuit. A two-stage pulse amplifier and 
clipper steps up the pulse power, shapes the pulse, and 
removes any amplitude modulation introduced by the 

CYCLES  PER SECOND  

acteristics shown in Fig. 4, and are designed to take care 
of the requirements imposed by voice transmission and 
pulse modulation. No additional filters are employed to 
increase the rate of high-frequency cutoff. The pulse-
time modulator, Fig. 5, is a blocking oscillator whose 
"off" time is varied by injecting the modulating voltage 
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Fig. 4—Input audio-amplifier frequency response. 
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Fig. 5—Pulse-time modulator. 
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modulator. The output pulse power is in the neighbor-
hood of 1 kilowatt peak and may be adjusted over a 
narrow range in that neighborhood. Pulse is fed back 
to a clamper in the modulating circuit. The feed back 
makes the voltage to which the blocking-oscillator ca-
pacitor charges independent of the modulating voltage. 
Typical wave forms are shown in Figs. 6 through 10. 

Fig. 6—Blocking-oscillator grid, no modulation. 

Fig. 7-Modulating voltage. 
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The carrier oscillator, a 707B reflex klystron, is anode 
and grid pulsed. Since the impedance of the klystron is 

Fig. 8—Blocking-oscillator grid, modulated. 

Fig. 9--Pulse output, no modulation. 

Fig. 10—Pulse output, modulated. 

relatively high, it is shunted by a resistor to allow fast 
rise and fall of the applied pulse. Thus, only about one-
fourth of the 1-kilowatt keying pulse is actually applied 
to the klystron. The klystron supplies between 1 and 
2 watts of peak power output under these conditions. 
The transmitter is frequency-modulated by applying a 
modulating voltage to the klystron reflector. The peak 
deviation employed was ± 1 Mc. It was found that the 
system was noisy unless a good carrier pulse spectrum 
was obtained. Operating conditions for good output 
spectrum can be found, and these stay substantially 
constant for any given klystron. Interaction between 
frequency modulation and output pulse envelope is 
kept to a minimum by the use of deviations small 
compared to the electrical tuning range of the klystron. 
A satisfactory carrier pulse spectrum is shown in Fig. 11. 
The spectrum shows the typical energy distribution ex-
pected of a rectangular pulse. It is quite free of the aber-
rations introduced by frequency modulation during the 
pulse interval and multiple moding of the oscillator. 

Noisy conditions can be correlated with deviations from 
the theoretical rectangular-pulse spectrum. 

Fig. 11—Pulse output spectrum. 

The receiver block diagram is shown in Fig. 12. The 
receiver is a superheterodyne employing a 2K41 reflex 
klystron as the local oscillator, a 1N21B silicon-crystal-
mixer, and an if amplifier system centered at 60 Mc. A 
five-stage if preamplifier, 10 Mc wide between half-
power points, amplifies the intermediate-frequency sig-
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Fig. 12—Receiving system; block diagram. 
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nal coming from the mixer and drives a 75-ohm coaxial 
line. This line terminates in the inputs of two if post-
amplifiers. One of these, a three-stage amplifier 10-Mc 
wide between 3-db.points, is associated with the pulse-
time demodulator and the receiver agc circuit. Ampli-
fied and delayed agc is employed. 
The other if post-amplifier is associated with the 

pulsed-FM demodulator and the receiver afc control. 
It has a half-power bandwidth of 6 Mc, employs two 
stages, and drives a step-function pulsed-FM de-
modulator which has a linear range of about 2.5 Mc. 
The step-function pulsed-FM demodulator is shown 
schematically in Fig. 13. Fig. 14 is a typical waveform 

6 c. 5 1 

SACS 

Fig. I3—Modified ratio detector. 

of the output of this demodulator when the system is 
modulated with a sine wave. The demodulator is a 
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modification of the Seeley ratio detector.4 The modifica-
tion consists of replacing the "battery" in the original 
Seeley circuit by the output terminals of a cathode fol-
lower and providing a very high-impedance take-off for 
the output of the demodulator (a cathode follower). The 
operation is explained in the following way: Conduction 
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Fig. 14—Step-function output of detector. 

of the diodes during a pulse causes he output terminal 
to assume an equilibrium voltage which is a function of 
the pulse carrier frequency. This equilibrium is reached 
in less than 1 microsecond, the pulse length employed 
in the study. Upon removal of the pulse, the diodes cease 
to conduct because of the threshold imposed by the 
fixed "battery" voltage. Since no discharge path is 
provided for the output point, the equilibrium voltage 
established by any one pulse must be maintained until 
the next consecutive pulse establishes a new equi-
librium voltage corresponding to its frequency. Thus, 
the step-function demodulation is achieved automat-
ically. It has been found experimentally that proper 
operation is achieved even when the frequency separa-
tion between discriminator peaks is not large with re-
spect to the reciprocal of the pulse length. (A width of 
2.5 Mc was used with +1 Mc deviation and 1 micro-
second pulse.) The output of the cathode-follower take-
off is passed through a simple RC low-pass filter to give 
the result typified by the waveform in Fig. 15. An audio 
amplifier having the response curve shown in Fig. 16 
completes the pulsed-FM channel. No other low-pass 
filters are employed. Nevertheless, the 10-kc mean 
repetition rate is below audibility in the output. 

Fig. 15—Integrated step function. 

The step-function demodulator removes noise be-
tween pulses, but does not adequately suppress noise 
appearing on the pulse. As a result, the quieting thresh-
old is not adequately sharp. A limiter preceding the 

4 J. Avins, "The Ratio Detector," RCA Licensee Bulletin LB-712, 
May 12, 1947. 

demodulator should improve performance in this re-
spect. Output signal-to-noise ratios better than 50 db 
have been achieved with the pulsed-FM channel. Cross 
talk from the pulse-time channel, during silence on the 
pulsed-FM channel, is better than 60 db down with full 
modulation on the pulse-time channel. The demodulator 
output, after passing through a low-pass filter, is ampli-
fied by a dc amplifier and applied to the reflector of the 
local-oscillator klystron in proper phase to provide 
automatic frequency control. 
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Fig. 16—Output audio-amplifier frequency response. 

CYCLES PER  SECOND 

The pulse-time if post-amplifier drives a video pulse 
detector and agc rectifier. The output of the agc recti-
fier passes to a dc amplifier whenever the rectifier volt-
age exceeds a fixed threshold. The output of the dc 
amplifier controls the gain of the if preamplifier. The 
output pulses generated by the video pulse detector 
are passed through a pulse amplifier and "slicer." The 
"slicer" removes a slice from the pulse in the region of 
steepest pulse rise and fall. This gates the output 
pulse train with respect to noise between pulses and 
noise on pulse tops. Any input signal-to-noise ratio 
greater than 6 db allows removal of a slice that is noise 
free, except for noise components in the leading and 
trailing edges of the slice. Thus, a very sharp quieting 
threshold is achieved. The "slicer" also permits dis-
crimination against interfering pulse signals which are 
less than the signal pulses in amplitude. Radar inter-
ference, occasionally encountered during tests, was often 
eliminated by proper adjustment of the "slicer" level. 

Fig. 17—Pulse-t me demodulator. 
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The "slice" is amplified and passed on to the pulse-
time step-function demodulator (see Fig. 17). The am-
plified slice is passed to a pulse transformer by means 
of a cathode follower. The three outputs of this trans-
former operate a sawtooth generator and a double 
damper. The sawtooth generator is a series RC charg-
ing circuit which is discharged by a triode when its 
grid receives a positive pulse. The RC time constant is 
identical to that in the transmitter pulse-time modu-
lator. Variation in the period between pulses causes 
variation in the peak amplitude of the sawtooth. The 
result of the process is an amplitude-modulated saw-
tooth typified by the waveform of Fig. 18. Note that 
the return time of the sawtooth must of necessity be 
less than the pulse length of the discharging pulse. 

AM 
Fig. 18—Sawtooth-generator output, modulated. 

Step-function demodulation is to be accomplished in 
the manner illustrated in Fig. 19. Two cathode followers 

Fig. 19 Conversion of sawtooth to step tunctIon. 

711alloh 
Fig. 20—Follower sawtooth output. 
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Fig. 21 —Step-function output. 

and the double clamper accomplish this, as shown in 
Fig. 21. A small capacitor is allowed to "view" the 
peaks of the sawtooth for a fraction of a microsecond in 
such a manner that the capacitor voltage is made equal 
to the peak voltage during the viewing interval, and is 
constant at that voltage until the next viewing interval. 
The "viewing" is done through the double clamper, a 
bidirectional pulse-operated triode switch. The voltage 
on the capacitor is transferred by means of a cathode 
follower. To properly "view" the peak the sawtooth 
output must be at low impedance, and some delay must 
be provided, since the clamper is operated at the time 
the sawtooth generator is discharged. Both require-
ments are met by passing the sawtooth through a 
second cathode follower which has an RC cathode load. 
The capacitor in the cathode circuit is insufficient to 
delay the rise time of the follower appreciably, but 
causes the decay time of the follower to be appreciably 
greater than the microsecond return time of the saw-
tooth, thus giving the necessary delay. The mechanism 
involves cutoff of the follower during the return time, 
and has been discussed in the literature.3 The combina-
tion of cathode follower and low-impedance load give 
the requisite low impedance for the "viewing" opera-
tion. The output of the second follower is typified by 
the waveform of Fig. 20. The output of the demodulator 
is passed through an RC low-pass filter to provide the 
result of Fig. 22, and i then amplified in an audio ampli-
fier having the characteristics shown in Fig. 16. 

C\I\  
Fig. 22— Integrated step function. 

CONCLUSIONS 

Field and laboratory tests have shown the described 
diplex system to be very satisfactory for voice com-
munication. It may be used, with appropriate repetition 
rates, for program service where the-pulsed-FM channel 
is used as an order wire. Cross talk, measured during 
silence on the desired channel with full modulation on 
the interfering channel, can be kept 60 db below maxi-
mum output on the desired channel. This applies to 
either channel. 

Harold Goldberg, "Some considerations concerning the internal -2 
impedance of the cathode follower," PROC. I.R.E., vol. 33, pp. 778-
783; November, 1945. 
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Theory of the Superregenerative Amplifier* 
LEON RIEBMANt, ASSOCIATE, IRE 

Summary—A very general solutioa of a superregenerative circuit 
from which reception of almost any type of modulation can be an-
alyzed is derived. Familiarity with this impedance method of analysis 
should result in a clear physical picture of superregenerator operation. 
Examples are worked out on the basis of an ideal control wave 

form, revealing the fundamental limitations inherent in a super-
regenerative amplifier. It is shown that the minimum realizable static 

bandwidth of a superregenerator is 0.89 fq. Although the ideal wave 
form can only be approached in practice, it serves as a useful ana-
lytical tool in clarifying how the various factors affect the operation 

of a superregenerator. 

INTRODUCTION 

S
UPERREGENERATION was first introduced by 
E. H. Armstrong in 1922. Until recently, the prin-
ciple has not come into common use because of the 

difficulty of understanding the underlying theory. 
The analysis appearing in this paper is based on an 

approximate solution of the differential equation for the 
response of a tuned circuit containing a varying resist-
ance to an applied signal.' To a first approximation, 
this varying resistor is assumed to be independent of the 
tuned-circuit voltage. The approximate solution of the 
resultant linear differential equation is found to hold 
very well for most superregenerative applications. This 
solution permits obtaining the output spectrum of a 
superregenerative amplifier and reveals the factors af-
fecting amplification, shape and width of frequency 
response, maximum control frequency, and, in general, 
gives a "physical" picture of superregenerator operation. 
Superregeneration is a form of regenerative amplifica-

tion in which the circuit oscillations are made to increase 
and decay at a rate that is usually small compared to the 
resonant frequency of the tuned circuit. The control ac-
tion may be obtained either by varying the plate voltage 
or grid bias of the amplifier tube, or by varying an auxil-
iary resistance. An analysis of the control action is ex-
tremely simplified by substituting for the control volt-
age the equivalent variation of the effective resistance. 
The frequency of the variation of the effective resistance 
is called the control frequency. 
Then the effective resistance of the tuned circuit of 

the superregenerative amplifier may be taken to be com-
posed of the following three terms: 
1. The ohmic conductance Go. 
2. The conductance G(t, e) due to the control action 

and also a function of the tuned-circuit oscillations when 
the superregenerator operates in the logarithmic mode. 

• Decimal classification: R363.23 X R132. Original manuscript re-
ceived by the Institute, March 16, 1948; revised manuscript received, 
August 10, 1948. This paper is from a master's thesis for the Moore 
School of Electrical Engineering, University of Pennsylvania. 

Philco Corporation, Philadelphia, Pa. 
1 W. E. Bradley, "Theory of the superregenerative receiver," pre-

sented, 1948, National IRE Convention, New York, N. Y., March 
23, 1948. 

3. The negative conductance 7(e) due to regenera-
tion, which is a function of the tuned-circuit voltage e. 
The negative conductance -y(e) can be expressed as a 

power series in e. Thus this term can cause cross-modula-
tion terms when the signal is impressed. In most prac-
tical cases this term is much less than G(t, e), and can be 
neglected. 
Assuming a linear mode of operation for the super-

regenerator, G(t, e) becomes G(t). 
Neglecting 7(e) and setting g(t) =G0-1-G(t), the 

equivalent circuit of Fig. 1 reduces to Fig. 2. 

TUBE 

1. 

3 4>G°  
,> > r(e)  G(t,e) 

1.̀ 

Fig. 1—Equivalent circuit of a superregenerative amplifier. 

The superregenerative cycle may be described in 

terms of two phases: 
1. Degenerative phase. 
2. Regenerative phase. 
The degenerative phase may be further subdivided 

into two subphases: 
a) Quench phases—the circuit oscillations from the 

previous regenerative phase decay to a minimum value 
determined by the input signal or the thermal noise, 

whichever is greater. 
b) Sensitive phase—the input signal current estab-

lishes an amplitude of oscillation on the tuned circuit. 

Fig. 2—Reduced equivalent circuit. 

During the quench phase, g(t) should be as large a 
positive value as possible in order to cause very rapid 
decay of oscillations from the previous regenerative 
phase. The value of g(t) during the sensitive phase is 
determined by the prescribed bandwidth requirements 
and the shape of the variation of g(t) during this phase. 
At the instant between phases, g(t) passes through 

zero, and the circuit oscillations, as determined by the 
previous sensitive phase, establish an initial amplitude 

for the regenerative phase. 
The regenerative phase can also be subdivided into 

two subphases: 
(a) Amplification phase—the circuit oscillations grow 

under compulsion of the negative g(t). 
(b) Power phase—when the logarithmic mode is con-

sidered, the circuit oscillations grow until an amplitude 
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is reached that causes overload of the electron tube 
responsible for the negative component of the conduct-
ance. As long as overload persists, the conductance is 
zero.2 During this phase, maximum power is being fed 
to the load. As was mentioned previously, only the linear 
mode will be considered, and for this mode of operation 
the power phase does not exist. 

THEORY 

The details of the behavior during the complete cycle 
are far from obvious, and it is necessary to study the 
equivalent circuit in Fig. 2 in order quantitatively to 
evaluate the effects of the various circuit parameters. 
The differential equation for the tuned circuit, consist-
ing of a constant capacitance C, constant inductance L, 
and the variable conductance g(t) in parallel, can be 
written in the form 

d2e de 
dt2  P—dt + (042 -I- P')e = i'/c 

where 

g(t) dP 
P = —  P' = — 

dl 

For the case 

— 1— 

CO0 = 

LC 

P1  P2 1 — — —  
2  4 

(1) 

di 
ii = — • 

dt 

a good approximation to the solution of the above equa-
tion is 

e(t) = real' [E(10)ej'0"-10) 6112 -4°Pds 

t 
i,(7.),112.1; pdtc  dr]  (2) 

..700C  go 

where real' [E(10)1=e(to) contains the two constants of 
integration (i.e., amplitude and phase), assuming that 
e(t) is known at some arbitrary time to. 
At this point, assume a signal of varying amplitude 

/= /(,) and phase O=0(1). 

i = I sin ((At  0), 1( t) = fi (3) 

If the signal is assumed to be varying at a rate that is 
slow compared to the carrier frequency WC, and further 

that I wc— cool  wo, coc1/4 00-21, (2) reduces to 

e(t) = E(to)ej'0(1-toynr; Pelf 

Ciw°1  f  t 1(i)e112.1; Pdtegeoc—wo)rdr.  (4) 

2jC to 

2 Strictly speaking, g(t) remains slightly positive due to the small 
driving force that is constantly supplying energy to the system . As 
the average energy of the system remains constant during the power 
phase, g(t) takes on a positive value sufficient to dissipate the im-
pressed energy. 

3 Hereinafter, in all equations for e(t) the real part of the right-
hand member is implied. 

Equation (4) is very similar to the solution obtained 

by Bradley.1 
Limiting the maximum interval of the integral to TQ 

(control period), and assuming that the input signal 
varies slowly as compared to the control frequency, so 
that /(s) may be assumed constant within the interval, 

(4) becomes 

e(t) = G(t, to)E(to),p.oct—to) moz(to, i)eiwot (5) 

where 

G(1, to) = e1I24° Pdt 

Z(to, 1) = f G(t, r)ej(wc-wordr. 
2jC  to 

The above method of analysis can now be applied to a 
superregenerative wave form. (See Fig. 3.) 

ENVEtOPE  ENVELOPE 
OF e°(t)  OF e R to 

13 

TQ 11-T0•ty  t1-t0 1,  t,+ ty 21+2 0  2.*TO 

Fig. 3—Typical superregenerative wave form (not to scale). 

The symbols to be used in the remainder of this paper 
are defined as follows: 

eD(t) =voltage across tuned circuit during degen-
erative phase 

eR(t) = voltage across tuned circuit during regen-
erative phase 

tp, tR= duration of degenerative and regenerative 
phases respectively. tp-EtR = 7.42, the control 
period 

tr, Is= duration of decay and sensitive phases re-
spectively. tr-Fts =to 

15= value of time at the beginning of any arbi-
trary degenerative phase sufficiently long 
after the turning on of the superregenerator 
that the starting transients may be neg-
lected 

P R = values of P during degenerative and regen-
erative phases, respectively 

GR(t) = G(t, t,) for ti 5/ 5 t,-1-1D =decay factor 
GR(t)=G(tits±tD) for ti-Ftp  t .611-1-TQ = growth 

factor 
ZR(t) = Z(ti, t) for +tp = active degenerative 

impedance 

ZR(t) =  1) for ts+tD, /51.-F TQ =active re-
generative impedance. 

Limiting the interval to t, t and considering 
(5) for the case e(10) 0 and 10 =1„ 

en(i)  GD(0E(tociwoci—to  i(toznweiwot, 

Lc• t  + ID 
(6) 
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en(0 = G11(0E(ti+ tD )eiwo(1-si+to) + 1(4 + twRwei.ogo 
(7) 

L.+ to  t  T . 

As the interval to between two consecutive regenera-
tive phases is made shorter, a point will be reached 
where a considerable residual voltage will exist at the 
time when the regeneration starts again. The condition 
under which the residual voltage is much less than the 
input signal voltage is called incoherent. This is by far 
the most important mode of operation for a super-
regenerator, and will be considered in the remainder of 
this paper. 
For incoherence, it is obvious that the term contain-

ing E(I) must vanish in (7); therefore, 

eR(t)=[GR(t)1(4)ZD(t.-1-to)-1-l(ti+to)ZR(t)]ejwo'.  (8) 

Noting that P D and PR are cyclic at the control pe-
riod, and further that eot is cyclic at the control period 
due to the imposed condition of incOherence, E(ti) can 
be evaluated. Neglecting the variation of the input sig-
nal in one quench period, /(ti—  TQ-EtD). 
Equation (6) becomes 

e"(1) =- [GD(t)Zpl(t, — To) + 1(4)ZD(t)lej"" 

where 

(9) 

ZP = GR(1, TQ)ZD(t. ± to) ± ZR(i,  TO. 

Equations (8) and (9) completely determine the volt-
age variation during a superregenerative cycle. 
Nlathematically, the condition for incoherence be-

COIT1CS 

GD(ti ± to) I Zr I <<ZD(ti + to),  (10) 

or, approximately. 

GD(ti  to)GR(ti  TQ)<<1.  (11) 

Equation (11) simply states that the decay of circuit 
oscillations must be greater than the growth in order to 
obtain incoherence. 
If the regenerative amplification AR is defined as the 

increase in amplitude of circuit oscillations due to re-

generative buildup, then 

eR(t. TQ) ZR(t,  TQ) 

R = G R (It TQ)  (12) 
eR(li ± ID)  ZD(ti ± 

In a practical circuit it is, therefore, desirable to use a 
tube with a high transconductance-to-capacitance ratio, 
and to keep stray circuit capacitance to a minimum in 
order to obtain maximum amplification. 
If it is assumed that (AQ =acos and wc =bwQ, the super-

regenerative wave form can be expanded into a Fourier 
series over one period of the input signal variation Ts. 
Noting that the second term in (9) contributes negli-

gibly to the Fourier series (although this term is ex-
tremely important to the operation of the superregen-
erator), and further that 

ZR(ti  TQ) <<GR(I,  TQ)ZD(tr + to) 

under most conditions, the above equations can be re-
written for the (n+l)th cycle: 

eR(t  nTQ) = G R (I) Z NID)I(n TQ)Ej (w"+nwcrQ),  

ID 5 I 5 TQ 

(13) 

eD[t  (n  1)TQ] 
=. Go(0 0(Tozo,ID, g(nTQ)e,[wot-f(n+1)wer(ji,  (14) 

0  t to. 

Equations (13) and (14) are in a form that can be 
easily expanded into a Fourier series. To simplify nota-
tion, the case of a frequency-modulated input signal and 
the case of an amplitude-modulated input signal will be 

treated separately. 
For FM, the sampling funsctilo.: ni.(.1:Q,TQ) is 

and the expansion becomes 

eF(t) = E  LB! Sin  " t (15) 

where 

C  = Z (ID)  ID 

u [GR(To)  GD(t)ei(wo-mwQ)ttil 
TQ  0 

Bs° = rnj 

fQGR O“̀ "- "Q /t 1  (16) 

TS 
sin —I sin 27(S — 1) cos — (S —1) 

al  a 

rS 
sin — (S — 1) 

a 

sin 27(S + 1) cos — (S + 1) 
a 
  . (17) 

sin — (S + 1) 
a 

See Appendix I for derivation of Bs°. 
For AM, 

I(nTO = Io(1 + m sin tu4sT0). 

and the expansion becomes 
ao 

A 
eA(t) = E E cuze,uQ,fons  sin S W SI 

where 

(18) 

A  171 
138 = 1+ — Bs'. 

To proceed further, it is necessary to know the form 
of the control voltage. The following observations are 
useful in determining an ideal control wave form: 
1. The output spectrum of the superregenerator con-

sists of frequencies spaced by multiples of the control 
frequency wQ, and containing the carrier frequency 
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coc =bwQ. Each of these frequencies has double sidebands 
produced by the signal variation. 
2. The signal-frequency harmonic distortion is a func-

tion of the ratio of the control frequency to the signal 
frequency a. 
3. The decay factor GD(t) determines the length of the 

decay phase. This decay time, iy, should be made as 
short as is consistent with the requirements for inco-
herence. 
4. The growth factor GR(t) determines to a large de-

gree the length of the amplification phase; the amplifica-
tion time IR should be made as short as is consistent with 
the required amplification. 
5. It is desirable to make the sensitive time Is as long 

as is consistent with the control period in order to make 
the second term in (9) as large as possible. 
An ideal control wave form can now be formulated." 

From the above discussion, it is clear that it is desirable 
to have steep-sided wave forms. The ideal control wave 
form is illustrated in Fig. 4. 

P(t) 0 

to] 

Fig. 4—Ideal control wave form (not to scale). 

STATIC BANDWIDTH OF THE SUPERREGENERATOK 

Considering the case of an ideal control wave form,5 
the static bandwidth (i.e., bandwidth measured by us-
ing an unmodulated carrier) is completely determined 
by Zp from (9). Performing the proper integration (see 
Appendix II), the static bandwidth Acos becomes 

Aws = 
Ps Acosis  

cosh' -P S's  cos sinh iPsls 2 )112  (19) 

The minimum value of the above expression occurs 
when Ps =0. For this case, 

25/2 sts' 
Aws =   sin   (20) 

Is  4 

Solving this equation graphically, 

Afs = 0.89/ts L.L2 0.89.ig•  (21) 

This is an extremely important relationship, and 
shows that the minimum realizable static bandwidth is 
limited by the control frequency. In order to achieve 
narrow bandwidth, it is necessary not only to have the 

United States Patent No. 2,171,148, W. S. Percival. 
'It might seem that the original assumption of 1.P72 -P2/41 

<<wel has been violated by using control waveforms of infinite slope. 
However, in any practical case the above assumption holds very well, 
and the ideal control wave form can be considered as a limiting case 
of a practical control wave form. The added effects produced by the 
very steep slope are either negligible or can be minimized in practice 
and need not be considered. 

Q infinite during the sensitive phase, but also to have a 

low quench frequency. 

SIDEBAND GAIN 

Assuming that the incoming carrier wc is tuned to the 
center frequency of the superregenerator wo =  =bcoQ, 

the amplitude coefficient becomes 

Cur — 
2jT1 QC {  PY 

(-1/2P518(1  e 1/2Pyly) I _ ,--1/2Psts 

{ 6-1/2PittR 

2 Ps 

e-1/2P8 ts(1 ___ 5-1 2Pyty-ja4a2ty) 

[  
1 Py ± jawQ 

,-ia.ver _  e-1 / 2Ps is- iawQ es] 

1Ps jawQ 
e- eD  4-1 /2PR tR 

.1PR ± jacoQ 
(22) 

where a=b—u;a is, therefore, the order of the sideband. 
Subject to the approximations used in Appendix II, 

1 e-1 21's ts 1 _ e-1/2PS ts+iawQ is 

C. Z =   . (23) 
2jC7.04 1PS 3  iPs  jawQ 

Taking the absolute value, 

Cur = 
A (1  5-1/2P313) 

2C T(2  I Ps 

1 + e-Ps's — 2e-"Ps's cos WAkdis V 

Ps2 a2wQ2 

The ratio R of the gain at center frequency to the gain 
at any sideband is 

R=  (1 _ 5-112psts) 

4a 2(0(22 

1+   
PS. 

1 + E-Ps is — 2e-'/2Psts cos aukits 

There are two special cases of interest: 
1. Ps is finite and positive, and IS TQ. For this case, 

(24) 

(25) 

R V 4a 2WQ 2 1 ±  (26) 
Ps2. 

For minimum sideband gain, it is seen that the ratio 
coe/Ps should be as high as possible. 
2. The minimum sideband gain occurs when Ps =0. 

For this case, 

iawas 
R = 

sin awctis I sin x, 

It is clear that, as 1S -- 7.(), the sideband gain approaches 
zero. In applications where sideband response causes 
interference,. it is very important to make the decay 
and amplification phases as short as possible. 

x I 
X = lauvis. (27) 
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APPENDIX I 

DERIVATION OF FOURIER SERIES 
FOR SAMPLING FUNCTION 

The series of steps in Fig. 5 illustrate very closely the 
manner in which the sampling function, I(nT,g), varies. 

Fig. 5—Superregenerative sampling function. 

The Fourier series for the sampling function can be 

derived as follows: 
Let 

I— 

Ts 
— = a 

TQ 

(a is an integer) 

(n4-1/2)TQ a-1 

BS  E sin 
TS f (n-1/2)TQ 

2rn  -   sin (.5 - 71-)dt. 
a  Ts 

By simple trigonometric substitution and summation, 

tni 
Bs = —  sin 

TS  a 

TS[ sin 2r(S — 1) cos — (S — 1) 
a 

sin — (S — 1) 
a 

a 

7 

J . 

7 

sin — (S + 1) 
a 

The complete Fourier series becomes 

oe 
go = E Bs sin Swst. 

s-i 

It is interesting to note that all the harmonics are 
zero between the fundamental and the (S —1)th har-
monic. The Fourier coefficients can be easily computed 
in the following form: 
for m=1 

= mf 

71" 

sin — 
a 

a 

for an+1, where n is any integer greater than zero, 

bun +i =  (- 1)" 

form =an —1 

rr 
sin — (an + 1) 

a 

ban_i (_ 1)2n-1 

7r 
— (an + 1) 
a 

r 
sin — (an — 1) 

a 

— (an — 1) 
a 

APPENDIX II 

DERIVATION OF SUPERREGENERATOR BANDWIDTH 
USING IDEAL CONTROL WAVE FORM 

Integrating (9), 

e-ii2pRiR e-1/2Pstsejoly 

Zp =   
2jC  iPy + jcr 

where 

ekcy(tots  c iirPsts) 

ja 

= wc — coo. 

Assuming PI-4 , ty-4), PR>>2cr, 

Ps is _ c inPsts 
PR 

Z  p 
e-1/2PR tie[ (1 — 

eic(ir+ts) 

1Ple  ja 

jC 

For reasonably narrow banclPwskl+this2Pas<<Pre, 

6--1/2pR in to is _ c112P8 1s 

Zp =   
jC  L  Ps + j2cr 

Considering the bandwidth at the 3-db points, the 
expression for the static bandwidth Acus becomes 

Aws = 
Ps  r 

sinh IPsts L 
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Some Slow- Wave Structures for Traveling- Wave Tubes* 
LESTER M . FIELDt 

Summary—A comparison of four slow-wave ptopagating struc-
tures for traveling-wave tubes is made. Recent experimental per-
formance of several types of tubes using two of these circuits is 
given. Amplifier performance of helix tubes at 10,000 Mc, and wide-
tuned oscillator performance (1.5 to 1) with second-harmonic output 
around 20,000 Mc are described. The analysis, construction, and 
performance of a 10,000-Mc disk-loaded-rod tube are presented. 
Apertured-disk and spiraled-waveguide structures are discussed 
briefly and compared with the helix and disk-loaded rod. 

INTRODUCTION 

11 HIS I'A PER considers four representative types of 
structures for propagating slow waves in travel-
ing-wave amplifier tubes. 1.2 Some recent applica-

tions of two of the structures in operating vacuum tubes 
are also described. A comparison of the gain properties 
of all of the structures described is generalized to some 
extent, and may serve as a guide to a search for other 
useful forms of structures. 
The properties of these structures considered here are 

the variation of wave velocity with frequency and the 
ability to provide a high gain per unit length, allowing 
reasonable dimensions for the electron stream. The 
structures are compared to each other on these grounds, 
with additional consideration being given theii- power-
dissipating properties. 
The ability to provide a high gain per unit length may 

be expressed as a structure property determinable in the 
absence of an electron stream by' 

r E2T,3 
Livpi 

where 

E= the longitudinal field in volts per meter in the re-
gion where the electron stream would flow 

13 =w/v, where 7.), is the wave phase velocity in meters 
per second and co is 27r times the frequency 

P =the power in watts being transmitted by the helix 
to support the field E. 

[E2 / 02 p] 1/3, it will be observed, has the dimensions of the 
one-third power of impedance, and enters into the gain 
of a traveling-wave tube very directly, since the ampli-
fication at synchronous velocity for a tube with no at-
tenuation is 
voltage amplification = I/3eOS$Cr, (1) 
or gain in db = —9.54+47.3CN (2) 

* Decimal classification: R339.2. Original manuscript received 
by the Institute, February 9, 1948; revised manuscript received, 
July 21, 1948. 
t Stanford University, Stanford, Calif. 
a R. Kompfner, "The traveling-wave tube as amplifier at micro-

waves," PROC. I.R.E., vol. 35, pp. 124-127; February, 1947. 
2 J. R. Pierce and L. M. Field, "Traveling-wave tubes," PROC. 

I.R.E., vol. 35, pp. 108-111; February, 1947. 
a J. R. Pierce, "Theory of the beam-type traveling-wave tube," 

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

where 

c=r E2T3 [ 
Lipp] L8voi 

L = the length of structure in meters 
N= the number of cycles to traverse the structure at 

average electron velocity 
I0= the dc beam current in amperes interacting use-

fully 
V0= the voltage in volts specifying the beam velocity. 

A wave velocity varying rapidly as a function of fre-
quency will limit the bandwidth over which the tube can 
provide amplification at a fixed beam velocity, inas-
much as gain depends upon relative beam and wave 
velocities. The amount of gain variation resulting from 
a given velocity variation depends on the gain param-
eter C as described by J. R. Pierce' or by Chu and 
Jackson.' 

I. THE HELIX 

Analyses of the helix have been published in the 
literature" and hence need not be repeated here. Only 
the results significant for comparison with other circuits 
are repeated. The helix may be considered a standard of 
comparison, since it is simply constructed, has relatively 
high gain, and has such wide-band characteristics as 
compared with other circuits that it is probable that 
other circuits will be used only if they excel the helix in 
some significant properly. 
For the helix,3 

t 3 
r = (L3 y (iy F(71) 
L,32pJ Io 

where 

(3) 

(30= colc 
a =the turn radius of the helix in meters 
c= the velocity of light in free space (3 XIV meters 
per second) 

1,2 =1 32_002 )2 42 ) 2  

vp C 

..2 
F(-ya) = the gain function whose value for a helix is given 

versus -ya by one of the curves of Fig. 1. 
It is found that the velocity versus frequency char-

acteristic for the helix is constant except at relatively 

'L. J. Chu and D. Jackson. "Field theory of traveling-wave 
tubes," Technical Report no. 38, Research Laboratory of Electronics. 
NI.I.T., April, 1947. Also, PRoc. I.R.E., vol. 36, pp. 853-863; July, 
1948. 
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. * ow frequencies. This is in marked contrast to the other 
structures to be described. 
That the helix is capable of excellent performance has 

now been demonstrated experimentally in several labo-
ratories. Typical results include 23 db gain over a band 
800 Mc wide centered at 4,000 Mc, reported from Bell 
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_Fig. 1—Gain function F (proportional to gain in db per unit length) 
for various structures based on field at fin edges or at helix 
surface. 

Telephone Laboratories, and similar results obtained at 
Stanford University, 13-db gain over a band 2,000 Mc 
wide at 9,000 Mc at Stanford, and production of oscil-
lations of the order of 10 mw power output at 20,000 
Mc at Stanford. Initial 20,000-Mc oscillator tubes were 
made without the very lossy attenuation region near 
I the helix center that had been used to suppress oscilla-
i tion in useful amplifier tubes at 9,000 and 4,000 Mc. Such 
attenuating regions are visible in the tubes of Fig. 3. 

1-1-.1.1-114.11 1 

Fig. 2-20,000-Mc harmonic-output helix traveling-wave tube. 

j...t .1. • • 
- rt t  't 

allMilsimpo.isoor.domia   

-111/8 80411 60808., 

Fig. 3-4,000- and 9,000-Mc coaxially fed grid-helix tubes. 

A tube for 20,000 Mc is shown in Fig. 2. It differs 
from earlier tubes for lower frequencies in its use of a 

relatively large helix, having a circumference for one 
turn approximately equal to one-half wavelength at 1.5 
cm. Tubes of this type have been made for both 2,500 
volts and 1,200 volts with 3 to 20 ma beam current. 
Oscillation frequency has been tuned continuously from 
15,000 to 23,500 Mc by tuning a feedback circuit from 
7,500 to 11,750 Mc and taking off several milliwatts of 
second-harmonic power through a waveguide cut off 

for the fundamental. 
The helix may also be used as an amplifying section 

following a coaxially fed grid over the cathode surface, 
as illustrated by the tubes shown in Fig. 3. This idea, 
first suggested at Bell Telephone Laboratories, appears 
to be useful for obtaining a low-noise-figure amplifier, 
and with a high-transconductance grid structure can 
produce more gain than a helix-fed traveling-wave am-
plifier. With the signal applied to a grid, the bandwidth 
of the amplifier is usually limited by the bandwidth of 
the tuned grid circuit of the input, since the output cir-
cuit is a helix matched over at least a 20 per cent band. 
However, the bandwidth of this grid circuit may be sev-
eral hundred megacycles at 3,000' Mc rather than the 
tens of megacycles available in an equivalent triode, be-
cause the Q of the transit-time-loaded grounded-grid 
input circuit will be the order of 10, rather than of the 
order of several hundred required for an output load 
for a triode at this frequency. 
An analysis carried out at Stanford indicates that the 

gain may be many times that of the triode or helix por-
tions separately, and also indicates that the noise figure 
of the combination tube will be the same as that of a 
triode of the same input impedance, beam current, and 
transconductance. 
This analysis was carried out assuming that a signal 

applied to a grid over the cathode surface would produce 
ac beam current, but negligible velocity modulation and 
initial signal voltage on the helix in so far as excitation 
of a traveling-wave tube is concerned. These initial 
beam conditions, applied to the three forward waves of 
the Pierce traveling-wave-tube analysis,' give rise to 
the following relations for noise figure and gain: 

2or2r., 
noise figure = 1 +   (4) 

gm 2Rg 

where 

112= the space-charge noise-reduction factor 
/0= the beam current in amperes 
g.= the transconductance of the grid portion of the 

tubes in mhos 
Rg= the input resistance of the tube at resonance, in-

cluding transit-time loss, measured in ohms; 

gain in db = 10 logio F_R--g I 
E2 
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This may be compared with (2) for the helix tube, and 
for practical values of the other parameters predicts 
equal gain for the two types of tubes at 4,000 Mc with 
a g,„ of approximately 8,500 micromhos. However, the 
noise figure of the combination should be that of the 
triode. With a g,„ of 17,000 micromhos, R. of 50 ohms, 
and C of 0.034, the combination theoretically gives a 29-
db higher gain than the helix alone. Since some meas-
ured noise figures for very high g„, (order of 50,000 
!mhos) close-spaced triodes at 4,000 Mc are of the order 
of 12 to 15 db, as compared with approximately 25- to 
30-db measured noise figures for present helix tubes, the 
combination tube may prove useful. 
Experimental tubes of this type have been built at 

Stanford, and with a transconductance of 10,000 micro-
mhos have given equal gains of approximately 30 db at 
3,000 Mc, when fed either on the grid or on the helix, 
essentially as predicted by the analysis. Fig. 3, previ-
ously discussed in connection with center-loss oscilla-
tion suppression, shows two combination grid-helix 
tubes. 

II. THE DISK-LOADED ROD 

This structure, shown in Figs. 4 and 6, is analyzed 
here in some detail because its analysis is typical of the 

MOO  000  9000 

FREOFENCY • 

Fig. 4—Disk-loaded-rod structure and velocity versus 
frequency plot for dimensions given in Section II. 

type of analysis applied to the other configurations de-
scribed in this paper, and because it was selected as 
among the most promising of the circuits other than the 
helix for the following reasons: 
1. The disk-loaded-rod structure requires the elec-

tron stream to be small in only one dimension (radial 
width), rather than requiring a small beam cross-sec-
tional area as does the apertured-disk or helix structure. 
This permits the use of a much higher total current at 
comparable beam density and gain relative to the aper-
tured disk or helix. This high current at a low density 
is useful in providing a tube which can be driven to high 
power levels before nonlinear amplification sets in. The 
high current would be bad for noise figure, but this is of 
relatively little importance in a high-power-level stage 
of amplification. 

2. Although the disk-loaded rod is a relatively nar-
row-band structure (like the apertured-disk structure of 
Section III), it is wide enough in bandwidth to be of 
some value and, unlike the apertured disk, has an addi-
tional parameter capable of simple adjustment, which 
can considerably improve the bandwidth. (See Fig. 5.) 
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Fig. 5—Velocity versus frequency for disk-loaded-rod (or finned-
center-conductor) structure. n=0.75, 6=0.20, = (a/b), 6 = (g/a), 

II 

3. The large beam current, in addition to being a 
step in the direction necessary for higher limiting-
power output, is permitted in view of the relatively 
high power capable of being dissipated by the disk-on-
rod structure, especially as compared with a helix. In 
addition, the structure may be relatively sturdy and 
easy to make in small sizes, as compared with the helix 
or apertured-disk. structure. 
4. The calculated gain parameter is sufficiently high 

that a favorable comparison can be made with a helix 
tube for the same frequency, as shown in Table I. No 

TABLE I 

Helix 
Tube 

Disk on 
Rod 

Frequency 
Helix or disk diameter 
Wire or disk thickness 
Voltage 
Beam current 
Helix or disk length 
Theoretical gain 
Limiting power output 
(theoretical) 

Beam density 

9,000 Mc 9,000 Mc 
0.090 inch 0.686 inch 
0.010 inch  0.0113 inch 
1700 volts  2180 volts 
10 ma 100 ma 
6.3 inches 6.3 inches 
56 db  88 db 

0.5 watt 
244 ma/cm' 

8.7 watts 
135 ma/cm2 

corrections for possible helix or disk-on-rod attenuation 
are included. The helix-tube gain figure is based on an 
averaged longitudinal field over the beam area. The 
gain figure for the disk-loaded rod assumes that the 
beam flows in a ring between 0.010 and 0.035 inch from 
the disk edges, as is described following the analysis of 

-2 
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this structure. The structure being discussed is shown 
in Fig. 6. 

Fig. 6-Cross section 

.711111111111111 11 111111111111111111-. 
  T11111111111111ll 

showing disk-loaded-rod tube construction. 

Analysis of the Disk-Loaded-Rod Structure 

Solution for the velocity and gain properties of the 
disk-loaded rod in terms of dimensions may be carried 
out by setting up fields which are known solutions of 
the wave equation in appropriate regions of the struc-
ture. Solutions are chosen which fit the boundary condi-
tions imposed by the structure. Then tangential electric 
and magnetic fields from each solution are set equal at 
the boundary between regions. This operation gives rise 
to a transcendental relation to be solved for velocity as 
a function of dimensions and frequency. 
In region I of Fig. 4, (g <r <a), assume a TEM wave 

propagating radially (a standing wave) which gives E 
normal to the side walls and zero at the bottom of the 
slots. 

E.= Ed; o(13or)N o(f log) — No(19or)Jo(13og)]ei" 

E, = 0 

1 OE, 
B = — 

jw Or 

EI 
= j — i(Por) • No(thg) N1(gor) -.10(130g)jei.s . 

(6) 

(7) 

(8) 

In region II, (a <r <b), assume a TM wave with no (1) 
variation propagating in the Z direction, with velocity 
v„ where v„ =co/13. 

E, = E0[1. o(ir)Ko(Tb) — Ko(701 oeybnei (" 1) (9) 

1 [  j 13E0 
E, = -172 j13 —or  — 7 [Ii(7r)K0(7b) 

Ki(7010(-yb)lei(.(-13.)  

11.  OE,  /3oB* = -172 PoPe —or  = j —7c  E0111(7r)K0(7b) 

Ki(7r)10(7b)leiNt-0 .). 

propriate modified Bessel functions of real arguments. 
Again, 'y2=132-1302. 
Now, at r =a we require continuous electric and mag-

netic fields, so that 

Ea  Est I 
= 

Bo  Bon 

Since Maxwell's equations are linear, this ratio alone is 
sufficient to insure that 

(12) 

Eil = Ear and Bo, = Borr 

separately, which gives, on substituting (6), (8), (9), 
and (11) in (12), the following transcendental equation 
to be solved to give velocity as a function of frequency 
by giving 7 for any prescribed 00 and dimensions. 

J0(0a)No(flog) No(Soa).14008) 

AP0a) n co(Pog)  Ni(Poa)fo(Pog) 

-y fo(7a)K0(7b) - Ko(7a).10(7b) 

fi(7a)Ko(7b) 71- Ki(7a)I 0(-yb) 

where n = (l-d)/1 is the space factor required to give 
equal line integrals of electric field in the two regions. 
The solution of this relation has been carried out for 

several values of the parameters, and, from 7 as a func-
tion of 130, phase velocity versus frequency is plotted on 
Fig. 4 for the dimensions of Table I, and is plotted on 
Fig. 5 for generalized parameters. 
It will be observed that no attempt has been made to 

match E, on the two sides of the boundary. This should 
be done for a more accurate solution than the one given 
here, and will require the use of higher-order modes in 
both regions. The correction will be relatively small, as 
may be seen from the comparison of measured and 
theoretical velocity versus frequency (see Fig. 4). This 
measured velocity was taken as the electron velocity 
which gave maximum gain at each frequency in the 
operating tube. 
To determine the gain parameter, we need to know 
[E22/02p ]1/3. For a given value of E, the power trans-

mitted is found from the relation 

P = 1/2 Re f (E, X 110*)•ds. 

(13) 

(10)  Since E, and Bo are known from (10) and (11), it is pos-
sible to carry out this integration directly. The result is 

[E.2/02/] /3 = wool /3(. 0)41a nya, 70  (14) 

(11) 

E, and Bo are found from E. from the general relations 
between field components in cylindrical co-ordinates.6 
Since, in region II, the phase velocity is less than the 
velocity of light, the solutions are Bessel functions of 
imaginary argument written here as /0 and Ko, the ap-

S. Ramo and J. R. Whinnery, "Fields and Waves in Modern 
Radio," John Wiley and Sons, Inc., New York, N. Y., 1944; p. 327. 

where E. is the value of E. at r = a, and F(-ya, 7b) is the 
gain function whose value for b infinite is plotted versus 
7 a in Fig. 1, marked disk-loaded rod. 
For b infinite (outer conductor removed), 

(-ya)2 
F(7a) = [  K 0(7a)IC 2(70 

240 

—  K12(7 0 11 [K0(7a) ]2/3 ' (15) 
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For the tube design shown in Fig. 6, with the dimen-
sions and operating conditions of Table I, -ya is 17.8, 
which gives an F(-ya) of 2.28. Since the beam does not 
flow at the edge of the disk but at some distance away 
from it, as previously described, if limited to a hollow 
cylinder 0.025 inch thick and starting 0.010 inch from 
the edge, the average value of (E2/02P)" (obtained by 
integration under a Ko curve) is 2.22, rather than 5.04 
as given by Feya)•  
Tube gain, following Pierce's analysis, is, then, 

gain = — 9.5 + 47.3(/0/8170) 10 (2.22)N db 

which, at a beam current of 100 ma, beam voltage of 
2,180 volts, and N=52, predicts 88.3 db gain, assuming 
no cold attenuation in the disk structure. 
The limiting power output expected under these con-

ditions is approximately C10 V0, where C= [(0/132P) 
(I0/8170)]113 = 0.0397, which is 8.65 watts for this struc-
ture. 
The 3-db-down bandwidth is determined by velocity 

variation such that the band limits are reached when the 
velocity falls or rises 2.5 per cent. From Fig. 4, this will 
occur at frequencies 25 Mc apart. 
The low current density for relatively high power-

output level required for the disk-loaded-rod tube is of 
importance for two reasons. First, it is a reasonable 
density to draw from an oxide-coated cathode, whereas 
the density required for a 100-ma beam in the cor-
responding helix tube would not be. Second, for a hollow 
cylindrical beam whose radial thickness is small com-
pared to the radius of the cylinder, space-charge repul-
sion effects depend upon density, rather than total cur-
rent, as is the case for cylindrical beams.6 Hence, the 
low density is useful and gives a much smaller beam 
spread resulting from space-charge repulsion than would 
occur in the solid cylindrical beam of a comparable helix 
tube at the same current and velocity. 

Measured Performance of a Disk-Loaded Rod Tube 

A tube of the design shown in Fig. 6 has been con-
structed, and photographs of it are shown in Figs. 7 and 
8. Tube performance confirmed the velocity versus fre-
quency predictions to the extent shown on Fig. 4. 

Fig. 7—Disk-loaded-rod tube with coaxial input and output cables. 

The tube consists of a disk-loaded rod connected to 
coaxial lines at input and output by conical quarter-

• D. P. R. Petrie, "The effect of space charge on electron beams," 
Elec. Commun., vol. 20, pp. 100-111; 1941. 

wave transformers. At the input end, the coaxial line 
passes through the center of the ring-shaped cathode. 
The cathode, designed with Pierce electrodes,' produces 
a hollow cylindrical electron beam which passes through 
a circular gap in the shaped anodes which is 0.150 inch 
long axially and 0.030 inch wide radially. The beam 
emerges from this gap just surrounding the edges of the 
disks. Successful operation of this gun is indicated by 
typical performance at 2,500 volts, as follows: 

Emitted current from cathode  100 ma 
Current to anode and tungsten screen 
shielding glass  25 ma 

Current to disks  20 ma 
Current to collector at output end of tube  55 ma. 

Fig. 8 -Cathode structure, envelope, and disk-loaded rod. 

No magnetic field was required to obtain these re-
sults, but any beam deflection by a magnetic field 
greatly reduced collector current and increased disk cur-
rent. 
Signal transmission by the disk structure in the ab-

sence of an electron beam was of the order of 40 db loss 
when only a slow mode was excited. This attenuation 
was far higher than had been desired, and persisted de-
spite reasonably nonreflective matching from the coaxial 
feed to the disk structure. The effect of this attenuation 
is to produce complete absence of internal oscillation, 
appreciable sensitivity of gain to disk temperature, and 
lower gain than expected. The order of 5 db net gain or 
45 db change in output signal level at 10,000 Mc has 
been observed. Linear amplification up to 1.5 watts 
output power was measured with no sign of compres-
sion. No noise-figure measurements were attempted in 
view of the high beam current and consequent power-
amplifier application of this type of tube. 
It is anticipated that much lower-attenuation disk 

J. R. Pierce, "Rectilinear electron flow in beams," Jour. App!. 
Phys., vol. 11, pp. 548-554; August, 1940. 
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structures can be made, since the observed loss resulted 
from a low-Q structure rather than from radiation, 
which is negligible on this structure. With lowered at-
tenuation, subject to the limit imposed by self-oscilla-
tion, tube performance should improve correspondingly. 
In addition, similar tubes built for lower frequencies 
may have appreciably scaled-up power output. 

III. THE APERTURED-DISK STRUCTURE 

The analysis of this structure, which is an internally 
finned, loaded, cylindrical waveguide as shown in Fig. 
9, has been carried out previously in the range of veloc-
ities useful for linear accelerators,8 but is repeated here 
for completeness of presentation, using the same nota-
tion as for other traveling-wave-tube circuits. 

Fig. 9—Apertured-disk structure. 

Define region I from r = 0 to r =a and region II from 
r=a to r =b. In region I a TM-type wave will be as-
sumed to exist for axial propagation. Then, 

E. = Eolo(-yr)ei(u"-P2) 

0 
Er = jEo  

7 

jE0/30 
=   Ii(yr)ei(wg-oz). 

C7 

(16) 

Substituting the above expressions into (22), we get, at 
r =a, 

1 J1(Poa)No(13ob) — N1(Poa)Jo(3ob)  00 11(7a) 

n Jo(00)No(Pob) — No(13oa)Jo(130)  7 /0(70 

where n = (l—d)/l is the space factor. This is necessary 
to give equal line integrals of electric field in the two 
regions. 
This transcendental equation may be solved for 7 as 

a function of frequency for any set of dimensions, and 
therefore velocity versus frequency will be known. 
Typical curves plotted from such a solution are of the 
same general form as the r =0 curves of Fig. 5, but have 
a low-frequency cutoff also. 
The value of E2/02P may be found just as described 

in Section III by evaluating P as 1/2 Ref (E X H*) • ds 
over the cross section. A result for E2/(32P for this struc-
ture, where E is the field on the axis, is 

(E2/02p)1/3 = (0/00)1/3(7 /0)4/3F(7 a) . (24) 

F( a) is plotted in Fig. 1 against the parameter 7a 
where a is the hole radius. For a given hole through 
which a beam may be sent, and at the same velocity, it 
is evident that the apertured-disk structure should have 
approximately twice the number of db gain per unit 
length that a helix would have. However, the apertured-
disk structure would make a rather narrow-band ampli-
fier. As an example, with a gain parameter C of 0.03, 
which is typical, the apertured-disk circuit would be 
approximately 25 Mc wide at 9,000 Mc between 3-db-
down points. The helix would not be limited by velocity 
variation, but rather is now limited to about 2,000 Mc 
bandwidth at 9,000 Mc by matching problems. 

(23) 

IV. THE HELICAL WAVEGUIDE 

(17) It is evident that the structures of Sections II and III 
of this paper could be modified slightly, such that adja-

(18) cent cavities are connected in a continuous spiral fash-
ion. Fig. 10 shows the resulting configuration when this 

In region II, radial propagation by a TEAf-type wave is 
assumed. Thus, 

E. = E0[10(000N0(130) — No(i30r)J0(130b) ]e,("  (19) 

E, = 0  (20) 

jE0 
= t(Oor)No(Pob) — N i(Clor).10(00b)jeio.").  (21) 
C 

Here we have satisfied the boundary condition of zero 
electric field tangent to the conductor at r =b. The other 
boundary at r =a requires continuous electric and mag-
netic fields, so we have 

Bo, Bon  

E.,  Ed! 
(22) 

E. L. Chu and W. W. Hansen, "The theory of disk-loaded wave 
guides," Jour. Appl. Phys., vol. 18, pp. 996-1008; November, 1947. 
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  1  . 
Fig. 10—Internal helical-waveguide structure. 

process is applied to the apertured-disk structure of 
Section III. It might be hoped that much broader-band 

properties might result. 
Preliminary attempts at analysis of velocity versus 

frequency for such a structure indicate that this is in-
deed likely, but the analysis to date involves approxi-
mations not valid for practical dimensions, and is not 
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included here. However, one evident consideration 
makes the use of such a structure of doubtful value as 
compared with a helix. In analyzing the helical wave-
guide, the field configuration inside the hole could very 
well be represented by TM and TE waves of the same 
form, /0(-yr), as those used inside a helix. Outside the 
hole, in a helix tube the fields die off as Ko(-yr), but in the 
helical waveguide the fields die off much more slowly, 
at least for dimensions relative to a wavelength at which 
the field in the half-waveguide looks like a normal wave-
guide field variation—that is, far from cutoff. Hence, 
for a given electric field on the axis, the helical wave-
guide will be transmitting much more power, and hence 
will have a much lower gain parameter. Initial results 
indicate that, as an extreme value, for equal aperture 
sizes the gin in db per unit length for the helical guide 
might be as low as one-sixth of that for a helix as shown 
for a typical calculation in Fig. 1. This result should be 
considered as merely suggestive because of the broad 
approximations used in deriving it. Near cutoff, gain 
and velocity-dispersion properties should approach 
those of the apertured-disk structure of Section III. 

V. COMPARISON OF STRUCTURES 

It is instructive to compare gain for a helix, apertured 
disk, and spiraled waveguide, all with the same-sized 
aperture through which a beam may be passed. That the 
spiralled waveguide should have a lower gain parameter 
than a helix seems reasonable from the arguments of 
Section IV. 
On the same basis, the apertured-disk structure 

should be better than a helix, since it transmits no power 
except through the apertures (assuming small cavity 
power losses). Since, over most of the useful operating 
range of Fig. 1, the helix transmits approximately equal 
amounts of power in the fields inside and outside of the 
helical surface, one might expect the apertured-disk 
structure to be better by a factor of two in power trans-
mitted for a given axial field. Inasmuch as gain per unit 
length varies inversely as the one-third power of the 

total power transmitted for a unit axial field, this would 
seem to predict that the apertured-disk structure was 
better by a factor of 2", or 1.26, whereas the curves of 
Fig. 1 show an improvement of 2 to 3 times. 
The discrepancy is resolved when it is found that the 

extra power carried by the TE fields in the helix ac-
counts for the difference exactly. These fields are nec-
essary to meet the skew boundary of a helix or helical 
waveguide, but are not necessary in the apertured disk 

or disk-loaded rod. 
Direct comparison of the disk-loaded rod to the other 

structures is difficult because of the different electron-
beam configuration, but the beam densities required for 
other structures to approach equivalent gain as de-
scribed in Section II are evidence of its usefully high 
gain properties. It would appear from the curves of Fig. 
I that the disk-loaded-rod structure would be useful 
for high-beam-current, high-power-output tubes, while 
the apertured-disk structure would be preferable for 
high-gain, low-limiting-power applications. 
Since the improved gain properties of the apertured 

disk and disk-loaded rod as compared with the helix 
very largely result from the absence of skewed bound-
aries in these structures, the possibility of decreasing 
the dispersion to get wider-band amplification by pro-
viding coupling from cavity to cavity, in addition to 
that provided by fringing fields, would seem to have 
merit. The extra power transferred by coupling holes 
in the fins, or by some other coupling scheme, would 
raise the group velocity, and so decrease dispersion. 
However, this extra power transfer would need to be 
kept low enough to avoid using up all of the gain ad-
vantage obtained from the absence of skewed-structure 
boundaries. 
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Correction 

The following errors in the paper, "Some Notes on 
Noise Figures," by Harold Goldberg, which appeared 
on pages 1205-1215, of the October, 1948, issue of the 
PROCEEDINGS OF THE I.R.E., have been brought to the 
attention of the editors by the author: 
Page 1208, equation (17), should read 

4KTBA2[  RR' 1. 
N —  R„    

4R0 R 

Page 1210, the line following equation (23) should 
read 

"Recognizing the fact that G„,,, is equal to G„, • G.4-1 
• • • G„, one obtains. . . 
Page 1210, equation (24), the last term should read 

Page 1211, first column, the second last formula 
should read. 

R„ R„: R0 
„[ R0 

m   
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A Theory on Radar Reflections from the 
Lower Atmosphere* 
W. E. GORDONt, ASSOCIATE, IRE 

Summary—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 required 
magnitudes of the changes are computed from reflection theory and 
compared to sample meteorological data obtained from rapid-re-
sponse instruments. The near-discontinuities in the dielectric con-
stant are produced by atmospheric turbulence. It is proposed that 
the observed radar reflections are the result of turbulent motion in 

the lower atmosphere. 

INTRODUCTION 

CURIOSITY was aroused when radar echoes from 
a clear sky were detected. Early observers sus-
pected birds or stray weather balloons, but these 

were eliminated by visual checks. Radar reflections from 
the lower atmosphere, referred to as "angels," are de-
tected on sensitive sets and are produced by sources in-
visible to the human eye. In the past few months certain 
measurements have been obtained which offer an expla-
nation of the echoes. These measurements are meteoro-
logical in nature and were obtained from rapid-response 
instruments. This paper will propose that the radar re-
flections in the lower atmosphere are the result of at-
mospheric turbulence, which creates abrupt changes in 
the dielectric constant. 
The existence of the echoes for microwave radars is 

confirmed by reports of Baldwin," Friis,3 and Gould.4.3 
. Crawford and Sharplesse postulated in November, 1946, 
the existence of discontinuities of the dielectric constant 
. in accounting for multiple-path transmissions. As early , 

i
as 1940, Friend' attibuted radio echoes on a wave length 
of 123 meters to large gradients of dielectric constant in 
the lower atmosphere. Reference must be made to the 
remarkably similar reflections of sound signals,8 which 
closely parallel the radar reflections. 
This paper will summarize the microwave observa-

* Decimal classification: R537 X R113.501.1. Original manuscript 
received by the Institute, April 15, 1948. Presented, 1948 IRE Na-
tional Convention, New York, N. Y., March 25, 1948. 
t Formerly, Electrical Engineering Research Laboratory, Uni-

versity of Texas, Austin, Tex.; now, School of Electrical Engineer-
ing, Cornell University, Ithaca, N. Y. 

1 M. W. Baldwin, Jr., "Radar echoes from the nearby atmosphere," 
Presented, joint URSI-IRE Meeting, Washington, D. C., May 2-4, 
1946. 

2 M. W. Baldwin, Jr., "Radar echoes from the lower atmosphere," 
Correspondence, PROC. I.R.E., vol. 36, p. 363; March, 1948 

2 H T. Friis, "Radar reflections from the lower atmosphere," 
Correspondence, PROC. I.R.E., vol. 35, pp. 494-495; May, 1947. 

'W. B. Gould, "Radar reflections from the lower atmosphere," 
Correspondence, PROC. I.R.E., vol. 35, p. 1105; October, 1947. 

6 H. B. Brooks, W. B. Gould, and R. Wexler, "What are angels?" 
Joint URSI-IRE Meeting, Washington, D. C., October 20-22, 1947. 
• A. B. Crawford and W. M. Sharpless, "Further observations of 

the angle-of-arrival of microwaves," PROC. I.R.E., vol. 34, pp. 845-
848; November, 1946. 

7 A. W. Friend, "Developments in meteorological soundings by 
radio waves," Jour. Aero. So.., vol. 7, pp. 347-352; June, 1940. 
• G. W. Gilman, A. B. Coxhead, and F. H. Willis, "Reflection of 

sound signals in the troposphere," Jour. Acous. Soc., vol. 18, pp. 274-
283; October, 1946. 

tions and present the pertinent properties of atmos-
pheric turbulence, supplemented by data for the lower 
atmosphere obtained from rapid-response temperature 
and wind instruments. The material will be considered 
under three headings: first, the properties of the echoes 
as determined from radar observations; second, the tur-
bulence measurements and their relation to the prob-
lem; and third, reflection coefficients in the atmosphere. 

I. THE RADAR OBSERVATIONS 

The reflections have been observed on 1-, 3-, and 10-
cm radars at vertical incidence. The following are pre-
sented as a summary of the observed characteristics of 
the reflections received on a fixed antenna directed ver-
tically upwards, and are based on conversations with 
Crawford8 and on Gould's paper.4.8 
1. The echoes are weak. For example, the power-re-

flection ratios are of the orders 10-8 to 10-12 . These lim-
its are, of course, functions of the equipment, being de-
termined by the saturation and sensitivity of the set 
used, but they serve to indicate orders of magnitude. 
2. Angels are detected from the antenna height (at 

15 feet) up to about 9,000 feet, but are most numerous 

below 3,000 feet. 
3. The frequency of occurrence varies from no detec-

table echoes up to a number which cannot be counted 
by an observer, and the distribution with time is quite 
random. 
4. The echo durations are from a fraction of a second 

to several seconds, perhaps ten. The duration is influ-
enced by the beam size of the antenna and is not neces-
sarily a property of the reflecting source. In fact, Bald-
win' has tracked Angels for periods of 5 to 10 minutes, 
traveling with the wind. 
5. The echoes appear in all seasons, and both day and 

night. However, they are more numerous during the 
summer and tend to occur with moderate winds. There 
is some evidence that the echoes stratify at heights cor-
responding to temperature inversions. 

II. ATMOSPHERIC TURBULENCE 

To radio engineers, remarks on atmospheric tur-
bulence may appear as a digression to be regarded 
lightly, but this is a subject in which the meteorologists 
and radio engineers, especially those concerned with 
propagation, must have a mutual interest. Turbulence 
is an important basic factor in the study of microwave 
propagation in the atmosphere. For the present, the 
discussion is confined to an elementary description fore-
going the mathematical treatment, except to note that 
at present a statistical approach is the most promising. 

• A. B. Crawford, Bell Telephone Laboratories, Holmdel, N. J. 
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The rapid irregular fluctuations of wind velocity 
about a mean are indicative of the turbulent character 
of the atmosphere. Before the description may proceed 
very far, however, two words are encountered which 
form sort of a basic vocaublary for the study of tur-
bulence. The two words, scale and intensity, will de-
scribe the turbulence. Simply, the scale is a measure of 
the average eddy size. The intensity is merely the ratio 
of the fluctuations to the mean wind speed. A few famil-
iar examples of atmospheric turbulence are the gusti-
ness of wind, the crisp cauliflower shape of active cumu-
lus clouds, and the bumps encountered in air travel 
under certain conditions. These are readily observed be-
cause of their relatively large scales and intensities. 
With instruments of sufficiently small time lag, a virtu-
ally continuous spectrum of turbulence is shown to exist 
in the atmosphere to frequencies of 3 kc or higher. The 
intensity, of course, decreases rapidly with increasing 
frequency. 
In general, turbulence is more pronounced near the 

ground, where its scale and intensity are determined by 
wind speeds, roughness of the surface, and thermal con-
ditions. Turbulence is also associated with boundaries of 
different air masses aloft. 
Less well known than the wind fluctuations are the 

very similar temperature fluctuations. Startling infor-
mation is obtained with a suitable temperature-measur-
ing element. Temperature fluctuations up to 6°,C in pe-
riods of a fraction of a second to several seconds have 
been indicated. 
As a point of interest, consider the suitable element. 

The element is a piece of platinum wire, finer than a 
human hair, and just a few millimeters in length. It is 
useful for both temperature and wind measurements. 
More precisely, it is a density-flow meter, but can be 
used to indicate either temperature or wind, depending 
on the current applied to it. When operated with a cur-
rent which makes it glow, it becomes the conventional 
hot-wire anemometer or wind-measuring device; when 
operated cold, i.e., just sufficient current to obtain a re-
sistance measurement, it becomes a resistance ther-
mometer. Due to its small mass it can follow wind and/ 
or temperature fluctuations, and is well suited to tur-
bulence measurements. 
Without going into the details of the bridges, gal-

vanometers, and amplifiers necessary to obtain the indi-
cation of the fluctuations, consider how the elements are 
used. Single elements are used as hot-wire anemometers 
to measure the fluctuations in velocity. A pair of ele-
ments separated by 6 millimeters is used as a differen-
tial thermometer; that is, they indicate the temperature 
difference between the two elements. A separation of 6 
millimeters is a length which is considerably smaller 
than a wavelength at 3 or 10 cm, and is approximately 
one-half wavelength at 1.25 cm. The data were taken up 
to heights of 300 feet above the ground. This is, ad-
mittedly, far short of the heights to which echoes are ob-
served. However, theoretical considerations confirm 

that, while greater heights are desirable, the elements 
are, nevertheless, sampling the free atmosphere. In these 
two forms, the elements were used to obtain several sets 
of data. The measurements were made on five different 
days and represent approximately eight hours of obser-
vations. For heights above 100 feet, the maximum value 
of the temperature differential and intensity of turbu-
lence were of the order of 1°C and 5 per cent, respec-

tively. 
In order to show the relationship of these data to the 

radar reflections, it is necessary to refer the hot-wire 
fluctuations and temperature differentials to correspond-
ing values of dielectric constant. King"' in his classical 
reference on hot-wire anemometry provides the basic 
equation (1) relating velocity (v) to density (p). The 
equation applies with certain limitations on the method 
of measurement and the magnitude of the fluctuations. 

(1) 

Using Debye's work," the dielectric constant of air (e), 
may be expressed in terms of the density of the dry air 
and the moisture concentration (m) as 

€— 1= a p  bm (2) 

where a is a constant and b is proportional to the re-
ciprocal of temperature. Neglecting moisture for the 
present, and noting that the index of refraction n 
equals the square root of the dielectric constant, we may 
write 

 = — • 
n — 1 

(3) 

Substituting from (1) and inserting a reasonable value 
for n-1, there results 

..117 
= — 300   10-6. (4) 

Note that (4) relates the change (or the magnitude of 
the fluctuation) in index to the intensity of turbulence. 
Corrsini2 has described a method ,of measuring concen-
tration fluctuations by means of hot wires. This appears 
to be an extremely useful method of obtaining the re-
quired data precisely, although, as yet, it has not been 
adapted to measurements in the atmosphere. 
Again referring to Debye, express the index change in 

terms of the temperature differential (AT) and the mois-
ture differential (ie) as 

-In • 106 = — 1.4 T + (5) 

This expression results from the substitution of certain 
average temperature and moisture values which are ap-

t-0 L. V. King, "Air velocity by means of the hot wire anemometer," 
Phil. Mag., vol. 29, pp. 556-577; 1915. 
u P. Debye, "Polar Molecules," The Chemical Catalogue Pub-

lishing Company, 1929. 
u S. Corrsin, "Extended applications of the hot-wire anemom-

eter," Rev. .Sci. Instr., vol. 18, pp. 469-471; July, 1947. 
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propriate for the summer conditions under which the 

radar observations were made. 

III. REFLECTION COEFFICIENTS IN THE 
ATMOSPHERE 

The power-reflection coefficient may be written in 
terms of the dielectric constants of media one and two 

as 
R =- Ci/e2 — 1/el y 

(6) 

\ e2 + N/e 1 

This equation applies to air, and may be immediately re-
duced to (7) using the relation of dielectric constant and 

index of refraction: 

R = I  '1111\2 . 
2 ) 

(7) 

The numerator is the difference or change in index be-
tween the two media. The value of the denominator of 

(6) for air is very closely two. 
Equation (7) deserves a few comments. It represents 

the reflection coefficient for vertical incidence at the 
plane boundary of two media of infinite extent. The con-
dition of a boundary is satisfied when the change occurs 
in a distance small compared to a wavelength. The re-
quirement of infinite vertical extent is eliminated, since 
this equation also represents the upper limit of reflection 
for a dielectric sheet inserted in a homogeneous me-
dium. Horizontal limits to our original infinite-extent 
assumption can be applied in terms of beam widths and 
Fresnel zones. An examination of reflection theory for 
more complicated models leads to similar results, and, 
in the light of our limited present knowledge of eddy 
shapes, a more complicated model is not warranted. We 
are thus led to accept (6) and (7) as a first approxima-
tion to the reflection coefficient for our problem. 
Be reminded that the reflection coefficients as deter-

mined by the radio measurements on the basis of a flat 
reflecting surface were of the order of 10-9 to 10-12 , and 
that these values are functions of the particular equip-
ment employed. The differential temperature and wind 
fluctuation data almost always produce reflection coef-
ficients smaller than 10-12 ; that is, they indicate changes 
in index of refraction which would create radar echoes 
weaker than those detected. However, on a few occa-
sions reflection coefficients between 10-n and 10-12  have 
been computed from meteorologically measured data. A 
maximum of four such items was recorded at a height of 
250 feet in a single half-hour period. Normally the fre-
quency of occurrence is much less. This is readily ex-
plained when it is considered that the elements are op-
erated at a fixed point in the atmosphere. It follows that 
the chances are small of an eddy of the necessary char-
acteristics flowing by the elements. There are, on a few 
occasions, differential-temperature and wind-fluctuation 
measurements which show that rapid changes in the in-
dex or dielectric constant do exist, and that these 
changes are sufficient to produce echoes equal in magni-

tude to the weaker echoes that have been detected by 

the radar sets. 
The moisture changes and their contribution to index 

changes were neglected. This was done of necessity 
rather than by choice, for we simply did not have a 
moisture element with a response rapid enough for this 
type of work. A few general remarks on this subject may 
be made. From (5) it can be seen that the contribution 
of moisture change to the index change is very signifi-
cant. The moisture change might conceivably add to the 
index change, tend to compensate for the temperature 
change giving practically no index change, or it might 
be the predominant term altogether. At the present 
there is no suitable way of establishing its significance 
for particular situations; however, the conclusion from 
the radio observations that the angels are more fre-
quent in summer sheds some light. In summer the air is 
capable of holding more moisture, and hence there are 
potentially larger changes in index allowable. Very re-
cently there have been reports of an instrument devel-
oped at the University of Chicago" which has measured 
rapid moisture changes in the atmosphere near the 
ground which correspond to as much as 20 to 30 units 
in An X106. One foot above warm ground there was ob-
served a maximum temperature differential of 6°C, 
equivalent to approximately eight units in An X106. The 
suggestion is that this contribution must at times in-
crease the index change, or become the predominant term. 
At air-mass boundaries aloft, eddies are produced by 

the wind shear. With these eddies there are associated 
the physical properties of the two air masses involved. 
Hence, it is very reasonable that echoes have been ob-
served at heights roughly corresponding to the height of 
air-mass boundaries aloft. 

IV. CONCLUSION 

The properties of the radar reflections have been re-
viewed, especially noting their weak magnitudes, their 
concentration in the lower atmosphere, their more or 
less random distribution with time, and their associa-
tion with moderate winds and air-mass boundaries. 
There is a striking correspondence of these properties 
with the characteristics of atmospheric turbulence, and 
in particular we have measured differential tempera 
tures and wind fluctuations which, when evaluated in 
terms of reflection coefficients, are capable of producing 
the weaker observed radar echoes. Of necessity, the 
moisture contributions were neglected, but radar obser-
vations lead us to believe that they reinforce the tem-
perature contributions. 
On the basis of the available evidence it is proposed 

that the radar reflections may be attributed to abrupt 
changes of dielectric constant, and are the result of the 
turbulent motion of atmosphere. Here, then, is a re-
search tool which can be used to the mutual advantage 
of the meteorologist and radio engineer. 

13  Verner E. Suomi, Director, Instrument Laboratory, Depart-
ment of Meterology, University of Chicago, Chicago, III. 
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Predicting Maximum Usable Frequency 
From Long-Distance Scatter* 
ARTHUR H. BENNERt, STUDENT MEMBER, IRE 

Summary—A method of predicting the maximum usable fre-
quency by means of observation of long-distance (2F) scatter is pre-
sented. The locations of the scattering sources are fixed by comparison 
of experimental observation with theoretical calculations. 

INTRODUCTION 

1 r- I HE KNOWLEDGE of the maximum usable fre-quency, muf, for a given distance at a given time 
is a vital factor in maintaining radio communica-

tion via sky-wave paths. The determination of the muf 
at the present time is usually made by reference to ma-
terial published by the Central Radio Propagation 
Laboratories, National Bureau of Standards.' This ma-
terial consists of charts of 0 and 4000-km muf's for three, 
world zones. These charts are published each month, 
and each booklet contains muf predictions for that 
month, which is three months in advance of the publica-
tion date. 
Although this method of predicting the muf is very 

useful, there are certain limitations in the accuracy. 
First, the predictions are made three months in advance 
and, therefore, are subject to errors due to unpredict-
able ionospheric changes in that period. Secondly, the 
world is divided into three zones in these reports, and 
a single chart covers an entire zone. This leads to errors 
in prediction, as the ionospheric variation within one 
zone may be of considerable magnitude. 
It is the purpose of this paper to outline a method of 

predicting the muf that will minimize the two errors 
stated above. This method involves the observation of 
long-distance scatter. 

DESCRIPTION OF SCATTER 

The scattering of electromagnetic waves in the fre-
quency range of about 2 to 30 Mc may arise from iono-
spheric clouds in the E layer or from ground scattering. 
Eckersley2 has denoted the different types of scattered 
echoes as short-distance E, 1F, 2F, and ground scatter. 
These types are illustrated in Fig. 1(a). It is these last 
two in which we are interested. 
If a transmitter is sending out radio-frequency pulses 

at a carrier frequency higher than the vertical-incidence 
critical frequency of the F layer, we might expect one 
possible mode of transmission to be that as given by the 

Decimal classification: R113.616.3. Original manuscript re-
ceived by the Institute, March 16, 1948; revised manuscript re-
ceived, July 26, 1948. 

t Pennsylvania State College, State college, Pa. 
1 "Basic Radio Propagation Predictions," CRPL-D Series, Na-

tional Bureau of Standards, Government Printing Office, Washing-
ton, D. C. 

'T. L. Eckersley, "Analysis of the effect of scattering in radio 
transmission," Jour. I.E.E. (London), vol. 86, pp. 548-563; June, 
1940. 

solid line in Fig. 1(a). If, at the point A in the E 
layer, there exists some sharp irregularities in the ioni-
zation density, it is possible that some of the wave will 
be scattered. Part of this scattered energy may return 
to the transmission site by the dotted path, as shown in 
this figure. This is long-distance 2F scatter. If the wave 

(a) 

LI 
(b) 

Fig. 1 

(a) Scatter; TD T —short-distance E; TCAT —1 F; TCA CT —2F; 
TCB CT —ground. 

(b) Typical oscilloscope pattern of scatter echo. 

which arrives at the point B on the ground is scattered, 
part of the scattered signal may be returned to the 
transmitter by the same path; that is, ground, F, and 
back to the transmitting site. This is called ground 
scattering. The received echoes of these scattered sig-
nals as observed on a linear oscilloscope trace at the 
transmitting site will be similar to that in Fig. 1(b). In 
this figure, the pulse at the left edge of the trace is the 
transmitter pulse, while the echo in the middle is the re-
ceived scatter echo. 

In Fig. 2(a) is a plane-earth—plane-ionosphere geo-
metric portrayal of the skip zone. If the point B is the 
edge of the skip zone, then the leading edge of the scat-
ter pattern corresponds to the ray TAB. Hence the op-
erating frequencyf' is the maximum usable frequency for 
the distance D. Now, from the observed oscilloscope 
scatter pattern, we may observe the distance TAB or 
TA C, depending on the source of scatter. The problem, 
then, is to find a relation among f', TAB or TA C, and D. 

DETERMINATION OF SCATTER SOURCE LOCATION 

First, we will develop an expression to make a theo-
retical check of our observed data, and in this way 
attempt to fix the location of the scattering centers; 
that is, whether they are in the E layer or on the 
ground. 

For developing an expression concerning this, curved-
earth—plane-ionosphere geometry will be used. It has 

_2 
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t been shown by Smith3 that curved-earth-plane-iono-
f. sphere geometry is valid as a second approximation in 
transmission-path calculations. We are justified in using 
this, since the data never exceeded a scatter distance of 
2000 km. In this approximation, we consider the E 
layer as concentric with the earth, but ignore the effect 
of the curvature of the F layer. In a given experimental 
case, the data available from measurement include the 
height of the F layer, the F-region vertical-incidence 
critical frequencies, the radius of the earth (6320 km), 
the height of the E layer (assumed constant at 100 km), 
the frequency at which the scatter is observed, the dis-
tance to the leading edge of the 2F scatter group, and 
the distance to the maximum amplitude of the 2F 
scatter pattern. 

(a) 

(b) 

Fig. 2 

(a) Plane earth-plane ionosphere geometry of skip zone 
(b) Curved earth geometry of scatter calculations. 

Referring to Fig. 2(b), it is desired to find the distance 
TAB and TAC for transmission by the ordinary ray. 
From Martyn's theorem,' the minimum angle of inci-
dence 41 on the F layer for a wave of frequency f' may be 
determined from the relation 

f' = flcos 4i 

where f is the equivalent vertical-incidence frequency at 
the point of tangency of the transmission curve for a 
given distance with the h'f curve. However, since the 
h'f data was taken manually, it was possible only to 

• N. Smith, "The relation of radio sky-wave transmission to 
ionosphere measure ments," PROC. I.R.E., vol. 27, pp. 332-348; May, 
1939. 
• D. F. Martyn, *The propagation of the medium radio waves in 

the ionosphere," Proc. Phys. Soc. (London), vol. 47, p. 332; March, 
1935. 

record fc, the vertical-incidence critical frequency of the 
F layer. In these first experiments, since the distances 
involved were relatively small, fc was used in place of f 
in the above equation as an approximation. If the 
complete h'f curves are available, f should be used. From 

the geometry of the figure, 

R2 = TA 2 (h'  R) 2 - 2TA(h'  R) cos 

where h' is the virtual height of reflection and R is the 
radius of the earth. Rearranging, substituting the co-
sine law for cos 4,, and casting out the positive sign 
from physical reasoning, leads to 

fc 
TA = (h'  R) — - 

f' 
{R2 (-f-f)2 

f' 
1/2 . 

h'2)} 
f' 

By means of this equation, TA may be determined from 
known or measured quantities. 
Similarly it can easily be shown that 

AC = (R  h') -ft  - {(R  h1)2[(f—C ) 2—  1] 

f'  f' 
} 1/2 

(R  h'E) 2 

where h'E is the height of the E layer which is assumed 

known and constant. 
The two desired relationships are 

TAC = TA + AC  (1) 

TAB = 2TA.  (2) 

EQUIPMENT 

The equipment used consisted of a pulse transmitter 
yielding approximately 50-kw peak power rating using 
100-microsecond pulses at a repetition rate of about 20 
per second. This transmitter was part of h'f equipment 
used for other experimental work. The receiver was a 
Hammarlund Super Pro modified for pulse reception. 
Observations of the delay time of the scatter were made 
either visually, or by photographing the signals dis-
played on an oscilloscope screen in conjunction with 
appropriate range marks. The antennas used for both 
transmitting and receiving were ordinary half-wave 
horizontal doublets one-quarter wavelength above 
ground. Although several antennas were used to cover 
the operating range, the individual antennas were used 
over a fairly large frequency range, so that the directiv-
ity characteristics are not accurately known. 
It has been found that long-distance scatter is at-

tenuated severely with increasing frequency. High sys-
tem gain is necessary to observe scatter at a frequency 
considerably above the vertical-incidence critical fre-
quency. With the apparatus used, readable echoes could 
be recorded with the equipment up to approximately 
twice the vertical-incidence critical frequency. 
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EXPERIMENTAL DATA 

From the lef data, the f°F2 and 1SF2 critical frequen-
cies were obtained along with the layer heights. The 
frequency of the observed scatter f' and delay to the 
scatter leading edge and maximum amplitude were re-
corded. TAB and TA C were calculated from (1) and (2) 
for both the ordinary and extraordinary rays. It was 
found that the ordinary-ray results checked much more 
closely than those for the extraordinary ray. 
In Fig. 3(a) appears a frequency chart illustrating the 

number of observations versus the percentage deviation 
of the calculated theoretical values against the observed 
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Fig. 3—Frequency diagrams. 

(a) Measurements to the scatter-pattern leading edge. 
(b) Measurements to the maximum amplitude of the scatter pattern. 

-30 

-20 -50 

values to the leading edge of the scatter pattern. It is 
evident from this figure that, within the limits of the 
number of observations available, the leading edge of 
the scatter pattern is a result of scattering centered in 
the E region. This observation is based on the statistical 
centering of the frequency diagram for the cloud-scat-
tering assumption and grouping of the observations in 
the ground-scattering frequency diagram at positive 

error percentage, indicating that 1), is less than D. 
In Fig. 3(b) the data relating the location of scatter-

ing centers and the maximum amplitude of the scatter 
pattern are shown in a frequency diagram. From these 
charts it is apparent that the maximum of the scatter 
groups corresponds to the calculated ground-scattering 
distance. This statement is supported by noting that 
the center of the frequency distribution for the theo-
retical ground delay is closer to the zero per cent 
deviation point than is that for the theoretical cloud 
delay. Also, the frequency distribution for the cloud or-
dinary observations center on negative deviations, in-
dicating that the observed values are greater than the 
theoretical distance to the assumed cloud sources. 
These data were taken over a period of four months 

in the spring and summer of 1947. Observations were 
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Fig. 4—Photographs of scatter signals. 

(a) = 0.84;  (b) = 0.92; (c) "L̀- = 0.87;  (d) L.--- 0.83. 
I'  f' 
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made during both the daytime and nighttime hours. 
Because of the decreased E-layer absorption, greater 
scatter distances were observed at night than during 
the day. Figs. 4(a), (b), (c), and (d) are examples of 
scatter signals recorded photographically. In all photo-
graphs, time increases from left to right. The ground 

pulse occurs at the left edge of the trace. 
From the above data, one may conclude (1) that 

the 2F scatter range may be used to determine the 
maximum usable frequency, and (2) that the leading 
edge of the scatter group corresponds to cloud scatter, 
while the maximum of the scatter group corresponds to 

ground scatter. 

DETERMINING M UF's 

A nomograph has been constructed to use the scatter 
distance in determining the muf. It has been shown that 
the maximum amplitude of the scatter group corre-
sponds to the first ray striking the giound at the outer 
edge of the skip zone. Also, the ground distance from 
the transmitter to the outer edge of the skip zone is 
associated with a frequency called the maximum usable 
frequency for that ground distance. Referring to Fig. 
2(b), an operator at the transmitter might record the 
ground-scatter distance TAB, the vertical-incidence 
critical frequency of the ordinary ray fc; and the fre-
quency of the observed scatter f'; then the frequency f' 
is the muf for the ground distance D. Again it should be 
pointed out that ft was used in place off in this experi-
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ment due to necessity, and if complete h'f curves are 
available, f should be used in place of f, in the nomo-
graph. 
From the figure, D/2 =RO, and R sin 0 = TA sin cts. 

Hence, 

00° 

Fig. 5—Nomograph for determining the mut from scatter distance. 

TAB = 
2R sin D/2R 

4/1  \2 

is the desired relation. 
A nomograph based on this expression is shown in 

Fig. 5. As an example of its use, suppose observations 
indicate that fc is 6 Mc, f' is 8 Mc, and the observed 
scatter distance to the maximum amplitude is 1500 km. 
Placing a straight edge at 0.75 on the fc/f' line and at 
1500 on the ground-distance line, the extended line will 
pass through 875 km on the ground-distance line. This, 
then, means that the maximum usable frequency for 
a distance of 875 km is 8 Mc. 

CONCLUSIONS 

(1) A correlation between maximum usable fre-
quency and long-distance scatter has been established: 
This relationship could be useful to the operator of 'a 
long-distance radio station in determining the maxi-
mum usable frequency for a given distance. Thus, by 
utilizing equipment similar to that used in the present 
investigation, an hourly check on the muf by observa-
tion of the scatter distance as a function of frequency 
could be obtained. By determining the vertical-incidence 
critical frequency and using the nomograph, a daily 
record of the muf for the given operating distance could 
be obtained. From this muf record, the operating fre-
quency for the following day's schedule could be es-
timated. This systeni has the considerable advantage of 
minimizing errors inherent in muf predictions made 
several months in advance. 
(2) The experimental results reported indicate that 

the scatter is composed of echoes from E-layer clouds 
and from ground scatter. The former makes up that 
portion of the scatter pattern from the leading edge to 
just before the maximum amplitude of the scatter-
spread echo. The maximum amplitude marks the be-
ginning of the ground scatter and, following the maxi-
mum amplitude, the scatter pattern is a combination 
of echoes from both cloud and ground scattering 

sources. 
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Square- Wave Analysis of Compensated Amplifiers* 
PHILIP M . SEALt, ASSOCIATE, IRE 

Summary—A complete analysis of a single-stage compensated 
video-frequency amplifier is presented. In this amplifier high-fre-
quency compensation is obtained by the use of a shunt peaking coil 
in series with the plate load resistance, and low-frequency compensa-
tion is obtained by using a resistance-capacitance network in series 
with the plate load resistance. 
Both square-wave and sine-wave input voltages to the amplifier 

are considered. The square-wave analysis consists of a determinition 
of the output wave shape when a symmetrical square wave is applied 
to the input. Equations for the output wave shape are derived and 
put in such a form that the output wave shape may be plotted for any 
desired frequency of input square wave. Output wave shapes are 
drawn for a number of typical operating conditions, and the corre-

sponding frequency- and phase-response curves are drawn for com-
parison. 

The effect of the cathode impedance, assumed negligible in the 
square-wave analysis, is considered briefly in a separate section, 
and its effect on low-frequency compensation is discussed. Deriva-
tions of many of the equations used are found in the Appendix. 

I. INTRODUCTION 

W IDE-BAND AMPLIFIERS in which high-fre-
quency compensation is obtained by means of a 
shunt peaking coil in series with the plate load 

resistance, and in which a resistance-capacitance net-
work in series with the load resistance provides 19w-fre-
quency compensation, are widely used in television and 
other applications in which it is important to preserve 
the shape of the applied input signal. In the actual test-
ing of such amplifiers, square waves are commonly used. 
A square wave of voltage is applied to the input of the 
amplifier and the output wave shape is observed on an 
oscilloscope. In designing the amplifier, the object is 
to obtain an output voltage as nearly "square" as pos-
sible over a wide frequency range, consistent with a 
reasonable gain. 
To the author's knowledge, a thorough square-wave 

analysis of a compensated amplifier has not been pre-
sented before. Many papers have been written dealing 
with the transient analysis, where a unit step function 
is applied to the input of the amplifier. This is especially 
true of the high-frequency-compenated case.' A few 
papers have been written dealing with the transient re-
sponse at low frequencies, such as a recent paper by 
Schlesinger.' In this paper square waves are touched 
upon, but no complete analysis given. 
A complete square-wave analysis of a compensated 

• Decimal classification: R255.13. Original manuscript received 
by the Institute, August 6, 1947; revised manuscript received, July 
12, 1948. This paper represents material being presented to Purdue 
University in partial fulfillment for the degree of Doctor of Philoso-
phy. 
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I H. E. Kal!mann, R. E. Spencer, and C. P. Singer, "Transient 

response," PROC. I.R.E., vol. 33, pp. 169-195; March, 1945. 
2 Kurt Schlesinger, "Low-frequency compensation for amplifiers," 
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amplifier should prove useful in that it brings out the 
limitations inherent in such an amplifier and points out 
the optimum results which may be expected in per-
forming a square-wave test on the amplifier. It should 
also prove useful in the design of the amplifier for 
optimum performance. 
To obtain the complete analysis of the amplifier, the 

following three types of input and output voltages are 
used: 
1. A dc step voltage suddenly applied at time 1=0, 

and the resulting output voltage. 
2. A symmetrical square wave of voltage applied at 

the input, and the resulting output wave shape. 
3: Sinusoidal input and output voltages. 

(a) 

(b) 

t= 0 

(c) 

(-- 
Fe 

i 

C 

E, 
e V 

TIME 

.--

Es 

E, 

Fig. 1—Sketches illustrating the three types of input and output 
voltages being considered. (a) Step voltage input. (b) Square-wave 
voltage input. (c) Sine-wave voltage input. 

To distinguish clearly between these three types, 
reference should be made to Fig. 1 and the list of 
symbols presented below. In Fig. 1(a): 

E,,= step function of voltage applied to the input 
of the amplifier 
et=the resulting output voltage plotted as a func-

tion of time 

Et= the  ideal output voltage. In magnitude, 
Et=g„,ROE,, 
relative et=et/Et. 

In Fig. 1(b): 

E,= the amplitude of the square wave of voltage 
applied to the input of the amplifier 

0.• 
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1 

L 

e= the instantaneous value of the output voltage 
during a positive half cycle of the input voltage E, 
E= the amplitude of the ideal output square wave. 

In magnitude, E=g„,RoE, 
relative e=e/E. 
T = the period of the square wave, or the time re-

quired to complete one cycle. 
In Fig. 1(c): 

E,= the rms value of the input sine wave of voltage 
Eo = the rms value of the output sine wave of volt-

age 
Eo m.p. = the rms value of the output sine wave of 

voltage in the middle-frequency range. That is, 

Eom P.=  gm R0 E8 

0 = the angle by which Eo lags or leads Eom.p,. If 
Eo lags EOM.P., 0 is considered positive, and if Eo 
leads Eo m.p., 0 is considered negative. This choice of 
signs is made deliberately in order to make the curves 
of relative phase shift versus frequency, Figs. 7 and 
14, have a positive slope. 
relative gain= Eo/E0M.F. I 
relative phase shift =0. 

A complete circuit diagram of the amplifier to be an-
alyzed is shown in Fig. 2. 
In the low-frequency analysis, the RKCK network is 

neglected. That is, the reactance of C K is considered 

R„ 

R. 

L. 

R, 

Fig. 2—Schematic diagram of a single-stage amplifier com-
pensated for both low and high frequencies. 

negligibly small at the frequencies considered. Since 
this is not usually a valid assumption in video amplifiers 
at low frequencies, the effect of this network is con-
sidered in a separate section. 

11. HIGH-FREQUENCY COMPENSATION 

At high frequencies the amplifier has the equivalent 
circuit diagram shown in Fig. 3. In this diagram C, is 
the total shunt capacitance inherent in the amplifier. 
The shunting effect of the plate resistance of the tube, 
rp, normally present in this type of equivalent circuit, 
may be neglected, since in video amplifiers r,, is much 
greater than the impedance of the netwo:k made up of 
Ro, Lo, and C,. For the same reason, the shunting effect 
of the grid-leak resistance R. may be neglected. 
E,„ is the input voltage applied to the amplifier, and 

may be Esi, E„ or E., depending on the type of input 
voltage considered. (See Fig. 1.) 

In making a square-wave analysis of this circuit, it 
is assumed first that  is a step voltage having a 
value 0 up to time 1=0, and a constant value E,, there-
after. Hence the current I will be of the same nature, 
having a value 0 up to time I = 0, and a constant value I 

thereafter. 

I-  E 

1 R. 
L. 

c, et,e, or E. 

Fig. 3—Equivalent circuit diagram of the amplifier shown 
in Fig. 2 as it applies in the high-frequency case. 

In the analysis two important parameters are used, 
as defined by the following equations3: 

1 
Jo =   ( 1) 

2rRoCe 

2rfoLo 
n = 

Ro 
(2) 

Physically, lo is the frequency at which the reactance of 
C, is equal to Ro. It is also the frequency at which rela-
tive gain drops to 0.707 with no high-frequency com-

pensation. 
Derivation of the expression for e, as a function of 

time is made with the use of Laplace transforms (see 
Appendix A for this derivation). The results indicate 
that three separate expressions may be obtained, de-
pending on whether n is less than I, equal to I, or 
greater than I. The case where n is less than I is the 
nonoscillatory case. Since the amount of compensation 
is too small to be of much practical value, this case is not 
considered further except for zero compensation where 
n=0 (see (19)). 

Case where n=1: 

This is the critical case. The result obtained is as 

follows: 
When 

where, 

n = 

= /Roll — (1 + w01)e-2001 1  (3) 

con = 277-fn. (4) 

Hence, 

eel E, = relative e, = 1 — (1 -I- cool)e-2 ‘.'" ,  (5) 

D. G. Fink, "Principles of Television Engineering," McGraw-
Hill Book Company, Inc., New York, N.Y., 1940; equation (113) on 
p.221 and just above equation (147) on p.223. 
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since 

IR° = g„,RoEii 

Equation (3) is an expression for the output voltage 
as a function of time when n=1. To express it in 
terms of the frequency of an applied square wave, the 
input voltage will be considered to be a square wave 
whose height above the axis is E. 
By reference to Fig. 1(b), it is seen that 1=0 is the 

time at which the wave goes suddenly from a value 
—.E1 to a value A-E1. It is seen, then, that the expres-
sion for the output voltage e in terms of the square-
wave input of Fig. 1(b) is found by doubling (3) and 
then subtracting E=g„,R0Ei= IR0 to take care of the 
shift in the position of the axis. This gives, when n =1/4, 

e = /R0[1 — 2(1 + cool)e-20i  l• (6) 

Note that this assumes that the output voltage will 
reach the limiting voltage E by the time t= T/2. This is 
true within 0.1 per cent for square-wave frequencies 
less than 4 of fo. 
Dividing both sides of (6) b E = /Ro gives, when 

n=1/4, 

e/E = relative e =- 1 — 2(1 -I- cout)e-?wo'. (7) 

To obtain the equation for relative e in terms of the 
actual frequency of the square wave, the following equa-
tions are used: 

T  1/f  (8) 

relative eg 

)11  \ 411  --  1 
= 1 — .o1/2 n cos cool + 0) (12) 

\ 4n — 1 

where 

— 1 
• = sin ' 

2n 
(13) 

Equation (12) agrees with equation (7) in the paper 
by Kallman, Spencer, and Singer, when the difference 
in the definitions of the symbols is taken into account.' 
When a square wave of voltage is applied, the equa-

tion becomes: 

relative e 
--

rr 4,i -1  
= 1 —  - - - e--”/.2"-/ cos 
• N Alt — 1  7  2n +4') 

(14) 

where r, y, and (I) are as previously defined. 
Equation (14), like equations (6), (7), and (11), is 

true only if the voltage e coincides with the limiting 
value E by the time r reaches unity (i.e., within a half 
cycle). This is true within 0.5 per cent for values of n -r 
equal to 0.5 or less if the frequency of the square wave 
does not exceed 0.5 fo. Since higher square-wave fre-
quencies would be distorted too much to have a prac-
tical application in video amplifiers, and since values of 
n greater than 0.5 result in too much overshoot to be of 
practical use, (14) is considered accurate for all practical 
cases. 

where f is the frequency of the applied square wave, and 'Special case where n=0.5. 
T is the period of the square wave 

7 = No 

r = (10) 

That is, r represents the fractional part of a positive 
half cycle. It is equal to 0 at the beginning of the half 
cycle, and equal to 1 at the end of the half cycle. It is 
the variable along the horizontal axis used to plot all 
output wave shapes, and is independent of the actual 
frequency of the square wave. 
If these substitutions are made, the following rela-

tion is obtained: When n=1/4, 

r 
relative e = 1 — 2 (  r 1 )e 

Case where n is greater than 1: 

When n is greater than .1,, damped oscillations in-
evitably occur in the output voltage, and hence there is 
always some overshoot. That is, the instantaneous value 
of the output voltage e will go through a peak value 
greater than the final value E. 
General equations for this case are given below: 
When the input voltage is a step voltage suddenly 

applied at / =0: 

When n =0.5, (12) and (14) are very greatly simpli-
(9)  fled, as below: 

For the step voltage, 

relative eg = 1 — e-'0' cos coot. 

For the applied square wave, 

Tr 
relative e = 1 — 2E—Tr h  cos —  • 

(15) 

(16) 

Frequency-Response and Phase-Shift Characteristics 

If a sine wave of voltage is applied to the input of 
the amplifier, the relative gain of the amplifier at high 
frequencies and the relative phase shift are given by the 
following equationss: 

+ n272 
relative gain —   

.01 _ n.72)2 ± (17) 

relative phase shift = 0 =   tan-1 n7. (18) 
1 — n.y2 

' See equation (7), p. 171 of footnote reference 1. 
6 See also equation (8), p. 172, of footnote reference 1. This checks 

equation (17) when differences in the definitions of symbols are 
taken into account. 
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Typical output wave shapes for square-wave inputs 
are shown in Figs. 4 and 5. In Fig. 4, the curve for zero 
compensation where n =0 is also shown for comparison. 

Fig. 4—Curves of relative e for various values of n. High-
frequency-compensated amplifier, 7=0.5. 

The equation for the uncompensated case is as follows: 

When 
n = 0, relative e = 1 — 2E-1"1 '.  (19) 

In Fig. 4 it is seen that as n is increased above the 
critical value, 0.25, the amount of overshoot increases. 

Fig. 5 -Curves of relative e for applied square waves of various 
frequencies. High-frequency-compensated amplifier, n •=0.5. 

When n =0.5, the peak value of relative e is 1.133. It will 
be noted by referring to Fig. 5 that the peak value of 
relative e depends only on n, being independent of the 
frequency of the applied square wave. 

In Fig. 4 it should be noted that the slope of the curve 
at r=0 is independent of the value of n. 
Typical curves of relative gain and relative phase shift 

as a function of frequency are plotted in Figs. 6 and 7. 
The curve for n=0.414 (or 0 -1) is included, because 

1.0 
.s 
8 

CS 7 
0.6 

.2 

./ 

0.1 

n .s 

I  I 11 1 111 I  I I II  
.3 4 5.6 /.8.9/.0 2. 3.  4. 5. 6. 

Fig. 6—Curves of relative gain and frequency for various values of 
n. High-frequency-compensated amplifier. 

this is the largest values of n for which•relative gain 
does not rise to a peak value greater than unity. 
When n =0.5, relative gain rises to a peak value of 1.03 

when 7=0.687. 
In comparing the curves for relative gain, Fig. 6, 

with the curves for a square-wave input, Fig. 4, it is 
interesting to note that, although no peak occurs in 
the gain characteristic until n>0.414, yet overshoot is 
obtained in the case of the square-wave input when 

n>0.25. 

.7 

4., 
't+60 

(4.40 

k *30  

cc .20 

.10 

00 2 4 • .6 /5 1.0 12 

fl ..5 

1.4 /.6 /8 2.0 22 2.4 2.6 2.8 .10 

Fig. 7—Curves of relative phase shift 0 and frequency for various 
values of n. High-frequency-compensated amplifier. 

Fig. 7 shows the relative phase shift as a function of 
7. The ideal phase-shift curve would be a straight line 
through the origin. The curves for n =0.414 and n=0.5 
closely approach this ideal when 7 is 1,•ss than 1.5, but 
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for larger values of  the curves become quite non-
linear. 

III. LOW-FREQUENCY COMPENSATION 

At low frequencies the amplifier has the equivalent 
circuit diagram shown in Fig. 8. As in the high-fre-
quency-compensation case, the square-wave analysis 
begins with the assumption that Ei„ is a step voltage 
having a value zero up to time t = 0, and a constant 
value Eti thereafter. 

I Cc 

I:, I e,,e, ore. 

Fig. 8—Equivalent circuit diagram of the amplifier shown in Fig. 2 
as it applies in the low-frequency case. 

The analysis shows that three RC time constants are 
involved. The equations are greatly simplified if the 
following parameters are introduced: 

1 
fi -   (20) 

RoRp 

12 

13 

22rCr 
Ro 

1 

2rCFRF 

1 

2rC,R, 

Wi --= 2rfi, 

= 27./2, 

W3 = 27r./3. 

(21) 

(22) 

(23) 

(24) 

(25) 

The expression for the output voltage el as a function 
of time is obtained as in the high-frequency case by 
the use of Laplace transforms. See Appendix B for the 
derivation. The final expression for relative e, is as fol-
lows: 

where 

relative et = 4e-.2e - (A -  (26) 

- 
A = 12 

13 -12 
(27) 

If a square wave of voltage is applied to the input, the 
equations for the output wave shape cannot be obtained 
as easily as they can in the high-frequency case, because 
in general the output voltage will not have reached its 
limiting value at the end of a half cycle when the input 
voltage reverses. The method used here is taken from a 

paper by Chin.° The final equation obtained for relative 
e in terms of time and the period of the square wave is as 

follows: 

relative e 

2[ A 
  e -w2g 
1 + e-‘,2T/2 1 + c w3r/2 

A - 1 
(28) 

By making use of (8) and (10), this equation is ex-
pressed in terms of the frequency f of the square wave 
and the variable r, with the following result: 

relative e 

- 2[ t 
A  .1 — 1 

1 + -./2// 1 + e__I/3// 1. (29) 

Equation (29) may also be put into the following 
form, which is often more useful in making computa-
tions 

A   712 
relative e = (1 - 2r) 

7 12  2f 
cosh — — 

2 f 

A - 1 

r f3 
cosh — — 

2 f 

f3 
e (1 - 2r).  (30) 
2f 

Frequency-Response and Phase-Shift Characteristics 

When a low-frequency sinusoidal voltage is applied to 
the input of the amplifier, relative gain and relative 
phase shift may be obtained from the following formu-
las: 

N/1-1 1- 1/ D 2   
relative gain - •(31) 

V1 + (f2/3)2v I -I- (J-3/D 2 

relative phase shift:, 0 = - tan-' (MD ± tan' (12/D 

+ tan-1 (MD-  (32) 

Application of Low-Frequency Equations 

Equations (30) and (31) may be used to obtain the 
output wave shape and frequency-response curves for 
any desired combination of the three parameters f,, f2, 
and f3. To determine suitable combinations for these 
parameters, (31) is most useful. It shows that, if fi is 
made equal to f3, the low-frequency response curve will 
be the same as with no low-frequency compensation, ex-
cept that relative gain will drop to 0.707 when f =f2 in-
stead of when f =f3, as would be the case with no com-
pensation. Thus, in designing the amplifier, it would 
seem desirable to makef2 as small as possible by making 
the RFC!, product large, and then choosing Rp and CP 
such that f, will equal f3. However, if (20) is divided by 
(21), the following is obtained: 

RF 
fi/f2 = ( —  1) . 

Ro 
(33) 

6 P. 1'. Chin, "Circuit response to non-sinusoidal wave forms," 
Ekaronics, vol. 17, pp. 138-141; October, 1944. 

-2 
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This indicates that, the smaller f2 is made with respect 
to  the larger will be the resistance R, co mpared to 
Ro. But too large a value of RF is not practical because 
of the resulting dc voltage drop and power loss. 
In practice it will be found desirable to make f1 some-

what greater than f3. This will introduce a small hump 
in the frequency-response curve at low frequencies, and 
( improve the square-wave response. 
The above considerations led to two choices of com-

binations of the parameters f 1, f2, and f3 to use as typical 
examples. In the first example,fi = 5f2 (or R F = 4R0) and 
f3=3.5f2. Fig. 9 shows output wave shapes for square-
wave inputs of different frequencies, for this choice of 
parameters. The frequency of the input square wave is 

Fig. 9—Curves of relative e for various values of f/fa. Low-frequency-
compensated amplifier, ft =5f2 and fs=3.512. 

expressed in terms of the ratio //la. It will be noted that 
at very low frequencies relative e has a value greater 
than unity at the beginning of the half cycle, rises to a 
peak value, and then drops to a value lower than unity 
at the end of the half cycle. If the amouut by which rela-
tive e differs from unity at the beginning of the half 
cycle is referred to as AE, and the symmetry of the out-
put wave about the axis is 'considered, the following 
equations result: 

relative e = 1 + AE when r = 0  (34) 

relative e = 1 — AE when r = 1. (35) 

— As the frequency of the input square wave is increased 
AE decreases, and in Fig. 9 reaches 0 when f/f3= 1.46. If 
there is no low-frequency compensation, AE never does 
reach 0. With compensation, AE will reach 0 only under 
certain conditions. To determine what these conditions 
are, an expression for AE is found. By setting r =0 in 
(29), 1 -1-AE is obtained. By setting r = 1, 1—AE is ob-
tained. By subtracting the second from the first and di-
viding by 2, the following is obtained for AE: 

• 

7 .12 r fs 
AE = A tanh — — — (A — 1) tanh — — • (36 ) 

2 / 2 f 

If AE is set equal to 0, and use is made of (27), the fol-
lowing is obtained: 

for AE = 0, 

tanh 

tanh 

7 f3 

2 1 = ft — f2 

f2 — 

2 / 

(37) 

From this equation it is found that AE cannot be 0 at 
some finite frequency unless the following relation 
holds: 

for AE to be 0, 
11 — 12 

fa/f2 > 
ft — 13 

(38) 

Or, if (38) is simplified further: 

for CIE to be 0,  ft > f2  f3. (39) 

At very low frequencies, where AE is positive, the 
wave resembles the uncompensated case and may be 
described as "undercompensated." Where AE is nega-
tive, the wave has a rising characteristic, and hence 
may be described as "overcompensated." For the spe-
cial case where AE =0, the term "flat-compensated" 
could be used, although the wave may have a pro-
nounced hump in it. 
The dotted curve shown in Fig. 9, representing the 

output wave shape with no compensation when f/f3=1, 
is included for comparison. It also gives the wave shape 
when f/f3= 1/n, provided the network is designed to 
make f = f 3= nf 2. For example, if f1 =13 = 512, this curve 
represents the output wave shape for f/f3= 0.2. This 
compares closely with the solid curve for the same fre-
quency. 
For the second example, the parameters were chosen 

to make 11=1112 (or R , = 10R0) and 13=912. Fig. 10 

I, -I/  (R, - IO R.) 

- 9 f, 

Fig. 1O----Same as Fig. 9, except that fl 1112 and), 9.fs. 

shows typical output wave shapes for this case. The re• 
sults show a definite improvement over those of Fig. 9, 
but a much larger value of R, is required. For both cases 
it should be noted that ideal output wave shapes cannot 
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be expected for square-wave frequencies much less than 
f3. Thus it is desirable to make f3 as low as possible. This 
means that the R„C, product should be made as large as 
possible. It must be remembered, however, that the size 
of R. is limited by the grid-leak requirements of the fol-
lowing tube, while the size of C. is limited by such fac-
tors as its leakage resistance, capacitance to ground, and 
the like. 
The criterion for judging how nearly "square" the 

output wave is would seem to be the amount of varia-
tion in relative e throughout a half cycle. Fig. 11 shows 
this variation as a function of f/f3 for the first set of pa-
rameters. The curve marked 1A-AE is the value of rela-
tive eat the beginning of the half cycle, the curve marked 
1 —AE is the value of relative e at the end of the half cy-

Fig. 11—Curves showing variation of relative e throughout a half 
cycle and f/f3. Low-frequency-compensated amplifier, fl =5f, and 
f; 3.512. 

cle, and the curve marked peak relative e is the maxi-
mum value of relative e during the half cycle. The 
amount of variation in relative e throughout the half 
cycle for any desired frequency may be determined by 
noting the thickness of the cross-hatching at that fre-
quency. 

r/f, 

r,-111; (R,-.10R.) 

f, = 

1.0  60 

Fig. I2—Same as Fig. 11, except that ft =11f2 and f3=9f2. 

Fig. 12 shows similar curves for the second set of pa-
rameters used. A certain amount of improvement is 
noted, especially for values of f/f3 less than unity. 

Curves of relative gain for a sine-wave input are 
shown in Fig.. 13 for the two sets of parameters used and 
for the uncompensated case. For each of the two exam-
ples chosen, there is a pronounced hump in the response 
curve. Analysis shows that this hump will occur if the 
following inequalit y holds: 

For relative gain to have a peak, ft: > f.42  f32. (40) 

It is interesting to compare this inequality with the 
one shown in (39) for the square-wave case. 

no compensation 

(or case where f, nf, 
If axis is Ijbefrd /r, cr n ) 

0I 

Fig. 13  Curves of relative gain and fif2. Low-frequency-compen-
sated amplifier. 

The curve labeled "no compensation" can also be used 
as the curve for the case where fi =f3=nf2if the abscissa 
is labelel n f/f3. For example, if n =10, the values of f/f3 
along the axis would be 0.01 and 0.1, instead of 0.1 and 
1.0. 

•I0 

0 

-lb 

f, • SI: 
f, • 3 501 

no Compensation 

(or case where f. • -n 0; 

of axis I$ labeled  or n  

/o 6.0 

Fig. 14—Curves of relative phase shift 0 and fit,. Low-frequency-
compensated amplifier. 

Fig. 14 shows curves of relative phase shift versus 
f/f3 for the two examples chosen and for the uncompen-
sated case. It is pointed out in the corresponding high-
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-V1+(fi/f)2v1+(ficif)2 
N/1-1- (f.2/D 20 + (13/f)2N/1+ (f4/f) 2 

relative phase shift, 0 

= tan-' (121f) -1-- tan-1 (13/f) + tan-' (I4/f 

—tan' (f i/f)— tan-1 ( f K 1 J.) 

where 

and 

(41) 

(42) 

1 
= L7  (43) 

11.- KikK 

14 = 141 + (g,, gm)Ric].  (44) 

In (44), gp is the plate conductance, or 1/rp. With pen-
tode tubes, gp is negligible compared to g„,. 
Equation (41)may be greatly simplified if the ampli-

fier is designed to makef K =f3 and fi =f4. For this special 

case, 

relative gain — 

frequency case (Fig. 7) that the ideal phase characteris-
tic is a straight line through the origin. In the low-fre-
quency case, this means that the ideal phase shift is 0 for 
all frequencies. This is closely approached down to 
1/13= 1.0 for the two examples chosen, but for lower 
frequencies no longer holds. 

Effect of Cathode Impedance 

All equations presented up to this point were derived 
under the assumption that the cathode resistor R K was 
perfectly by-passed by the cathode by-pass capacitor 
CK. This is not necessarily true, even for large values of 
CK, partly because of the very low frequencies being 
considered, and partly because the use of high-gm tubes 
tends to increase the degenerative effect of the cathode 

impedance. 
Although a square-wave analysis of the network in-

cluding the cathode impedance has not been attempted 
because the results would be extremely complex, for-
mulas for relative gain and relative phase shift have 
been derived, and are presented below. (See Appendix C 
for the derivation.) 

relative gain — 

1 

(f211)2 

If it is assumed that Ro,  Ro, RIC, gp, and g„, are 
known at the outset, the procedure would be as follows: 
1. Calculate the required value of CK by noting that, 

when fK =fa, CK = CcRo/RK. 
2. Calculate fic and f4 by using (43) and (44). 
3. Decide on a value forf2 and calculate R p as follows: 

14 - 12 
when fi = f4, RF = Ro (46) 

12 

4. Calculate the required value of CF by using (21). 
Note that the decision as to how low f2 can be made 

(45) 

depends on how large RI? can be without causing an ex-

cessive dc voltage drop. 
Twp numerical examples are presented for compari-

son. In the first, the cathode impedance is considered 
negligible, so that (31) holds, but the amplifier is de-
signed to make fi =f3. In the second example, the cath-
ode impedance is not neglected, but the amplifier is de-
signed to make f lc= f3 and fi =ft. In both examples12 is 
the same, and relative gain is given by (45). 
Given values are: 

R0=1,200 ohms  g„,= 9,000 micromhos 
C, = 0 .05 if  gp=negligible 
1?.= 0 .5 megohms  R K = 160 ohms 

12 to be 1 cps 

Results obtained for the two examples are as follows: 

Cathode impedance  Cathode impedance 
neglected  considered 

R , =6,450 ohms 
CF.= 24 .7 µI 

R , = 17,470 ohms 
CF=9.1 if 
CK = 156 µf 

The results show that, to counteract the degenerative 
effect of cathode impedance, RE' must be made much 
larger than would be required if the cathode resistance 

were perfectly by-passed. 

EXPERIMENTAL VERIFICATION OF LOW-FREQUENCY 
ANALYSIS 

To check the theoretical wave shapes shown in Fig. 9 
a low-frequency compensated amplifier was set up, a 
square wave of voltage was applied to the input, and 
photographs were taken of the output wave shape as it 
appeared on the oscilloscope. The results are shown in 
Fig. 15. The circuit diagram of the amplifier used is that 
of Fig. 2, except that Lo and CK are omitted. CK was 
omitted so that the cathode impedance could have no 

Fig. 15--Photograph of output wave shapes as obtained on an oscillo-
scope. Low-frequency-compensated amplifier. 

effect on the output wave shape. The degenerative ef-
fect of RK reduces the gain considerably, but cannot af-
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fect the wave shape since the effect is independent of 
frequency. The following values were used for the re-
sistances: 

Ro =1000 ohms 
Rp = 4000 ohms 
R9=500,000 ohms (including the input impedance 

of the oscilloscope) 
These are typical values for a video amplifier, and, 

since Rp=4R0, fi=5f2 as shown in (33). 
To obtain Fig. 15, a square wave of voltage having a 

frequency of 300 cps was applied to the input of the am-
plifier. The values of Cp and C, were then adjusted to ob-
tain the proper values of  the correct relation be-
tween the parametersf3 and f2. Table I shows the values 
of C p and C, used to obtain each wave. 

•  

TABLE I 

CF 

0.2 
0.5 
1.0 
1.46 

0.093 pf 
0.232 pf 
0.465 pf 
0.680 pf 

212 ppf 
530 µAI 
1060 ppf 
1550 ppf 

The values of Cp and C, used are much smaller than 
would normally be used in a video amplifier. This was 
done deliberately so that a frequency of 300 cps could 
be used. This frequency was chosen because it was easy 
to obtain on a square-wave generator, and because it 
could be fairly accurately reproduced on the screen of 
the oscilloscope. 
Close examination will show that Fig. 15 is not an ex-

act reproduction of Fig. 9. The differences occur mainly 
at the beginning of the half cycle, due probably to a cer-
tain amount of rounding off of the wave caused by dis-
tortion in the oscilloscope amplifier. When the possible 
sources of error are taken into account, Fig. 15 agrees 
very closely with Fig. 9 and verifies the square-wave 
analysis. 

CONCLUSIONS 

The analysis as presented is admittedly just one spe-
cial case of many which could be made. It is confined to 
one particular type of high-frequency compensation and 
one type of low-frequency compensation. Furthermore, 
it is confined to a single stage of amplification. However, 
it is considered to be a rather complete analysis of this 
special case. 
It is hoped that a simpler means of making a square-

wave analysis can be worked out, possibly along the lines, 
suggested by Waidelich.7 When this is done, it is hoped 
to extend the analysis to multistage amplifiers and more 
complicated types of networks. 
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APPENDIX A 

High-Frequency Compensation— Square-Wave Analysis 

In Fig. 3, consider E,„ as a step voltage having a value 
zero up to time t =0 and a constant value Eli thereafter. 
The current I will be of the same form, being zero up to 
time I = 0 and having a constant value I thereafter. By 
applying Kirchhoff's laws, the following three equations 
may be written: 

I -= ie (47) 

diL 
eg = iL.120  Lo —  (48) 

dt 

deg 
ic = Cg 

dt 
(49) 

where eg is the instantaneous value of the output volt-
age. 
By determining the Laplace transform of each of these 

three equations, the following three equations are ob-
taineds: 

I/s = .Cic) 

J(et) = Ro-CiL)  sLo.CiL) 

4(ie) = sCg4(eg). 

(50) 

(51) 

(52) 

These three equations involve three unknowns, 
-C(i,), and 4(e3). When 4(1L) and .C(ie) are elimi-

nated from the equations, 

Ro 
Lo — 

s 
4(eg) = I   (53) 

sRoCi+ 1 

where s is considered to be a complex variable: 
If the parameters f0, wo =27rfo, and n (see (1) and (2)) 

are now used, 

LoCg — 
nR0 
 X 

RoCe = 1/coo. 

1 
  — 
woRo  wo2 

(54) 

(55) 

When (54) and (55) are substituted in (53) and both 
numerator and denominator are multiplied by w02/n, 

/wG2 Lo  Ro/s 
— 

Wo2 

s2 

(56) 

ii  n 
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The denominator is now set equal to zero and solved 

for s to obtain the roots: 

coo 
s = — — [1 -T — 4n1. 

2n 
(57) 

This leads to three special regions: 
1. n<1/4, in which s has two real roots 
2. n =1/4, in which s has two equal roots, = —2wo 
3. n >1/4, in which s has two complex roots, 

= —  — 
2n 
[1 T- j../4n — 1 

The first region is not considered further, as the 
amount of compensation is too small to be of practical 
value. By setting L0=0, (53) could be used to derive 
(19) for the uncompensated case. 

Case where n=1 

For this case, (56) simplifies to the following: 

Lo + Ro/s1 

+ 2„,0)2 
4(es) = 4Iwo2 

or 

(58) 

1  1 
J(es) = cooRor   4c002R0/   (59) 

(s 2w0)2 s(s  20.)2 

since 4 0)02 Lo = 4 wo X nRo=cooRo when n=1/4. 
When the inverse transform is found and the proper 

substitutions made, the following equation is obtaineda: 

es = — (1 + wot)e-20 1• (60) 

This is the same as (3). 

Case where n> 

For this case, (56) is put in the following form: 

hoo,r Lo  Ro  
=   (61) 

n L(s + a)(s + 0)  s(s + a)(s + 

where 

and 

we 
a = — [I — j.../4n — 11 

2n 

coo 
= — [1 -I- j‘74n — 1]. 
2n 

From tables of inverse transforms,'° 

hooLo 
et =    (e-"I — e-13 9  IRo 

j-V4n — 1 

IRon 

jcooNAn — 1 

(62) 

(63) 

(ficat — ac° 1).  (64) 

See formulas 2.118 and 2.137, p. 346, in footnote reference 8. 
8 10 See formulas 1.105 and 1.108, pp. 338, 339, in footnote reference 
. 

When the values for a and (3 given in (62) and (63) are 
substituted in (64), and a number of trigonometric iden-
tities are resorted to, the equations below are finally ob-
tained: 

relative es 

es 
— —1   e-'002 " cos 
/Ro ./4n-1 

where 

2n V4n — 1 
(AO   +0) (65) 

2n 

2n — 1 
= sin-'   

2n 

These equations are the same as (12) and (13). 

(66) 

APPENDIX B 

Low-Frequency Compensation—Square- Wave Analysis 

As in the high-frequency-compensation case, the low-
frequency analysis begins with the assumption that the 
input voltage is a step voltage having a value zero up to 
time t = 0 and a constant value Ei thereafter. In the 
equivalent circuit diagram, Fig. 8, the current I is also 

a step current, having a value zero up to time t= 0 and a 
constant value I thereafter. Hence, the following dif-
ferential equations may be set up: 

es. = IR0+ 

dep  ep 
= Cr —  =  1 - --

dl Rp 

es = er — 

de, 
i2 = Cc dt  es/R,.. 

(67) 

(68) 

(69) 

(70) 

In order for these equations to be true, i2 must be as-
sumed negligible compared to I. This is true in the nor-
mal video amplifier. 
These four equations involve four unknowns, er, eF, 

ec, and eg, and it is desired to eliminate all but the output 
voltage es. To do this, the Laplace transforms of these 
four equations are first obtained, as follows: 

4(er) = /Ro/s  4(ep)  (71) 

-Cep) 
sCp.C(ep) = Ils  (72) 

R F 

4(es) = 4(er) — .0e,)  (73) 

4(es) 
sC,4(e,) =   (74) 

R, 

When 4(er), .C,(ep), and 4(e) are eliminated from 
these equations, the following is obtained: 

4(es) = 
IR0 

1 
s 

R0C, 
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1 

cp 

The inverse transform is as follows: 

e--ouge _ tfuEck. 
Cg = IR0e-"Rge, 

1  1 

R C' 

relative et = e1/IR0 

1 

ReCt. 
= e—tIRge,    (e— M gr,.  e—tIRFCF) . 

1  1 

rp, it can be seen by comparing Fig. 16(b) with Fig. 8 
• (75)  that the essential difference between the two, as far as 

relative gain is concerned, lies in the expression for the 

input current I. That is, 

(76) 

(77) 

where 

1 
R= --   

1 ± (g„ -F g„,)Zh-

R is defined as 

relative gain when Z K is considered 

relative gain when ZK is neglected 

In the video amplifier being considered, 

ZR = 

- itoC 
'RFC!:  R„C,  RN 

If the parameters 14, f., 13, col, uh, and co3 (equations  RN 
(20) through (25)) are now introduced, (77) becomes:  1 juiCKRK 

11 - 12 11- 13 
relative eg =   E— w2i —  —   -wit e • (78) 

13 -12  13 - .12. 
= ile-'" - (.1 - 1)e-wat  (79) 

when (27) is used. 
This is the same as (26). 

APPENDIX C 

Low-Frequency Compensation--Relative Gain Formulas 
when Effect of Cathode Impedance is Considered 

Fig. 16 shows two forms of the equivalent circuit (ha-
gram of an amplifier in which ZL represents the load im-
pedance, and ZK the impedance of the cathode circuit. 
Since, in the video amplifier, ZL is very small compared to 

C 
•—• 

-"" Ein  r,..(1•44)Z. 

(a) (1:0 

Fig. 16. —Equivalent circuit diagram of an amplifier when cathode 
impedance is considered. (a) Constant-voltage form of circuit. (b) 
Constant-current form of circuit. 

when (43) for fK is used. 
From this relation, (80) becomes 

1± j —I 
f K 

R = 

1 ± (L;,,+ g„-)RK  j - - 
fh-

(80) 

(81) 

(82) 

(83) 

(84) 

If InItil ntuncrator and denominator are multiplied by 
-jfK I. 

R - 

1 - j 

..ih 
I —  1 

H (tz„ g„,)RNVN 
(85) 

(86) 

when equation 44 for f4 is used. 
From this relation, (41) and (42) are easily obtained. 

Correction 

C. T. Tai, author of the paper, "High-Frequency  Equation (49) on page 1374 should be corrected to 
Polyphase Transmission Line," which appeared on  read 
pages 1370-1376 of the November, 1948, issue of the 
PROCEEDINGS OF THE I.R.E., has brought the following 240 ( 2D) 240 ( 2b12 

R.•,, = -- ln --  = - - In   
.error to the attention of the editors: n  na  n  na sin ed 
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1945 as a research engineer, specializing in 
the development of microwave and special-
purpose electronic equipment. 

1 

CARL C. BATH 

Arthur H. Benner (S'43) was born on 
March 29, 1922, in Leavenworth, Kan. He 
received the B.S. degree in electrical engi-

neering  from  the 
University of Kansas 
in 1944, and the M.S. 
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A' =   

Correspondence 

Degenerative Feedback* 

In the case known as "degenerative 
feedback" or "current feedback," we have 
found two different expressions for the m-
plification: 
In Terman's bookt there is given the 

general expression 

A 
A' —   

1 — AO' 

while in the handbook of Batcher and 
MouHO there is a special expression for this 
case 

A • H .  

1 — fi(1 + A) RL-1 

The circuit is shown in Fig. 1 and the 
equivalent circuit in Fig. 2. 

and 

eo = io • RL 
14 + RL + RK 

p e, RL 

II 

K 

I  2 

Ai• Co • RL 

Rp + R,. + RA p RA 

eo  p R. 

e.  R,, + RL  RA( 1 + 

eo 
A = — (RI( = 01 =   

e,  Rp  RL' 

A (Rp  RL) 

• Received by the Institute. August 4. 1948. 
F. E. Terman. 'Radio Engineering.' McGraw-

Hill Book Co.. Inc.. New York. N. Y.. 1947; p. 311. 
I R. R. Batcher and W. Moulic. 'Electronic Con. 

trol Handbook. • Caldvm11.-Clements. Inc.. New York, 
N.Y.. 1946. 

For Rx 0, 

A' —   
A 

RK  
1 -4-  (1 4- A) 

-r RL 

.4 

1  RK (  1  ± _A \ 
R,  RL 

.4 

RK  R \ 
1 + —  (A +    

RL  R, + RL) 

A second form, eliminating p, becomes 

RK Af + 1 
1 + A — 

XL 

Follouing Terman, 
.1 

1 —  

A' — 

and, consequently, 
1 

— = -  --- • 
RL 

For large enough A. this agrees with the 
definition of ft implicit in Terman's discus-
sion of current feedback,' —t3=Rk/RL, also 
given explicitly in the work of Batcher and 
Moulic. 
Consequently. one can correct the defi-

nition of ,3 by the factor (µ+ L 11, keeping the 
general definition for A', or one can conserve 
the definition of ft. in which case the gain 
formula becomes 

.1 

1 — 
R, + 

which only for 14<<Ri. I ad" to the re-
lation given by Batcher and Moulic: 

A • 
I —  I + .4 

MORTON NADLER and V1CToR TOM. 
Tesla Vyzkum, 
Prague-St rasnice 
Czecheslovakia 

I F. E. Terman. •Radio Engineers Handbook.' 
McGraw-Hill Book C,. Inc New York N v .1943: 
p. 403. 

Simplified Analysis of Reactance 
Tube* 

In Fig. 1, 
r =plate resistance 

a, b, c =generalized impedances 
u =amplification factor. 

Then 

=  r + r(I + 
II 

[u(b + c)  r + c][r + c(1 + u)] 

r + a + (b + c)(1 

(a + b)[r + c(1 + u)] 

r + a + lb + (-1,1 + u) 

• Received by the Institute. July 26. 1948. 

This may be written in the form: 

1 

1  1 

a+b r+c(l+u) r+c(l+u) (a+b) 

Fig. 1 

which says that the reactance tube may be 
represented by three parallel impedances, 
as in Fig. 2. The impedance c may be dis-
posed of by suitable by-passing or omission, 
and a and b may be made resistive or reac-
tive to suit. 

* rac(I+1.0 

0 1 I  

Fig 2 

It should be noted that, on the basis of 
linear-circuit theory, the above solution in-
volves no approximations. 

B. B. DRISKO 
Transducer Corp. 
63 Melcher St. 

Boston 10 
Mass. 

Empirical Formulas for Amplifica-
tion Factor* 

It has recently been suggested by Herold' 
that analytical convenience is given by using 
an empirical power series for b in the ex-
pression for the amplification factor of a 
triode 

(2rNS  c)b 

where S is the grid to anode spacing, and b 
and c are functions of A'd (the fractional 
coverage'. .V being the number of grid wires 
per unit length, and d the grid wire diameter. 
From Herne's' accurate results, Herold 

obtains the formula 

b = 0.2 + 6.8A'd + 680.Vd)" 

%%hich is accurate to better than 8 per cent 
over the range A4=0.002 to A'd = 0.5, thus 
more than adequately covering normal us-
age. To the some accuracy, the correction 
term c is negligible. 

• Received by the Institute. October 1, 1948. 
E. W. Herald. correspondence on 'Empirical for-

mula for amplification factor.  PlaUC. I.R.E., vol. 35. 
473; May. 1947. 
H. Herne, 'Valve amplification factor.• Wireless 

En.. vol. 21. pp. 59-65 ; February. 1944. 
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Any number of such empirical formulas 
may he found, depending on the index of 
the term used to start the series, and the 
%%Titer has used the form 

+ 00(Ndli 

is hich is accurate to within 5 per cent over 
the range Nd 0.02 to 0.33, or within 2 per 
cent from Nd  0.03 to 0.3, the deviations 
within this range being rather less than 
is ith Herold's result. A further term, 7000 
(Neil', may be added to give accuracy to 
values of Nd in excess of 0.5. 
Whether it is necessary to have an em-

pirical formula which is accurate over such 
a wide range is questionable. Normally, for 
analytical purposes, it is only required to 
know the rate of variation of with electrode 
dimensions over relatively narrow ranges. 
For this purpose it would appear simpler to 
expres.s h as a power of Nd, say 

h  k(Nd)" 

is here the coefficient k and index m are both 
functions of Nd, being chosen to give the 
true values of h and its first derivative at the • 
point concerned. It is found empirically that 
such an expression represents the variation 
of h with all the accuracy normally required. 
Thus, at Nd 0.133 evaluation of the con-
stants gives h •=0.82 Nd, and it is found that 
this particular formula only departs from 
ferne's values lw 0.1 per cent at Nd  0.133 
45 per cent and by 1 per cent at Nd 00.133 
± 15 per cent. The errors introduced become 
a little greater for higher values of NJ, and 
correspondingly smaller for lower values. 
Values of k and to have been determined 

from I ferne's figures and are given in Table 
I ft 4. Nd from 0.005 to 0.40. 

Nd  k 

0.O05 0 
0.01 1 
0.02 1 
0.04  2 
0.06 3 
0.08 4 
0.10 5 
0.12 6 
0.14 8 
0.16 11 
0.18 14 

78 
10 
48 
26 
13 
00 
46 
95 
97 
48 
60 

0 
0 
0 
0 
0 

.r.‘BLE 

24 
29 
36 
48 
59 

0.69 
0 81 
0 92 
1.04 
1.18 
.31 I 

Nd 

0.20 
0.22 
0.24 
0.20 
0.28 
0.30 
0.32 
0.34 
0 .36 
0.38 
0.40 

18.7 
24.1 
30.2 
39.5 
50.7 
66.7 
87.1 
114 
153 
205 
285 

1.46 
1 62 
1 79 
1.97 
2.16 
2.38 
2.61 
2.86 
3.13 
3.43 
3.78 

We then have, to the first order (since c 
has been neglected), 

= 20-NSk(Nd)." 

2wkSd=N"." 

which, when m =-- 1, is the form of the early 
empirical formula of van der Bijl.' 
The other purpose for an empirical for-

mula, namely, for calculation in the absence 
of the full curves, is again most readily 
served by simple power expressions which 
will be valid over limited ranges. It has been 
found that three simple expressions may be 
used to cover the whole normal working 
range to an accuracy v.hich is better than 
5 per cent. These expressions are: 

b = 2.5(Nd)" for use from Nd = 0.02 to 0.09 

b = 8.5Nd  for use from Nd = 0.09 to 0.20 

= 43(Nd)2 for use from Nd = 0.20 to 0.34, 

a H. van der Bijl. 'The Thermionic Vacuum 
Tube.' McGraw-Hill Book Co.. New York, N. Y., 
1920; p. 2.31. 

the percentage error from Ilerne's results 
being shown in Fig. 1. 

• •••• 

• 

Fig. I -Curves showing errors of proposed 
simple formulas. 

The convenience of working with such 
simple approximate formulas, readily amen-
able to slide-rule calculation, will be appre• 
dated by those who have made much use of 
the older formulas, such as that of Vogdes 
and Elder.' 

W. II. Atrious 
NI. 0. Valve Company 

(;.EC. Research Laboratories 
Wembley, England 

a F. B. Vogdes and F. R Elder. PAYS Re, . 
24, p. 683. December. 1924. 

Television Time-Base 
Linearization• 

It is interesting to conoiare the treat-
ment by J. Ilaantjes and F. Kerkhof of their 
teltwisiim time-base linearization problem' 
with the alternative analysis and solution 
of the same problem given by K. Schlesinger.' 

I would point out that the correction 
circuits derived ill the tiio papers are poten-
tially equivalent and represent a class of 
nemorks capable of linearizing exponential 
iiaveshapes by the integration method. The 
latter appears to have been first used by G. 
Hawkins, whose British Patent Specifica-
tion No. 511,600 (accepted 22 8, 391 includes 
Schlesinger's circuit, which has been used 
consistently in Murphy home television 

(a) 

0  

•r•cs 

kit 

t. 

•••• 

Fig. 1.-A group of linearity-correction 
networks; 
(a) From Haantjes' and Kerkhof's paper. 
(131 RL equivalent of (a). 
(c) From Schlesinger's paper. 
(d) RL equivalent of (c). 

• Received by the Institute. May 3. 1948. 
'J. Haantjes and F. Kerkhof. 'Home projection 

television:  Part  111.  Deflection circuits.'  PROC. 
IRE, vol. 36, pp. 407-412: March. 1948. 
I Kurt Schlesinger. 'Magnetic deflection of kine-

scopes.' PROC. IRE. vol. 35. pp. 813-821; August, 
1947. 

receivers since before the war, together is ith 
two equivalents. I checked the performance 
of these networks while developing tele-
vision receivers for R.F. Equipment Ltd., 
and derived a number of equivalents in-
cluding that given by Haantjes and Kerkhof. 
A brief descriptive account of this work was 
accepted for publication (17/6/47) by Elec-
tronic Engineering, and remains to be pub-
lished. In the meantime, I have noted the 
use of the last-mentioned circuit in a Gen-
eral Electric Co. (U.S.A.) television receiver. 

I have drawn the correction networks of 
Haantjes and Kerkhof and Schlesinger in the 
accompanying figure for ease of comparison 
together with their RL equivalents; all are 
characterized by the vultage-transfer oper-
ator 

1 + rp 

+ (I -4- k)rg 

where the constants r, k are defined for each 
network in Fig. I. 
The ((Atoning illustration of the inte-

gration method of linearization may be of 
interest to those who are not familiar with 
integral equations of the Volterra type as 
used by Schlesinger. 

Fig. 2. 

The voltage (see Fig. 2) 

e(t) = E I - exp (-1/01  (1 < 0) 

differs from the linear continuation of its 
initial slope 

e'(0) 

by the quantity 

Ell'y - I + elf) (-1 1T)1 

= Eje.irILL- t' '1-31 + t4/r•I 4 - • • • 

E • 1,/r • f  :1 - exp ( -X/r) 
• 

i.e., the required correction voltage is pro-
portional to the integral of the voltage 
needing correction. 
Finally, the method given by Schlesinger 

for correcting what he terms "acceleration" 
distortion due to the effect of resistance 
parallel to the deflector coil appears to be 
unnecessary, since the nonlinearity of the 
sawtooth generator output is usually of the 
"deceleration" type and is controllable by 
choice of the charging circuit constants. 
Expressed alternatively, a variable resistor 
parallel to the deflector coil may be used to 
compensate the exponential output of the 
sawtooth generator. 

A. W . KEEN 
95, Pinner Rd. 
Harrow, Middx., 

England 
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At the West Coast Convention:  rigto. i E. Terrnan, R. E. s, . 
worth, and Lloyd Sigmon. 

A total attendance of 7114 at the. four-
day IRE \Vest Coast Convention made 
this one of the biggest electronic events ever 
held. Sponsored by IRE, it was held in 
Los Angeles, in conjunction with the AML 
and the \VCEMA, all of which convened 
during the exhibit period, extending from 
September 30 through October 2. Third 
among American cities in IRE member-
ship, Los Angeles has become a key cen-
ter of electronics, owing both to the large 
number of radio manufacturers and scien-
tists situated there, and to the U. S. Army's 
West Coast experiments with guided missiles 
and A-bomb research. Under the guidance of 
Walter Kenworth, Chairman, the Los An-
geles Section acted as hosts to the IRE Con-
vention. 
In 1947, 3100 attended the Pacific Elec-

tronic Exhibit, and it is expected that at the 
fifth Exhibit, to be held in San Francisco in 
September, 1949, there will be an equally 
significant increase in attendance. Seventy-
three members of the West Coast Electronic 
Manufacturers Association displayed out-
standing developments in the electronic 
field. Among the new inventions of unusual 
interest were a hearing aid based on the 
proximity fuze which is one-quarter the size 
of those currently available, and printed cir-
cuits in which patterns traced in India ink 
take the place of wires. 
Atomic bomb control was the principal 

topic of the convention. World-famous 
physicist Robert A. Millikan lectured on 
"The Release and Utilization of Atomic 
Energy." Because of the scarcity of fission-
able material, he said, he does not believe 
that atomic power will become a major fac-
tor in world economy. "The greatest service 
of the atom bomb has been to make as clear 
as crystal the necessity for finding a substi-
tute for war in international relations." 
Benjamin E. Shackelford, former Presi-

dent of the IRE, attracted much public at-
tention at a press conference, when he de-
clared that the fear of Russian scientists to 
make mistakes would bring victory to the 
United States in the event of war. George W. 
Bailey, Executive Secretary of the Institute, 
also attended the Convention, as did Clin-
ton B. DeSoto, Technical Editor of the 
PROCEEDINGS, and a host of other IRE nota-
bles. 
Many papers on new developments in 

the radio, television, and electronic fields 
were read. One which caught a good deal of 

r 

public interest was C. E. Nobles' speech on 
"stratovision." Westinghouse engineer No-
bles told delegates that a co;e4t-to-coast tele-
vision network using airplanes to relay pro-
grams is now a technical reality. 

Calendar of 

COMING EVENTS 

AIEE-IRE-NBS Symposium on High-
Frequency Measurements, Wash-
ington, D. C., Jan. 10-12. 

American Ph  al Snot  \ 14 I t 

N e W  NiOr k ('it  , Jan. 27 2'). 19 19 

1949 IRE National Convention, New 
York City, March 7-10. 

RMA—IRE Spring Meeting, Phila-
delphia, Pa., Apr., 25-27. 

E HOLDS ROCHESTER 
FALL  EETI NG 

Attendance totals exceeded 900 at the 
highly successful twentieth Fall Meeting of 
The Institute of Radio Engineers and the 
Radio Manufacturers Association, which 
was held on November 8, 9, and 10, 1948, in 
Rochester, N. V. Six technical sessions were 
presented, under the leadership of Benjamin 
E. Shackelford, 1948 President of the IRE; 
Stuart L. Bailey, 1949 President; David B. 
Smith and Dorman D. Israel, Institute 
Fellows; Oliver L. Angevine, Senior Mem-
ber; and Kenneth J. Gardner, Chairman of 
the Rochester Section. E. Finley Carter 
presided over one of the general sessions, 
addressed by Kenneth \V. Jarvis. Kith are 
IRE Fellows. Arthur L. Schoen headed the 
photographic session. 
The climax of the numerous social event s 

was the Fall Meeting Dinner, at which B. 
DeForest Bayly acted as toastmaster, in-
troducing 101.1 President Max F. Balcolm, 
who made the principal banquet address, 
and Dr. Shackelford and S. L. Bailey. 
who also spoke. Virgil M. Graham pre-
sented the annual 101A-IRE award to 
Dorman D. Israel, executive vice-president 
of the Emerson Radio and Phonograph 
Corporation, for his services in receiver 
standardization. 

\It  Glaham has announced that the 
next enineet Ittg Fall Meeting, in 1949, will 

1111 .1d it S\ ra,ipse, N. Y. 

TH EE SEA Ito\  \I EFT IN ()LEAN 

Ai a joilil dinner meeting of the Buffalo, 
Emporintn„tnd Rochester Sections held in 
31, ii  \ .  on October 14, 1948. Stuart I.. 
Kt  es len t Elect of the IRE, spoke on 
"Fne Meeting Considerations in the Loca-
tion of Broadcast Transmitters," Mr. Bailey 
was introduced It‘ I..  C. F. I burlv, chief 
engineer of the R NIA . Virgil M. Graham, 
Fellow of the Institute, was also present. 
The meeting was :t result of the joint efforts 
of the three sections, directed by their 
chairmen: J. F. Myers, Buffalo; E. F. Kahl, 
Emporium; and K. J. Gardner, Rochester. 

1949 NATIONAL CONVENTION NEWS 

"Radio-Electronics—Servant of  Man-
kind" will be the theme of the 1949 IRE 
Convention, because so much of modern life 
and living is based upon electronics that the 
radio art can be said to underlie present-day 
civilization. The manufacturers' displays at 
Grand Central Palace will be grouped under 
the theme of "Spotlighting the New," and it 
is expected that many outstanding develop-
ments and products of postwar research in 
electronics will be on display for the first 
time to provide an exhibit of unusual inter-
est to layman and engineer alike. 
The technical program too will be of 

major significance. Among the numerous 
special features contemplated are symposia 
on nuclear science, navigation aids, and 
marketing. Efforts are being made to touch 
on every important aspect of the radio art. 
Plans for the social events are proceeding 

apace. B. E. Shackelford will act as toast-
master at the President's Luncheon, and 
Delos W. Ken tzel, Civil Aeronautics Ad-
ministrator has been asked to speak at that 
event. Toastmaster at the Banquet will be 
Raymond Guy, and Karl Spangenberg will 
deliver the acceptance on behalf of the 
newly elected Fellows. B. E. Shackelford has 
been asked to take charge of ‘'omen's Ac-
tivities, and Ivan S. Coggeshall will speak 
at the Annual Meeting of the Institute. 
Stanton Vanderbilt will head the Hotel 
Arrangements Commit tee. 

TECHNICAL CONIMITTEE NOTES 

"l 'he Standards Committee approved and 
published the following standards during 
1948: 
Standards on Antennas: Methods of Testing, 1948 
Standards on Antennas, Modulation Systems, and 
Transmitters: Definitions of Terms. 1948 

Standards on Abbreviations. Graphical Symbols. 
Letter Sy bols, and Mathematical Signs. 194MS m 
tandards on Television: Definitions of Terms. 1948 
Standards on Television: Methods of Testing Tele-
vision Receivers. 1948 

Material submitted to the Annual Review 
Committee from all other technical com-
mittees concerning the developments in the 
field of radio engineering will be reviewed 
by this Committee and published in a forth-
coming issue of the PROCEEDINGS. . . . The 
Antennas Committee is now preparing 
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definitions of waveguide and transmission 
line terms for standardization. The Com-
mittee has initiated a petition for the forma-
tion of a Professional Group on Antennas 
'and Wave Propagation.. . . The Audio and 
Video Techniques Committee at its Decem-
ber 8 meeting reviewed standard proposals 
prepared by subcommittees on definitions 
and methods of measurement and test. . . . 
Subcommittees in the New York, Philadel-
phia, Washington, D. C., and Boston areas 
are preparing definitions for terms relative 
to pulse-code modulation and modulation 
theory for the Circuits Committee. . . . The 
"Glossary of Acoustical Terms," which has 
been prepared by the American Standards 
Association in co-operation with the Electro-
acoustics Committee, is now being printed 
as an ASA Standard Proposal. Within the 
year a final revised and approved glossary 
will be available to IRE members... . The 
Electron Tubes Committee held a highly 
successful conference at Cornell University 
during June. It is planned to hold the 1949 
conference at Princeton University and the • 
1950 conference at the University of Michi-
gan. Proposed standards on testing gas tubes 
have been forwarded to the Standards Com-
mittee for approval. New subcommittees 
have been formed on semiconductor devices 
and solid-state devices... . The Electronic 
Computers Committee has prepared a com-
puter bibliography which will be set up on 
punched cards at the Watson Laboratories. 
A file will also be kept at Headquarters. 
Work on proposed computer definitions has 
been started. . . . Among many other activ-
ities the Industrial Electronics Committee is 
preparing definitions for standardization in 
close co-operation with AIEE and NENIA. 
... The Modulation Systems Committee is 
preparing definitions in the fields of pulse 
code modulation. .. . Henri Busignies of 
FTL has recently taken over the chair-
manship of the Navigation Aids Committee, 
which has planned an ambitious program. 
Standard material containing definitions is 
currently being considered by the Standards 
Committee. A symposium on Radio Aids to 
Navigation is planned for the 1949 IRE 
Convention.... The  National  Research 
Council is organizing a joint group to super-
vise a general glossary of nuclear terms. The 
IRE Nuclear Studies Committee is contrib-
uting to that work, principally in connection 
with electronics. The Committee in conjunc-
tion with the AIEE sponsored a Conference 
on Electronic Instrumentation in Nucleon-
ics and Medicine in New York City on 
November 29 and 30 and December 1, 1948. 
It plans to hold a symposium on Nuclear 
Science during the March Convention. 
Papers solicited by this Committee are cur-
rently appearing in the PROCEEDINGS, in a 
series which will run through 1949. Other 
nuclear papers are being solicited for pos-
sible publication in monograph form. . . . 
The Radio Receivers Committee has revised 
the 1938 standards on methods of testing 
AM broadcast receivers and will publish 
the new standard at an early date. . . . Al-
though several subcommittees have been 
doing active work, the Radio Transmitters 
Committee has not yet been called tifyin to 
review any material. . . . The Railroad and 
Vehicular Communications Committee is 
preparing work on definitions and methods 
of testing for standardization. Part of this 

work has been submitted to the Standards 
Committee  for  approval. . . . The new 
Chairman of the Symbols Committee, A. F. 
Pomeroy, reports that at the last meeting, 
on November 19, 1948, four task groups 
were authorized, (1) Editing Proposal for 
Reference Designations, (2) Graphical Sym-
bols for Semiconductors, (3) Graphical Sym-
bols for Single-Line Diagrams, (4) Changes 
and Additions to Standard Number 10 on 
Symbols (excluding graphical symbols for 
semiconductors and for single-line dia-
grams). Reference designations are combina-
tions of letters and numbers used to identify 
objects, or circuits or portions thereof, or 
schematics and parts lists. Semiconductors re-
fer to crystal detectors, metallic rectifiers, 
and transistors. Graphical symbols for 
single-line diagrams are already standard-
ized for coaxial and waveguide circuits. The 
proposal of the new task group is to work 
with a group from RMA to cover applica-
tions to all types of circuits.. . . The scope 
of the Television Systems Committee has 
been altered to encompass matters of a sys-
tems nature. Work will continue on defini-
tions, but the work of methods of testing 
components will be turned over to appropri-
ate committees in line with the revised 
scope. The Committee has actively assisted 
JTAC in gathe -ing information for its re-
ports to the FCC. . .. The Wave Propaga-
tion Committee has formed subcommittees 
on Standards and Practices, Theory and 
Application of Tropospheric Propagation, 
Theory and •Application of Ionospheric 
Propagation, and on Publication. The sub-
committee on Publication will have proposed 
definitions completed this year. The Com-
mittee is assisting JTAC and the Television 
Systems Committee in gathering informa-
tion for its second report to the FCC. 

Industrial Engineering 
Notes' 

BRITISH TELEVISION IN DENMARK 
The British Radio Industry Council, 

which met at Copenhagen, Denmark, from 
September 16 to 21, 1948, has furnished the 
following technical description of its tele-
vision equipment there: 

Camera 

This is a new turret camera carrying four 
lenses. These lenses can be fitted in any 
order and can have local lengths of 1i to 
20 inches. 
Since the focus control operates over the 

same arc for all lenses, the focus range over 
which the image tube moves is adjusted 
automatically. The turret is rotated from the 
rear and the lens aperture is adjusted from 
the same position. Both the aperture and the 
lens in use are registered through for the 
operator's information. 
The viewfinder is electronic and uses a 

special crt. The picture pick-up tube is of 
the supericonoscope type recently perfected 
to operate over large variations in light in-
tensity. 
The camera also has a self-contained 

time base giving accurate geometric cutouts. 

The data on which these NOTES are based was 
selected, by permission. from "Industry Reports." is-
sues of October 22 and 29 and November 5 and 12, 
from the Canadian RMA "News" of October 2O. 
and from a British Radio Industry report. We hereby 
gladly acknowledge all of these organizations' helpful 
attitude in this matter. 

A talk-back system is incorporated to 
assist instruction between operator and the 
control van. 

The Camera Control Unit 

This unit supplies the camera with sweep 
wave forms, suppression pulses, etc., de-
veloped by special circuits from the master 
control pulses received from the wave-form 
generator. The pulses are selected and 
shaped so that the variation in delay time 
caused by using camera cables of up to 1,000 
feet in length, are automatically compen-
sated for. 
The camera control unit also supplies all 

voltages for the camera image tube, the 
high voltages being derived from pulse-
operated circuits. The various other circuits 
are supplied by either current or voltage-
stabilized power from the camera control 
unit. 
The camera video output voltages are 

fed to the camera control unit via the 
camera cable over a balanced and screened 
pair of wires to minimize extraneous cross 
talk and interference to the low voltages 
involved. In the control unit, the video 
voltages are amplified and frequency cor-
rected and then,-after shading injection, are 
further amplified by the main video amplifier 
chain with a frequency response flat to 5 Mc 
and fed into the mixing channel where dc 
restoration and blanking insertion are 
carried out. The video wave forms are then 
split to feed the various outputs, such as 
video, without synchronizing pulses—video 
with sync pulses—and balanced to feed via 
the camera cable and the camera electronic 
viewfinder. Provision is made so that an 
artificial test signal supplied by the wave-
form generator can be mixed with the sync 
and suppression pulses and fed out to the 
transmitter while a camera picture is set 
up on the camera control unit monitor tube. 
The front panel controls are reduced to the 
minimum to allow ease of adjustment and 
efficiency. The spacing and layout making 
for the most comfortable operation, the 
shading wave forms are under immediate 
control although the operation is simplified 
by the use of the new camera tube. 
The unit also houses an electronic peak 

voltmeter to enable the operator to monitor 
and control the voltage fed to the trans-
mitter. 
A microphone is fitted as an integral 

part of the control unit and this is con-
nected into the talk-back and monitoring 
circuits. Headphones are plugged into a 
socket on the front panel. 
Associated with the camera control unit 

is the control unit power pack, a unit which 
supplies all the low voltages for the control 
unit and camera and a monitor unit. This 
monitor houses a 9-inch crt on which the 
operator sees the output from his camera 
control unit as a complete television picture, 
while a smaller crt continuously monitors 
the output voltage wave form. The two 
tubes in conjunction allow the operator to 
set the appropriate controls to keep the out-
going television picture at the peak of clarity 
at all times. 

Camera Mixer Unit 

The camera mixer unit provides for 3 
main requirements: 
(a) For the mixing of pictures supplied 

from three cameras, which are known as the 
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sync group. This may be done in two ways as 
follows: 
(I) The camera pictures may be "faded 

up" separately or at the same time. The 
fading action is used where an instantaneous 
change from one camera to another is not 
desirable. Outside broadcasts from theaters 
make much use of this requirement. Ghost 
effects can be readily made by superimpos-
ing 1 camera picture on another. 
(2) The camera pictures may be "cut 

up." This means an instantaneous change 
from 1 camera to another may be made. This 
action is used with good effect in outside 
broadcasts of sporting events where speed of 
change of camera is an outstanding require-
ment. 
(b) For the acceptance and re-transmis-

sion of a television signal from a remote 
source which is not in synchronism with 
requirement (a); i.e., another outside broad-
cast or film-scanner equipment, etc. This is 
known as the nonsync group. 
(c) For the switching in and transmis-

sion of a test signal provided by the wave-
form generator for testing purposes or in the 
event of a breakdown of certain parts of the 
equipment. 
The test signals which are used are de-

scribed under the wave-form generator. 

Picture and Wave-Form Monitor 

Two types of monitor are available, one 
for use in conjunction with a camera mixer 
unit and the one for operation with a camera 
control Init. 
They provide the operator of the re-

spective camera unit with a picture of the 
outgoing signal on a 7X6-inch screen, 
while simultaneous operation of a 3-inch 
crt facilitates the monitoring of either the 
line or frame component of the wave form. 
These monitors have been designed to 

ensure that high-quality pictures are ob-
tained, thus providing a constant check on 
the fidelity of the outgoing signal and 
enabling the operator to make the necessary 
adjustments to the camera unit under his 
control. 
Controls are provided on the front panels 

for the independent adjustment of bril-
liancy, focus, and video input to both tubes, 
while a key switch enables the selection of 
either line- or frame-component analysis on 
the 3-inch tube. 
These units are entirely self-contained, 

a stabilized power pack, and extra-high-
voltage generator being incorporated in the 
monitor. 

Television IVave- Form Generator 

The unit provides accurate and precise 
wave forms, completely automatically, in-
dependent of all conditions of operation. It 
provides the following signals for the camera 
chain system: 
(1) Complete frame- and line-synchron-

izing pulses to produce the standard wave 
form transmitted by the British Broadcast-
ing Corp. 
(2) A black cross on a white background, 

for use as test signal, or as an interval signal. 
(3) A sawtooth wave form for testing 

the complete transmitting chain. 
(4) Provisions for a monoscope picture, 

as a test signal or for use during intervals. 
(5) Frame- and line-synchronizing sig-

nals for driving the camera chains. 

The unit incorporates the latest circuit 
improvements, designed to provide the most 
accurate wave form. Each line pulse width 
is determined by a passive circuit, and each 
frame pulse width is held accurately by a 
new type of counter circuit. The main 
divider, for reducing the line frequency to 
frame, consists of a binary counter embody-
ing many new features. The frame frequency 
is held to the frequency of the main power 
supply by a correction motor driving the 
master oscillator capacitor. 
The unit has a built-in oscilloscope for 

monitoring outgoing wave forms, which 
may also be used for testing purposes. It 
does not require an operator, as all the pulse 
widths and wave-form arrangements are 
fixed. 

Commentator's Monitor 

The timebase circuits on the monitors 
give good geometrical linearity with an rf 
unit of wide bandwidth. For improved pic-
ture quality, the video bandwidth is flat to 
4 Mc. Sound response is flat from 25 cps to 
10 kc. 
The unit receives picture signals from 

the camera via cable from 0.5 to 1.5 volts 
peak-to-peak, or rf signals from the trans-
mitter. The output from the video and rf 
channels can be changed by a 3-position 
switch on the back of the rf chassis to give 
rf, video, and video terminated with 75 ohms. 
The sound to this unit is fed via a bal-

anced cable through a transformer to the 
gain control which operates on the grid of 
the output tube. 

Vision Transmitter 

The vision transmitter is designed to 
transmit television signals at a maximum 
power of 25 watts at peak white level. It is fed 
with the video-frequency wave form from 
the camera mixer unit containing both pic-
ture information and synchronizing pulses. 
This unit separates the synchronizing 

pulses from the complete wave form and 
converts them into clamp pulses for clamp-
ing the "black level" in the rf output tube to 
a reference potential; this prevents any 
crushing of the transmitted sync pulses or 
picture information. The separated sync 
pulses are also used to switch off the rf 
driving tube during the sync period to en-
sure that there is no transmission during 
that period. 
This unit includes a built-in oscilloscope 

in order that the operator may see the 
transmitted rf envelope while transmission 
is taking place, and also for use when testing 
is being carried out. 
There is a meter which, by turning. a 

switch, shows the amount of cathode cur-
rent which is being taken by certain tubes. 
Another position of the switch makes the 
meter into a triple-range voltmeter for test-
ing purposes. 

Sound Transmitter 
The sound transmitter is designed to 

transmit audio signals at a maximum peak 
power of 20 watts. It has wide af bandwidth 
with a flat response from 30 cps to 15 kc. 
It contains an oscilloscope for setting up 

modulation depth, etc. and for the operator 
to watch during transmission, and for test 
purposes. 
There is a meter which is used for check-

ing cathode current as in the vision trans-

mitter, which can be used in the same way 
as a voltmeter. 

Sound System 

This system consists of 2 main parts: 
(a) The program section. 
(b) The talk-back or intercommunica-

tion section. 
The program section is that part of the 

apparatus which from low-level inputs sup-
plies an output of required program content 
suitable for transmitter modulation. 
The talk-back section provides general 

instructions from the producer to the opera-
tors of both sound and vision equipment 
and also to artists in a stage rehearsal. Tele-
phone conversation can also be obtained be-
tween camera control unit and camera by 
isolating this part of the circuit from the 
producer's line. 

(a) Program Section 

Provision is made for eight sound chan-
nels by the use of two mixer units (MX/18). 
Six of these channels are available for micro-
phones for general program requirements 
while one microphone is for the use of the 
commentator. The final channel is fed by a 
pickup, the output of which is attenuated 
to a suitable level before being fed to the 
mixer. 
In each mixer, the various channel sig-

nals are suitably faded and mixed together 
according to program requirements and the 
outputs are fed to a high-quality amplifier 
(OBA/8). The amplified signal is then sup-
plied for modulating the transmitter. 
A loudspeaker unit in the van is used for 

monitoring the sound and is fed also from 
the output of the amplifier. A peak program 
meter is incorporated in the amplifier and 
this gives an indication of the approximate 
power sent to the transmitter. 

(b) Talk-back section 

A high-quality microphone is installed 
on the producer's desk, and this feeds into 
an amplifier OBA/8. The output is con-
nected to all points that require instruction 
from the producer during both setting up and 
operating, and also to a switched external 
loudspeaker unit which is used for instruc-
tion to artists during rehearsals. 
When the external loudspeaker unit is 

switched into the circuit, the loudspeaker 
unit in the van is disconnected.by the same 
key to avoid acoustical oscillation in the 
system as the latter unit is in close proximity 
with the producer's microphone. 
For local instruction between camera 

control unit and camera, a key on the 
camera control unit is operated and this dis-
connects these units from the talk-back 
circuit as a whole and allows two-way con-
versation. 
An auxiliary system of standard field 

telephones allows conversation between the 
producer and commentator, van transmitter. 
operators, and set operators. 

Film Scanner 

The film scanner enables any normal 35 
mm cinematograph film to be transmitted 
by television and received in the home as 
part of a television service. Special prints 
of the film are not necessary. 
The equipment in use at Copenhagen 

is provided by EMI. The type of film trans-
mission used is new. It gives far better re-



! . suits than the older method, is simpler to 
operate and the BBC is, at present, nego-
t tiating for the supply of film transmitters 
working on new principle. 
The equipment comprises a wave form 

i generator and a film channel, which are two 
' of the units from which EMI television 
transmitting stations can be built. up The 
units are built for permanent installation at 
a fixed station and compactness has been 
sacrificed to ensure robustness and ease of 
maintenance. 
The film scanner works on the "flying-

spot" principle. An intense but finely 
focussed spot of light is moved or "scanned" 
in a regular pattern o( line over the face of a 
special crt. An image of the light spot is 
focussed by a lens on to the film, which is 
moved continuously, and not, as in an 
ordinary projector, intermittently. The 
light passing through the film depends upon 
the density of the film at the place where the 
light is focussed. This transmitted light is 
collected by an electron multiplier photo 
cell of very high sensitivity. The output of 
the photo cell is thus caused to vary with the 
light and shade in.,the picture on the film. 
The photo-cell output is amplified and syn-
chronizing signals are added to form the 
. complete television signal, ready to feed the 
transmitter. 
The equipment is in the charge of a 

single operator, who sits at a desk which 
carries all the necessary controls, including a 
"picture monitor." 
The equipment can be adjusted to op-

erate at any of the standards adopted in 
Europe or the United States, up to 605 lines. 
It is, at present, working on the British 
standard of 405 lines, 50 frames interlaced. 

1 

SYNTHETIC QUARTZ 
PRODUCTION Now FEASIBLE 
In September, 1949, the largest known 

sin' ;le crystal of synthetic quartz essentially 
free from defect i was delivered to the U. S. 
Signal Corps' Engineering Laboratories. 
This crystal, one of the synthetic quartz 
crystals of high-grade quality which several 
commercial firms and colleges have been 
producing under research contracts with the 
Army, is about the diameter of a silver 
dollar. 
Although the mass production of syn-

thetic quartz crystals may now be feasible, 
they cannot yet be manufactured on an 
economical basis. Once optimum manufac-
• tyring procedures have been established, it 
is possible that synthetic quartz can com-
pete with the natural product. 

MICROWAVE MEASUREMENT 
STANDARDS DEVELOPED 
As part of a broad program for the estab-

lishment of national standards and calibra-
-tion services for all electrical quantities at 
radio frequencies, the U. S. Bureau of 
Standards is developing microwave. meas-
urement standards in the range from 300 to 
100,000 Mc and above. This work has re-
suited not only in extremely precise and 'ac-
curate standards of frequency, power, at-
tenuation, and other quantities, but has 
also made possible precision measurements 
in a whole new field of microwave spectros-
copy formerly inaccessible to investigation 
because of the limitations of infrared and 
optical equipment. 
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Of basic importance in the microwave 
program has been the development and con-
tinued improvement of a primary standard 
of frequency accurate to one part in a 
hundred million. Further problems involved 
in the development of microwave standards 
of power, attenuation, impedance, field in-
tensity, and noise, and of dielectric and 
magnetic measurement, are also being at-
tacked. A detailed description of the Bu-. 
reau's research in microwave measurements 
has been published in the December issue of 
"The Technical News Bulletin," which may 
be obtained from the Superintendent of 
Documents, Washington 25, D. C., for 10 
cents. 

SIGNAL CORPS PRESENTS 
EXHIBIT TO SMITHSONIAN 
Major General Spencer B. Akin, Chief 

Signal Officer of the U. S. Army, presented a 
Signal Corps exhibit to Dr. Alexander Wet-
more, Secretary of the Smithsonian In-
stitution, last fall. How' radar reached the 
moon is one of the displays, as well as the 
use of microwave radio relay communica-
tion, as ihown in a miniature battle scene 
from World War II. 

TELEMETERING SYSTEMS REPORT 
The basic problems of designing tele-

metering systems are discussed in a report 
released by the Office of Technical Services, 
U. S. Department of Commerce. Prepared 
by the Signal Corps Engineering Labora-
tories, the report (PB93938) is available in 
photostat form for $10, or in microfilm for 
$3.50, from the Library of Congress, Photo-
duplication  Service,  Publication  Board 
Project, Washington 25, D. C. 

TIN ALLOCATIONS 
FROZEN 
Although the rising production of tele-

vision receivers by radio manufacturers has 
increased the industry's demand for tin al-
locations, these allocations are still covered 
by a materials order which has been in effect 
since 1942 and which will continue until 
June 30, 1949. Despite the increase in the 
over-all supply of tin, industrial users are 
being allocated no more than they were dur-
ing 1947, according to officials of the De-
partment of Commerce. Any surplus is being 
held for strategic stockpiling. Exceptions, 
when allowed, are made on an individual 
basis following a presentation of complete in-
formation showing a need for increased al-
lotments. 

GOVERNMENT STUDIES 
REDUCED DISTRIBUTION COSTS 

"How  Manufacebrers Reduce Their 
Distribution Costs," a 150-page study of the 
sales practices of a representative group of 45 
different producers who have effectively re-
duced their marketing expenses and at this 
time substantially increased their over-all 
profits, has been published by the Depart-
ment of Commerce, and may be obtained 
from the Superintendent of Documents, 
Government Printing Office, Washington 25, 
D. C., for 35 cents each copy. Case histories 
summarized in the booklet show that "selec-
tive distribution," rather than attempts to 
achieve "100 per cent coverage" is the key 
not only to reduced distribution costs but 
also to increased sales. 

FCC ACTIVITIES 

A change in FCC administrative pro-
cedure to expedite the handling of requests 
from FM broadcast stations to transmit 
multiplex facsimile has been made. The 
Commission delegated authority to act on 
this type of application to its secretary.... 
The FCC has published its objection to 
Mexico's proposed use of the 540-kc fre-
quency for a standard broadcast station. Al-
though the 540-kc frequency is not presently 
a part of the standard broadcast band, under 
agreements reached at the International 
Radio Conference in Atlantic City in 1947 it 
was made available for such use, subject to 
agreement among the interested countries. 
Mexico has agreed to defer its plans for use 
of the controversial frequency, and the sub-
ject is expected to be one of the major items 
under consideration at the next North Amer-
ican Regional Broadcasting Conference, to 
be held in Canada in September, 1949. . . . 
The Commission has announced a post-
ponement of the effective date of two of its 
rulings. The regulations governing welding 
devices using radio-frequency energy have 
been deferred until April 30, 1939, following 
petitions filed by users of this type of equip-
ment asking for additional time to solve 
engineering problems involved in bringing 
the devices in conformity with FCC rules. 
. . . The Commission has also extended its 
waiver of the provision requiring a person to 
hold a radio operator license in order tc 
operate radar stations aboard ships untii 
April 15, 194g. This relaxation of FCC rules 
does not permit unlicenqed Personnel to 
make adjustments or do any servicing or 
maintenance to ship radar stations. . 
Complete tabulations showing standard 
broadcast employment and compensation 
for seven networks and 1,260 stations, for a 
sample week in October, 1947, have been 
released. 

EXPORT FORMS 
REVISED 

A revision of the Shipper's Export 
Declaration Form "in the interest of more 
effective export control" was announced by 
the Office of International Trade, U. S. De-
pattment of Commerce. In the revised form, 
the exporter is defined as the actual seller of 
the materials being shipped and as the per-
son who holds an OIT export license, where 
it is required, to replace the looser usage in 
the old form, in which the word "exporter" 
was often interpreted to mean the forward-
ing agent. Supplies of the new form may be 
obtained at 50 cents per pad of 100 sheets 
from the Superintendent of Documents, 
Washington 25, D. C., as well as from 
Customs Offices and from field offices of the 
Department of Commerce. 

FM NEWS 

Under its newly adopted rules providing 
for low-power FM educational outlets, the 
FCC has granted its first noncommercial 
educational FM station construction permit 
to Syracuse University, which was au-
thorized to construct an FM station with a 
power output of 2.5 watts. Estimated cost of 
equipment is $2,088, exclusive of studios and 
equipment already installed for radio train-
ing. 
FM stations now in operation number 
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689, including 25 noncommercial educational 
outlets. New FM stations began operations 
in the following states: 
Cal., Alameda (KONG) and Modesto 

(KTRB-FM); Conn., Greenwich (WGCH-
FM); Fla., Jacksonville (WJAX-FM) and 
Miami  Beach  (WLRD);  Ga.,  Macon 
(WNEX-FM); Ill., Centralia (WCNT-FM) 
and  Chicago  (WCFL); Iowa,  Clinton 
(KROS-FM); Ind., Terre Haute (WTHI-
FM); Ky., Owensboro (WOMI-FM); Mass., 
Boston (WCOP-FM) and North Adams 
(WMFM); Md., Cumberland (WCUM-
FM); N. J., Newark (WNJR-FM); N. Y., 
Lockport (WUSJ); and Ohio, Cleveland 
(WERE-FM). 

TELEVISION DEVELOPMENTS 
HERE AND ABROAD 

Although Chairman Wayne Coy of the 
FCC told the Radio Executives Club of 
New York that "a thousand television sta-
tions within the next seven or eight years is 
altogether reasonable," nevertheless the 
FCC "freeze order" continues in force and 
no more applications for television stations 
are being approved, although applicants 
with construction permits are authorized to 
proceed with the construction and opening 
of their stations. At present there are 45 
commercial television stations on the air and 
77 construction permits outstanding. Five 
new stations have begun operations recently: 
WAVE at Louisville, Ky.; WAAM at 
Baltimore, Md.; WJBK-TV and WXYX, at 
DetrJit, Mich.; and WNBK at Cleveland, 
Ohio. 
The FCC has published a television 

channel study showing the effects of ground 
wave and tropospheric interference on 
representative service areas of the television 
stations allocated under the FCC allocation 
plan. 
Britain and Argentina are both develop-

ing their television industries rapidly. Two 
British radio manufacturers have publicly 
announced their intention of producing tele-
vision receivers in Canada. Cosser of 
Canada Ltd., is making arrangements for a 
plant at Halifax, and Pye Radio plans to 
manufacture television sets at Ajax, Ont. 
A national television industry to be run 

by Argentine specialists is the goal of the 
Argentine government. At the start, how-
ever, French engineers, under the leadership 
of Rene Barthelemy, will direct the labora-
tories and train their personnel. 

TELEVISION AND RADIO 
SET PRODUCTION RISE 

Television receiver production soared to 
a new monthly peak in September, as RMA 
member-companies reported manufacturing 
88,195 television sets, thus bringing their 
output for the first three-quarters of 1948 to 
488,133. The average weekly output during 
the third quarter of 1948 was 50 per cent 
greater than it was during the first half of 
the year, while the September weekly aver-
age was 64 per cent greater than the weekly 
average for the same six-month period. 
FM-AM  radio set production also 

reached a new high of 171,573 in September, 
and brought the year's record to more than a 
million and close to the total output of this 
type of receiver in 1947. General radio re-
ceiver production recovered from a seasonal 

summer decline to reach 1,192,251 in Sep-
tember and bring the first three-quarters of 
1948's total output by RMA set manufac-
turers to more than 10,000,000. 
In Canada, also, radio production rose in 

September. A total of 76,623 units with a 
list price value of $5,983,635 made this the 
highest September on record for the 
Canadian radio industry, and the fourth 
highest for any month on record in dollars 
(only the last three months in 1947 exceeded 
these figures) and the fifth in units (ex-
ceeded by the three months mentioned, plus 
December 1946). 

RADIO INDUSTRY MOBILIZES 

Present plans of the Office of Civil De-
fense Planning, National Military Estab-
lishment, call for the utilization of existing 
communications and radio equipment as 
far as possible in the event of an emergency, 
according to a report submitted by the 
agency to Defense Secretary Forrestal. 
Under the plan, local radio and communica-
tions agencies will procure, with the aid of 
the military, any needed radio equipments. 
Meanwhile, the radio industry itself is 

getting ready, so that, if war should come, 
the industry will not be unprepared. The 
following 27 radio industry representatives 
were selected by officials of the Munitions 
Board and the NSRB without any recom-
mendations from the RMA, in accordance 
with government policy not to consult trade 
associations on such appointments: 
W. R. G. Baker, General Electric; Max 

F. Balcolm, Sylvania Electric Products; 
John Ballantine, Philco; F. D. Bliley, Bliley 
Electric Co.; Monte Cohen, F. W. Sickles 
Co.; R. 0. Driver, Wilbur H. Driver Co.; H. 
A. Ehle, International Resistance Co.; Ray 
C. Ellis, Raytheon; Walter Evans, Westing-
house; Frank M. Folsom, RCA Victor; Paul 
V. Galvin, Motorola; G. M. Gardner, Wells-
Gardner Co.; S. A. Gilfillan, Gilfillan Bros.; 
W. J. Halligan, Hallicrafters; W. P. Hilliard, ' 
Bendix; H. L. Hoffman, Hoffman Radio 
Corp.; Paul J. Kruesi, American Lava; F. 
R. Lack, Western Electric; E. H. Locke, 
General Radio; W. A. MacDonald, Hazel-
tine Electronics; J. H. Miller, Weston Elec-
trical Instruments; D. R. G. Palmer, Gen-
eral Cable; A. D. Plamondon, Jr., Indiana 
Steel Products; R. C. Sprague, Sprague Elec-
tric; and C. A. Warde, Jr., Superior Tube. 
Leighton H. Peebles, who served during 

part of 1948 as communications consultant 
to the NSRB, was elevated to the post of 
Assistant Director of Manufacturing, U. S. 
Office of Production. There he will direct 
eight NSRB divisions, representing eight 
fields of industrial production, which include 
radio and communications. 
An RMA task committee, headed by 

Ray C. Ellis, drew up a 16-page report which 
is now being used by Mr. Peebles as an ex-
ample for other industries to follow. Its 
recommendations are divided into four sec-
tions: The philosophy underlying the de-
velopment of an electronic division of a pro-
duction co-ordinating agency in the event of 
mobilization; a general limitation order for 
the electronics industry in the event of 
mobilization; the discussion of controlled 
materials plan and priorities regulations; and 
suggested government organizations. 

Books 
Radio Industry Red Book Replacement 
Parts Buyers Guide, edited by E. L. Jordan 

Published (1948) by Howard W. Sams and Co., 
Inc., Indianapolis 7. Ind., 446 pages. 81 X11. 

This is a single volume which lists the 
proper radio replacement parts used during 
the past ten years, for the convenience of 
the radio service technician. Besides con-
taining data on the replacement parts of 17 
manufacturers, it has material on 9 major 
replacements components. Tubes and dial 
lights; capacitors; transformers; controls; if 
coils; vibrators; speakers; batteries and 
phonograph chartridges; if peaks; and instal-
lation and servicing methods are all covered. 

Publication News 
The National Association of Corrosion 

Engineers, 905 Southern Standard Building, 
Houston 2, Tex., has recently put out two 
new volumes of interest to radio engineers: 
A Bibliographic Survey of Corrosion-1945, 
by R. D. Misch, J. T. Weber, and H. J. 
McDonald; and the Directory of the American 
Co-ordinating Committee on Corrosion. The 
129-page bibliography contains approxi- - 
mately 1100 references to published article, 
relating to corrosion, and 170 references to 
patents, all of which appeared from January, 
1945, to February, 1946, inclusive, in Chenzz-
cal Abstracts, Corrosion, Corrosion and Mate-
rial Protection, Engineering Index, In-
dustrial Arts Index, and Metals Review. The 
book is $4.00 to NACE members, $5.00 to 
others.... The directory, which is the 
fourth edition of a work actually published 
by the American Co-ordinating Committee 
on Corrosion but distributed by the NACE, - 
lists in its 62 pages the names, addresses, and 
fields of special endeavor of many of the 
principal corrosion workers in the United 
States and Canada. There is a cross-index 
system so arranged that the name and ad-
dress of a specialist in some particular phase 
of corrosion may readily be found.. .. The 
first volume of Advances in Electronics, 
edited by L. Marton of the National Bureau 
of Standards, has recently been published by 
the Academic Press, Inc., 125 E. 23 St., 
New York 10, N. Y. In view of the steadily in-
creasing number of publications in the broad 
field of electronics, this yearly publication, 
devoted to reviews of specific topics in 
physical and engineering electronics, has 
been planned for research workers who wish 
to keep abreast of developments in the 
various branches of the subject.. . . The 
British Institute of Electrical Engineers in 
London has announced that the subscrip-
tion rates for complete sets of their Proceed-
ings, Parts I, II, and III, will now be £3. 
13s. 6d., instead of £3. 3s., thus bringing the 
half-price cost to members of the Institute to 
Cl. 16s. 9d. The subscription rate for each 
of the separate parts will remain the same, 
only the subscription rate for the whole , 
having been altered. Changes in the Pro- t 
ceedings itself will include the omission from • 
Part I of any material meant especially for 
the use of members, this being scheduled to 
appear in a new monthly Journal for mem-
bers only. Part I will be issued in alternate 
months instead of monthly. 
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iections 

Chairman 

J. A. Edson  ATLANTA 
'teorgia School of Tech. January 21 
.tlanta, Ga. 

ohn Petkovsek 
015 Ave. E 
leaumont, Texas 

L . W. Hickman 
:suit Laboratory 
iarvard University 
:ambridge, Mass. 

;. E. Van Spankeren 
;an Martin 379 
3uenos Aires, Arg. 

BALTIMORE 

BeaustoNT -
PORT ARTHUR 

BOSTON 

BUENOS AIRES 

r. F. Myers BUFFALO-NIAGARA 
149 Linwood Ave.  January 19 
Buffalo 9, N. Y. 

3. P. Hixenbaugh 
Radio Station W MT 
Cedar Rapids, Iowa 

K. W. Jarvis 
5058 W. Fullerton Ave. 
Chicago 39, III. 

C. K. Gieringer 
3016 'Ascher Ave. 
Cincinnati, Ohio 

CEDAR RAPIDS 

CHICAGO 
January 21 

CINCINNATI 
January 18 

F. B. Schramm  CLEVELAND 
2403 Charming Way  January 27 
Cleveland 18, Ohio 

Warren Bauer 
376 Crestview Rd. 
Columbus 2, Ohio 

S. E. Warner 
Aircraft Electronics As-
soc. 

1031 New Britain Ave. 
Hartford 10, Conn. 

COLUMBUS 
February 11 

CONNECTICUT 
VALLEY 
January 20 

J. G. Rountree  DALLAS-FT. WORTH 
4333 South Western Blvd. 
Dallas 5. Texas 

George Rappaport 
132 East Court 
Harshman Homes 
Dayton 3, Ohio 

C. F. Quentin 
Radio Station KRNT 
Des Moines 4, Iowa 

A. Friedenthal 
5396 Oregon 
Detroit 4, Mich. 

E. F Kahl 
Sylvania Electric Prod-
ucts 

Emporium, Pa. 

V. H. Carter 
1309 Marshall Ave 
Houston 6, Texas 

R. E. McCormick 
;3466 Carrollton Ave. 
Indianapolis, Ind. 

Karl Troeglen 
KCMO Broadcasting Co. 
Commerce Bldg. 
Kansas City 6, Mo. 

R. W Wilton 
71 Carling St. 
London, Ont., Canada 

Walter Kenworth 
1427 Lafayette St. 
San Gabriel, Calif. 

DAYTON 
January 20 

DES MOINES-
AMES 

DETROIT 
January 21 

EMPORIUM 

HOUSTON 

INDIANAPOLIS 

KANSAS CITY 

Secretary 

M. S. Alexander 
2289 Memorial Dr., S.E. 
Atlanta, Ga. 

J. W. Hammond 
4 Alabama Ct. 
Baltimore 28, Md. 

C. E. Laughlin 
1292 Liberty 
Beaumont, Texas 

A. F. Coleman 
Mass. Inst. of Technology 
77 Massachusetts Ave. 
Cambridge, Mass. 

A. C. Cambre 
San Martin 379 
Buenos Aires, Arg. 

R. F. Blinzler 
558 Crescent Ave. 
Buffalo 14, N. Y. 

V. R. Hudek 
Collins Radio Co. 
Cedar Rapids, Iowa 

Kipling Adams 
General Radio Co. 
920 S. Michigan Ave. 
Chicago 5, Ill. 

F. W. King 
RR 9 Box 263 
College Hill 
Cincinnati 24, Ohio 

J. B. Epperson 
Box 228 
Berea, Ohio 

George Mueller 
Electrical Eng. Dept. 
Ohio State University 
Columbus, Ohio 

H. L. Krauss 
Dunham Laboratory 
Yale University 
New Haven, Conn. 

J. H. Homey 
Box 5238 
Dallas, Texas 

C. J. Marshall 
1 Twain Place 
Dayton 10, Ohio 

F. E. Bartlett 
Radio Station KSO 
Old Colony Bldg. 
Des Moines 9, Iowa 

N. C. Fisk 
3005 W Chicago Ave. 
Detroit 6, Mich. 

R. W Slinkman 
Sylvania Electric Prod-
ucts 

Emporium, Pa. 

J. C. Robinson 
1422 San Jacinto St. 
Houston 2. Texas 

Eugene Pulliam 
931 N. Parker Ave. 
Indianapolis, Ind. 

Mrs. G. L. Curtis 
6005 El Monte 
Mission, Kan. 

LONDON, ONTARIO G. H. Hadden 
35 Becher St. 
London, Ont., Canada 

R. A. Monfort 
L. A. Times 
202 W First St. 
Los Angeles 12, Calif. 

LOS ANGELES 
January 18 

Chairman 

0. W. Towner 
Radio Station W HAS 
Third & Liberty 
Louisville, Ky. 

F. J. Van Zeeland 
Milwaukee School of Eng. 
1020 N. Broadway 
Milwaukee, Wis. 

K. R. Patrick 
RCA Victor Div. 
1001 Lenoir St. 
Montreal, Canada 

L. A. Hopkins, Jr. 
1711 17th Loop 
Sandia Base Branch 
Albuquerque, N. M. 

J. W. McRae 
Bell Telephone Labs. 
Murray Hill, N. J. 

C. G. Brennecke 
Dept. of Electrical Eng. 
North Carolina State Col-
lege 

Raleigh, N. C. 

W. L Haney 
117 Bourque St. 
Hull, P. Q. 

A. N. Curtiss 
Radio Corp. of America 
Camden, N. J. 

LOUISVILLE 

MILWAUICEE 

Secretary 

D. C. Summerford 
Radio Station W KLO 
Henry Clay Hotel 
Louisville, Ky. 

H. F. Loeffler 
Wisconsin Telephone Co. 
722 N. Broadway 
Milwaukee 1, Wis. 

MONTREAL, QUEBEC S. F. Knights 
February 9  Canadian Marconi Co. 

P.O. Box 1690 
Montreal, P. Q., Canada 

NEW Mexico  T. S. Church 
637 La Vega Rd. 
Albuquerque, N. M. 

M. A. Schultz 
635 Cascade Rd. 
Forest Hills Borough 
Pittsburgh, Pa. 

0. A. Steele 
1506 S. W. Montgomery St. 
Portland 1, Ore. 

A. V. Bedford 
RCA Laboratories 
Princeton, N. J. 

K. J Gardner 
111 East Ave. 
Rochester 4, N. Y. 

E. S. Naschke 
1073-57 St. 
Sacramento 16, Calif. 

G. M. Cummings 
7200 Delta Ave. 
Richmond Height 17, Mo. 

C. L. Jeffers 
Radio Station WOAI 
1031 Navarro St. 
San Antonio, Texas 

C. N. Tirrell 
U. S. Navy Electronics 
Lab. 

San Diego 52, Calif. 

F. R. Brace 
955 Jones St. 
San Francisco 9, Calif. 

W. R. Hill 
University of Washington 
Seattle 5, Wash. 

F. M. Deerhake 
600 Oakwood St. 
Fayetteville, N. Y. 

A. R. Bitter 
4292 Monroe St. 
Toledo 6, Ohio 

NEW YORK  R. D. Chipp 
February 2  DuMont Telev. Lab. 

515 Madison Ave. 
New York, N. Y. 

NORTH CAROLINA- C. M. Smith 
VIRGINIA  Radio Station W M IT 

Winston-Salem, N. C. 

OTTAWA, ONTARIO G. A. Davis 
January 20  78 Holland Ave. 

Ottawa, Canada 

PHILADELPHIA  C. A. Gunther 
February 3  Radio Corp. of America 

Front & Cooper Ste. 
Camden, N. J. 

PITTSBURGH  E. W. Marlowe 
February 14  Union Switch & Sig. Co. 

Swissvale P.O. 
Pittsburgh 18, Pa. 

PORTLAND  F. E. Miller 
3122 S.E. 73 Ave. 
Portland 6, Ore. 

PRINCETON  L. J. Giacoletto 
9 Villa Pl. 
Eatontown, N. J. 

ROCHESTER  Gerrard Mountjoy 
January 20  Stromberg-Carlson Co. 

100 Carlton Rd. 
Rochester, N. Y. 

SACRAMENTO  W. F. Koch 
1340 33rd St. 
Sacramento 14, Calif. 

ST. LOUIS  C. E. Harrison 
818 S.  Kings  Highway 
Blvd. 

St. Louis 10, Mo. 

SAN ANTONIO  H. G. Campbell 
233 Lotus Ave. 
San Antonio 3, Texas 

SAN DIEGO  S. H. Sessions 
February 1  U. S. Navy Electronics 

Lab. 
San Diego 52, Calif. 

SAN  FRANCISCO R. A. Isberg 
Radio Station KRON 
901 Mission St. 
San Francisco 19, Calif. 

SEATTLE  W. R. Triplett 
February 10  3840-44 Ave. S. W. 

Seattle 6, Wash. 

SYRACUSE  S. E. Clements 
Dept. of Electrical Eng. 
Syracuse University 
Syracuse 10, N. Y. 

TOLEDO  J. K. Reins 
435 Kenilworth Ave. 
Toledo 10, Ohio 
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Sections 
Chairman 

C. J. Bridgland 
266 S. Kingsway 
Toronto, Ont., Canada 

D. A. Murray 
Fed. Comm. Comm. 
208 Uptown P.O. & Fed-
eral Cts. Bldg. 

Saint Paul, Minn. 

Chairman 
H. R. Hegbar 
2145 12th St. 
Cuyahoga Falls, Ohio 

J. C. Ferguson 
Farnsworth Television 
Radio Co. 

3700 E. Pontiac St. 
Fort Wayne, Ind. 

Secretary 
TORONTO, ONTARIO T. I. Millen 

263 Winona Drive 
Toronto 9, Ont., Canada 

TWIN CITIES 

AKRON 
(Cleveland Sub-

section) 

FORT WAYNE 
& (Chicago Subsec-

tion) 

E. Olson 
162 Haddon Ave., N 
Hamilton, Ont., Canada 

A. M. Glover 
RCA Victor Div. 
Lancaster, Pa. 

H. A. Wheeler 
Wheeler Laboratories 
259-09 Northern Blvd. 
Great Neck, L. I., N. Y 

HAMILTON 
(Toronto  Sub-

section) 

LANCASTER 
(Philadelphia 
Subsection) 

LONG ISLAND 
(New York 
Subsection) 

C. I. Rice 
Northwest Airlines, Inc. 
Holman Field 
Saint Paul I, Minn. 

Chairman 

G. P. Adair 
1833 "1).1" St. N. W. 
Washington, D. C. 

J. C. Starks 
Box 307 
Sunbury, Pa. 

SUBSECTIONS 
Secretary 
H. G. Shively 
736 Garfield St. 
Akron, Ohio 

S. J. Harris 
Farnsworth  Television 
and Radio Co. 

3702 E. Pontiac 
Fort Wayne I, Ind. 

E. Ruse 
195 Ferguson Ave., S. 
Hamilton, Ont., Canada 

C. E. Burnett 
RCA Victor Div. 
Lancaster, Pa. 

M. L,ebenbaum 
Airborne Inst. Lab. 
160 Old Country Rd. 
Box 111 
Mineola, L. I., N. Y. 

Chairman 
L. E. Hunt 
13.11 Telephone Labs. 
Deal, N. J. 

3. B. Minter 
Box 1 
Boonton, N. J. 

A. R. Kahn 
Electro-Voice, Inc. 
Buchanan, Mich. 

R. M. Wainwright 
Elec. Eng. Department 
University et Illinois 
Urbana, Illinois 

S. S. Stevens 
Trans Canada Airlines 
Box 2973 
Winnipeg, Manit., Can-
ada 

Secretary 
WASHINGTON  H. W. Wells 

Dept. of Terrestrial Mag-
netism 

Carnegie Inst. of Wash-
ington 

Washington, D. C. 
WILLIAMSPORT  R. G. Petts 

Sylvania Electric Prod-
ucts, Inc. 

1004 Cherry St. 
Montoureville, Pa. 

MoNmotrre 
(New York 
Subsection) 

NORTHERN N. J. 
(New York 
Subsection) 

Secretary 
G. E. Reynolds, Jr. 
Electronics Associates, 
Inc. 

Long Branch, N. J. 

A. W. Parkes, Jr. 
47 Cobb Rd. 
Mountain Lakes, N. J. 

SOUTH BEND  A. M. Wiggins 
(Chicago Subsection) Electro-Voice, Inc. 

January 20 Buchanan, Mich. 

URBANA 
(Chicago 
Subsection) 

WINNIPEG 
(Toronto Subsection) 

M. H. Crothers 
Elec. Eng. Department 
University of Illinois 
Urbana, Illinois 

S. G. L. Horner 
Hudson's Bay Co. 
Brandon Ave. 
Winnipeg, Manit., Can-
ada 

IRE People 
Harold A. Zahl (A'39-SN1'46), holder of 

the Legion of Merit for contributions made 
in the fields of radar and vacuum tubes, was 
appointed director of research of the Army 
Signal Corps Engineering laboratories at 
Fort Monmouth, N. J., one of the top-
flight civilian posts in the U. S. Army. 
Born in Chattsworth, Ill., on August 24, 

1904, Dr. Zahl attended primary and sec-
ondary schools in Porterville, Calif. He re-
ceived the B.A. degree in physics and mathe-
matics from North Central College in 1928, 
and the M.S. and Ph.D. degrees in physics 
and mathematics from the State University 
of Iowa in 1929 and 1931, respectively. 
In the latter year he accepted an ap-

pointment as physicist with the Signal Corps 
Laboratories at Fort Monmouth, N. J. 
There until 1942 he participated in many re-
search and development projects, including 
work on sound, infrared, vacuum tubes, and 
radar. He has been intimately connected 
with the army program on radar since its in-
ception, and was civilian engineer-in-charge 
of the first service tests on army radar. Dr. 
Zahl has been especially active in connection 
with the general Army program on vacuum 
tubes, being responsible for the development 
of a number of types used in U. S. Army 
equipment. 
In 1942 Dr. Zahl entered active military 

duty as a major, and was promoted to the 
rank of lieutenant colonel in 1945. As an 
Army officer he continued to serve with the 
Signal Corps Engineering Laboratories, di-
viding his time between technical and ad-

ministrative matters pertaining to the de-
velopment of electronic equipment and 
vacuum tubes for use by the Armed Forces. 
Upon separation from the Army in 1946, 

Dr. Zahl re-entered the Signal Corps En-
gineering laboratories as a civilian, and was 
shortly thereafter named chief of the en-
gineering staff. He acted as official Signal 
Corps observer at the atomic bomb test at 
Bakini during the summer of 1946. On his 
return from Bikini he was given the assign-
ment of building up a long-range postwar 
research program for the signal corps. In his 
new appointment Dr. Zahl will continue to 
emphasize research directed toward improv-
ing the defenses of this country. 
He is the author of many scientific articles 

dealing with various research investigations 
conducted in the field of physics, and is holder 
of a large number of patents pertaining to 
vacuum tubes, radar, and communications. 
He is a member of the American Physical 
Society, the New York Academy of Sciencs, 
Sigma Xi, and Gamma Alpha, and is on the 
board of directors of the Armed Forces Com-
munications Association. 

Newbern Smith (A'41-SM'46) has been 
advanced to the rank of Chief of the Central 
Radio Propagation Laboratory of the Na-
tional Bureau of Standards, following the 
retirement of J. Howard Dellinger (see July 
PROCEEDINGS, page 889). Dr. Smith's new 
post will call for him to plan and direct 
basic theoretical and experimental radio 

wave propagation research, head the opera-
tion of the world-wide network of radio 
propagation observatories, and direct de-
velopment of radio measurement standards 
at frequencies from 10 kc to 300,000 Mc. 
Born in Philadelphia, Pa., in 1909, Dr. 

Smith attended the University of Pennsyl-
vania in that city, receiving the bachelor's 
degree in electrical engineering, the master's 
degree, also in electrical engineering, in 1931, 
and the doctorate in physics in 1935. 
Awarded the Moore Fellowship in electrical 
engineering in 1930, the following year he 
taught that subject at the University and in 
1933 he served as a research assistant. From 
1934 to 1935 he taught physics at the Phila-
delphia College of Osteopathy. 
After securing the Ph.D. degree, Dr. 

Smith joined the staff of the National 
Bureau of Standards as a physicist in the  
radio section of the electricity division 
When the Central Radio Propagation Lab-
oratory was organized in 1946, he was ap-
pointed assistant chief.  -4 
Dr. Smith has conducted considerable 

research  in  ionosphere  measurements, 
oblique-incidence radio transmission, and 
radio critical frequencies in relation to solar 
eclipses and sunspot cycles. During the war 
he served as technical head of the Interserv-
ice Radio Propagation Laboratory set up' 
by the U. S. Joint Chiefs of Staff. 
Author of many technical papers, Dr. 

Smith has been a faculty member of George 
Washington University, and is a member of 
a number of professional fraternities. 

-a 
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W. E. Gordon (A'46) former associate 
director of the University of Texas' Electri-
cal Engineering Research Laboratory, was 
recently appointed director of Cornell Uni-
versity's Microwave Astronomy Project. 
Born in Paterson, N. J., on January 8, 

1918, Mr. Gordon received the B.A. degree 
from Montclair State Teachers College in 
1939. Seven years later he was awarded the 
M.S. degree from New York University. 
During World War II, Mr. Gordon 

served with the Air Weather Services, and 
was associated with research on radar range 
forecasting and microwave propagation in 
the lower atmosphere at the Massachusetts 
Institute of Technology's Radiation Labora-
tory. In 1945 he joined the Electrical En-
gineering Research Laboratory at the Uni-
versity of Texas as a meteorologist, and be-
came associate director in 1946. 
Mr. Gordon is a member of Sigma Xi, the 

New York Academy of Science, and the 
American Meteorological Society. 

Ricardo Muniz (M'43) has been ap-
pointed to the post of general manager of 
the Allen B. Du Mont Laboratories' televi-
sion receiver division. 
Previously Mr. Muniz had served as 

technical assistant to the vice-president of 
the company. Before joining Du Mont, he 
had extensive administrative and technical 
experience in electronic manufacturing with 
various firms. 

C. C. Richelieu (A'42), secretary and 
general manager of Dairyland's Broadcast-
ing Service, Inc., has resigned to become 
general sales manager of the Simplex Time 
Recorder Co. at Gardner, Mass. Prior to 
coming to Dairylands, Mr. Richelieu was 
Simplex's district sales manager for the 
State of Wisconsin. He has also been a radio 
engineer with the Civil Aeronautics Admin-
istration in Washington, and is currently 
director of the Central Division of the 
ARRL. 

Harry Warren Wells (A'30-M'36-SM'43) 
of the Carnegie Institution of Washington 
was the recipient of the Washington Acad-
emy of Sciences' annual award for scientific 
achievement in the engineering sciences. The 
citation accompanying the award stated 
that it was given "in recognition of his dis-
tinguished upper air research and organiza-
tion of a world-wide network of ionospheric 
stations." 
Born in Washington, D. C., on January 

13, 1907, Mr. Wells received the B.S. de-
gree in electrical engineering in 1928 from 
the University of Maryland and the E.E. 
degree nine years later from the same insti-
tution. Between 1928 and 1932 he was asso-
ciated with the Westinghouse Electric and 
Manufacturing Co., the All-American Ma-
laysian Expedition to Borneo, Heintz and 
Kaufman, Ltd., and the Army Air Forces. 
Since 1932 he has been a member of the 
scientific staff of the Carnegie Institute's 
Department of Terrestrial Magnetism. His 
investigations, both here and abroad, have 
contributed materially to knowledge of the 

ionosphere, radio wave propagation, and 
related geophysical subjects. 
Mr. Wells is a member of the Committee 

on Wave Propagation and Utilization of the 
IRE and Secretary-Treasurer of the Wash-
ington Section. He also belongs to the 
Washington Academy of Sciences, the 
American Geophysical Union, and the Philo-
sophical Society of Washington. 

Timothy E. Shea (SM'46), assistant engi-
neer of manufacture of the Western Electric 
Co., has been elected president and a di-
rector of the Teletype Corp., a subsidiary 
of Western Electric. 
A native of Newton, Mass., Mr. Shea 

received the bachelor's and the master's 
degrees from the Massachusetts Institute of 
Engineering and the B.S. from Harvard 
University just before he joined the Haw-
thorne Works, Chicago, in 1920 as a de-
velopment engineer. A year later he trans-
ferred to the company's engineering depart-
ment, which became the Bell Telephone 
Laboratories in 1924. 
Early in his career he developed filters 

and networks used for transatlantic radio, 
carrier telephony, and television. In 1929 
Mr. Shea was placed in charge of acoustical, 
optical, and electrical development in con-
nection with sound motion pictures. He also 
supervised the development of public ad-
dress, train despatching, and allied forms of 
equipment. 
In 1939 Mr. Shea was elected vice presi-

dent of Electrical Research Products, Inc., a 
subsidiary of Western Electric which be-
came a division of the company in 1941. 
From 1941 to 1945 he was granted leave of 
absence to serve as director of war research 
at Columbia University, and as a member 
of Division Six, Undersea Warfare Com-
mittee, National Defense Research Com-
mittee. In this capacity he directed the New 
London, Conn., submarine research labora-
tory and supervised a large force of engi-
neers and scientists working with the Pacific 
Fleet at Pearl Harbor. 
Mr. Shea returned to Western Electric 

n 1945 as superintendent of manufacturing 
engineering at the company's electronic 
shops in New York City and became as-
sistant engineer of manufacture at Broad-
way headquarters in 1945. The following 
year he was awarded the U. S. Government 
Medal of Merit, the highest civilian award 
and a presidential citation for exceptional 
services to the Navy submarine forces. 
Later that year Columbia University 
awarded him the honorary degree of Doctor 
of Science. 
The author of "Transmission Networks 

and Wave Filters," Mr. Shea has also written 
a number of technical papers on various 
aspects of sound-motion-picture engineering. 
He is a former treasurer of the Society of 
Motion Picture Engineers and a former 
member of its Board of Governors, as well 
as being a Fellow of the Acoustical Society. 

Eugene H. Fritschel (A'40—SM'46) was 
recently named sales manager in the indus-
trial and transmitting tube division of the 

General Electric Co.'s tube division at 
Schenectady, N. Y. 
A native of Waverly, Iowa, Mr. Fritschel 

was graduated from Iowa State College in 
1926 with the B.S. degree in electrical engi-
neering, and later that year joined General 
Electric as a student engineer. The follow-
ing year he travelled to Uruguay as construc-
tion foreman to install radio transmitting 
equipment for the company. Upon his re-
turn to the United States, he became en-
gaged in development work at Schenectady. 
Early in 1929 he was transferred to the 
Radio (now Electronics) Department, where 
he has taken charge of radio transmitter 
and industrial electronic tube sales. Prior to 
his new appointment he was sales manager 
for the tube division. 

Donald G. Wilson (S'38-A'40-M'48) has 
been appointed chairman of the University 
of Kansas department of electrical engi-
neering. He succeeds Dr. Victor P. Hessler, 
who is leaving to become professor of elec-
trical engineering at the University of 
Illinois. 
Dr. Wilson completed his undergraduate 

studies at the Rensselaer Polytechnic In-
stitute of Troy, N. Y., and received the M.S. 
degree from Harvard University in 1939. 
After two years as manager of the fire-alarm 
department of an electrical company, he 
returned to Rensselaer to teach. 
In 1942 he joined a group at the Massa-

chusetts Institute of Technology's radiation 
laboratory which was working on micro-
wave propagation research. Three years 
later he returned to Harvard to complete 
the requirements for the degrees of master of 
engineering science and doctor of philosophy 
in electrical engineering. In the fall of 1947 
he joined the staff of the University of 
Kansas. 

Albert C. Gable (SM'46), newly ap-
pointed division engineer of the General 
Electric Co.'s tube division, was formerly 
assistant engineer of the division. 
After receiving the B.S.E.E. degree in 

1929 from the Georgia School of Technology, 
Mr. Gable entered the employment of the 
General Electric Testing Department late in 
the same year. The following year he was 
transferred to the vacuum-tube engineering 
department, becoming a section leader on 
rectifier tubes in 1931, and later being as-
signed to an administrative post, which he 
held until his present promotion. 

Alfred K. Wright (A'37-SM'43), chief 
radio engineer of the Tungsol Lamp Works, 
Inc., in Bloomfield, N. J., has been ap-
pointed a member of the Joint Electron 
Tube Engineering Council. Active in the 
council's standardization program since its 
beginning, Dr. Wright was formerly chair-
man of the receiving tube committee. 
Dr. Wright's education includes the 

E.E. degree from Northeastern University 
in 1931, and the M.A. and D.Sc. from Har-
vard in 1932 and 1934, respectively. 
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Kenneth J. Gardner 
Chairman, Rochester Section 

Kenneth J. Gardner was born in Irondequoit, N. Y., on 
April 7, 1907. Virtually a "pioneer" radio worker, he en-
tered the field in its earliest days, becoming an amateur 
radio operator in 1924. The call he received then as 8BGN 
he still holds today as W2BGN. At that time he helped to 
establish the old 80- and 40-meter bands, being one of the 
first to work regular 40-meter DX across the Atlantic and 
Pacific. In 1925 he entered the commercial side, working as 
an operator at WHAM in the evenings—which was the 
only time broadcasts were made in those days—and going 
to school during the day. The year 1926 found him both 
matriculating at the Rochester Institute of Technology for 
courses in electrical engineering and associating with Gen-
eral Electric engineers in establishing the first statewide ra-
dio broadcast network. 
Early in that same year the Stromberg Carlson Co. took 

over the operation of WHAM, increasing its power to 5 kw 
and establishing connections with the old Blue Network. 
Mr. Gardner, who still continued to attend school, was 
placed in charge of all audio facilities and operation. It was 
at this time that he was required to learn the Morse code 
because, for the next few years until teletype service be-
came established, all traffic was handled by telegraph at a 
pace of thirty-five words per minute. 
Mr. Gardner finished his studies at the Rochester Insti-

tute of Technology in 1928 and later attended all the Ohio 
State broadcast conferences. Station WHAM grew to 50 
kw and then into an FM and now into a Television station, 
and Mr. Gardner went along with it, first as assistant chief 
engineer and then as chief engineer of the company's 
broadcast facilities, which he designs and plans. 
During the World War II, Mr. Gardner served with 

the Rochester War Research Corporation and was active 
in the RTPB. In 1945 he became a Member of the IRE, 
serving successively as Secretary-Treasurer, Vice-Chair-
man, and finally Chairman of the Rochester Section. He is 
also a director of the Rochester Engineering Society. 

Charles L. Jeffers 
Chairman, San Antonio Section 

Charles L. Jeffers was born in San Antonio, Tex., on 
February 9, 1908. After having received the B.S. degree in 
electrical engineering from the University of Texas in 1929, 
he entered the employment of the Whites Uvalde Mines, 
near Uvalde, Tex., the following year. 
Mr. Jeffers spent two years at the mines, then trans-

ferred to the sales department of the same company. In 
1934 he left engineering in order to engage in other work, 
but in 1937 he returned to join the staff of radio station 
WOAI, and was appointed director of the engineering staff 
two years later. 
In 1942, on leave of absence from the station, Mr. 

Jeffers became Assistant Radio Engineer, and, in 1944, 
Chief Radio Engineer of the Communication Facilities 
Bureau, Overseas Branch, Office of War Information, 
Washington, D. C. There he planned and secured equip-
ment for a number of medium-wave and short-wave 
broadcast stations in the United States and overseas. He 
also assisted in the design and installation of rhombic 
antennas for several short-wave international broadcast 
transmitters with powers up to 200 kw. In 1945 he re-
turned to his former position at WOAL 
Mr. Jeffers has been granted one patent and has two 

pending. On one of the latter, he has written a paper en-
titled "An Antenna for Controlling the Nonfading Range 
of Broadcasting Stations," which appeared in the Novem-
ber, 1948, issue of the PROCEEDINGS. The paper covers the 
design and describes model tests made on a broadcast 
antenna with very little high-angle radiation above an 
angle from the horizon which can be electrically adjusted 
from 40 to 60 degrees. 
In 1938 Mr. Jeffers joined The Institute of Radio 

Engineers as an Associate and was upgraded to Senior 
Member in 1946. Two years later he was elected the first 
Chairman of the newly formed San Antonio Section. He is 
a registered professional engineer of the State of Texas, and 
a member of Tau Beta Pi and Eta Kappa Nu. 
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Problems in Connection with the Sale of 
Commercial Electronic Equipment* 

WALTER A. KNOOP, JR.t, MEMBER, IRE 

Since engineering includes the application of scientific principles, methods, and equipment to 
the meeting of human needs, it generally involves the production and distribution of apparatus and 
services. The response of the public to such a distribution is therefore of major interest to the engi-
neer, since it indicates to him the degree of acceptance by the public of the products of his toil. 
The engineer is accordingly concerned to some extent with the broader aspects of distribution and 
sales of engineering products. Recognizing this fact, the Board of Directors of The Institute of 
Radio Engineers decided that, on a trial basis, there might appear in the PROCEEDINGS OF THE 
I.R.E., each year, a limited number of papers dealing with merchandising problems and methods. 
The number of such papers will be small and their subject matter will be selected, it is believed, 
so as to be of maximum interest and assistance to engineers. The following paper is the first of this 
type. 
Since the publication of such papers in the PROCEEDINGS OF THE I.R.E. constitutes a novel 

departure, the members of the Institute are urged to write to the Editor expressing their reaction 
to the general policy of such publication and to any specific paper published in accordance with 
that policy. Such communications will be welcomed; an impression of the membership reaction can 
be obtained primarily through them.—The Editor. 

INTRODUCTION 

M OST OF US associated with the 
electronic industry recognize a 
growing trend toward earnest 

competition resulting from a more normal 
market condition. The preparation of this 
paper was prompted by two conditions ob-
served in our industry of today by the 
writer. 
1. There are many small new companies 

which will face extinction when their market 
seemingly begins to dry up. Little regard has 
been given to intelligent sales plans because, 
until recently, if something could be made it 
could be sold. 
2. Some of the larger, better-known con-

cerns have been drifting along at a happy 
pace. Management waxes complacent with 
good operating statistics on their desks and 
stockholders rest comfortably in the magic 
of "electronics." In spite of their size, scant 
attention has been placed on future sales 
plans. 
Obviously it is impossible to present in 

this paper a complete blueprint of what 
should be done in each particular line 
of endeavor, but there follow a number of 
basic points that are considered significant. 

PART I 

The Product 

Perhaps most companies are born be-
cause of a product. Someone has what is 
believed to be a "sure-fire" item because of 
several factors. These factors should be 
checked for factual accuracy. 
1. Is there anything available now that 

does the same or a similar job? 
2. If not, would any group other than 

friends consider its purchase for the work it 
is intended to accomplish? Is it possible to 
prepare a comparative cost analysis of per-
forming the operation the old way as com-
pared with the new? 
3. If there is a similar item, analyze the 

product as to its competitive advantage. 

• Decimal classification: R740. Original man-
uscript received by the institute. September 7, 1948. 

I Gawler-Knoop. Inc.. Newark 2, N. J. 

4. Survey competition as to: 
(a) reputation and good will, and 
(b) merchandising ability. 

These factors may either help or hinder 
you. Your product may be no better than 
your competitor's, but his poor selling effort 
may provide excellent opportunities for 
others. 

The Customer 
Something should also be known about 

prospective customers. Who they are will 
have a lot to do with what method ought to 
be used to sell them, since buying habits 
vary.' 
Prepare a list of the various customer 

classes.' Then attempt to indicate that pro-
portion of the sales volume which would be 
absorbed by each classification. This will 
show the more important customers and help 
to mold final sales plans to serve most ef-
fectively the largest market. 

What Does the Customer Want 
Future sales are lost at the very inception 

of a new.-product program because the cus-
tomer's desires are considered of only sec-
ondary importance. In too many firms there 
are evidences of "the doctor knows best" 
attitude. It is strongly recommended that 
the new product specifications, or a prepro-
duction model of same, be submitted to some 
of the more important prospective cus-
tomers. 

What Sales Volume and When 
More than one company has become 

bankrupt because it started off with "mag-
nificent" ideas about what a short time it 
would take to sell a specific large volume of a 
product. Finished products went into stock, 
immediate orders did not materialize, and 
working capital was not sufficient to pay 
creditors. Then there is the other extreme; 
e.g., the firms that lost most of the punch in 
their original sales promotion, and conse-
quently have lost important sales, because 

Electronics Asks the Buyer.  McGraw-11111 
Publishing Co.. New York. N. V.; 1944. 

2 *Pulse Beat of Industry." McGraw-Hill Publish-
ing Co., New York. N. Y. October, 1945. 

the product was not available for delivery. 
A part of the product-analysis program 

must include a determination of production 
volume and scheduling to strike a good bal-
ance between the two extremes mentioned 
above. 
As more experience is obtained in the 

volume of received orders, it will be possible 
to judge future volume with greater accuracy 
when combined with honest estimates from 
the field sales force. 
The results of the product survey on 

dollar sales volume will have a very practical 
bearing on the size of the organization, the 
capital required, and the sales method. 
There will be cases where a good product 
might be conceived, but there would not be 
sufficient sales volume to support an organi-
zation to design, manufacture, and sell it. 

Distribution and Sales Method 

After completion of the above prelimi-
naries, the producer should have an excellent 
collection of data to assist in deciding the 
most efficient form of selling and advertising. 
In general, the following alternatives are 

available: 
1. No sales force 
2. Exclusive distributors 
3. Manufacturer's representatives 
4. Radio parts distributors and jobbers 
5. Company-employed sales force. 
There follows a brief description of the 

activities of each of these groups. 
The term "no sales force" is meant to 

describe an operation which includes no field 
sales force of any kind. Dependence is placed 
on space advertising, direct-mail advertis-
ing, and customer recommendation to de-
velop leads. Sales result generally from cor-
respondence with the customer. 
"Exclusive distributor" arrangements 

permit the manufacturer to eliminate the 
credit risks of dubious customers and pro-
vide a method of selling factory output in 
bulk quantities. It is usually reasonable to 
expect the exclusive distributor to commit 
himself for a minimum volume of business 
over some stated interval, such as a year or 
more, and to carry a stipulated minimum 
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stock. The exclusive distributor may be ex-
pected to do a minimum amount of adver-
tising and promotion in his territory, and 
should provide service and repair facilities. 
Using exclusive distributors, the manufac-
turer eliminates the difficulties of dealing 
with many customers, but at the same time 
he does not become intimately associated 
with the eventual purchaser of his product. 
The question of "manufacturer's repre-

sentatives" will be considered separately. 
The radio parts distributor, or jobber, as 

he is often called, really performs the func-
tion of a dealer, insofar as industrial elec-
tronic equipment is concerned. In the case 
of test equipment, he is selling to the radio 
service man who is the user, or he sells to the 
industrials, schools, or local governments in 
his area. The operations of the "parts jobber" 
vary from a "storekeeper," who will sell 
what the customer asks for, to an aggressive 
operation in which certain products will be 
recommended on the basis of superior per-
formance, by sales personnel who are tech-
nically well versed. 
A directory of radio parts jobbers and 

their addresses is available from the Na-
tional Electronics Distributors Association, 
221 N. LaSalle St., Chicago 1, Ill., and from 
The Parts Jobber, 412 S. Michigan Ave., 
Chicago, Ill. 

The Manufacturer's Representative 

Somehow, the manufacturer must pre-
sent his sales story to the jobber, if he sells 
to the jobber, and to the industrial and edu-
cational institutions, if he sells directly to 
them, or to both. For the most part, this 
function is performed by the manufacturer's 
representative, who is an individual or group 
of individuals active in rather well-defined 
territorial areas. The representative pays his 
own office, utility, travel, and entertainment 
expenses, and receives as his total compensa-
tion a commission on sales made in his ter-
ritory. Most representatives handle several 
noncompetitive but complementary lines. 
Unfortunately, many representatives do not 
have a comprehensive technical background 
in electronics, and are only sufficiently 
versed in their particular lines to handle 
routine specification information. Conduct-
ing an intelligent presentation of a test 
or process equipment to engineering or 
management personnel requires a thor-
ough knowledge of the product, its capabil-
ities, and, as a matter of fact, its limitations. 
The wide-spread lack of technical knowledge 
on the part of representatives, jobbers, and 
dealers is one of the industry's present prob-
lems, and will not remain unsolved. It is 
heartening to note the increase in the num-
ber of engineering-trained men who recog-
nize the opportunities that exist in selling 
electronic equipment. 
The same problems exist as to the choice 

of representatives that appear in the choice of 
dealers. It will behoove the manufacturer to 
investigate thoroughly the type of operation, 
the nature, quantity, and quality of other 
lines handled, how the prospective customer 
values the services of the group under study, 
and which types of customers receive the 
most attention. 
Listings of manufacturer's representa-

tives, number of salesmen, territory covered, 
and products handled may be secured from 

"The Representatives," do William E. Mc-
Fadden, 85 E. Gay St., No. 409, Columbus 
15, Ohio. 

Company-Employed Sales Force 

A company-employed sales force pro-
vides the most complete control over a sales 
activity, and probably results in a more in-
timate knowledge of customers' problems 
and desires. It is a costly method, and for 
most small to medium-sized concerns, if 
sales costs are to be kept at a reasonable 
level, the number of men employed cannot 
possibly contact the number of accounts 
that should be frequently seen. Few success-
ful salesmen are willing to work on a salary 
income only, and thus difficulties arise in 
establishing a fair means of remuneration.3 
As a firm grows in size and can afford fixed 
selling overhead charges, it is a manage-
ment function to determine whether a com-
pany-employed sales force will be more ef-
fective and less costly than some other form 
of selling. 
The usual sales method employs a com-

bination of two or more of the groups de-
scribed above, depending upon the particu-
lar abilities of the available groups, the class 
of product, financial considerations, and pos-
sible geographical buying preferences. 
The above treatment objectively de-

scribes the preliminary market analysis and 
the available distribution channels for the 
manufacturer of electronic equipment. Part 
II will deal with the sales program and the 
effective utilization of these distribution 
channels. 

PART II 
Introducing the Product 

The effective introduction of a new 
product will result in considerable savings in 
sales cost and effort as time passes. A regu-
lar time table should be planned so that the 
customer's natural enthusiasm for something 
new can be most efficiently converted to firm 
orders on the books. 
Preliminary considerations involve the 

preparation of descriptive bulletins and pho-
tographs of a model, representative of the 
final product. The descriptive bulletin 
should at least contain complete performance 
specifications of the product. Nothing is so 
exasperating in analyzing equipment as to 
have only half the story told. Obviously, it is 
in order to accentuate the most desirable 
characteristics, but the omission of essential 
data is inexcusable and only provokes the 
intelligent prospect. If the product is a 
measuring instrument, provide accuracy 
data and quantitative information on fre-
quency and other limitations. Show typical 
response curves, stability information, dis-
tortion data, transient-response characteris-
tics, noise levels, amplifier and sweep linear-
ity information, and, in the case of oscillo-
graphs, writing speeds. If this type of infor-
mation is not known, then forget the bulletin 
and finish the engineering. Lack of pertinent 
data only serves to destroy confidence in the 
equipment. Too many manufacturers of 
measuring instruments completely omit ref-
erence in their bulletins to the accuracy with 
which the single measurement may be made 
for which the instrument is intended. 

s 'Trends in Paying Salesmen," McClure. Hadden 
& Ortman, 75 E. Wacker Drive, Chicago, Ill. 

Space Advertising 

At the same time that descriptive hr 
crature is under preparation, or even before, 
plans should be made for space advertising 
in trade journals. If, the market analysis 
were done as described previously, the type 
of customer is known. Advertising represen-
tatives of the trade journals are always 
willing to present an analysis of their dis-
tribution to assist the advertiser in selecting 
his media. 
If an extensive advertising program is 

contemplated, it would be worth while to 
retain the services of an advertising agency 
to plan the program, arrange for space con-
tracts, art work, layout, and general pub-
licity releases. 
Publishers will be glad to furnish names 

and addresses of agencies placing ads in their 
publication. Often this information appears 
in the "Advertisers Index" in the rear of 
periodicals. 
Far too many firms lose part of the value 

of their advertising dollar by not planning 
their program well in advance. Last-minute 
copy preparation and head-scratching for 
ideas is not conducive to effective advertis-
ing. There is a serious lack of presentation of 
interesting and useful data in technical ad-
vertising. Perhaps one of the reasons is the 
inability of the "general" advertising agen-
cies to prepare good technical work. As in 
the case of the sales representatives, there 
is an excellent future for technically trained 
men with imagination in the advertising 
field. 

Trade Exhibition 

It is very advantageous to plan the in-
troduction of the product at a trade show 
sponsored by the most logical customer 
class. 
The questions asked about the product 

will aid in the preparation of future adver-
tising and may indicate a few simple changes 
in design which will enhance its salability. 
• Plan space-advertising copy so that it 
relates to the convention and will create a 
desire on the part of the reader to visit the 
booth. 
A dynamic display is much more effec-

tive than a static one. Simulate operating 
conditions, if possible. Be prepared to dis-
tribute descriptive bulletins, either at the 
show or by mail not more than a few weeks 
later. 

Paper Presentation 

An effective method of reaching those 
who might specify your product is the pres-
entation of technical papers before local 
meetings of the appropriate engineering 
society. This type of promotion will go a 
long way toward building up a desirable 
reputation for ability. Obviously, the matter 
discussed must either be unique or contain 
interesting technical features, to be a worth-
while subject for such presentation. 

Editorial Feature 

Engineering and trade periodicals are 
always receptive to the publication of edi-
torial material which contains information 
of interest to their readers. As in the case of 
the engineering-society paper, the matter 
presented must have reader interest. 
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1 
1 New-Product Listings 

I
Most engineering and trade publications 

contain a section cataloging new products. 
A usual practice is to condense the more 
pertinent performance specifications into a 1 few short sentences, and briefly describe 
the product's purpose or features. This in-
formation, prepared in the forms of a "news 
release," is sent to the various interested 
publications with a photograph, stating the 
availability of suitable electros. 

Direct Mail 
If the prospective users of the equipment 

are well defined and not too numerous, the 
introduction can be done by mailing the 
descriptive bulletin with a covering sales 
letter to the individuals who should have 
use for it. This introduction letter may well 
be the first of a series of letters comprising 
a sales campaign. 

The Sales Campaign 
The process of introducing a new product 

may easily take a period of a year or more 
before it becomes generally known. Do not 
become discouraged by failure to receive a 
flood of orders immediately after the first 
publicity. Securing firm orders takes time. 
Make plans to follow up inquiries re-

ceived as a result of the introductory pub-
licity. The follow-up can be accomplished 
by letter, by notifying your representative, 
or by furnishing leads to the jobber or dealer 
in the area. If you are using the services of a 
local representative, or a jobber who by his 
reputation can instill confidence in your 
product, give the customer his name and 
address. 
Inquire of those who have already made 

their purchase as to their satisfaction. A 
tremendous wealth of information is avail-
able from this source: new uses and ap-
plications of the item, suggestions for 
improvement, why the customer selected 
your product, and any dissatisfaction he may 
be harboring and spreading to other pros-
pects without your knowledge. 
As new and interesting applications un-

fold, tell other customers about them. This 
type of information can be disseminated in 
the form of a direct-mail piece if it is only of 
limited interest, in your space advertising if 
of general interest, or by means of a house 
organ. 

The House Organ 

The house organ, properly prepared and 
edited, is a powerful sales tool. It can ac-
complish the following results: 

I-- 1. Promote a wider use of your product 
by describing worth-while but generally un-
known applications. 
2. Establish a reputation for technical 

competence of your firm by presenting un-
usual and clever engineering "know-how" 
techniques embodied in your product. 
3. Create a desire to deal with your firm 

because of its good personnel and customer 
relations. 
There are individuals in our industry who 

consider their files of The General Radio Ex-
perimenter and Du Mont Oscillographer as 
prized possessions. Machlett Laboratories' 
Cathode-Press is an outstanding example of 
a combination external-internal house organ 

, which contains not only technical features 

I 

but also personal news of the plant employees 
and items of company policy. These types of 
publications are very effective in creating 
customer confidence in those who make the 
product. 
First subscribers can be selected from 

your customer list, and then watch the sub-
scription list grow by popular demand if the 
contents are of value. 

The Catalog 
The same comments apply to the cata-

log as to the descriptive bulletin. Many 
firms prepare their catalog from descriptive 
bulletins, adding pertinent commercial or 
"how-to-order" information. 
The catalog should contain the following 

information: 
I. An introduction to the company. 
2. A complete description of the 
product. 

3. Adequate price information and 
terms. 

4. The guarantee policy. 
5. Service information, where and 
how to arrange for same. 

6. Complete company address and 
that of local representatives or 
dealers. 

Instruction Book 
The instruction book is of greater impor-

tance to selling than most concerns seem to 
realize. Not only does it assist in keeping a 
customer sold, but it is continually used as 
a source of equipment analysis by prospec-
tive customers. 
At this point the author desires to decry 

the present insufficiency of so many instruc-
tion books that contain much "how it works" 
information, even to the extent of rather 
complex design considerations, but then 
singularly omit "how to use it" suggestions. 

Selling Aids 
Perhaps the most important and gen-

erally least considered phase of the selling 
operation is exemplified by "what not to do." 
It is the writer's observation that many 
firms in this industry go ahead and set up a 
workable and intelligent merchandising or-
ganization and then let it "die on the vine" 
by not keeping the field group informed 
about what is going on at the factory. 
The entire sales organization must 

themselves be continually "sold" on the com-
pany and its products. Representatives 
should be regularly informed by means of at 
least a monthly newsletter as to company 
activities and developments. Periodic visits 
should be arranged between "reps" and the 
home-office people, both at the factory and in 
the field. Many companies have an annual 
or semiannual sales meeting, but that in 
itself is not enough to maintain enthusiasm 
throughout the entire year. 
The same enthusiasm must be imparted 

to dealers or distributors. This is a function 
of the representative, assisted by the factory 
with such material as counter display, sales-
man's training booklet, lectures to dealers, 
and distributor's salesmen. 
Another effective aid to enthusiasm is 

the contest between field sales groups, 
which may be part of a specific sales cam-
paign or an annual proposition. Quotas can 
be established based on the sales potential 
for each geographical or trading area, and 

friendly rivalry among personnel thus en-
couraged. 

The Service Policy 
The manner in which returned or defec-

tive equipment is handled has a marked 
effect on the general reputation of a firm. 
One firm in the industry, making a common-
place item priced about the same as its com-
petitors, is securing considerably more than 
its fair share of the total business because an 
enlightened service policy, among other 
things, provides for complete settlement in 
less time than their competitors require to 
reply to the customer's first letter of request 
for permission to return goods. 
One company made the unfortunate 

error of transferring a man to the head of the 
service department, when he lacked tact in 
dealing with his fellow employees as a fore-
man. 
A customer with defective equipment is 

a violent source of possible Regard-
less of whether or not it is his fault, the mat-
ter should be disposed of with great speed, 
and judgment weighted in favor of the 
customer. 

Commercial Policies 

So often the accounting, billing, and 
credit departments conduct their business as 
if it were entirely unrelated to sales, and the 
sales department shies away from the un-
pleasantries of credit clearance, collections, 
and correspondence with customers affecting 
accounting problems. Until the sales group 
is satisfied that the accountants recognize 
and control difficulties that could cause 
poor customer relations, it is recommended 
that letters to customers be reviewed by re-
sponsible sales personnel as a matter of 
routine. 

General Suggestions 
It has been the author's observation that 

many new firms—in particular, those estab-
lished by engineers or inventors who have 
seen an opportunity for their own enter-
prise—have neglected to appreciate the 
significance of the many small things which 
contribute to long-term success. 
Noteworthy of these deficiencies seem to 

be: 
1. Tardiness in response to corre-
spondence.' 

2. Unsightly preparation of descrip-
tive bulletins and direct mail 
pieces. Poor composition and ap-
pearance of letters. 

3. Lack of tact in appreciating the 
customer's problems and view-
points. 

4. Boasting rather than displaying 
restrained pride in descriptions of 
the product in the literature and 
instruction books. 

5. Lack of effective co-ordination 
with representatives or dealers. 

CONCLUSION 
The author has attempted to show that 

the most successful sales program must be 
approached in an analytical fashion, ad-
ministered with keen logic, and executed 
with close co-ordination by personnel tech-
nically competent with respect to the 
product and the industry in which it is used. 

Nary Promptly Yours,' Hammermill Paper 
Company, Erie, Pa., 1943. 
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Instrumentation in the Field of Health Physics* 
KARL Z. 

Summary —Instruments for personnel protection from radiation 
exposure are described. Many new developments have been made, 
and photographs and brief descriptions of instruments are given. 

INTRODUCTION 

EALTH PHYSICS is a new science organized for 
the purpose of studying radiation problems and 
of developing instruments and techniques, and is 

dedicated to the protection of persons from radiation 
exposure. The principal Health Physics organizations at 
the present time are located at Hanford Works, Oak 
Ridge National Laboratory, and Argonne National 
Laboratory. Altogether, about 350 persons are em-
ployed by these three organizations. Senior health phys-
icists in these organizations are physicists who have 
specialized in radiation-protection problems. The large 
majority of the personnel are junior physicists, chem-
ists, and chemical engineers who have completed only 
the B.S. degree. Laboratory technicians are used for 
routine operations in counter rooms and in the personnel-
monitoring sections. The principal work of the Health 
Physics Divisions is divided into survey and monitoring 
functiens, and into research and development. 
An interesting phase of the Health Physics Program 

can be described by giving a short review of some of the 
thirty principal instruments that are used in making 
these radiation measurements. These instruments may 
be divided into three classes according to their use: (1) 
personnel monitoring, (2) area monitoring, and (3) sur-
vey instruments. The principal types of instruments 
include film badges, pocket capacitors, electroscopes, 
electronic circuits, Geiger-Muller counters, and propor-
tional counters. 

PERSONNEL-MONITORING INSTRUMENTS 

Each person who enters areas where radiation ex-
posure is possible is required to wear two pocket meters 
and one film badge. Two pocket meters are worn instead 
of one in order to provide a check on false readings due 
to electrical leakage. T‘%o meters are always worn 
side by side, and since there is no mechanism that would 
charge the mciers while they are being worn, all errors 
are in one direction. The lower of the pair is considered 
to be the true reading and is recorded as the radiation 
exposure. Three types of pocket meters have been used 
on the Atomic Energy Commission projects. The early 
type (see Fig. 1(a)) which was used at Oak Ridge Na-
tional Laboratory gave one pair of false readings for 
about every 1,000 pairs of meters worn. Recent improve-
ments (see Fig. 1(b)) have been made in this meter, and 

• Decimal classification: 621.375.628. Original manuscript re-
ceived by the Institute, April 21, 1948. Presented, 1948 IRE National 
Convention, New York, N. Y., March 23, 1948. 

t Oak Ridge National Laboratory, Oak Ridge, Tenn. 
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it is so nearly perfect that it is no longer necessary for a 
person to wear two meters if 0.16 per cent false readings 
can be tolerated. At present only one false pair of 
readings is obtained in 400,000 pairs of meters worn. 

1111111111111010116 
a 

AlE1 =1 -

Fig. 1—Pocket meters worn in areas where radiation exposure is pos-
sible: (a) Type Ilt4:11 originall at Oak Ridce National Laboratory. 
(b Improved meter of  p, .‘ t t 

Fig. 2—Racks for filing pocket meters and film badges 
at laboratory entrance. 
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These pocket meters have a useful range from 5 to 300 
mr (milliroentgens). The Rose pocket meter (shown in 
Fig. 1(c)) was developed by J. E. Rose of Argonne Na-
tional Laboratory. It has not been widely used, but it 
has many improvements in design. The most important 
improvement is the flexible plastic diaphragm in one end 
containing a charging button. This meter is completely 
sealed against dust and moisture. 
Fig. 2 shows one of the portals through which persons 

pass when entering Oak Ridge National Laboratory. 
Each person picks up two meters from the far lower rack 
and his film badge beside his number in one of the other 
racks. In the evening, when leaving the Laboratory, the 
person places the film badge and both pocket meters in 
the slots adjacent to his number. After each shift change 
health-physics technicians collect all the pocket meters 
and read them on a Victoreen minometer similar to the 
one shown in Fig. 3. This meter is a projection-type 

Fig. 3—Victoreen minometer. 

work in areas where the dosage rate exceeds 5 roentgens 
per hour. 
Whenever 100 mr or more is recorded against a person 

in a single day, his film badge is collected, and the film is 
developed and read on a Weston photometer (see Fig. 
5). A daily tolerance dose to X or gamma radiation is 
considered to be 100 mr. All film badges are processed on 
a routine basis once a week and the exposures recorded. 
Fig. 6 shows a close-up view of this film badge and the 

fiber electrometer. The position of the fiber image on the 
scale indicates the discharge of this capacitor-type pocket 
meter while it was worn. Then it is recharged for use the • 
next day by pressing the "charge" button, which ap-
plies 150 volts. Fig. 4 indicates that this voltage is suf-

20 
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Fig. 4—Daily discharge plotted against charging voltage. 

ficient to collect all the ions, and there is negligible loss 
due to recombination of ions unless a radiation flux of 
250 roentgens per hour is exceeded. This is quite satis-
factory, since personnel are usually not permitted to 

Fig. 5—Weston photometer used for reading milliroentgens. 

Fig. 6—Film badge and film packets; also film ring which 
is worn by personnel working with beta radiation. 

two dental-size film packets it contains. The film badge 
has an open window and a middle section that shields 
both sides of the film by 1 mm of cadmium. The film 
packet worn in this badge contains a sensitive film that 
covers a useful range from 20 to 20,000 mr and an insen-
sitive film covering a range from 1000 to 40,000 mr. 
Every time a batch of films is developed, a set of calibra-
tion films (which have received known exposures from a 
radium source) are developed with it in order to check 
errors due to the development process. The blackening 
of the center portion of the film which was shielded by 
cadmium is proportional to the gamma exposure, while 
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blackening of that portion which was behind the open 
window gives some indication of beta exposure. If soft 
gamma radiation falls on the open window, readings are 
difficult to interpret because the films are about twenty 
times more sensitive to soft ( <50 kv) than to hard 
(>200 kv) gamma radiation. When a person works with 
beta radiation, the film ring (shown in Fig. 6) is worn on 
a finger. It gives a much better indication of maximum 
body exposure, since the hands frequently come closer 
to such sources than the rest of the body. 
Fig. 7 shows relative sensitivites of these films to beta 

and gamma radiation and indicates the useful range of 
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Fig. 7—Relative sensitivities of ring film to beta and 
gamma radiation. 

6 0 

this film. Persons who work where neutron exposure is 
possible wear also a fine-grain-particle film. A part of 
this film is behind cadmium shields and is exposed to 
fast neutrons. The reaction FP (n, p) then produces pro-
ton recoil tracks in the film. The film behind the open 
window is exposed to both fast and thermal neutrons. 
The thermal neutrons produce proton tracks by a cap-
ture reaction N" (n, p) 0 4. The films are developed and 
the proton tracks are counted with the aid of a dark-field 
microscope arrangement, as shown in Fig. 8. Daily tot-

Fig. 8—Dark-field microscope for developing film and 
counting proton tracks. 

erance is considered to be 1.3X10' neutrons per cm2 per 
day, or 0.23 track per field of vision for thermal neu-
trons, and about 5.8 X102 fast neutrons per cm2 per day, 
or 0.27 track per field of vision of 2.0X10 4 cm2. One of 
the principal difficulties in the use of the proton-track 
film is a nonlinear fading rate of the tracks, so that if the 
films have been worn a long time before developing it is 
impossible to make the proper fading correction unless 
the day of exposure is known. Table I shows some of the 

TABLE I 

FADING OF PROTON TRACKS IN EASTMAN FILMS 

Time of 
Development 
(Minutes) 

Type of 
Developer 
Used 

Half-Life in Days for 

NTA  NTA 
Emulsion  Emulsion 

Batch N4X17 Batch N4 X18 

D-19 
5  D-19 
6  D-19 
3  Du Pont 
4  Du Pont 
5  Du Pont 

12 
16 
23 
15 
23 
38 

14 
17 
20 
15 
20 
23 

data obtained by J. S. Cheka of Oak Ridge National 
Laboratory showing the effect of the type of developer 
and time of development on two types of Eastman films. 
When Eastman N4X17 film is developed with Du Pont 
developer for five minutes, films that have been delayed 
thirty-eight days between time of exposure and develop-
ment have lost half of the recognizable tracks. Since the 
films are developed each week, fading loss causes an av-
erage error of about 10 per cent for N4X17 film if devel-
oped under optimum conditions. 

When a person enters a high-level radiation area, pen-
sized fiber electroscopes or dosemeters are worn. These 
meters (see Fig. 9) are charged with a battery. As an 
experiment progresses, the fiber drift can be read 
with the aid of a lens provided in one end of the meter. 
P. R. Bell of Oak Ridge National Laboratory has de-
veloped a very useful portable electronic pocket meter. 
It uses a VX-32 electrometer tube, and sounds an alarm 
after it has been exposed to a total dose of 50 mr. This 
meter, which weighs only 13.6 ounces complete with 

Fig. 9—Pen-sized fiber electroscopes or dosemeters for use in 
high-level radiation areas. 
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Fig. 10—Electronic pocket meter complete with batteries. 

batteries, is shown in Fig. 10; and its circuit diagram 
is given in Fig. 11. The drain on the batteries is very 
low, and the life of the Mallory mercury cell and the 
three Eveready cells is essentially shelf life. 
The foregoing describes personnel-monitoring meters 

measuring external radiation exposure to which a per-
son is subjected. In addition, there is always the possi-
bility of getting radioactive materials inside the body 

22 Sv 

22 22 

22 Sv 

Fig. 11—Circuit diagram of the electronic pocket meter. 

by inhalation, ingestion, or through the skin. In order to 
make certain that persons are not building up undesira-
ble amounts of radioisotopes in the body, those persons 
who are considered to receive the maximum-body-intake 
exposures furnish urine samples to the laboratory for 
analysis on a routine schedule. L. B. Farabee, who devel-
oped the chemical method used at Oak Ridge National 
Laboratory for separating plutonium from urine and of 
preparing the sample for alpha counting, is shown in Fig. 
12 placing one of these samples in an alpha proportional 

counter. 
All protective clothing worn by laboratory personnel 

is washed in a decontamination laundry. Detergents are 
used to remove the dirt and a 3 per cent solution of citric 
acid serves to remove the radioactive products. After 
the clothes are washed and dried they are checked with 
special arrangements of Geiger-Muller (G-M) tubes to 
see that remaining beta and gamma activity is below a 
tolerance level. Alpha activity is monitored with a pro-
portional counter called "Poppy." 

AREA MONITORING 

Dust samples are collected continuously from the air 
inside the buildings and from the area in the neighbor-
hood of the plants, to make certain that the air concen-

Fig. 12—Alpha proportional counter. 

tration of radioisotopes at no time exceeds tolerance 
levels. Fig. 13 shows three instruments used at Oak 

Fig. 13—Equipment for checking activity in the air. 

Ridge National Laboratory for checking activity in the 
air. H. W. Speicher, who has been on loan to Oak Ridge 
National Laboratory from the Westinghouse Electric 
Corporation, assisted in the development of the pre-
cipitator model. The dust particles are electrically 
precipitated on a thin aluminum foil. The foil is removed 
and counted for alpha with a proportional counter and 
for beta and gamma activity with a G-M counter. If a 
high level of alpha activity is found, the foil is placed in a 
range analyzer which automatically plots a graph of en-
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ergy distribution of the alpha rays emitted by the sam-
ple and makes it possible to ascertain the type and 
concentration of isotopes collected. A continuous air 
monitor (Fig. 13) consists of a G-M tube surrounded by 
a paper filter, through which air is drawn and on which 
the radioactive dust particles are deposited. This unit is 
surrounded with lead to reduce natural background ra-
diation. The output of the G-M tube is fed into an inte-
grating circuit which in turn operates an Esterline-An-
gus recorder. This furnishes a written record of the 
radiation level built up by radioisotopes accumulated on 
the filter paper, and simulates to some extent the accum-
ulation of radioisotopes in the lungs of a person working 
in the same area. The evacuated can (Fig. 13) is used to 
collect samples of radioactive gas such as argon, and the 
activity of -this gas is later determined in a chamber 
connected to an electrometer. 

Fig. 14—Monitron, an area-monitoring instrument. 

+I50V 

2005•  'Oruro 

6 NO 

THORO•RSON 22-560 

8+ 
0)  250V 

TO vO ,CE CO, 
1.1•08 Of vi a 
CONOE.Ist, 

001 

5501 

OIL 

V 

The monitron, developed at Oak Ridge National 
Laboratory by C. 0. Ballou and P. R. Bell, is one of the 
most serviceable and versatile area-monitoring instru-
ments. It uses an ac amplifier with a vibrating-capacitor 
ac signal which is modulated by the dc input from the 
ion-collecting chamber. Some of the ion chambers have 
an inner lining of boron which makes them sensitive to 
thermal neutrons. When the boron-lined chamber is 
surrounded by about six inches of paraffin with an outer 
shell of cadmium, it becomes an efficient epithermal-
neutron monitor. Fig. 14 shows one of these monitors. 
(See also Figs. 15 and 16.) The instrument sounds an 
alarm if the radiation exceeds an eight-hour tolerance 
rate of 12.5 mr per hour. 
One of the most satisfactory area-monitoring instru-

ments in the early days of the plutonium projects was a 
large air ionization chamber or condenser called an X-22 
chamber. Its greatest disadvantage was a need to read 
the instrument several times a day.This type has been 
replaced at Oak Ridge National Laboratory by G-M 
tubes and integrating circuits, located in various areas 
surrounding the Laboratory and maintaining a written 
record of the air activity on an Esterline-Angus re-
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Fig. 16 —Power supply for the vibrating-
capacitor monitron. 
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Fig. 15—Schematic diagram of the vibrating-capacitor monitron. 
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Fig. 17—Esterline-Angus recorder. 

corder. Fig. 17 is a picture of one of these recording sta-
tions. In similar manner, G-M tubes submerged in the 
water of White Oak Lake keep a record of the water ac-
tivity. In this manner, and by frequent calibration of 
these instruments, the air and water in the neighbor-
hood of the Laboratory are known to remain within safe 

tolerance levels of radioactive contamination. 

SURVEY INSTRUMENTS 

If it ever became necessary to choose the most reliable 
and indispensable of all health-physics instruments, the 
electroscope would without question be the first choice. 
Fig. 18 shows several different mountings of the Laurit-
sen and the Landsverk-Wollan electroscopes. These in • 

struments are very rugged and can be used for years 
without changing their calibration or requiring any at-
tention other than replacing batteries. Some of the elec-
troscope ionization chambers are furnished with very 
thin (--,0.001 inch) cellulose-acetate walls to measure 
alpha and beta radiation. These thin chambers are cov-
ered by a bakelite or wood window (of thickness equal to 
or greater than the range of the gamma secondary elec-
trons) when used for measuring gamma radiation. One 
of the most useful instruments for measuring thermal 
neutrons is made by lining the electroscope ion chamber 
wall with a thin layer of boron. If readings are to be 
made of a mixture of thermal neutrons and gamma rays, 
two electroscopes are then used—one lined with boron 
and the other with graphite. The boron-lined electro-
scope is converted into an epithermal-neutron meter by 
surrounding it with a few inches of paraffin, which in 
turn is surrounded by a sheet of cadmium. The Lands-
verk-Wollan electroscope is provided with a neon flash 
timer and is adjusted so that the position of the fiber on 
the scale when the neon bulb flashes indicates directly 
the radiation intensity in mr/hr. 

Fig. 18—Lauritsen and Landsverk-Wollan electroscope. 

Fig. 19 shows Zeus and Cutie Pie, two of the best elec-
tronic instruments available for measuring alpha, beta, 
and gamma radiation. Zeus is a two-tube balanced cir-
cuit, developed by F. R. Shonka of the Argonne Na-
tional Laboratory. (See also Fig. 20.) He redesigned an 
earlier project instrument called the paint-pail meter 

Fig. 19—Zeus and Cutie Pie, electronic instruments for measur-
ing alpha, beta, and gamma radiation. 

Fig. 20—Zeus meter schematic diagram. 



80  PROCEEDINGS OF THE I.R.E. — Waves and Electrons Section January 

which had been developed by W. P. Overbeck, then of 
Oak Ridge National Laboratory. A feedback tube was 
added to this balanced circuit to convert it into another 
useful meter, called Zeuto. When Zeuto is used for scan-
ning an object like a table top it comes to equilibrium in 
a mere fraction of the time required by other circuits 
with high resistance in the input grid circuit. Zeuto re-
sembles Zeus in external appearance. Cutie Pie, which 
resembles a large pistol, is especially useful for reading 
radiation behind lead shields in a hood. High levels of 
radiation are measured with the fish-pole meter, devel-
oped by C. 0. Ballou at Oak Ridge National Laboratory. 
The chamber of this meter is fastened on the end of a long 
rod, as shown in Fig. 21. 

Fig. 21—Fish-pole meter for measuring high levels of radiation. 

Chang and Eng, shown in Fig. 22, constitute a double 
ionization-chamber arrangement developed by E. 0. 
Wollan and P. W. Reinhardt, of Oak Ridge National 
Laboratory, for measuring fast neutrons. One chamber 
is filled with air or argon, the other with methane. Out-
puts of the two chambers are of opposite sign and are 
applied to a Ryerson electrometer. Gas pressures are 
adjusted for zero drift when placed in a gamma field, 
and then the drift brought about by fast-neutron hydro-
gen recoils in the methane chamber is a measure of the 
fast-neutron flux. 
The proportional counter, Poppy, shown in Figs. 23 

and 24, was developed by C. J. Borkowski and C. H. 
Marsh of Oak Ridge National Laboratory. It is one of 
the most useful alpha survey instruments available. It 
uses probes of many different sizes ranging from one 
small enough to be placed in a man's nostril to one con-
stituting a square foot of useful area emplcyed for laun-
dry monitoring. These probes are converted into ther-
mal-neutron detectors by lining them with boron, and 
into epithermal-neutron instruments by surrounding the 
boron-lined counters with paraffin and cadmium. 

Fig. 22 Chang and Eng, equipment for measuring fast neutrons. 

Fig. 23—Proportional counter, Poppy. 

The advantages and disadvantages of the G-M tube 
have been discussed elsewhere,' and it should be suffi-
cient to say here that, while it is one of the most sensitive 
and simplest instruments for beta and gamma measure-
ment, it has many serious limitations. It should be used 
only as an indicating instrument, and never for quanti-
tative measurements unless calibrated frequently and 
used by someone familiar with its defects. Fig. 25 shows 
four types of portable G-M tubes that have been used at 
Oak Ridge National Laboratory. The small, low-voltage 

K. Z. Morgan, Chemical and Engineering News, vol. 25, p. 3794; 
1947. 
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Simpson unit, developed by J. A. Simpson of Argonne 
National Laboratory, proved to be the most reliable of 
such units at the Bikini tests in 1946. Fig. 26 shows the 
hand-and-foot counter developed by H. NI. Parker of 
Hanford Works. This unit is one of the most useful ap-
plications of the G-M tube. It counts radiation from 
both sides of hands and feet. The weight of the two 
hands on microswitches in the slots starts the instru-
ment, and it shuts off automatically after 24 seconds, 
indicating the radiation level on five separate recorders 
which are shown at the top of the panel. 

BRAGG-GRAY PRINCIPLE 

Bragg and Gray have stated a principle of radiation 
measurement which, together with the definition of the 
roentgen, serves as a basis for the design of all health-
physics instruments According to this principle, the 

Fig. 25—Portable Geiger-Aluller tubes used at Oak Ridge 
National Laboratory. 
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ionization per cubic centimeter of an irradiated medium 
is equal to the energy measured per cubic centimeter of 
air in a small air cavity in the medium, multiplied by the 
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Fig. 26—Hand-and-foot counter. 
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Fig. 24—Poppy amplifier circuit diagram. 
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relative stopping power of the medium and air for sec-
ondaries produced in the medium by the radiation. This 
principle" assumes (1) that the cavity is small compared 
to the range of secondary electrons, so that a negligible 
fraction of the energy is lost in the cavity; (2) that the 
intensity and composition of the radiation near the cav-
ity are uniform; (3) that the gas in the cavity does not 
contribute any appreciable number of secondary ioniz-
ing particles—the gamma energy absorbed in the cavity 
should be negligible—and yet, if the material surround-
ing the cavity is of low atomic number so that the pho-
toelectric contribution is very small, the Compton elec-
trons generated in the air cavity will not introduce an 
error in the measurement of the roentgen; (4) that the 
cavity does not disturb the radiation flux by changing 
the direction and velocity of the electrons which cross 
its boundaries; and (5) that the relative stopping power 
of medium and air are independent of the ve ocity of the 
secondaries. Most of the ionization chambers of the 
health-physics instruments, with the possible exception 
of the pocket meter, are much too large to satisfy the 
Bragg-Gray principle. However, Gray has shown hat 
the relative stopping power is practically independent of 
the state of the medium (the range of grams per sq are 
centimeter is the same whether the medium is liquid, 
solid, or a gas). Thus, if the wall material is air-equiva-
lent (if it has an effective atomic number of air Z=7.7), 
the wall in reality becomes continuous with theiair in 
the cavity and the stopping power correction is unity. 
In any case, the inner air-equivalent wall material 
should have a thickness at least equal to the range of the 
secondary photoelectrons, and the gas in the chamber 
should be air, unless complicating energy-dependence, 
corrections are to be made. These corrections come 
about because the photoelectric-absorption coefficient 
varies as the fifth power of the atomic number of the 
medium and varies from the 3.5th to the first power of 
the wavelength as the energy increases from very low to 
high energy. Therefore, no simple correction can be 
made for the photoelectric effect unless the energy of the 
radiation is known (which is not the case for a health-
physics instrument), or unless the walls and the gas are 
made of air. The solution is to use air for the gas and a 
chamber-wall material of an effective atomic number 
=7.7, determined for the mixture in accordance with 
the equation of Fricke and Glasser' 

= ,f/EtasZ,4 E sa,Zi 

Where ai is the fraction by volume, and Zi is the atomic 

2 W. Bragg, "Studies in Radioactivity," Macmillan Publishing 
Co., New York, N. Y., 1912. 

3 L. H. Gray, Proc. Roy. Soc. A, vol. 122, P. 647; 1929; and vol. 
156, p. 578; 1936. 

4 L. H. Gray, Brit. Jour. Radiology, vol. 10, pp. 600, 721; 1937. 
'L. H. Gray, Proc. Comb. Phil. Soc., vol. 40, p. 72; 1944. 
• H. Fricke and 0. Glasser, Amer. Jour. of Roentgenology and 

Radium Therapy, vol. 13, p. 453, 1925. 
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number of each of the composite elements. The roentgen 
is defined as that amount of X or gamma radiation 
whose secondary electrons produce ion pairs in air 
amounting to 1 CSll charge of either sign when the X or 
gamma radiation is absorbed in 1 cc of air. A good 
health-physics instrument should have sufficient voltage 
across its ion chamber to collect the ions produced be-

fore much recombination sets in. 
Two health-physics instruments essential for cali-

bration of other instruments are the free-air cham-
ber and the extrapolation chamber. They are used to 
calibrate various types of sources as yell as to check en-
ergy dependence and other instrument characteristics. 
On the plutonium projects, it has been necessary to 

measure alpha, beta, and neutron radiations, as well as 
X and gamma. Since the definition of the roentgen ap-
plies only to X and gamma radiation, it was found con-
venient to use the term "roentgen equivalent physical," 
or the "rep." It was defined originally by H. M. Parker 
of the Hanford Works as that amount of radiation which 
is absorbed in tissue at the rate of 83 ergs per gram. The 
rep is sometimes defined as that amount of radiation 
which is absorbed in a microscopically small air cavity 
in the tissue to the extent of 83 ergs per gram of air. 
Each definition has certain advantages, and for its final 
name and definition the unit should await the decision of 
an international committee on units. 
From the above discussion, it is apparent that the wall 

material of neutron chambers should be made of tissue-
like material and that special care should be taken to see 
see that it contains the proper amount of hydrogen and 
nitrogen (because of the 7F1' (n, p), 7H' (n, 7H2 and 
7N" (n, p) GC" reactions). 

January 

CONCLUSION 

Not all of the various health physics instruments have 
been discussed in this paper, but a few of the more im-
portant problems have been indicated, with particular 
emphasis on the part which certain instruments have 
played in their solution. Few, if any, new principles 
were involved in the design of these instruments, but the 
application is new in many cases and the required num-
ber of radiation-detection instruments has increased 
many fold. :\ lost of these instruments are very poor from 
the standpoint of engineering and design, and the de-
mand for these instruments is far greater than the sup-
ply. An effort is being made to interest a larger number 
of engineering concerns in the development, engineer-
ing, design, and production of these instruments. Never-
theless, in spite of the imperfections of some of the in-
struments, the health physicists have used them suc-
cessfully. This is attested by the fact that thousands of 
persons on the plutonium projects at Argonne National 
Laboratory, Oak Ridge National Laboratory, and Han-
ford Works have relied upon these instruments while 
working with millions of curies of radioactive material, 
and not one has received any radiation damage. 
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High-Frequency-Heating Characteristics of Vegetable 
Tissues Determined from Electrical-

Conductivity Measurements* 
T. M. SHAWt AND J. A. GALVINt 

Summary—An investigation was made to determine the high-
frequency heating characteristics of certain vegetable tissues by 
means of electrical-conductivity measurements. The specific conduc-
tivities of potato, carrot, apple, and peach at 25°C were found to be 
of the same order of magnitude and range from about 3 X10-4 
ohm-' cm-, at 103 cps to 5X10-3 ohm-, cm-, at 4X107 cps. Variation 
in the temperature from -80 to +30°C is accompanied by a gradual 
rise in conductivity with a sharp tenfold increase at the melting point 
of ice. For temperatures between the melting point and 30°C, the con-
ductivity increases approximately 2 per cent per °C. Investigation of 
the effect of the water content on the specific conductivity showed, in 
the case of carrot, that a reduction in the water content from a value 
of 80 per cent, characteristic of the raw tissue, to a value of 1.5 per 
cent is accompanied by a ten-thousandfold (at 3 X107 cps) decrease in 
specific conductivity. These results are discussed briefly in relation 
to industrial applications of the high-frequency-heating method in the 
food and pharmaceutical industries. 

INTRODUCTION 

1
 r i HE METHOD of heating poor thermal conduc-

tors by means of high-frequency currents has 
proved to be extremely valuable in industry. 

Despite the fact, however, that biological materials con-
stitute one of the largest classes of poor heat conductors, 
the general usefulness of the high-frequency method in 
the industrial processing of such materials remains 
largely unproved. 
In attempting to evaluate the applicability of the 

high-frequency method of heating to certain biological 
materials important in the food and pharmaceutical in-
dustries, it was found that few data are recorded per-
taining to the high-frequency electrical characteristics 
of such materials. Although studies of the electrical 
impedance have been made on a number of important 
biological systems, these are confined largely to single 
cells, cell suspensions, and to certain tissues of animal 
origin. In most cases the frequency range does not in-
clude those frequencies of the order of 108 to 108 cps 
which are being used in the majority of high-frequency-
heating investigations. Other than the very early work 
of Phillippsonl on potato, there appear to be no data 
pertaining to the high-frequency characteristics of bio-
logical materials of plant origin. 
The present investigation was undertaken to deter-

mine how the high-frequency-heating characteristics of 
biological materials of vegetable origin are related to 

. • Decimal classification: R598 X R280. Original manuscript re-
ceived by the Institute, March 25, 1948; revised manuscript received, 
June 3, 1948. 
t Western Regional Research Laboratory, U. S. Department of 

Agriculture, Albany, Calif. 
1 M. Phillippson, "Les lois de la resistance electrique des tissus 

vivants," Bull. Acad. Roy. Belgique, Cl. Sc. 7, pp. 387-403; June, 1921. 

their temperature and water content, and to the fre-
quency of the heating current. The method chosen was 
the determination of the ac conductivity; this quantity, 
as is well known, is a measure of the rate at which energy 
is dissipated in the material through which current is 
flowing. The materials studied were potato, carrot, ap-
ple, and peach. 
For the purposes of this paper the electrical imped-

ance of a sample of a biological material contained be-
tween two parallel-plate electrodes of area A (square 
cm) separated by a distance 1 (cm) will be represented 
by a two-terminal network consisting of a capacitance 
C (farads) and a resistance R (bhms) in parallel. Then 
the specific conductivity a and dielectric constant e of 
the biological material are given by the equations 

a = 1/AR and e = 

Both a and e depend on the frequency, the temperature, 
and possibly other variables. 
If a network of this type is connected to a source of 

alternating current, the rate at which energy is dis-
sipated in a 1-cm cube of the biological material is given 
by the equation 

P = E2a 

where P is the power in watts, E is the rms value of the 
applied alternating emf, and a is the specific conductiv-
ity, as defined above. Since we are especially interested 
in the high-frequency-heating characteristics of biologi-
cal materials, attention will be confined primarily to the 
behavior of o-. The dielectric constant e, which together 
with a is sufficient to characterize the electrical proper-
ties of a material, is important in the present discussion 
only insofar as it influences the design of electrodes and 
the capacitance of the load to which the high-frequency 
source must be coupled. 

EXPERIMENTAL 

The specific conductivities of the several vegetable 
materials were determined by conventional methods. 
For frequencies between 108 and 5 X108 cps, a bridge-
substitution method was used.2 For frequencies be-
tween 102 and 4X107 cps, a commercial Q meter was 
used. The procedures described by Bady3 concerning in-

T. M. Shaw, "The elimination of errors due to electrode polariza-
tion in measurements of the dielectric constants of electrolytes," 
Jour. Chem. Phys., vol. 10, pp. 609-617; October, 1942. 
$ I. Bady, "Notes on Increasing the Accuracy and Usefulness of 

the Boonton Q Meter, Model 160 A," U. S. Department of Commerce, 
Office of the Pub. Board, Report No. PB2506. 
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ductance corrections at the higher frequencies were fol-

lowed. 
The conductivity cell was especially designed to be 

used with the Q meter at frequencies of the order of 
107 cps. The need for short, low-inductance leads and 
small stray capacitance was met by making the cell 
small and of simple design. As shown in Fig. 1, the cell 

SET SCREWS 

POLYSTYRENE 

ELECTRODE (BRASS ROD, PLATINUM TIP) 

SCALE , 1.-FF -14 

Fig. 1-Sketch of conductivity cell. 
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cover the frequency range from 500 to 3 X10° cps. The 
present measurements cover the frequency range from 
103 to 4X107 cps, and are in good agreement with the 

measurements of Phillippson. 
The origin of the sigmoid characteristic, obtained for 

the relation between the specific conductivity and the 
frequency for biological tissues, has been discussed by 
Phillippsonl and by others. It arises from the fact that 
the cell membrane is an electrical insulator. Thus, at low 
frequencies, current flow is confined principally to the 
intercellular fluid. At higher frequencies, some current 
flows through the cell membranes into the cell interior. 
Finally, at sufficiently high frequencies, current pene-
tration through the exterior membrane is complete, and 
the conductivity levels off in the manner shown in Fig. 2. 

accepts a small cylindrical specimen of about 0.3-cm 
diameter by 1.5-cm length, cut from the material under 

investigation. 
The calculated geometrical cell constant was checked 

by measuring the conductivity of sodium chloride solu-
tions. The cell constant found in this way agreed within 
5 per cent with the geometrical value for the entire 

frequency range. 
Most measurements were made at 25° + 1°C in a con-

stant-temperature room. In this way it was possible to 
avoid the complexities associated with thermostating 
the conductivity cell in a high-frequency circuit. Sim-
ilarly, in the few measurements made at tempeatures 
between -80 and +25°C, the need for a thermostated 
cell was avoided by bringing the conductivity cell to the 
desired temperature in a constant-temperature bath, 
and removing it for the few seconds required to estab-
lish a preliminary balance of the Q meter. The cell 
was then returned to the bath and, after temperature 
equilibrium was again established, the cell was removed 

again for the final balance. 
The principal limitation to the accuracy of the specific 

conductivities is probably that due to variations be-
tween successive samples. The maximum variation 
among a number of samples, varying in length by 100 
per cent, was found to be ± 20 per cent or less. This 
result was found by measuring the conductivities of 
eight samples from two potatoes at 103 and 105 cps and 
twelve samples from six apples at 3 X107 cps. This 20 

per cent variation includes, in addition to the variations 
in the samples, errors in the bridge and Q meter. 

RESULTS AND DISCUSSION 

Fig. 2 shows the relation between a and frequency for 
potato. These data are representative of the materials 
studied in the present investigation. They show the 
typical sigmoid characteristic first reported for living 
tissue by Phillippsoni and which has been found for 
many biological systems.4.5 Phillippson's data on potato 

4 K. S. Cole, "Electric impedance of suspensions of spheres," 
Jour. Gen. Physiol., vol. 12, pp. 29-36; September, 1928. 

6 K. S. Cole, "Electric impedance of suspensions of arbacia eggs," 
Jour. Gen. Physiol., vol. 12, pp. 37-54; September, 1928. 
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Fig. 2-Frequency variation of specific conductivity of potato at 
25°C. The vertical lines through the plotted points indicate an 
estimated 5 per cent error. 

Measured values of the conductivity for all the mate-
rials studied in the present investigation are summarized 
in Table I. From these data it is evident that the spe-

TABLE I 

SPECIFIC CONDUCTIVITIES OF VEGETABLE MATERIALS AT 25°C. 
Specific Conductivity, a(ohrn-I cm' X10 3) 

Frequency 
Cps. 

Potato  Potato 
(white) (sweet) Carrot  Apple  Peach 

103 
4 X103 
104 

3X104 
106 

2X106 
8X106 
2X104 
2X107 
3)007 

4.4 X107 

0.46 
0.48 
0.51 
0.65 
1.1 
1.8 
4.4 
6.5 
8.1 
7.8 
8.0 

0.64 
0.67 
0.72 
0.88 
1.4 
2.0 
3.8 
5.3 
6.8 
6.6 
6.7 

0.26  0.25  0.52 
0.28  0.28  0.52 
0.30  0.34  0.59 
0.34  0.56  0.77 
0.52  1.0  1.3 
0.80  1.3  1.9 
2.7 1.5 
5.2 
8.0  1.6  4.4 
7.9  1.6  4.3 
7.8  1.6  4.5 

cific conductivities of these diversified materials are all 
of the same order of magnitude. Furthermore, they 
agree in magnitude with the conductivities of a number 
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)f animal tissues 6 which range from 0.3 to 8 X10-3 ohm—' 
-rn—' for a frequency of 106 cps at 23°C. 
The water content of biological materials is an ex-

:eedingly variable quantity. Although many vegetable 
Ind animal tissues contain from 60 to 90 per cent water, 
there are specialized tissues which contain less water 
than others. Because of this variation in the water con-
tent, it is of interest to examine the effect of water con-
tent on the high-frequency-heating properties. A further 
interest arises from the possible use of high-frequency 
heating in the dehydration of biological materials. 
Probably the most comprehensive study of the elec-

trical properties of a biological material in various 
stages of hydration is that of Dunlap and Makower.7 
These authors studied the electrical impedance of a 
vegetable material (dehydrated carrot) containing from 
1.5 to 20 per cent water at frequencies ranging from 
1.8X104 to 5X106 cps. A part of their data, together 
with our measurements on raw carrot, is presented in 
Fig. 3, which shows the variation in a with frequency at 

4 

18 1; WATER, 207 C 

DEHYDRATED CARROT 

15% WATER 

CARROT 
BO; WATER, 25' C 

3  4  5  6 7 0 

LOGI, FREQUENCY (CYCLES/SECOND) 

Fig. 3—Frequency variation of specific conductivity of carrot and 
dehydrated carrot. Data for dehydrated carrot taken from Dunlap 
and Makower.7 Conductivities of carrot are for 25°C.; for de-
hydrated carrot at 20.7°C. 

various moisture levels. Since the data on dehydrated 
carrot extend only to 5 X106 cps, a short extrapolation 
was made to higher frequencies of special interest in 
high-frequency heating. 
— In comparing the data for raw and dehydrated carrot, 
it should be noted that the differences shown are not 
due solely to the effects of moisture. The data on the 
dehydrated carrot were obtained on a compacted mass 
of dehydrated carrot particles and, as Dunlap and 
Makower showed, the values of a are influenced by the 
degree of compaction. However, for the present pur-

B. Rajewsky, H. Osken, and H. Schaefer, "Hochfrequenzleit-
fahigkeit biologischer Gewebe im Welleningenbereich von 3 bis 1400 
/ Meter," Naturwissenschaften, vol. 25, pp. 24-25; January 8, 1937. 
; W . C. Dunlap, Jr., and B. Makower, "Radio-frequency dielec-
tric properties of dehydrated carrots: application to moisture deter-
mination by electrical methods," Jour. Ploys. Chem., vol. 49, pp. 
601-622; November, 1945. 

pose these effects are of secondary importance to the 
effects of moisture. 
It is apparent from the curves in Fig. 3 that an enor-

mous decrease in a, about 104-fold at 3 X107 cps, ac-
companies the reduction in moisture content from the 
80 per cent level, characteristic of the natural carrot, to 
that of the dehydrated material. It is also evident that 
a high-frequency generator designed for dehydration 
applications must accommodate materials with very 
wide ranges in conductivity. In tests of the use of high-
frequency heating for dehydration an attempt has been 
made to dry only partially dehydrated materials,8— lo 
and thus the necessity of dealing with large changes in 
a was partially avoided. 
Probably of greater interest than the change in the 

magnitude of a, shown in Fig. 3, is the marked change 
in the form of the frequency dependence of a which ac-
companies the reduction in water content. As remarked 
earlier, natural biological materials containing a large 
quantity of water show only a relatively small depend-
ence on frequency, especially in the megacycle range. 
However, when the moisture content is reduced to a 
very low percentage, the frequency dependence of a be-
comes large. In this case a is approximately proportional 
to the frequency, as is also the case for many solid di-
electrics." Data for other low-moisture biological materi-
als have been published by Sherman," who found that 
the loss factor e" of a number of food materials contain-
ing a small percentage of water is practically independ-
ent of frequency over the range of 5 X106 to 3 X107 cps. 
Since e" and a are related according to the equation 

a = [€"f/(1.8 X 10—")] + a-0 

(where f = frequency and cro =dc conductivity) it fol-
lows that a is proportional to the frequency. (For 
nearly all dry materials at the frequencies under dis-
cussion here, ao<<cr).7 
The conductivity of biological materials shows an 

interesting dependence on temperature. Since allowance 
must be made for changes in a during the course of the 
high-frequency-heating process in the design of the heat-
ing equipment, a knowledge of the temperature depend-
ence is important. Data on temperature dependence are 
of value in efforts to apply high frequency to the thaw-
ing of frozen foods. 13.14 

' V. W. Sherman, "Electronic dehydration of foods," Electronics, 
vol. 17, pp. 94-97; February, 1944. 

9 E. Rushton, E. C. Stanley, and A. W. Scott, "Compressed de-
hydrated vegetable blocks," Chem. and Ind., pp. 274-276; September, 
1945. 
" W. C. Dunlap, Jr., "Vacuum drying of compressed vegetable 

blocks," Ind. Eng. Chem., Ind. Ed., vol. 38, pp. 1250-1253; December, 
1946. 

11 S. 0. Morgan and W. A. Yager, "Dielectric properties of or-
ganic compounds," Ind. Eng. Chem., Ind. Ed., vol. 32, pp. 1519-
1528; November, 1940. 

12  V. W. Sherman, "Electronic heat in the food industries," Food 
Ind., vol. 18, pp. 506-509, 628, 630; April, 1946. 

11 T. L. Swenson, "Research on agricultural products," Sri. 
Monthly, vol. 62, pp. 525-537; June, 1946. 
u W. H. Cathcart, "Frozen foods defrosted by electronic heat," 

Food Ind., vol. 18, pp. 1524-1525; October, 1946. 
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The variation in tr with temperature of vegetable tis-
sue in the natural state is complex. Fig. 4 shows data 

-70 -GO -50 -40  -30  -TO -10 0 10  20 30 

TEMPERATURE, •C 

Fig. 4—Variation of specific conductivity of potato with 
temperature for a frequency of 30 Mc. 

obtained with potato for the temperature range —80 to 
+25°C. For temperatures above freezing, the change in 
a is small, approximately 2 per cent per °C. Below 
the freezing point, however, a changes rapidly until 
most of the water present in the tissues has been 
frozen. A similar change in the dielectric constant also 
occurs and has been demonstrated for plant materials" 
and for flour dough." The very pronounced change in 
a near the melting point of ice is of special importance 
in the use of high-frequency heating to thaw frozen 
food. This characteristic is responsible for the nonuni-
form thawing observed in experiments of this nature. 
If it is assumed that a uniform electric field is applied 

to the frozen material, all portions of the material must 
be at the same temperature to assure uniform thawing. 
If the temperature is not uniform, regions at higher 
temperatures will heat more rapidly because their elec-
trical conductivity is greater. The final result is that 
some portions become completely thawed and even 
overheated, while near-by portions remain frozen. Since 
it is very difficult, if not impossible, to obtain a uniform 
temperature throughout a material, it is questionable 
whether satisfactory results can be obtained by this 
method, at least at frequencies and for materials for 
which the conductivity varies in the manner shown in 
Fig. 4. 
The question of proper frequency to employ in high-

"L. T. Alexander and T. M. Shaw, "A method for determining 
ice-water relationships by measurements of dielectric constant 
changes," Nature, vol. 139, pp. 1109-1110; June 26,1937. • 
"G. E. Vail and C. H. Bailey, "The state of water in colloidal 

gels: free and bound water in bread doughs," Cereal Chem., vol. 17, 
pp. 397-417; July, 1940. 

frequency heating has been raised frequently. According 
to the well-known Debye theory of polar dielectrics,19 
a maximum energy loss per cycle occurs at a critical fre-
quency corresponding to the relaxation time of the di-
poles. Such maxima can be demonstrated experimen-
tally. The amount of heat developed in one second in a 
dielectric, however, depends on the product of frequency 
and loss per cycle. It is easily shown that in an ideal 
Debye case an increase in frequency beyond the critical 
frequency is sufficient to offset the drop in the loss per 
cycle, so that the power input to a dielectric never falls 
off with increasing frequency. For most materials the 
variation in loss per cycle with frequency is usually 
much less than is predictable by the Debye theory. In 

the limiting case of constant loss factor, such as is found 
experimentally to be approximately true for polysty-
rene" at frequencies as high as 1010 cps, a tenfold in-
crease in frequency is accompanied by a tenfold in-

crease in the specific conductivity. 
For materials with approximately constant loss fac-

tor, the equation P =Oct, given above, indicates that a 
given power input to the material can be obtained at 
low voltages by working at higher frequencies where a 
is large. This is an important consideration, because 
with many materials rapid heating at low frequencies 
requires the use of voltages approaching the breakdown 
voltage. It has been suggested that the use of fre-
quencies in the microwave range" may eliminate this 
difficulty. 
The above situation does not hold for biological mate-

rials with large specific conductivities, such as those 
shown in Table I. As previously stated, a is practically 
constant for frequencies in the range 106 to 106 cps for 
materials of this nature. Although some increase in a 
is to be expected at still higher frequencies, recently 
published measurements on cooked vegetables" indicate 
that such increase in biological tissues is not large. For 
these materials, o. is about 10-2 ohm-1 cm-1 at 109 cps. 
Although these data are not strictly comparable with 
the data in Table I, they serve to indicate the probable 
order of magnitude of a for natural vegetable tissues in 
the microwave region. As judged from these data, it 
appears unlikely that the use of microwave frequencies 
for heating high-conductivity biological materials will 
permit any marked reduction in the voltage required, 
as compared to voltages required at frequencies of the4 
order of 106 to 108 cps. 

New YorkDeN.bye, "Polar Molecules," Chemical Catalog Company, 
, Y. 1929. 

" C. N. Works, "Resonant cavities for dielectric measurements,"3 
Jour. Appi. Phys., vol. 18, pp. 605-612; July, 1947. 

19  T. P. Kinn and J. Marcum, "Possible uses of microwaves for 
industrial heating," Product Eng., vol. 18, pp. 137-140; January, 
1947. • 

20 P. W. Morse and H. E. Revercomb, "UHF heating of frozen 
foods," Electronics, vol. 20, pp. 85-89; October, 1947. 
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Factors Influencing the Perveance of 
Power-Output Triodes* 
GORDON R. PARTRIDGEt STUDENT, IRE 

Summary—A brief historical survey, discussing Child's formula 
and the assumptions upon which it was derived, is presented. Perve-
ance is explained as being the factor relating voltage to current in 
electron tubes, and several formulas for calculating it are listed. The 
concept of "equivalent diodes" is discussed. Formulas are given for 
computing cathode current, together with reasons for errors in these 
formulas. Brief explanations are offered of the effects of grid current, 
variations in "effective anode area," and variations in µ upon calcu-

lations of cathode current. 

I. INTRODUCTION 

N THE DESIGN of power-output tubes, the prob./ 
lem arises of obtaining a current'which, at a speci-
fied plate voltage, will enable the tube to deliver the 

power required by the designer. The current that may 
be obtained from a given tube is a complex function of 
tube geometry and electrode potentials, and no com-
pletely correct formulas for computing this current are 
known. This paper has a twofold purpose: first, to pre-
sent a summary of known formulas and to recommend 
certain modifications which, the author believes, will 
ive more satisfactory results in the design of power-out-
put triodes than have heretofore been obtained; and 
second, to discuss factors that cause the performance of 
the tube to vary through its operating range, giving re-
,ults that differ in practice from those predicted by de-
,ign equations. 
The earliest work on tubes involved studies of the uni-

lateral conductivity of current between electrodes in 
low-pressure atmospheres. Later, in the early part of the 
Present century, Child' developed the well-known "3/2-
power" law, which is still the basis of studies of current 
flow between electrodes. Child developed his law from 

the following assumptions: 
(1) The cathode is capable of emitting more electrons 

/... than will be drawn to the anode. 
(2) The cathode and anode are parallel planes, large 

enough to render end effects negligible. 
(3) Anode and cathode surfaces are equipotential. 
(4) Electrons are emitted with zero initial velocity. 
On the basis of these assumptions, Child arrived at 

the following law: 

ib 

2.33 X 10-5 A 

d2 
e,,''2 (1)• 

where 4 is the anode current, d is the distance between 
cathode and anode, A is the area of each electrode, and 

• Decimal classification: R334 XR130. Original manuscript re-
ceived by the Institute, February 5, 1948; revised manuscript re-
ceived, April 19,1948. 

t Yale University, New Haven, Conn. 
C. D. Child, "Discharge from hot CaO," Phys. Rev., vol. 32, pp. 

492-511; May, 1911. 

eb is the potential in volts applied to the anode when the 
cathode is considered a surface at zero potential. Child's 
law may be written with greater generality as 

ib = Keb"  (2) 

where the constant K in this case equals 

2.33 X 10-6 A 

For more complicated tubes where one grid is present, 
the plate current is given by the Child-Langmuir-
Schottky law: 

ik =  K [eb  g ec --F E„)]"  (3) 

where the quantity in brackets is the voltage that will 
cause the same amount of current flow as would be ob-
tained in an "equivalent diode" with the same potential 
applied to its anode. In (3), ik is used to denote the total 
current from the cathode, eb is the anode potential, ec is 
the voltage applied to the grid, µ is the amplification fac-
tor", and E„ combines the effects of contact potential 
between cathode and grid, the effects of initial velocity 
of the emitted electrons, and minor phenomena. The 
potential E„ is usually of the order of a volt or two, and 
is negligible compared to other voltages encountered in 
transmitting triodes. The exponent n is of the order of 
3/2 in value, but may be as low as 1.4 or as high as 5/2, 
the latter being its value in regions of large negative 
grid potential and very small plate currents. The quan-
tity n is not constant for a given tube, but may vary be-
tween the limits indicated, depending upon the region 
of the tube characteristics where operation is taking 

place. 

II. THE CONCEPT OF PERVEANCE 

The most general statement of the relationship given 
in (3) is 

ik = K(ei)312 .  (4) 

The coefficient K in this equation and in (2) and (3) is 
called the perveance of the tube. This concept was first 
introduced, and the word coined, by Kusunose.4 There 

2 B. Salzberg, "Formulas for the amplification factor of triodes," 
PROC. I.R.E., vol. 30, pp. 134-138; March, 1942. 

F. B. Vodges and F. R. Elder, "Formulas for the amplification 
constant of three element tubes," Phys. Rev., vol. 24, pp. 683-689; 
December, 1924. 

Y. Kusunose, "Calculation of the characteristics and the design 
of triodes," PROC. I.R.E., vol. 17, pp. 1706-1750; October, 1929, 



88 PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section  January 

is no argument as to the voltage entering into equa-
tions (2) and (4). However, if current ik for a triode 
is calculated from (3), the results will often depart 
greatly from those obtained by direct measurements. 
Therefore, several modified expressions have been sug-
gested in the past to replace the parenthetic expression 
in (3), corresponding to e' in (4). One of these is 

e' = eb+ Alec,  (5) 

which is even less accurate because E„ is neglected, but 
still is often used because of its simplicity. Two others, 
for example, are 

and 

C' — 

eb 
ec+ — 

At 
e' =   (6) 6 A = NIte (10) 

1 
1 — /A  where N is the number of filament strands and 1 is the 

"lighted length" of these strands. 

insignificant or too complicated to take into account. In 
practice, empirically derived formulas are normally used 
for perveance. Several of these will be listed and dis-
cussed. For each of the equivalent voltage formulas 
given above, there is a perveance formula that gives the 
best results. It has been the practice to use the following 

set of formulas: 

where 

ik =  +  per)312  (8) 

2.33 X 10-6 A 
K =   (4413  1,19413)312 (9) 

eb 
cc+ -

 4 (t,  
1+ — + — 

h 3µ  tg 

(7)6 

The quantity tp in the last expression is the distance be-
tween the inner surface of the anode and the centerline 
of the filament wires in a tube with a filamentary cathode 
(or the coated surface in a tube with a unipotential cath-
ode). The distance tg is the distance between the center-
line of the filament wires (or the coated surface) and the 
centerline of the grid winding wires. If the filament, 
grid, or anode are tapered, the mean distances may be 
used. These dimensions are shown in Fig. 1(a). 
The perveance having been defined, the problem be-

comes one of determining the most accurate formula for 
calculating this quantity. To obtain an equation that 
will be of any practical value whatsoever, a number of 
factors must be omitted from consideration. These are 
(1) space charge, and the associated phenomenon of 
"virtual" cathodes; (2) the initial velocity and angle of 
emission of the electrons; (3) end effects; (4) variation of 
potential along the cathode in filamentary cathode tubes; 
(5) the effects encountered as current ceases to be 
space-charge-limited and becomes limited by the abil-
ity of the cathode to emit electrons; (6) secondary emis-
sion; and (7) minor effects, such as ionization of traces 
of residual gas, accumulation of charge on the walls of 
glass-envelope tubes, and the Schottky effect7 at very 
high plate potentials. All these phenomena have been 
investigated at various times, but their effects are either 

'E. L. Chaffee, "Theory of Thermionic Vacuum Tubes," 1st. ed. 
McGraw-Hill Book Co., New York, N. Y., 1933; pp. 185-190. 

F. B. Llewellyn and L. C. Peterson, "Vacuum tube networks" 
PaocILR.E., vol. 32, pp. 144-167; March, 1944. 

7 W. Schottky, "'Mar den Einfluss von Strukturwirkungen, 
Besonders der Thomsonschen Bildlcraft, auf die Elektronenemission 
der Metalle," Phys. Zeit., vol. 15, pp. 872-878; November, 1914. 

and 

t.  2(4 A- 1P  -- 1). 
± 1 

The formula for A was derived on the basis of the fact 
that the entire anode is not effective in gathering elec-
trons. Those parts of the anode lying nearest the fila-
ment wires collect more electrons than those which are 
opposite the vacant spaces between wires. 
It will be observed that (9) is for plane-parallel elec-

trode configurations, rather than for the concentric cy-
lindrical electrodes employed in the tubes here discussed. 
The justification for using this formula lies in the fact 
that power-output triodes normally have electrodes of 
sufficiently large radii so that, over a small sector of the 
tube, the electrodes are essentially plane and parallel. 
The set of formulas of (8), (9), and (10) give fair re-

sults, with errors normally in the neighborhood of 20 to 
30 per cent when average measured results for a given 
tube type are taken as the standard of reference. This 
paper will recommend certain changes in these formulas 
which appear to give better results in the majority of 
cases. However, it must be stated emphatically that no 
one formula is best in all cases, and, in general, more 
difficulty is to be expected in determining and accurate 
value of perveance in cases of positive-grid Operation 
than when the grid is negative. 
In the discussion to follow, (7) will be used for calcu-

lating e'. Upon comparing this with (5), it will be seen 
that the value of ik given by (4) will be approximately 
(1/.i)3/2 as great as if (5) were substituted in (4). For this 
reason, the perveance formula (9) must be multiplied by 
1.012, or, what amounts to the same thing, the denomina-
tor of (9) .must be divided by 123/2. Such an operation 
gives the following equation: 

K — 2.33 X 10-6  A 
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This value of perveance was tried in combination with 
the e' of (7), and gave fairly satisfactory results. It was 
found, by trial and error, that some additional modifica-
tion led to a slight improvement. This revision gives 

2.33 X 10-6 A 
K=  (13) 

(1 ,4/3   ± 44/3)3/2 

+ 1 

The perveance given by (13) used with the value of e' 
given by (7) gives accurate results when ik is calculated 
for cases of negative grid voltages. The use of (13) is not 
successful in cases of positive grid voltages. 
Equation (13) is essentially a formula for plane-paral-

lel electrode configurations. As the grid voltage becomes 
positive and cathode current increases, the virtual cath-
ode will move back more nearly to the position of the 
filament itself. As this happens, the approximation of 
considering the tube a parallel-plane structure becomes 
less justifiable, and a perveance formula somewhat 
more similar to that used for cylindrical tubes is found 
useful. The following equation is recommended: 

K = 
2.33 X 1O-6 A 

t g2 

dicted by the formulas. The same difficulty, although not 
so pronounced, arises with the GL-862A, which also has 
a pure-tungsten filament. With these three types, (16), 
which gives the lowest value of current for a given set of 
electrode potentials, provides the best results, although 
its use is not normally indicated for positive-grid regions. 
In tubes with thoriated-tungsten filaments, where 
plenty of electron emission is available, (17) gives con-
sistently superior results, with errors of the order of 10 
per cent or less, except when the grid potential is near 
the maximum value it may take without endangering 
the life of the tube. 

INNER SURFACE OF ANODE. 
# OF GRID WINDING 

GRID STAY RODS 
FILAMENT WIRES 

NO SCALE. 

(a) (b) 

= "ITcH•li 

GRID WINDING 
TURNS PER INCH 
WIRE DIAMETER-2p 
STAY RODS 

NO SCALE 

Fig. 1(a) —Plan view of a power-output triode. (Note: In 
(14)  the case of taper, take mean values of tp and t„). 

Fig. 1(b) —Detail of grid. 

Its use gives acceptable results only in positive-grid re-
gions of tube operation. It should not be employed when 
the grid is at zero or negative potentials. Table I sum-
marizes the formulas, and lists conditions under which 
they are applicable. 
There are many physical limitations and factors that 

cause the formulas of Table I to be in error. For certain 
tube types, such as the GL-9C24 and GL-889, none of 
the formulas gave acceptable results with positive grid 
potentials. This is because the pure-tungsten filaments 
cannot emit enough electrons to provide the current pre-

Some more or less typical results will now be shown 
for the tubes for which plate characteristics were calcu-
lated. Fig. 2 shows the calculated plate characteristics 
of the GL-892, as computed by (15), (16) and (17), and 
also the published data. Note the greater accuracy given 
by (17) in the positive-grid region. Fig. 3 (for the type 
GL-889) shows the superiority of (16) in the negative-
grid region, and Fig. 4 (for the GL-5513) again shows 
the better results given by (17) when the grid is positive 

TABLE I 

SUMMARY OF PER VEANCE AND CURRENT FORMULAS 

Conditions of Applicability Equation 

2.33X10-6 A 
ik— (44,34.1,441s)2I2(eb-Fue.)312 

Fair accuracy in negative-grid regions of operation. Errors of the order of 20 to 

30 per cent. Of questionable value in positive-grid regions. 
(15) 

ik= 
[ tp4/7 +I  4,3 ]3/2 
144.1  9 1+ 1 +  4 3Ar  

ta 

2.33X10-° A ek-F— 

ek  ]212 

Usually gives better results in negative-grid regions than (15). Of little value 

in computations when grid is positive. 
(16) 

2.33 X 10-6 A  

eb 

1 4  
1+  -le- c+   — 

ii 31A 1, I 

Gives good results when grid is positive. Errors are of the order of 10 per cent. 

Not to be used when grid potential is zero or negative. See discussion in text. 
(17) 
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III. THE PROBLEM OF GRID CURRENTS 

It will be observed that the equations given above are 
for ik rather than 4. This makes no difference when the 
grid is negative, since in this case ik = i„ for all practical 
purposes. But usually the tube designer is interested 
primarily in plate current, and (15), (16), and (17) may 
be considerably in error if used to calculate plate cur-
rent when the grid draws current. The results presented 
in Figs. 2, 3, and 4 were obtained by subtracting pub-
lished values of grid current from the calculated values 
of ik. In the design of new tube types, grid currents are 
unknown and must be estimated. Nlethods for predict-
ing grid current have been presented by various au-
thors, but in general without great success. Jonker and 

15 Tellegens have presented several formulas which, while 
not giving the exact value of grid current, will be of some 
help.in making an estimate of its value. Their formulas, 
with notation modified to correspond to that used above, 

//ec' 002 V. 
15 

 From val. • 16 
••••. •  ?••••, •I, n 17 
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400 

•  
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Fig. 2—Plate characteristics of the type GL-892, comparing pub-
lished and calculated currents and illustrating improved results 
obtained in regions of positive grid potential by equation (17). 

It must be repeated, however, that no one formula gives 
best results in all cases. The recommended expressions 
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Fig. 3—Plate characteristics of the type GL-889 in the negative-grid 
region, comparing published data with calculated currents and 
illustrating improved results obtained by equation (16). 
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Fig. 4—Plate characteristics of the type GL-5513 comparing pub-
lished and calculated currents and illustrating improved results 
obtained by equation (17). 

are better in a majority of cases, but since complete 
calculations were performed on only eight tubes (types 
GL-862A, GL-880, GL-889, GL-891, GL-892, GL-5513, 
GL-9C24, and Z-1463, a developmental tube), it would 

be incorrect to state completely general conclusions. 

are 

= 2p V e, 

ik 1/n e' 

January 

(18) 

where 2p is the diameter of the grid-winding wire, n is 
the number of turns per inch of grid winding, ec is the 
potential of the grid, and e' is given by 

pc, -I- ea 
C' =  (19) 

tp — to 
1 + 

to 

Note the great similarity between (19) and (7). Jonker 
gives an equation for p, also, as follows: 

271-n(t, — to) 
FL =   (20) 

loge (-1 ) — 
27rnp 

This is the formula given by Vodges and Elder3 for the 
case where p-40. The subject of formulas for calculating 
will be discussed at a later point in this paper. 
Equation (18) is a first approximation, and somewhat 

greater accuracy is claimed for a modified form also 
given by Jonker and Tellegen: 

2e' log e  1 \]. 27r-np)  (21) 

e, — e' 

11 = 2np 

Grid currents have been calculated for two tubes, the 
GL-892 and the GL-5513, using (21). The results are pre-
sented as Figs. 5 and 6. It will be observed that the ac-
curacy is very low, indeed. At least a part of the error 
arises from the fact that the formula does not consider 

8 J. L. H. Jonker and B. D. H. Tellegen, "The current to a posi-
tive grid in electron tubes," Philips Res. Rep., vol. I, p. 13, 1945. 
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Is.Fig. 6—Comparison between published values of grid current for 
the type GL-5513 and values computed from the formula of 
Jonker and Tellegen. 

secondary emission.9 The GL-892, which has a tantalum 
grid, has greater secondary emission than the GL-5513, 
which has a platinum-clad molybdenum grid. Because 
of this higher secondary emission, the grid current will 
drop off faster with rising plate voltage than it does in 
the GL-5513, a fact confirmed by published data. 
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Fig. 5—Comparison between published values of grid currents for 
the type GL-892, and values computed from the formula of 
Jonker and Tellegen. 
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In an effort to determine a more accurate empirical 
method of calculating grid current, it was found that 
plotting the ratio of  as a function of eb/e, on log-log 
paper gave a group of points that were, in most cases, 
scattered in such a way that a straight line could be 
drawn through the center of the group. This is shown in 
Fig. 7. The nature of the curve suggests that grid cur-
rent could be determined by a formula of the type 

ic eb 
nt , 

tk  e, 
(22) 

where m and b are constants for a particular tube, and 

H. I3ruining,  "Die Secondar-emission Fester Korper," J. 
Springer, Berlin, 1942; Edwards Bros., Inc., Ann Arbor, Mich., 1944. 

depend for their values upon the tube geometry and 
upon secondary-emission properties of the grid material. 
Table II lists values of m and b for three tubes for which 
grid current was calculated from (22). 

TABLE II 

Tube Type 
GL-9C24 
GL-880 
GL-5513 

Value of m 
0.317 
0.233 
0.534 

Value of b 
—0.64 
—0.82 
—0.305 
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Fig. 7--Ratio of idik plotted as a function of the ratio 
eb/ e, for the type GL-5513 tube. 

The points were so scattered in the case of the GL-
9C24 that several straight lines appeared equally plausi-
ble, but the method appears to have some degree of 
validity with the GL-880 and the GL-5513. It is sug-
gested that further study of an equation of the form of 
(22) would be useful in a more detailed investigation of 
the effects of grid current upon tube performance. 
Formulas (16) and (17) are, it is believed, capable of 

giving better results, when the conditions of applicability 
listed in Table I are followed, than other formulas here-
tofore employed. However, even these formulas are ap-
proximations, and the results may be appreciably in er-
ror. Some of the causes of these errors will now be dis-
cussed. 

IV. EFFECTIVE ANODE AREA 

At high anode potentials, there is a tendency for the 
electrons crossing from the cathode to the anode to form 
coarsely defined "beams," especially when the grid is at 
a negative potential. As the plate voltage becomes 
higher, the beam becomes sharper, leading to a de-
crease in the effective (i.e., the electron-collecting) area 
of the anode. Since the equations of ik (15, 16, and 17) 
do not consider changes in the effective area, it follows 
that the value of A appearing in these equations will be 
too large when the beam is very narrow, and too small 
when the beam is wide. Hence, the value calculated for 
ik will be either too large at high plate voltages or too 
small at low plate voltages. If the former is true, the 
per cent error will increase as plate voltage rises; if the 
latter is true, the per cent error will be large at low plate 
voltages, and decrease with an increase of plate voltage. 
Attempts were made to derive empirical correction fac-
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Radio," John Wiley and Sons, Inc., New York, N. Y., 1944; p. 64. 

tors for the variation in effective anode area. However, 
while correction factors could be made to fit any one 
tube, they were of such complexity as to be completely 
useless in design work. Furthermore, there was no ap-
parent tendency towards generalization. A formula that 
worked for one tube bore little or no resemblance to one 
that worked for another. Consequently, attempts to find 
such correction factors were abandoned in the belief that 
the dubious usefulness of the results and the lack of 
generality did not warrant the expenditure of additional 
time. 
The effects of beaming in triodes might conceivably 

be calculated from the Laplace equation" 

V2V = 0,  (23) 

2.33 X 10-6  
ik 

/92 

V. VARIATIONS IN MU 

In addition to variations in effective anode area, the 
fact that i is not constant in all parts of the tube char-
acteristics complicates the problem of determining per-
veance. Mu may take values ranging from slightly greater 
than the mean value to zero, and may even become 
slightly negative in some parts of the characteristic 
curves. Properly speaking, the value of µ varies with 
electrode potentials and currents. However, for purposes 
of mathematical treatment it is convenient to think of 
plate current as a function of A, and this approach will 
be used in subsequent discussion. If (17) is written out 
in full, such constants as A and K being replaced by 
their values given in (10) and (14), the following expres-
sion is obtained: 

ec WA "2 
In  4\1 

X 2N/ (/,  1  44/ _ 
- IA 3A 

or from Poisson's equation 

V2V = - 47rp, (24) 

but the labor involved in fitting the boundary conditions 
for electrodes as complicated as grid and filament wires 

where 
tp - 19 

a -   
19 

(25) 

and is introduced solely to simplify writing this and 
following equations. 
Taking the partial derivative of i k with respect to 

gives 

312   

{ 1  4a1 (- eb)  (  ebl 
aik 3K  1 -21  4a} AL2 IA  AA 31,2 

al., 2 +  +  N  2 

1  IA  3/AI 

rec+ eb "2  

+ I 1(2.33 X 10-6 } 
1.2 

[ 1 —  — 
1 4a 

A  312 

is prohibitive, if, indeed, the job is possible at all. Fur-
thermore, a knowledge of charge distribution is required 
for the solution of Poisson's equation, which compli-
cates the problem even further. Other possibilities for de-
termining the beaming effect would be the plotting of 
electron trajectories from fields obtained in an electrolyt-
ic flux-plotting tank, or the beams may be seen by coat-
ing the anode of a tube with willemite or other phos-
phors. 

a(ec+ -e2-)=  
2 

1/2 

1  4,1 
1 —  — 

m  3//-

2Nl(t, - tu) {- - -}]. (26) 

This equation will normally have a negative value, in-
dicating that the plate current increases as .the tube is 
made to operate in regions of small µ, a result observed 
universally in practice. 
The question might be raised whether or not a tube 

could be designed in which variations in jz would have no 
effect upon the perveance. This would require that the 
partial derivative in (26) be equated to zero. Setting up 
this equality and simplifying the expression as much as 
possible gives 

{e, !_11{-1 4a} 
/22  3122 

1  4a 
1 —  --

IA 3/2 

• (27) 

SOS. Ramo and J. R. Whinnery, "Fields and Waves in Modern  This equation can hold true only for certain special val-
ues of electrode voltages and spacings, and so it must be 
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concluded that, in general, variations of ik with jz can-
not be eliminated in tube design. 
Since, therefore, variations in µ must be considered, 

the problem next arises as to how to take them into ac-
count. To investigate this question, the values of /.1 were 
determined for various tubes by measuring the slope of 
the constant-current curves at different values of plate 
and grid potentials. These values were plotted, and an 
attempt was made to set down equations that would 
give approximately the same sets of curves. The follow-
ing equation gave fairly good results: 

A = t2max(1 — e—kwed) (28) 

Plotting families of curves form gave results which were 
very close to those observed from measuring the slopes 

When the variable values of µ are introduced into 
the plate-current equation (17), it is found that the 
calculated currents are greatly in error, especially when 
the grid voltage is very positive. The cause of this large 
error will be explained on the basis of the nature of the 
plate-current equation. 
Assume that the perveance portion of (17) remains 

constant, and that only the quantity in brackets changes 
as IA varies in value. This is not strictly true, but leads to 
a simplified analysis. Actually, as µ decreases in value, 
the value of A calculated from (10) and (11) will in-
crease, and hence the perveance increases. It will be 
shown that, as u becomes smaller, the bracketed quan-
tity in (17) increases in value and becomes a maximum 
when ti is zero. Taking the partial derivative of this ex-
pression gives 

a [
ec .e4  F + _1 + r— eq !_fl 1-(1 .1(±\ (-

3 A-I L IL -I  J Lk 3 ) /22 /J 
1 4a 
— 
IL 3 12 

[1 +  + 4a 1 2 
31.1 

of the constant-current curves. A comparison of meas-
ured and calculated curves for the type GL-889 is 
given in Fig. 8. The value of k is 1.1. This varies from 
tube to tube, and no convenient correlation was found 
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Fig. 8—Comparison between observed and calculated 
values of µ in tube type GL-889. 

• 

between the value of k and the dimensions of the tube. 
It should be noted that appreciable variations in the 
value of IA are observed only in regions of positive grid 
potential. When the grid is at a negative potential, the 
value of µ stays very nearly constant, and is equal ap-
proximately to the maximum value of ti for the given 
tube type. 

=0 (29) 

the derivative being equal to zero when the value of the 
expression being differentiated is a maximum. Simplify-
ing (29) gives 

lac 4atte, 
= 
eb  3eb 

Equation (30) can be satisfied in two cases: 

and 

(case 1) e, = 
eb 

4a 
1 — 

3 

(case 2)  p= O. 

(30) 

(31) 

(32) 

Normally case 2 would be a trivial solution, but it has 
significance here in that a value of zero for ti locates a 
point on the tube characteristics where the current is 
very high, and close to the maximum value that can be 
obtained in any given tube. 
The expression indicated as case 1 gives a relationship 

between eb and ec that locates a point of low ti on the 
characteristic curves. In general, the value of µ is not 
zero at this point, presumably because (17), on the basis 
of which the above discussion is derived, is only an ap-
proximation, although the best approximation available 
at present. 
In any event, both case 1 and case 2 define conditions 

in which the plate current is near the maximum value 
it can take in any given tube. Moreover, the value of the 
perveance will be very large when ti = 0, as explained 
above, so that currents calculated using the variable 
values of p. will be exceedingly high when p. is small. 
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These calculated currents are usually several times the 
values observed in the tubes themselves. Before such 
high currents could be reached, the inability of the 
cathode to emit sufficient electrons will limit the current 
in the tube. Therefore, it is recommended that the mean 
value (i.e., the nominal value) of µ be used in all cal-
culations, even though a consideration of the variations 
in /.4 might be theoretically justifiable. 
In the design of new tubes where µ has yet to be de-

termined, the value may be calculated with fair ac-
curacy by the use of Vodges and Elder's formula. Cer-
tain charts are also available for determining the value 
of p. from known dimensions. Vodges and Elder's for-

mula is 

• 2rnb — log, cosh 2rnp 
=   (33) 

log e coth 2rnp 

where 

b=tr—t 5. (34) 

A summary of the results obtained from this formula is 

given in Table III. 
Vodges and Elder's formula is for plane-parallel tube 

structures, but gives consistently good results with the 
cylindrical configurations used in large power-output tri-

odes. 
In conclusion, the author wishes to state that (16) and 

(17) appear to be more useful for tube design purposes 

than equations heretofore used, and to express the hope 
that other information included in this paper may be of 
use in guiding future investigators who wish to prepare 
a more detailed study of the exact causes of variation of 

perveance in tubes. 

TABLE III 

COMPARISON OF CALCULATED AND PUBLISHED VALUES OF M U, 
WHEN VODGES AND ELDER'S FORMULA IS USED 

Tube Type 
GL-9C24 
(;L-862A 
(;L-880 
GL-889 
GL-891 
GL-892 
GL-5513 
Z-1463 

Calculated value 
18.8 
43.1 
18.8 
20.3 
3.0 
42 
104 
25.8 

Published value 
21 
45 
20 
21 
8 
50 
87 
25 
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A Coaxial-Line Support for 0 to 4000 Mc* 
R. W. CORNESt, VOTING ASSOCIATE, IRE 

Summary—Experimental and theoretical work done in designing 
a broad-band undercut-bead support is described, and a method is 

given for calculating the bandwidth. A typical microwave application 

is discussed which has a VS WR of less than 1.025 for 0 to 4000 Mc. 

INTRODUCTION 

R
IGID AIR- or gas-filled coaxial lines have been 
used considerably in recent years as high-fre-
quency transmission lines. In these lines, the 

center conductor has generally been supported by spaced 

* Decimal classification: R117.2. Original manuscript received 
by the Institute, June 12, 1947; revised manuscript received, August 
2, 1948. Presented, 1947 IRE National Convention, March 5, 1947, 
New York, N. Y. 

t Microwave Measurements Laboratory, Sperry Gyroscope 
Company, Great Neck, L. I., N. Y. 

dielectric beads or by the use of quarter-wa.ve stubs. 
Both methods limit the usefulness of the lines to a 
relatively narrow frequency band because of the im-
pedance mismatch and resultant power reflection at fre-
quencies deviating slightly from the design frequency. 
One method of reducing the reflection from a dielectric 

bead in a line is to undercut the line so that the beads 
have the same characteristic impedance as the rest of 
the line. Such a bead will produce no reflection at very 
low frequencies. However, atihigh frequencies the dis-
continuity effects due to the undercut are great enough 
to upset the impedance relations between line and bead. 
Experimental work was done to determine the changes 
necessary to take this effect into account, and the an-
alysis based on filter theory is given along with design 
considerations as a result of this work. It is possible to 



1949  Comes: Coaxial-Line Support for 0-4000 Mc  95 

design beads which are good up to the maximum usable 
frequency of a coaxial line. In the i-inch-diameter line 
which is used considerably in radar work, the operating 
frequencies extend from 0 to 4000 Mc. 

DESCRIPTION 

The improved undercut bead was first developed for 
use in test equipment for i-inch coaxial line. This 
equipment was being used over the range of 600 to 4000 
Mc. When spaced beads were used, it was necessary to 
employ at least ten different sets of equipment, each 
with different bead spacing, to cover this band. It was 
to avoid this duplication of equipment that the work on 
undercut beads was undertaken. 
Fig. 1 shows a section of coaxial line with an under-

cut bead in place. The dimensions given are for i-inch 
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Fig. 1—A coaxial line with an undercut bead, and the 
equivalent circuit of the bead. 

line with a characteristic impedance of 46.3 ohms. The 
line is similar in size to the Army-Navy RG-44/U line, 
and has the Army-Navy designation of RG-92/U or 
CG-462/U when made up in definite lengths. 
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Fig. 2—The image impedance and VSWR of an undercut 
bead in i-inch coaxial line. 

The lower curve in Fig. 2 shows the calculated volt-
age-standing-wave ratio, or VSWR, introduced into a 
line. The measured VSWR is slightly higher, but is still 
below 1.02 up to about 4000 Mc. This corresponds to a 
maximum power reflection of 1/10 of 1 per cent. 
Because of the low reflection from each bead, multiple 

beads may be used without adversely affecting the per-
formance of the line at any frequency below the maxi-
mum design frequency of several thousand megacycles. 
However, for best performance on long lines, the beads 
should not be so spaced (approximately I-wavelength 
apart) that the reflections from the individual beads 
will add at the operating frequency. 
Fig. 3 is an illustration of an impedance meter or 

standing-wave detector for the i-inch coaxial line which 

Fig. 3—A coaxial impedance meter or slotted line 
using undercut beads. 

has an undercut bead at each end. The beads are secured 
in place by dielectric pins through the rings near the 
couplings. 

THEORY 

A bead in a coaxial line behaves as a low-pass filter 
in the line, and it is convenient to use filter theory in 
analyzing the performance of an undercut bead. Fig. 1 
shows a bead and its equivalent electrical circuit. This 
equivalent circuit is similar to a conventional pi-sec-
tion filter. 
The capacitance C is the discontinuity capacitance 

due to the change in diameter of the center conductor. 
The diameter change sets up fringing fields and higher 
modes which are equivalent to a capacitance across the 
line. Methods of calculating discontinuity capacitances 
are given by Whinnery, Jamieson, and Robbins.1.2 Al. 

J. R. Whinnery, and H. W. Jamieson, "Equivalent circuits for 
discontinuities in transmission lines," PROC. I.R.E., vol. 32, pp. 98-
115; February, 1944. 

2 J• R. Whinnery, H. W. Jamieson, and T. E. Robbins, "Coaxial 
line discontinuities," PROC. I.R.E., vol. 32, pp. 695-709; November, 
1944. 
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though the discontinuity capacitance is small—of the 
order of 0.05 ppf—at high frequencies it represents a 
moderately large shunt admittance. 
Equations describing a filter of this type have been 

developed from transmission-line equations.3 The equa-
tion for the image impedance Zr is of particular interest. 

Z1 = 
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istic impedance. This is determined by the depth of the 
undercut in the center conductor and the dielectric 
constant. The rate of change of image impedance with 
frequency is determined largely by the change of cot p/ 
with frequency. If 1 is large, the change is more rapid 
than with I small. Fig. 4 shows the variation in image 
impedance for three beads which are identical except in 

Z01   length. 

+ 2wczoi cot pi — w2c2z012 (1) 

where 

Zo1= bead characteristic impedance 
C= discontinuity capacitance 
p = phase constant in the dielectric 
/=length of the bead. 

The variation of image impedance with frequency as 
calculated from (1) is plotted in Fig. 2 for a bead in a 
I-inch coaxial line. The image impedance changes very 
slowly over a very broad frequency range The lower 
solid curve in Fig. 2 shows the variation of VSWR intro-
duced into a line by a bead whose image impedance 
varies as is shown in the upper curve. 
For minimum reflection from a bead, its image im-

pedance should equal the characteristic impedance of 
the coaxial line. It is possible to do this at one frequency 
only. However, with proper design the image impedance 
can be made to differ only slightly from the line iniped-
ance up to some maximum frequency. 
In order to make the image impedance equal to the 

line impedance, it is necessary to design the bead so 
that its impedance Z01 is greater than the line im-
pedance. By doing this, the increased impedance within 
the bead offsets the discontinuity capacitances. It is this 
higher value of Zoi which gives the improved per-

formance over that obtained with a bead designed to 
equal the line impedance. 
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Fig. 4—The image impedance of undercut beads for 
various bead lengths, I-inch coaxial line. 

The principal factor in determining the average image 
impedance of a bead over a band is the bead character-

R. B. Muchmore, "Microwave Filter Design," Report No. 
5224.1069, Sperry Gyroscope Company; September, 1946. 
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DESIGN CONSIDERATIONS 

In deciding on a bead length, it is necessary to com-
promise between two opposing factors. Short beads give 
higher cutoff frequencies, but the length chosen must 
give sufficient mechanical support to the center con-

ductor. 
The dielectric constant of the bead material has a 

considerable effect on the design. For any given bead 
dimensions, the discontinuity capacitance is propor-
tional to the dielectric constant of the bead. Also, for a 
given bead characteristic impedance, the depth of 
undercut increases with increasing dielectric constant. 
This causes a further increase in discontinuity capaci-
tance and reduction of bandwidth. 
The electrical length of a bead is proportional to the 

square root of the dielectric constant. Since it is desir-
able to have a long mechanical length and short elec-
trical length, material with a low dielectric constant is 
preferable. For these reasons, Teflon with a dielectric 
constant of about 2 has been used in the i-inch RG-92/U 
line. 
The characteristic impedance of the bead is the final 

factor to choose. As was pointed out earlier, this imped-
ance is the most important factor in determining the 
proper image impedance. To obtain maximum band-
width, the image impedance should be less than the 
characteristic impedance of the line at zero frequency, 
and equal to the characteristic impedance at a point 
near the maximum operating frequency of the line. It 
has been found that, for maximum bandwidth, the im-
age impedance of the bead at zero frequency should 
be approximately 99 per cent of the line impedance. The 
image impedance at zero frequency can be found from 
(1) by letting the frequency approach zero. Then 

Zr 

1-0 

Z 01 

4-   
2ZoiCv 

1 

(2) 

where v is the velocity of propagation within the di-
electric. 
Since the image impedance is calculated from the 

bead charafteristic impedance, discontinuity capaci-
tance, and bead length, it is necessary to start with some 
estimated value of bead characteristic impedance. A 
bead characteristic impedance of 1.08 times the line 
impedance has been found to give good results. 
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With these design considerations in mind, one can 
proceed to design a bead. The dielectric material for the 
bead should be chosen, and should be a material with 
low losses. Losses were not considered in the theoretical 
analysis, since dielectrics with negligible losses even at 
the highest operating frequencies of coaxial lines are 
available. 
After the bead length has been decided, the discon-

tinuity capacitances at each end of the bead should be 
calculated from the formulas of Whinnery and Jamie-
son.1.2 In very short beads there is interaction between 
the two capacitances which tends to decrease the value 
of each capacitance. This effect should be considered in 
determining the discontinuity capacitance. 
From the bead length, characteristic impedance, and 

discontinuity capacitance, it is possible to calculate the 
image impedance from (1) and (2). The impedance at 
zero frequency should first be calculated. If this comes 
out close to 99 per cent of the line itivedance, the bead 
dimensions are approximately correct, and the im-
pedance should be calculated for a few frequencies in 
the desired band. If the calculated image impedance 
varies symmetrically about the characteristic im-
pedance of the line, then the various values chosen 
have been correct.' 
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Fig. 5—An undercut bead as used in RG-92/U coaxial line. 

One objection to the use of undercut beads over plain 
spaced beads is the increased difficulty in installing the 
beads. One method is shown in Fig. 5. Here a bead is 
shown at one end of a line with a standard coupling in 

1 'The reflection from a bead may be calculated from formulas in 
footnote reference 3 or from formulas 26-48, 26-53, and 26-54 in 
, "Very-High-Frequency Techniques," Radio Research Laboratory, 
Harvard University, McGraw-Hill Book Co., New York, N.Y.; 1947. 

place. Two small holes may be used in the bead to allow 
the free passage of gas through the line, in case pressur-
ization is desired. This method of mounting has proved 
quite satisfactory. Another method which could be used 
is to split the beads to avoid the necessity of parting the 
center conductor at the undercut. 

METHOD OF TEST 

Since the reflections introduced in a line by a properly 
designed undercut bead are very small, it is necessary to 
use special techniques in making measurements of bead 
characteristics. It is difficult to measure accurately 
voltage-standing-wave ratios of the order of 1.02 with 
slotted sections. In making measurements on these 
beads a method called the "resonance-cavity method" 
has generally been used.' It is possible to make measure-
ments to low VSWR's to an accuracy of one-half per 
cent or better with this method. It is also possible to 
calculate the reactance of the bead from such measure-
ments. This method has been used by several labora-
tories, and provides a relatively rapid method for ac-
curate measurements. 
Measurements have been made using the resonance 

method on beads for I- and Finch coaxial line, and the 
results have agreed very closely with theoretical pre-
dictions. 

CONCLUSION 

The feasibility of building coaxial lines which can be 
used at any frequency up to several thousand mega-
cycles presents new possibilities for broad-banding of 
equipment. These lines have been used in a large num-
ber of, test instruments and system components, and 
have proved very satisfactory. 
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ACOUSTICS AND AUDIO 
FREQUENCIES 

016:534  3286 
References to Contemporary Papers on 

Acoustics—A.  Taber Jones.  (Jour. Acous. 
Soc. Amer., vol. 20, pp. 558-567; July, 1948.) 
Continuation of 2684 of November. 

534.2 3287 
On the Acoustic Analogue of Sommerfeld's 

Surface Wave —K. F. Niessen. (Phystca, 's 
Gray., vol. 8, pp. 337-343; March, 1941. In 
German.) Certain effects observed by Janovsky 
and Spandock (1031 of 1938) are shown to be 
analogous not to the space radiation but to the 
surface wave of Sommerfeld's theory. 

534.21  3288 
The  Directional Characteristics of  a 

Clamped-Edge Disk —L. L. Merrill and F. H. 
Slaymaker. (Jour. Acous. Soc. Amer., vol. 20, 
pp. 375-380; July, 1948.) Analysis of vibrations 
in the first normal mode. 

534.21 3289 
Calculation of the Directivity Index for 

Various Types of Radiators—C. T. Molloy. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 387-405; 
July, 1948.) The directivity index is defined; 
it enables power calculations for all radiators 
to be made in the same way as for point sources. 
Directivity index formulas,  together with 
graphs covering practical cases, are given for: 
(a) a circular or rectangular plane piston in an 
infinite baffle, (b) a sectoral or multicellular 
horn, (c) a piston set in a sphere. 

534.213 (26.03)  3290 
Reverberation in the Sea--C. F. Eyring, 

R. J. Christensen, and R. W. Raitt. (Jour. 
Acous. Soc. Amer., vol. 20, pp. 462-475; July, 
1948.) 
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34.213 (26.03):534.241  3291 
Example of Propagation of Underwater 

Sound by Bottom Reflection— R. W. Young. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 455-462; 
July, 1948.) Full paper; summary noted in 2123 
of September. 

534.23  3292 
Optimum Directivity Patterns for Linear 

Arrays— R. L. Pritchard and M. D. Rosenberg. 
(Jour. Acous. Soc. Amer., vol. 20, p. 594; July, 
1948.) Summary only. The sharpest major lobe 
is obtained when all minor lobes have the same 
relative amplitude; such systems have been 
discussed by Dolph (2487 of 1946) and Riblet 
(2685 of 1947). Here the required distribution 
of excitation is computed explicitly for linear, 
equally spaced arrays of simple sources contain-
ing odd numbers of elements up to 13. 

534.24 (26.03)  3293 
Reflection of Underwater Sound from the 

Sea Surface—L. N. Liebermann. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 498-503; July, 1948.) 
Discussion of: (a) the theory of interference 
due to reflection from a plane sea surface, (b) 
pulse measurement technique, (c) the depend-
ence of the reflection coefficient on the fre-
quency used. 

534.26  3294 
The Diffraction of Sound by Circular Disks 

and Apertures--R. D. Spence. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 380-386; July, 1948.) 
A theoretical discussion, using oblate spherical 
co-ordinates. Numerical results for the cross 
section for scattering and transmission are 
shown graphically. 

534.26 3295 
The Diffraction of a Sound Wave by an In-

finite Set of Plates -J. W. Miles. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 370-374; July, 1948.) 
The conditions for plane wave propagation 
within the plates and for a single reflected wave 
are given, together with expressions for the 
reflection and transmission coefficients. See 
also 2756 and 3504 of 1947 (Carlson and Heins). 

534.26  3296 
Notes on Sound Diffraction by Rigid Cir-

cular Cones--F. M. Wiener. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 367-369; July, 1948.) 
An experimental determination of the sound 
Pressure at points on the surface of a circular 
cone exposed to a progressive wave. Results 
are shown graphically, and are generally similar 
to those obtained for other obstacles with the 
same circular face. 

534.26:534.321.9  3297 
Optical Study of Acoustic Fields near Dif-

fracting Edges -J. C. Hubbard, I. F. Zartman, 

and C. R. Larkin. (Jour. opt. Soc. Amer., vol. 
37, pp. 832-836; October, 1947.) Diffraction 
effects in ultrasonic sound fields in air were 
photographed by schlieren technique and by 
shadow methods using sparks of extremely 
short duration. Variations of field intensity 
were observed in the immediate vicinity of 
apertures and obstacles, in agreement with 
theoretical treatment more rigorous than that 
of Kirchhoff. Typical photographs are repro-
duced. 

534.321.9 : 534.213.4 : 546.49  3298 
On Ultrasonic Propagation through Mer-

cury in Tubes —H. B. Huntington. (Jour. 
Acous. Soc. Amer., vol. 20, pp. 424-432; July, 
1948.) Measurements of the attenuation of 
10.6-Mc pulsed ultrasonic waves in Hg as a 
function of tube diameter and the smoothness 
of the inner surface of the tube are discussed. 
Qualitative agreement with the Helmholz 
theory is obtained for tubes large compared to 
X. Sonic propagation in a circular tube is con-
sidered theoretically in an appendix. 

534.321.9:534.7 3299 
Biological and Psychological Effects of 

Ultrasonics —H. Davis. (Jour. Acous. Soc. 
Amer., vol. 20, p. 589; July, 1948.) Summary 
only. Discussion of the principal physiological 
effects of intense sounds in various parts of the 
sonic and ultrasonic frequency spectrum. 

534.321.9.001.8  3300 
Ultrasonics Research and the Properties of 

Matter—C. Kittel. (Rep. Progr. Phys., vol. 11, 
pp. 205-242; 1946 and 1947. Bibliography, 
pp. 242-247.) A study of the application of 
ultrasonic methods to the invesigation of gases, 
liquids, and solids. 

534.322.3 : 534.7  3301 
Physiology of Noise—A. Moles. (Radio 

Franc., pp. 5-9; July and August, 1948.) 

534.43:621.395.61  3302 
A Single Shear Plate Crystal Phonograph 

Pick-Up—A. M. Wiggins and F. S. Lewis. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 448-450; 
July, 1948.) The design of phonograph pickups 
is discussed generally. A system for driving a 
piezoelectric crystal, using the mechanical 
transformer principle of coupling the stylus to 
a single slab crystal, is described as applied to 
a pickup; it can also be used for microphones, 
loudspeakers, galvanometers, etc. Advantages 
claimed are the elimination of even harmonica, 
very low effective mass, no pickup due to ver-
tical stylus motion, and reduced record wear 
and needle scratch. 

534.612  3303 
Sound Pressure Measurement Equipment 
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for the Range 50 Cycles to 250 kc —F. Massa. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 451-454; 
July, 1948.) The microphone standard is only 
1 inch in diameter. The stiffness of the vibrat-
ing system is adjusted to give a natural fre-
quency of about 300 kc, so that pressure-wave 
transients having extremely steep wave fronts 
can be accurately reproduced. Af free-field 
measurements are claimed to be free from dif-
fraction errors; certain ultrasonic measure-
ments can be made which were formerly very 
difficult. A preamplifier and power supply unit 
are included; the equipment is portable. 

534.62  3304 
Absorbing Media for Underwater Sound 

Measuring Tanks and Baffies —W. P. Mason 
and F. II. Hibbard. (Jour. Aeons. Soc. Amer., 
vol. 20, pp. 476-482; July, 1948.) Absorbent 
walls enable small tanks to be used for deter-
mining the directional properties of underwater 
sound instruments. Such walls have an inner 
lining of rubber, with fine-mesh screen or 
packed copper wadding in castor oil between 
the rubber and the outer shell. A 6-inch wall 
of this type reduces reflections by 20 db. 

534.64  3305 
Measurement of Acoustic Impedance-

0. K. El-Mawardi. (Jour. Acous. Soc. Amer., 
vol. 20, p. 595; July, 1948.) Summary only. 
The impedance of material forming one bound-
ary of a shallow cavity is found by measuring 
the sound pressure produced when a known 
volume current is injected from a hieh-im-
pedance source. The volume current is found 
by observing the pressure when the cavity is 
terminated rigidly. 

534.64  3306 
Measurement of Coefficient of Reflection 

and Phase for Sound Waves —C. Kanta. (Proc. 
Nat. Inst. Sci. (India), vol. 6, pp. 671-693; 
December 16, 1940.) The reactance and resist-
ance terms of the electrical impedance of a 
telephone receiver with an air load are deter-
mined separately, so that for a given surface 
both the reflection coefficient a and the phase 
change 4, can be calculated. Results are given 
for various porous materials. No relation be-
tween a and dr is found. For assemblies of cap-
illary tubes dr is >7 at a frequency of 1200 cps; 
for most materials it is <ir. The experimental 
value for the impedance of the capillary tubes is 
in fair agreement with the value calculated 
from Rayleigh's formula. 

534.64  3307 
The Acoustic Feed-Back Method of Meas-

uring Acoustic Impedance —A. London and 
C. R. Krishnamurthy. (Jour. Acous. Soc. 
Amer., vol. 20, p. 596; July, 1948.) Summary 
only. The acoustic impedance is used as a posi-
tive feedback network in a circuit containing a 
continuously variable filter; its frequency 
variation may thus be determined. Experi-
mental results are given. 

534.64  3308 
Measurement of Acoustic Impedance by 

Short-Tube  Techniques —P.  Chrzanowski. 
(Jour. Acous. Soc. Amer., vol. 20, pp. 595-596; 
July, 1948.) Summary only. 

534.64 3309 
Calculations on a Short-Tube Method for 

Measurement of Impedance —R. K. Cook. 
(Jour. Acous. Soc. Amer., vol. 20, p. 595; July, 
1948.) Summary only. With a source of known 
volume velocity, the sound pressure within a 
short tube is dependent on the wall impedance. 
Impedance can thus be measured for both 
isotropic and anisotropic materials, as is shown 
mathematically. 

534.64  3310 
Acoustic Impedance Measurement of Very 

Porous Screen—C. M. Harris. (Jour. Acous. 
Soc. Amer., vol. 20, pp. 440-447; July, 1948.) 
A new and simple method of measuring imped-

ance at different frequencies, applicable even 
to screens whose impedance is less than 1/100 
of that of air. The theory of the method is given, 
together with typical results for surgical gauze 
and perforated brass sheet. 

534.7  3311 
The Spiral of the Human Cochlea—N. R. 

French. (Jour. Acous. Soc. Amer., vol. 20, p. 
591; July, 1948.) Summary only. The equation 
of the spiral is derived from Bekesy's work 
(Akus. Zeit., vol. 6, September, 1941; and ibid., 
vol. 8, March, 1943) and the length of the 
basilar membrane is deduced. Impulse veloci-
ties along the cochlear duct are also calculated. 

534.7  3312 
The Interpretation of Loudness, Pitch, and 

Masking Phenomena with Regard to the Two-
Canal Theory of Cochlea Mechanics —L. A. 
de Rosa. (Jour. Aeons. Soc. Amer., vol. 20, 
p.591; July, 1948.) Summary only. 

534.76  3313 
Stereophonic Sound—A. A. McK. (Elec-

tronics, vol. 21, pp. 88-89; August, 1948.) A 
magnetic tape carries 3 simultaneous sound 
channels. If the loudspeakers excited by these 
channels are properly arranged, the listener 
has the impression that the performers are 
actually present. So far the system has mainly 
been used for public auditoria but it can be 
adapted for home use. 

534.771  3314 
The Loudness of Repeated Short Tones— 

W. R. Garner. (Jour. Aeolis. Soc. Amer., vol. 
20, pp. 513-527; July, 1948.) The relation be-
tween loudness and repetition rate was de-
termined experimentally. See also 3762 of 1947. 

534.78  3315 
Reaction' of Small Enclosures on the Hu-

man Voice: Parts 1 and 2—C. T. Morrow. 
(Jour. Acous. Soc. Amer., vol. 19, pp. 645-652; 
July, 1947; and vol. 20, pp. 487-497; July, 
1948. Part 1: Specifications required for satis-
factory intelligibility. Part 2: Analyses of 
vowels. 

534.781 3316 
Voice Measurements with an Audio Spec-

trometer —H. \V. Rudmose, K. C. Clark, F. D. 
Carlson, J. C. Eisenstein, and R. A. Walker. 
(Jour. Acous. SOC. Amer., vol. 20, pp. 503-512; 
July, 1948.) 

534.79  3317 
The Loudness and Monaural Loudness 

Matching of Short Tones — W. R. Garner. 
(Jour. Acous. Soc. Amer., vol. 20, p. 592; July, 
1948.) Summary only. 

534.79:534.851.86:621.396.665 3318 
Loudness Control for Reproducing Systems 

—Bomberger. (See 3380.) 

534.844.5 3319 
The Time Integral Basic to Optimum Re-

verberation Time—J.  P.  Maxfield.  (Jour. 
Acous. Sci. Amer., vol. 20, pp. 483-486; July, 
1948.) 

534.844.5 3320 
An Artificial Reverberation System—G. W. 

Curran. (Audio Eng., vol. 32, pp. 13-17, 46; 
May, 1948.) Portions of the incoming signal 
are fed to two loudspeakers, the first coupled 
through 3 different lengths of pipe to micro-
phones and the other coupled through a longer 
pipe to a fourth microphone. The microphone 
outputs are mixed and amplified. Additional 
delay is provided by feedback to the second 
loudspeaker through a differential mixer. De-
lays of 3 or 4 seconds can thus be obtained. 

534.845  3321 
Theory of the Absorption of Sound by Com-

pressible Walls with a Non Porous Surface-
Layer —C. W. Kosten and C. Zwikker. (Physics 
's Gras., vol. 8, pp. 251-272; February, 1941. 

In English.) For high absorption, the body of 
the material should have a low specific gravity 
and low elasticity. The pores should preferably 
be such that the air inside can, to some extent, 
vibrate independently. A material with large 
holes is preferable; it should be fixed some dis-
tance from a rigid wall. 

534.845  3322 
Absorption of Sound by Porous Materials: 

Parts 1-4--J. van den Eijk and C. Zwikker; 
C. Zwikker, J. van den Eijk, and C. W. Kosten; 
C. Zwikker. (Physics. 's Gras., vol. 8, pp. 149-
158, 469-476, 1094-1101, and 1102-1106; 
February,  May, and December,  1941. In 
English, with German summary.) 

Part 1. The absorption coefficient a of 
wood-fiber boards and acoustic plaster is de-
duced from measured values of porosity and 
air-flow resistance. The results are compared 
with direct measurements by an interference 
method, for normal incidence of the sound, and 
also by a reverberation method. The agree-
ment between calculated and measured values 
of a is moderate for the higher frequencies, but 
for the lower frequencies, the calculated values 
are considerably below the measured values. 

Part 2. The discrepancies noted above can 
be reduced appreciably by the introduction 
into the theoretical formulas of a structure 
factor depending on the directional distribution 
of the pores and on the number and size of in-
ternal cavities. 

Part 3. Measurements of the acoustic im-
pedance of sound-absorbing walls of simple 
structure, consisting of (a) straws, (b) glass 
tubes, arranged normal to or at an angle of 
30° with the wall face, are in excellent agree-
ment with calculated values when the structure 
factor is taken into account. Discussion shows 
that the dynamic air-flow resistance is consid-
erably greater than that given by the Helm-
holtz-Kirchhoff theory. 

Part 4. According to Kirchhoff's theory, the 
losses in absorbing materials are shared about 
evenly between the viscosity effect and the 
heat-conduction effect. It is here shown that 
the losses by conduction are very much less 
than by viscosity, the ratio being of the order 
of 1 to 60. 

534.845  3323 
Extended Theory of the Absorption of 

Sound  by  Compressible Wall-Coverings--
C. W. Kosten and C. Zwikker. (Physics, 's 
Gray., vol. 8, pp. 968-978; November, 1941. 
In English.) Solutions of the appropriate 
systems of differential equations are obtained 
for the case of (a) a compressible layer with 
normal (porous) surface, and (b) a compressible 
layer with a nonporous film coating. The re-
sults are compared with experiment (3324 
below). 

534.845  3324 
Measurements of the Absorption of Sound 

by Porous Rubber Wall-Covering Layers: 
Parts 1-3 —C. W. Kosten and C. Zwikker. 
(Physics, 's Gray., vol. 8, pp. 933-967; No-
vember, 1941. In English.) Various sponge rub-
bers, with or without a nonporous surface layer, 
are found to have excellent absorption proper-
ties. Their behavior, in general, is in agreement 
with theory (3321 and 3323 above). The use 
of nonhomogeneous layers enables the selective 
absorption for particular frequencies to be con-
trolled. 

534.851:621.395.813:621.317.79  3325 
New Circuit Design for Wow Tester— 

Nicholson. (See 3467.) 

534.861.1 3326 
Sound Measurements in BC [broadcasting' 

Studios— W. Jack. (Tele-Tech, vol. 7, pp. 38-
41, 61; June, 1948.) Results of automatic fre-
quency analysis of sustained sounds in various 
studios are discussed with particular reference 
to studio design. 
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621.395.61  3327 
A Small High Frequency Microphone —I. 

Rudnick and 11. C. Rothenberg. (Jour. Acous. 
Soc. Amer., vol. 20, p. 594; July, 1948.) Sum-
mary only. A Rochelle-salt crystal probe mi-
crophone and its associated two-stage pre-
amplifier are described. The microphone re-
sponse is relatively flat up to 50 kr in air and 
up to 100 kc in water. 

621.395.61/.62  3328 
Design  of  Laminated  Magnetostrictive 

Longitudinal Oscillators - 3.. P. Bundy. (Jour. 
A cous. Soc. Amer., vol. 20, p. 594; July, 19484 
Summary only. The effects of various factors 
affecting frequency, sharpness of resonance, 
and efficiency are discussed and the design cif 
various types of oscillator is considered. 

621.395.61 '.62  3329 
Design  and  Construction  of a 100-kc 

Magnetostrictive Transducer  L. Camp, R. 
Vincent, and F. du Breuil. (J,,ar. A couc. Soc. 
A uvr., vol. 20, p 593; July, 1948.) Summary 
only I)14,, ii.earin of design principles for a di-
re( t iona I a rr.i y. Performance data are included. 

621.395.623.7  3330 
Horn-Type Loudspeakers —S. J. White. 

(Audio Eng., vol. 32, pp. 25-28, 34; May, 1948.) 
Design fa, tors provide for (a) constant loading 
of the driver unit, and (b) minimum reflection 
at the horn moutli for the desired low-frequency 
cutoff Rolex horns using conical inner sections 
. are ea; ,,, ye of reproducing up to 8000 cps. The 
ch  t.  of directional and radial horn 
loud s;” a kers in illustrated. 

621.395.623.7.015.3  3331 
The Transient Response of Loudspeakers — 

II. C. Hardy and II. H. Hall. (Jour. Aeolis. 
Soc. Amer., vol. 20, p. 596; July, 1948.) Sum-
mary only. An interrupted varying at signal is 
applied to a loudspeaker in an anechoic room 
and the response of a transient-free micro-
phone is displayed on a cro. For this system, 
the on-transient differs from the off-transient 
and cannot be correlated with it. Loudspeaker 
decay times are often greater than 0.01 s 
See also 1313 of 1947 (Shorter). 

62 L395.625.3 621.395.813  3332 
Factors Affecting Frequency Response and 

Distortion  in  Magnetic  Recording  S. 
Boyers (Audio Eng., vol. 32, pp. 18 19, 47, 
May, 1918  Discussion of methods of improv-
ing fidelity. 

621.395.623.7  3333 
Loudspeakers: The Why and How of Good 

Reproduction [Book Review)  G. A. Briggs. 
Wharblale Wireless Works, Idle, Bradford, 
1918, 87 pp., 5s. (Electronics, vol. 21, pp. 225--
226; August, 1948.) " ... presents the essen-
tials for int, Merit selection and evaluation 
of loudapea k'-r., " 

ANTENNAS ANT) TRANSMISSION 
LINES 

621.392.029.64 1 621.396.611  3334 
A Method for Calculating the Excitation of 

Ws yeguides, Surface and Cavity Resonators - 
V.  Tekh Fiz , vol. 17, pp. 1471 - 
IOU; December, 1947. In Russian.) 

1 621.392.029.64  3333 
On the Excitation of Waveguides: Part 2 - 

A. A. Scarnarski and A.  . I iklionov.  Zh. 
Tekh Piz , vol. 17, pp. 1431 1440, December, 
1947. In Russian.) The elertromagnetie field 
in a waveguide elicited by an arbitrarily ori-
ented elementary current Is determined. For 
this it is sully-lent to determine the longitu-
dinal components E, and If, since from these 
all other components can he der' veil. The equa-
tion (1) determining the two component• and 
the boundary condi( Ions (2) for the surf ac of the 
waveguide are quoted; methods for cal( Waring 
the various romponents are deduced. The 
sinlutlons eio obtained can be used for rah-ill:sting 

- 

electromagnetic fields excited by linear, sur-
face, and volume currents. 

621.392.029.64  3336 
A Rigorous Solution of the Problem of the 

Plane Weveguide with an Open End.  L. A. 
Weinstein.  Bull. Acad. Sci. (U.R.S.S.), sir. 
phys., vol. 12, pp. 144-165; March and April, 
1948. In Russian.) The problem is reduced to 
the solution of an integral equation. A detailed 
investigation of this equation and methods for 
solving it are given under the following head-
ings: reflection coefficient of current; magnetic 
waves; electric waves; comparison with Kirch-
hoff's method (Huygliens' principle); phase of 
reflection coefficient; correction for the open 
end. The method can also be applied to the 
solution of analogous problems concerning 
circular waveguides, coaxial, and 2-wire trans-
mission lines, etc. See also .3337 below. 

621.392.029.64  3337 
On the Theory of the Diffraction of Two 

Parallel Semi-Infinite Planes -L. A. \\*yin-
stein. (Bull. Acad. Sci.  ), see. phys., 
vol. 12, pp. 166-180; March and April, 1948. 
In Russian.) Continuation of 3336 above. The 
limiting case when d/X approaches infinity 
is investigated, where d is the distance between 
the two planes forming a plane waveguide with 
an open end and X is the free-space wavelength. 

621.392.029.64:621.396.67  3338 
An Adjustable Waveguide Phase Changer 

—A. G. Fox. (Bell Lab. Rec., vol. 26, pp. 245-
250; June, 1948.) The phase changer consists 
of three short interconnected sections of cylin-
drical waveguide, each containing transverse 
conducting rods. Rotation of the center section 
advances or retards the phase of the trans-
mitted wave, according to the direction and 
degree of rotation. An array of radar radiators, 
with phase-changers fitted in each feeder and 
driven from a common shaft by suitable gears, 
may be used to provide continuous scanning of 
the beam without rotation of the whole antenna 
system. 

621.392.22  3339 
Input Impedance of a Non Uniform Trans-

mission Line -1'. (,azzana-Priaroggia.  .1 ha 
Frequenza, vol. 17, pp. 99-109; June, 1948. In 
Italian, with English, French, and German 
911mmarie9.) Discusses the hypotheses on which 
the approximate theory of such lines is based 
and gives a new method for calculating the 
input impedance of a line with slight irregulari-
I,•s. Results thus obtained are compared with 
those of other authors. 

621.396.67  3340 
Recent Developments on V.11 F. Ground-

Communication Aerials for Short Distances - 
A. II. Brown Anil II. NI. Stanier. (Jour. I EE 
(London), part III A, vol. 94, no. 14, pp. 637-
(41; 1947. Summary, ibid., part II IA, vol. 94, 
no. 11, p. III) The development of four types 
of antenna is out lined and certain of their char-
ii  are described. The antennas are: 
(a) simple dipole, (I)) directional antenna em-
bodying a corner reflector, (c) rhombic antenna, 
and ((I) Vagi array; the respective frequency 
ranges are 100 to 1.56, 100 to 125, 65 to 85, and 
65 to 95 Mc. The Vagl array requires minor 

merit  to cover the required frequency 
range; the other three require no adPiatment. 

621.396.67  3341 
The Performance of Some V.H.F. Aerials 

used in Naval Communications  A G  - 
win, G. Manson, and J. II. bases. (Jour. //•37. 
(1,..ruIrm I, part IIIA, vol. 94, no. 14, pp. 666-
(.(.9; I947,) I ),-w-ri p1011 ,1 a portable. .3-element 
Vain array for short distance point-to-point 
communication, a rotatable boradside array 
for sliorr-to•ship use, a single-wire horizontal 

antenna for longer diatance point-to-
point svorking, and simple dipoles for all-round 
radiatli Ill on tsrard ship. Typical perffirmance 
I hillrat-Irrletici are fliar 'Isar& 

621.396.67  3342 
Anti-Fading Series-Loaded Mast Radiators 

— H. Page. (BBC Quart, vol. 2, pp. 165-176; 
October, 1947.) The radiation characteristics 
are derived for a mast consisting of two col-
linear sections separated by an insulator across 
which a variable reactance is connected. The 
results are applied to practical cases and the 
design data are summarized graphically. By 
varying the reactance, the mast can be used for 
a range of wavelengths, and the vertical polar 
diagram can be varied to suit a particular serv-
ice area. 

621.396.67 
Antennas for Circular Polarization -33:. 

Sichak and S. NI illazzo. (Psoc. I.R.E., vol. 
36, pp. 997-1001; August, 1948.) IRE 1947 
National Convention pziper, A formula is ob-
tained for the variation in received voltage 
when an elliptically polarized antenna is ro-
tated in a plane perpendicular to the direction 
of propagation of the incident elliptically 
polarized wave. A circularly polarized antenna 
will not receive any of the energy transmitted 
by it and reflected from a highly conducting 
smooth surface. The conditions for obtaining 
an omnidirectional circularly polarized pattern 
are derived. Experimental results are given. 

621.396.67 3344 
Slot Aerials: -Part 2—Ya.N.Fel'd.  (37h. 

Tekh. Fiz., vol. 17, pp. 1457-1470; December, 
1947, In Russian.) Slot antennas in cavity 
resonators are examined for the case in which 
the excitation frequency differs little from:the 
natural frequency of the resonator before the 
slots have been made. Formulas are derived 
for determining the voltage distribution along 
the slot and from this the fields inside and out-
side the antenna can be calculated. The results 
obtained are applied to the case of cylindrical 
resonators and some experimental curves are 
shown. 

621.396.67  3343 
Field  Distributions near a Centre-Fed 

Half- Wave Radiating Slot ---J. L. Putman, B. 
Russell, and \V. Walkinshaw. (Jour.  I EE 
(London), part Ill, vol. 95, pp. 282-289; July. 
1948.) A description of experiments at a fre-
quency of about 1000 Mc to map out the 
electromagnetic fields associated with a narrow 
X/2 slot cut in a large metal sheet. The results 
are plotted to show the relative magnitudes 
and phases of the electric vector °ye r a quad-
rant near the slot, the relative magnitudes of 
the magnetic vector along the slot axes, and 
the radiation polar diagram. The results are 
correlated with theory. See also 13.3.5 of 1947 
(Booker) and 3346 below. 

621.396.67  3346 
Input  Impedances  of  Centre-Fed  Slot 

Aerials near Half- Wave Resonance -J. L. 
Putman. (./ a , /FF. (1 ,ruloin, part III, vol. 
95, pp. 200 201, July, 19.1/4.) Results ol meas-
urements, at frequencies between 350 arid 650 
Mc, on slot radiators of various ‘i hit 1mm ener-
gized from parallel-rod tratisiniarlion I mm s The 
impedances were calculated from the meantime, 
ataruling-wave pattern. 'Two nets of Papyri-
enema were. made: (a) with the slots free to 
radiate on each side of the 'sheet, and (10 with 
resonant cavities te restrict the radiation to 
mine side. The results are shown graphically 
and compared with those for the I'  •,iimplifig 
dipole radiator. Sol̀ alit° 3.345 above. 

621.196.67  3347 
Wide-Range Dual- Rand TV Antenna De-

sign  1 1 1 illliv '( om m.'s', Imli ii , vi.1 28, 
pp I I 1, 3) ; June, 10413) I irricription id an 
antenna draigned to rover t he .54 III KS- Mr and 
174 to 216- Mc televialim bands and providellg ml 
pultistalit Lally uniform directivity pattern and 
conatant Input Initiedaner. It can be operated 
with either balani eil  mishit lines and can 
una indeil hit lightning prole. thin If. tior ifl 

difectiVe  strays Is lk., IhIs. waged 
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621.396.67  3348 
Radiation from Short Aerials -R. G. Med-

burst. (Wireless Eng., vol. 25, pp. 260-266; 
August, 1948.) A new trigonometrical approxi-
mation is developed and a theorem, based on 
this approximation and introducing a new con-
cept called "the current center of gravity" of an 
antenna, is used to show that radiation patterns 
from linear radiators of length <X/2 may be 
combined when the radiators are spaced in any 
way and carry currents of arbitrary phase dif-
ferences. Examples of the use of the method 
are given. 

621.396.67  3349 
Note on Dielectric Aerials —I. Simon and 

0. Zinke. (Onde Elec., vol. 28, pp. 278-281; 
July, 1948.) Simon derives formulas from which 
the radiation diagram of a dielectric rod an-
tenna can be calculated. It is assumed that 
the antenna behaves as a purely longitudinal 
radiator, that it .has no standing waves and 
that its diameter is negligible compared with 
its length. Diagrams are given for rods of length 
2X and 4X. These have not been verified experi-
mentally, but satisfactory agreement is found 
between the theoretical and experimental dia-
grams for a particular antenna investigated by 
Mallach (355 of 1947), though Mallach's 
velocities and critical diameters do not corre-
spond with the theoretical formulas for TM,. 

wave; 
Zinke points out that Mallach's original 

work, described in Ausgewahlte Fragen fiber 
Theorie und Technik von Antennen, vol. 2, pp. 
132-169, deals much more fully with dielectric 
antennas than the simple review noted in 355 
of 1947, and includes the formula given by 
Simon for the field intensity, with an added 
factor to take account of the thickness of the 
rod. The discrepancies between the theory for 
TM0 waves and Mallach's experimental results 
are explained by the fact that Mallach used a 
different type of wave, which has been termed 
Type HE or Type TEM. Calculations for such 
waves are in good agreement with experiment. 
It is noted that Manacles invention of dielectric 
rod antennas was prior to 1938. 

621.396.67  3350 
Dielectric-Rod Aerials —D. F.  Halliday 

and D. G. Kiely. (Jour. IEE (London), part 
IIIA, vol. 94, no. 14, pp. 610-618; 1947. Sum-
mary ibid., part IIIA, vol. 94, no. 11, p. 114; 
1947.) The results of investigations carried out 
by Mallach and other German scientists and 
by the authors are combined in a comprehen-
sive survey of the properties of uniform and 
tapered dielectric-rod radiators of circular 
cross section. Arrays of rods are studied, and 
dielectric tubes and horns are briefly treated. 
Approximate theoretical treatment is used to 
obtain radiation patterns, and the theoretical 
and experimental patterns are compared. The 
influence of such parameters as length and 
diameter of the rod, amount of taper, and per-
mittivity of the dielectric is studied, and a 
summary is included of design data for opti-
mum performance. A narrow beam may be 
obtained, but broad-band matching is difficult 

to achieve. 

621.396.67  3351 
Small Aerials in Dielectric Media —R. H. 

Barfield and R. E. Burgess. (Wireless Eng., 
vol. 25, pp. 246-253; August, 1948.) Experi-
ments, with theoretical discussion, to investi-
gate the effect of surrounding open antennas 
and loops with dielectric materials, in order 
to improve the sensitivity of direction-finding 
systems. Results indicate that dielectrics ex-
hibit pickup effects analogous to those of con-
ductors. A single formula is derived for the 
current in an ellipsoidal receiving antenna, 
which applies generally to conducting or di-
electric materials. The sensitivity of Adcock-
type direction finders could probably be in-
creased by surrounding them with low-loss 
dielectrics; but as the dimensions of the di-
electric must greatly exceed those of the an-

tenna system, the increase could be achieved 
more easily by enlarging the antenna system 
to make full use of the space which would be 
occupied by the dielectric. 

621.396.671  3352 
Some Methods for Determining the Power 

Gain of Microwave Aerials---J. D. Lawson. 
(Jour. lEE (London), part III, vol. 95, pp. 
205-209; July, 1948.) Four methods are dis-
cussed and their limitations and advantages 
are indicated. Two require no knowledge of the 
antenna geometry or polar diagram. The other 
two require a knowledge of the field across the 
antenna aperture and can only readily be ap-
plied to horns of rectangular cross section, and 
even then approximations are necessary. A 
method for comparing antennas with a stand-
ard is also (lescribed. 

621.396.671  3353 
Parasitic Beam Patterns --I). C. Cleckner. 

(CQ, vol. 4, pp. 25-29; July, 1948.) Radiation 
patterns for 3- and 4-element 10-m antenna 
arrays are obtained from measurements on 1 to 
100 scale models, using a wavelength of 10 cm. 
Front-to-back ratios of over 30 db are possible. 
Tuning for maximum forward gain will give 
a front-to-back ratio of about 20 (lb. This ratio 
is, in general, less for a 4-element than for a 3-
element array, though the forward pattern is 
somewhat sharper. See also 2011 of 1947. 

621.396.674  3354 
Properties of Loop Aerials—F. Horner. 

(Wireless Eng., vol. 25, pp. 254-259; August, 
1948.) Nonuniform current distribution in a 
loop occurs unless the wavelength of excitation 
is much greater than the perimeter of the loop. 
Such distribution results in a nonuniform field 
around the loop; this field may be represented 
as that from' a uniform-current loop, which is 
a true magnetic dipole, plus a component 
from an electric dipole, suitably located relative 
to the loop and suitably excited. Similarly, the 
field from a compound loop comprising two 
coplanar, nonuniform loops excited in parallel 
can be considered as due to that from a uni-
form loop plus components from two electric 
dipoles. The appropriate location and excita-
tion of such effective dipoles are discussed for 
circular and rectangular loops of simple and 
compound types. The radiation resistance of 
such loops differs greatly from the value calcu-
lated on the assumption of uniform loop-cur-
rent distribution. 

621.392.029.64+621.396.61.029.64  3355 
Microwave  Transmission  Design  Data 

[Book Review] — Moreno. (See 3545.) 

621.392.029.64 (083.72)  3356 
British Standard 204:1943. Supplement 

No. 1, Glossary of Terms used in Waveguide 
Technique [Book Noticel —British Standards 
Institution, London, 1948, 2s. (Brit. Stand. 
Inst. Mon. Inform. Sheet, p.1; May, 1948.) 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.012.2:621.392.5 3357 
Circle Diagrams of Impedance or Admit-

tance for Four-Terminal Networks—J. Rybner. 
(Jour. IEE (London), part III, vol. 95, pp. 
243-252; July, 1948. Summary, ibid., part I, 
vol. 95, p. 280; June, 1948.) A general theory 
is given which applies to both dissipative and 
asymmetrical networks, transmission-line dia-
grams being considered as special cases. The 
theory is based on the concept of the,iterative 
impedances and the iterative transfer constant 
of the 4-terminal network, and leads to circle 
diagrams with the iterative impedances or 
admittances as double points. Such diagrams 
are actually graphical representations of the 
complex hyperbolic tangent function. For 
nondissipative networks, special forms of the 
diagrams correspond to the cutoff frequency, 
the stop band, or the pass band. These diagrams 
are studied by means of projective geometry. 
Inversion of the ordinary circle diagram leads 

to the Smith diagram, which is described both 
for real and complex iterative impedances. For 
a transmission line of length <X/4, the error 
resulting from considering the characteristic 
impedances as purely resistive is of the same 
order of magnitude as that which would result 
from neglecting the damping along the line. 

621.3.076.12:621.385.1:621 .396 .822  3358 
Methods of Compensating the Various 

Actions of the Shot Effect in Valves and Con-
nected Circuits —M. J. 0. Strutt and A. van 
der Ziel. (Physic° 's Gray., vol. 8, pp. 1-22; 
January, 1941. In German, with English sum-
mary.) Spontaneous fluctuations in electrical 
circuits may, under certain specified assump-
tions, be considered as single-wave alternating 
currents and voltages. The different kinds of 
such fluctuations are discussed and methods 
for their suppression are proposed which all 
involve a special type of feedback. The com-
pensating circuits are analyzed with special 
reference to the signal-to-noise ratio; in some 
circuits the signal-to-noise ratio may not be 
increased, though the fluctuations themselves 
are greatly reduced in some parts of the circuits. 
An exact analysis of one circuit is given in an 
appendix, showing the order of magnitude of 
the terms neglected in the previous approxi-
mations. 

621.314.3t  3359 
The Theory of Magnetic Amplifiers and 

Some Recent Developments —E. 11. Frost 
Smith. (Jour. Sci. Instr., vol. 25, pp. 268-272; 
August, 1948.) Defects of these amplifiers, such 
as nonlinear amplification and long time-con-
stant, are explained. Performance may be ma-
terially improved by injecting into the core a 
constant biasing flux from permanent magnets. 

621.314.5+621.396.6221:621.385.2 3360 
The Diode as Converter and as Detector— 

J. Haantjes and B. D. II. Tellegen. (Philips 
Res. Rep., vol. 2, pp. 401-419; December, 
1947.) The current through a diode, to which 
a small extra voltage v is applied in addition 
to an ac and a dc voltage, can be developed in a 
series of powers of v with Fourier-series coeffi-
cients. The magnitude of these coefficients is 
calculated for a diode that has a linear char-
acteristic in the pass direction. Using only the 
terms of the power series linear in v, quadripole 
equations and equivalent circuits can be set up 
for the diode as converter and as detector. 
From these equivalent circuits, various prop-
erties and quantities can be deduced. The 
fluctuations of the diode as converter can also 
be represented with the help of the equivalent 
circuit. For both conversion and detection, 
the diode should have a small. internal resist-
ance. 

621.316.86:546.281.26  3361 
Silicon-Carbide Non-Ohmic Resistors —F. 

Ashworth, W. Needham, and R. W. Sillars. 
(Jour. I EE (London), part I, vol. 95, pp. 244-
246; June, 1948.) Discussion on 141 of 1947. 

621.316.86:621.396.813 3362 
Presence of Odd Harmonics in Alternating 

Current traversing Certain Nonmetallic Resis-
tors —P. Sevin.  (Compt.  Rend. Acad. Sci. 
(Paris), vol. 227, pp. 183-185; July 19, 1948.) 
Measurements of the distortion of a sinusoidal 
1000-cps current in passage through homogene-
ous resistor rods of various values showed the 
presence of an appreciable third harmonic, in 
some cases as high as 0.85 per cent. For t-w 
resistors having a steatite body with a thin 
conducting coating, distortion is difficult to 
measure and the third harmonic is in all cases 
<0.1 per cent. It thus appears that the resis-
tors commonly used in radio technique may 
produce appreciable distortion. The dc resist-
ance of these resistors diminishes when the ap-
plied voltage is increased; this diminution is 
greater for the homogeneous type of resistor 
than for the coated-steatite type. 
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621.385.1  3363 
Applications and Mounting Details of Rim-

lock and Mazda-Medium Valves —Giniaux. 
(See 3555.) 

621.392  3364 
On some Properties of Electrical Networks 

— W. Nijenhuis and F. L. Stumpers. (Physic° 
's Gray., vol. 8, pp. 289-307; February, 1941. 
In English, with German summary.) The rela-
tions between the real or imaginary part of an 
impedance function, or their logarithms, and 
the function itself, are discussed, with particu-
lar reference to transfer impedances. These 
relations enable a constant-modulus type of 
network and a constant-phase type to be dis-
tinguished. The design of such networks is con-
sidered and some general phase characteristics 
of driving-point and transfer functions are 
described. 

621.392:518.61  3365 
Network Analysis by the Chain-Relaxation 

Method —L. Tasny-Tschiassny. (Jour. IEE 
(London), part III, vol. 95, pp. 177-182; May, 
1948. Summary, ibid., part I, vol. 95, pp. 300-
361; August, 1948.) A certain number of 
branch currents are selected and considered as 
unknowns to which arbitrary values are as-
signed. All other branch currents, node poten-
tials, generator voltages and currents, are ex-
pressed in terms of the selected branch currents. 
Additional "residual" external node currents 
are provided in order to make the resulting 

• voltage and current distribution physically 
possible. The resulting simultaneous linear 
equations for the initially selected branch cur-
rents are solved. The special technique is based 
on the superposition theorem, obviates un-
necessary repetition of algebraic symbols and 
reduces the possibility of errors. The method 
leads, in general, to simultaneous equations 
with a smaller number of unknowns than the 
usual methods of network analysis; in many 
cases, only two unknowns are required. 

621.392:621.317.715  3366 
The Moving Coil Galvanometer as a Cir-

cuit Element —N. F. Astbury. (Proc. Phys. 
Soc., vol. 60, pp. 590-596; June 1, 1948. Discus-
sion, pp. 596-597.) "An account is given of a 
simplified calculus applicable to a moving-coil 
galvanometer in which use is made of the con-
cept of motional impedance. The fundamental 
galvanometer equations are presented in a 
novel and very simple form. Examples of the 
use of the formulas are given, notably with 
reference to the ultimate 'noise level' of a 
galvanometer." 

621.392.5  3367 
Theoretical Analysis of the Mercury Delay 

Line —H. J. McSkimin. (Jour. Acous. Soc. 
Amer., vol. 20, pp. 418-424; July, 1948.) A 
formula for the pressure distribution in the line 
is derived. Many waves having slightly differ-
ent phase velocities can exist; under certain 
circumstances these waves may interfere with 
each other and produce distortion. The voltage 
developed by the piezoelectric pickup crystal 
and the distortion that could be caused by 
carrier phase modulation are also considered. 

621.396.611+621.392.029.64  3368 
A Method for Calculating the Excitation of 

Waveguides, Surface, and Cavity Resonators— 
Ya.N.Fel'd. (Zh. Tekh. Fiz., vol. 17, pp. 1471-
1482; December, 1947. In Russian.) 

621.396.611  3369 
On the Frequency Stability of Certain Res-

onators —K. F. Niemen. (Physica, 's Gray., 
vol. 8, pp. 1077-1093; December, 1941. In 
German.) The variations of the electromag-
netic fundamental natural frequency of a hol-
low metal cube and of a hollow metal sphere are 
calculated (a) for constant length in one direc-
tion, with equal reductions in the other two di-
rections, and (b) for an increase in one direction 
with equal decreases in the other two directions 

such that the total surface area remains con-
stant. In case (a) the frequency variation for 
the cube is 8 times that for the sphere, but in 
case (b) the variation for the sphere is 3.6 
times that for the cube. See also 3208 to 3210 
of 1946. 

621.396.611.1  3370 
A New Approach to Tunable Resonant Cir-

cuits for the 300- to 3000-Mc Frequency Range 
—F. C. Isely. (Paoc. I.R.E., vol. 36, pp. 1017-
1022; August, 1948.) Discussion of the use of 
distributed constants and of discontinuities, in 
lines of fixed length. The advantages and dis-
advantages of various types of such circuits 
are discussed, with particular reference to those 
proposed by Karplus (3260 of 1945), Everett 
(2520 of 1946), and Huggins (330 of March and 
643 and 644 of April). 

621.396.611.1  3371 
Rieke Diagrams for Oscillator Design — 

L. S. Schwartz. (Tele-Tech, vol. 7, pp. 33-36, 
65; June, 1948.) If changes in power output and 
frequency of an oscillator, corresponding to 
load changes, are plotted on a Smith imped-
ance diagram, contours of constant frequency 
and output can be drawn [see Radiation Lab-
oratory Report 62-2, August 24, 1942 (Rieke 
and Evans)]. Such diagrams are useful for 
analysis of oscillator performance and assist 
materially in determining the optimum cou-
pling. Apparatus and methods for obtaining the 
data necessary for the construction of these 
diagrams for microwave oscillators are de-
scribed; examples are discussed. 

621.396.611.3  3372 
Cathode-Coupled Negative-Resistance Cir-

cuit —P. G. Sulzer. (Paoc. I.R.E., vol. 36, 
pp. 1034-1039; August, 1948.) A complete in-
vestigation  at  low-frequency,  medium-fre-
quency, and high-frequency of a circuit dis-
cussed by Sziklai and Schroeder (3811 of 1945), 
Pullen (2507 of 1946), and Crosby (2157 of 
1946). The effects of supply voltage variations 
are considered. The more common types of dual 
triode can develop a negative resistance of the 
order of 1000S1 and in this circuit they can be 
used as oscillators even at vhf. It is assumed 
that amplitudes are sufficiently small to permit 
the use of linear tube parameters; this may 
not be true unless some means of amplitude 
control is provided. 

621.396.615  3373 
Oscillator Circuits for Wide-Range Tuning 

—R. J. Ballantine and E. G. James. (Jour. 
IEE (London), part IIIA, vol. 94, no. 14, pp. 
596-602; 1947. Summary, ibid., part IIIA, 
vol. 94, no. 11, p. 114; 1947.) Triodes of the 
disk-seal type are described briefly and a full 
account is given of various types of external 
circuit to cover frequency ranges between 300 
and 3750 Mc. Coaxial-line common-grid cir-
cuits are described; a wide over-all frequency 
range may be covered by operation in different 
modes. Mechanical details of sliding-contact 
bridges are given and internal and external 
capacitive feedback is discussed. Performance 
data are included for the CV90 and CV273 
tubes. Noncontact tuning circuits are also con-
sidered, including the butterfly circuit and its 
derivatives and a cylindrical resonator. Prac-
tical designs of symmetrical noncontact circuits 
are given, with performance data. 

621.396.615  3374 
High-Stability LC Oscillator —T. Roddam. 

(Wireless World, vol. 54, pp. 286-288; August, 
1948.) The design of a bridge-stabilized oscil-
lator is described, the performance of which 
does not depend on the nonlinearity of the 
tube characteristics. The selective feedback 
network uses a 4.5-v tungsten-filament lamp 
and a series-resonant LC circuit in opposite 
arms of a bridge network to maintain the oscil-
lations at a chosen level. The short-period sta-
bility is within about 1 part in 10s. 

621.396.645  3375 
Distributed Amplification —E. L. Ginzton, 

W. R. Hewlett, J. H. Jasberg, and J. D. Noe. 
(Paoc. I.R.E., vol. 36, pp. 956-969; August, 
1948.) IRE 1948 National Convention paper. 
By an appropriate distribution of ordinary 
tubes along artificial transmission lines, ampli-
fication can be obtained over much greater 
bandwidths than those possible with ordinary 
circuits. The concept of "maximum bandwidth-
gain product" does not apply to such "dis-
tributed" amplifiers, for which the high-fre-
quency limit appears to be determined by grid-
loading effects. Band-pass amplifiers, and low-
pass amplifiers with uniform frequency re-
sponse between zero and several hundred 
megacycles per second, can thus be designed, 
using commercially available tubes; practical 
amplifiers have been built which have verified 
the theoretical predictions. Experimental work 
will be described later: theoretical discussion 
is here included of (a) the effect of improper 
termination of transmission lines, (b) methods 
for controlling the frequency response and 
phase characteristic, (c) the design which pro-
vides the required gain with the minimum num-
ber of tubes, (d) high-frequency limitations, 
(e) noise-factor evaluation. 

621.396.645.029.3  3376 
An Amplifier for Very Low Frequencies — 

S. P. Pivovarov.- (Zh. Tekh. Fiz., vol. 18, pp. 
799-804; June, 1948. In Russian.) A 6-stage 
amplifier, with high input impedance, passing 
rectangular impulses at frequencies from 5 to 
10,000 cps. The gain is 150,000. 

621.396.645.371  3377 
Improvements in Negative-Feedback Am-

plifiers —J. Polonsky. (Ann. Radioglec., vol. 
3, pp. 240-251; July, 1948.) A local reaction 
path is provided in one part of the amplifier 
and gives positive feedback within the pass 
band and negative outside the band. This in-
creases the signal-to-noise ratio considerably 
(20 to 30 db) without affecting the amplifier sta-
bility. The gain is not appreciably altered, but 
linear and nonlinear distortion are both re-
duced. The theoretical conclusions are con-
firmed by tests carried out on a 1-kw and a 
20-kw broadcasting transmitter. Other appli-
cations are suggested. 

621.396.662.21  3378 
Two Simple Methods of Detecting Short-

Circuited Turns in Coils —E.  B.  Brown. 
(Jour. Sci. Instr., vol. 25, p. 282; August, 1948.) 
In both methods, the coil to be tested is thread-
ed on the core of a transformer with an open 
magnetic circuit. The secondary voltage of this 
transformer has previously been balanced 
against that of an exactly similar transformer. 
If the coil has short-circuited turns, a current 
flows in the detector. The lay-out of apparatus 
is shown in detail. 

621.396.662.21  3379 
Short-Circuited  Turns —K.  R.  Sturley. 

(Wireless Eng., vol. 25, pp. 240-245; August, 
1948.) The common practice of short-circuiting 
turns to alter the inductance of a coil at rf is 
very unsuitable at audio and power frequencies. 
This is due not to any fundamental differences 
between rf and af short-circuits but to differ-
ences in coupling coefficients, Q-factors, and 
inductance ratios of the main coil to the short-
circuited section. 

621.396.665 : 534.79 : 534.851.86  3380 
Loudness Control for Reproducing Systems 

— D. C. Bomberger. (Audio Eng., vol. 32, pp. 
11-12, 38; May, 1948.) A switch inserts up to 
10 identical attenuator sections; these are 
designed on an Image-impedance basis and 
have  gain/frequency  characteristics which 
compensate for the intensity/loudness relation 
of the human car. A practical design is given, 
with component values and measured char-
acteristics. 
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621.392 +621.396.645.37  3381 
Network Analysis and Feedback Amplifier 

Design [Book Revievil —II. W. Bode. D. Van 
Nostrand, New York and Macmillan, London, 
551 pp., 42s. (Wireless Eng., vol. 25, p. 268; 
August, 1948.) "This book will undoubtedly 
become a standard textbook." It is for the 
specialist, not for the occasional designer. It 
is well packed with solid theory. See also 583 

and 2169 of 1946. 

GENERAL PHYSICS 

53.081 +621.3.081  3382 
Universal Conversion Table of Electrical 

Units —Kaufmann. (See 3451.) 

534.133 3383 
Consideration of a Linear Non-Homoge-

neity of the Applied Alternating Field in the 
Excitation of a Quartz Bar —K. F. Niessen. 
(Physica, 's Gray., vol. 8, pp. 695-702; July, 
1941. In German.) The odd harmonics of a 
quartz bar can be Produced by the application 
of a homogeneous alternating field of suitable 
frequency. The resonance curves in the neigh-
borhood of these harmonic frequencies have 
been calculated by von Laue. The possibility 
of exciting the even harmonics by applying 
a 'nonliomogeneous alternating field is exam-
ined and resonance curves near these new fre-
quencies are calculated. An electrode system 
suitable for excitation of the second harmonic 

is described briefly. 

534.21  3384 
Thickness-Shear Vibrations of Thin Aniso-

tropic Plates  II ,k .4 (our. Noc. 
Amer , vol. 20, ;,;,. 41)6-417, july, 1945.1 

536.48  3385 
Low Temperature and Some of Its Effects 

upon the Behavior of Matter—S. C. Collins. 
(Science, vol. 107, pp. 327-333; April 2, :948.) 
Discussion of: (a) progress in low-temperature 
research, (b) industrial methods of producing 
low temperatures, (c) the effect of magnetic 
fields on superconducting substances, (d) vari-
ous theories concerning the behavior of lie!, 
111 1, and the isotope Hes. See also 3847 of 

1947 (Mendoza). 

537.315.6:621.31 5.59  3386 
Use of Electron Mirror to Display the Po-

tential Distribution on Metallic and Semicon-
ductor Surfaces —R. Orthuber. (Z.  .4 n gra,. 
Phys., vol. 1, pp. 79-89; March, 1945.) De-
scription of a method which has applications 

in infrared technique. 

537.52  3387 
Dynamic  Probe  Characteristics— T.  A. 

Anderson. (Phil. Mag., vol. 38, pp. 179-185; 
March, 1947.) Discussion of errors occasioned 
by using the static characteristics of probes in 
gas discharge investigations. Apparatus for 
obtaining the dynamic characteristics is de-
scribed and preliminary results are given. 

537.521.7 3388 
Certain Aspects of the Mechanism of Spark 

Discharge — L. B. Loeb. ( Prot. Pk.,. .Soc., 
vol. 60, pp. 561-573; June 1, 1948.) 

537.523:538.67 621.316 .98  3389 
Lightning Arrester Discharge Currents— 

R. C. Cafe. (Nature (London), vol. 161, pp. 
885-886; June 5, 1948.) The earth lead in each 
38-ky single-phase arrester was equipped with 
a pair of magnetic links. Results indicate that 
these had not been magnetized by a unidirec-
tional current discharge. The magnitude of the 
current reversal is evaluated and various pos-
sible explanations are given. 

537.525.029.64 3390 
Breakdown of a Gas at Microwave Fre-

quencies — M  A. Ilerlin and S. C. Brown. 
(Phys. Rev., vol. 74, pp. 291-296; August 1, 
1948.) The criterion for breakdown of a low-
pressure gas at microwave frequencies is that 
ionization by collision of electrons with neutral 

gas molecules replaces loss by diffusion to the 
walls of the discharge tube. A new ionization 
coefficient is introduced appropriate to the 
high-frequency discharge condition and its re-

lation to the dc Townsend coefficient is ex-
plained. The energy transfer from field to 
electrons, for a given ratio of field strength to 
pressure, is most efficient when the pressure is 
high enough or the frequency low enough to 
result in many collisions, in each cycle, be-
tween electrons and gas molecules. When the 
pressure is lower or the frequency is higher, 
energy transfer is lower because the electrons 
have an out-of-phase component of motion. 

537.533  3391 
Therrnionic Emission from Metals Covered 

by a Thin Semiconducting Layer—S. I. Pek)or 
and 0. F. Tomasevich.  Tekh. Piz., vol. 17, 
pp. 1393-1396; December, 1947. In Russian.) 
Formulas are derived for determining the 
thermionic current. They are consistent with 
Richardson's formula (1(i) in which use is made 
of the work function of the metal and not of the 

semiconductor. 

537.533.8 3392 
Secondary Emission: Parts 1 and 2-1.. R. 

Koller. (Gen. Elec. Rer., vol. 51, pp. 33-40 and 
50-52: April and June, 194S.) Discussion it the 
various factors governing secondary emis,ion, 
‘vith a table giving the maximum second.,ry 
yield and corresponding voltage for many 
metals, and a short account of various applica-
(ions. 

537.58 : 621.385.1 3393 
Space Charge Current Theory and the 

Mechanical Impulse  of  the  Electrons —P. 
Physica,•s Grar., vol. 8, pp. 885-902; 

August. 1941). In English, with German sum-
mary.) It is shown that the electrodes of a tube 
are subjected to pressures due to the impulse 
of the electrons. The value of the field strength 
at the surface of the cathode in I '''I,-  
from the mechanical equilibrium conditions, 
in accordance with the kinetic theory. If the 
electrodes of a tube are capable of movement, 
the inertia of the electrons can be demonstrated 
in many ways. A method of measurement of 
the pressure exerted by an electron beam is 
described. A preliminary report of this work 
was noted in 1504 of 1941. 

538.12  3394 
On Magnetic Field Theories -(. H. Livens 
Mag., vol. 35, pp. 453-479; July, 1947.) 

The field theory ,f Hertz, based on an assumed 
linear law of induction, is criticized. It is sug-
gested that no theory has proved superior to 
the original Poisson-Kelvin theory which as-
sumes nothing but a polar constitution for all 
magnetism. The work of Cohn and Guggen-
heim in developing the Hertz theory is dis-
cussed and a number of inconsistencies are 
pointed out. Arguments are given for the 
adoption of B as the fundamental field vector, 
and the consequent mathematical modifica-
tions of the Poisson-Kelvin theory are indi-

cated. 

538.221 3395 
Ferromagnetism —E.  C. Stoner.  (Rep. 

Progr. Phys., vol. 11, pp. 43-109; 1946 and 1947. 
Bibliography, pp. 110-112.) The first part of 
this review summarizes the development of the 
basic ideas up to about 1934. The remainder is 
devoted to a survey of later theoretical and 
experimental work on the fundamental problem 
of intrinsic magnetization and its chortles with 
field and temperature. A third part to be pub-
lished next year will deal with magnetization 
curves. 

538.551.21.029.63  3396 
On the Significance of the Terms Current, 

Potential, Resistance, and  Quadripole  for 
Decimetre Waves —H. H. Meinke. Z. Angew. 
Phys., vol. 1, pp. 90-98; March, 1948.) A 
quantitative treatment of vhf devices is only 

considered possible if the terms current, poten-
tial, and resistance are critically analyzed and 
re-defined with the help of so-called induction-
free and displacement-current-free surfaces 
The simplest examples of such surfaces are the 

planes normal to homogeneous conductors. 
The general properties of these surfaces are 
discussed and the case of nonhomogeneous con-
centric conductors, with surfaces of greater 

complexity, is considered especially. 

538.569.4.029.64: 546.171.1 3397 
Collision  Broadening  of the  Inversion 

Spectrum of Ammonia: Part 3—The Collision 
Cross Sections for Self-Broadening and for 
Mixtures with Non-Polar Gases—B. Bleaney 
and R. P. Penrose. (Proc. Phys. Soc., vol. 60, 
pp. 540-549; June 1, 1948.) For pure NH3 the 
width variation of lines near 1 cm-1  is consist-
ent v)ith a simple dipole-dipole interaction  - 
the collision mechanism. The collision d. 
ters for mixtures of N113 with nonpolar 
are about the same as those obtained from the 
kinetic theory, whereas in pure HI13 they are 
2 to 4 times greater. Part 2: 1916 of August. 

538.569.4.029.64:546.21  3398 
Atmospheric Absorption of Microwaves-

11. R. I.. Lamont. (Pl . Rrr., vol. 74, p. 35 1 
August 1, 1948  The absorption of el, 
magnetic radi,tion was measured for 
tween 6.34 mm and 4.48 mm, over distans.:, 
ranging from 0.12 km to 2.2 km. The mean 
corrected values for the attenuation were found 
to be in good agreement with Van %leek's 
theoretical curve (3098 of 1947). 

549.211:537.533.0:539.16.08  339(z 
Remarks on Diamond Crystal Counters— 

K. LonsWile. Ph“. Rer., vol. 73, p. 1467; 
June 15. 1945.) "Type-I" diamonds which are 
opaque to ultraviolet radiation are said to be 
nearly perfect and neither of mosaic structure 
nor laminated. The "type-II" diamonds which 
make the hest 1-ray counters, however, are 
apparently laminated. See also 2575 of October 
and 2757 of November. 

549.514.51:535.417 3400 
Application of Multiple-Beam Interferom-

etry to  the  Study  of Oscillating  Quartz 
Crystals- S. Tolansky and \V. Bardsley. 'u-
ture (London), vol. 161, p. 925; June 12, 1948.) 
A method giving sharp fringes which become 
extremely narrow along nodal lines. Similar 
methods were hv Dye ( Rep. Nat. Phy ,. 
Lab., pp. 113-11 , : 1925 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENO MENA 

523.5:551.510.535 3401 
The Theory of Meteor Ionization —N. Her-

lofson  Rrp Prr,gr. Ph-.. vol. 11, pp. 444-453; 
1946 and 1947. Bibliography, pp. 453-454.) 
Discussion of the salient points of the principal 
theories 

523.5:551.510.535 3402 
Meteoric Ionization and Ionospheric Ab-

normalities--A. C. B. Lovell. (Rep. Pro,:r. 
Ph'.:., vol. 11, pp. 415-442; 1946 and 1947. 
Bibliography, pp. 442-444. Part 1 summarizes 
the history of the correlation of irregularities 
in E-region behavior with meteoric activity. 
Part 2 gives a more detailed review of contem-
porary work on transient echoes from meteors. 
This includes the determination of the char-
acteristics of the meteor showers themselves 
and also of the clouds of ionization from which 
echoes are received. 

523.53:621.396.82 3403 
Meteor Whistles —II. V. Griffiths, S. E. 

Martingell,  and  R.  \V.  Bayliff.  (Nature 
London), vol. 161, pp. 478-479; March 27, 
1945.) A summary of the results of measure-
ments taken over a long period at the BBC 
receiving station at Tatsfield. Generally, the 
pitch of the whistle decreases to zero from 
about 2 kc, but for 1 to 2 per cent of the total 
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number observed, the pitch increases again up 
to 2 kc. The Appleton-Naismith theory for the 
change in pitch (3874 of 1947) would explain 
these "doublet" whistles. 

523.7:538.12  3404 
On the Sun's General Magnetic Field — 

T. G. Cowling. (Mon. Not. R. Astr. Soc., vol. 
105, no. 3, pp. 166-174; 1945.) Discussion of 
various theories, none of which seems entirely 
adequate; considerations are advanced which 
may make clearer the conditions which an 
adequate theory must satisfy. 

523.746  3405 
Magneto-Hydrodynamic Waves and Sun-

spots: Parts 1 and 2—H. Alfven. (Mon. Not. 
R. Asir. Soc., vol. 105, nos. 1 and 6, pp. 3-16 
and 382-394; 1945.) A new theory of sunspots 
is advanced, according to which the magnetic 
field of the spot is the priinary phenomenon. 
The other properties of a spot (e.g., the low 
temperature) are found to be due to the effect 
of the magnetic field on the solar atmosphere. 
The field is suppovd to originate near the 
sun's center and to be transmitted outwards 
along the magnetic lines of force of the sun's 
general magnetic field in the form of a new type 
of wave, called the magneto-hydrodynamic 
wave. The progression of sunspot zones is dis-
cussed and a progression curve is derived from 
sunspot observations. Comparison with theory 
enables conclusions to be drawn regarding the 
sun's general magnetic field. 

Part 2 deals with the shape and orientation 
of the magneto-hydrodynamic whirl rings. 
Such rings, created in the solar core, proceed 
outwards along the magnetic lines of force; 
when a whirl ring intersects the solar surface, 
a bipolar spot is produced. From the life history 
of a bipolar spot, the shape of the whirl ring 
when in the solar core can be found. The prop-
erties of whirls are considered and their propa-
gation in the sun is discussed. The sun cannot 
be divided into a convective and a nonconvec-
tive part, as suggested in some solar models, 
since convection in one part of the sun must 
cause magneto-hydrodynamic waves which 
give rise to convection in other parts also. Part 
3: 3104 of December. 

538.12:521.15  3406 
Comments on the Theories Interpreting 

the Magnetism of Celestial Bodies —M. Forr6. 
(Phys. Rev., vol. 74, pp. 218-219; July 15, 
1948.) In the theory of Babcock (3891 of 1947) 
and Blackett (3112 of 1947), the consideration 
that with every mass an electric charge should 
be associated, must also involve the converse 
that with every moving (rotating) charge a 
momentum must be associated. This second 
inference can be shown to be untrue by a sim-
ple laboratory experiment. The difficulty in 
interpreting Wilson's relation, e•-••41(G) 112 , is 
not so much in determining a field theory to 

i account for the proportionality between mass 
and charge, but in explaining the irreversibility [ 
of this relationship. Barnothy's theory (3407 
above) will account for Wilson's formula and 
its irreversibility, but cannot explain the large 
static potentials arising and also give the cor-
rect values of magnetic momenta. 

538.12:521.15:539.15  3407 
Elementary Particles and the Geomagnetic 

Field —T. G. Cowling. (Nature (London), vol. 
160, p. 847; December 13, 1947.) Short account 
of a theory proposed by J. Barn6thy (Hungar-
ian Institute for Meteorology and Terrestrial 
Magnetism, Papers on Terrestrial Magnetism, 
no. 2, 1947), which explains the elementary 
particles, such as protons and electrons, in 
terms of serial universes, each enclosed in one 
of higher order. Quantitative application of the 
theory leads to values of fundamental con-
stants in good agreement with experimental 
values. Barnetthy claims that the theory ex-
plains the proportionality between magnetic 
moment and angular momentum of sun and 
earth. He asserts that protons and neutrons 

possess, besides their real mass, an imaginary 
mass, 643 times the electron-mass, which be-
haves like an electric charge. The rotation of 
such a charge would produce terrestrial and 
solar magnetic fields of the observed order of 
magnitude. Such a charge would, however, 
produce a large electrostatic field, which 
Barnothy declines to consider for the present. 

550.384  3408 
Audio-Frequency Magnetic Fluctuations — 

H. F. Willis. ( Nature (London), vol. 161, pp. 
887-888; June 5, 1948.) Magnetic fluctuations 
at frequencies in the range 5 to 1000 cps have 
been observed at various sites remote from 
man-made sources of electrical disturbance. 
These fluctuations are considered to be of 
natural origin, possibly arising from distant 
current movements in the atmosphere. See also 
1628 of June (Menzel and Salisbury). 

550.384.3  3409 
The Main Geomagnetic Field —S. Chap-

man. (Nature (London), vol. 161, pp. 462-
464; March 27, 1948.) A geophysical discussion 
held at the Royal Astronomical Society. A new 
theory suggested that the secular magnetic 
variation may be due to an electric current, 
produced by electromagnetic induction, flow-
ing in the mass of an eddy near the surface of 
the earth's liquid core. Measurements of the 
magnetic anomalies in tholeiite dykes in North-
ern England, and the results of a survey over 
Eire of the vertical magnetic force ( V), showing 
further anomalies, were also discussed. Some 
results of measurements of the variation with 
depth below ground of H and V were given, 
and discussed in relation to Blackett's theory 
noted in 3112 of 1947. 

551.510.535:621.396.11  3410 
On the Localization of the Sporadic-E 

Ionized Region of the Upper Atmosphere —P. 
Revirieux and P. Lejay. (Compt. Rend. Acad. 
Sci. (Paris), vol. 227, pp. 79-81; July 5, 1948.) 
In June, 1948, good 2-way low-power com-
munication at frequencies near 60 Mc was 
maintained for several hours between amateur 
stations near Paris and others in (a) Czechos-
lovakia (June 27), (b) South Norway (June 
28), (c) South Sweden (June 29). Such long-
distance communication could not be estab-
lished with any other stations during the periods 
concerned. On June 7 long-distance com-
munication in the 60-Mc band could only be 
established with Algeria. These results indicate 
the existence of sharply localized ionization 
zones which move slowly and are situated 
roughly midway between Paris and the places 
with which radio contact on these frequencies 
is possible. Movement of such an ionization 
zone was noted on June 4 between 1630 and 
2000 G.M.T., when communication was carried 
out successively between Paris and (a) northern 
countries, particularly Sweden, (b) Denmark, 
(c) Czechoslovakia, (d) Switzerland and Italy, 
(e) French stations near the Mediterranean, 
(f) Algeria. 
Lejay states that particularly strong spo-

r-idic-E was recorded at Bagneux in two periods 
which coincide precisely with those noted 
above. The sporadic-E upper frequency limits, 
cln the afternoon of June 4 and the morning 
ot June 5, exceeded the highest frequency 
(13 Mc) available for the Bagneux transmitter. 
Between June 24 and 29, the upper limits were 
not so high, but many multiple echoes were 
noted, particularly on June 26 and 27. 
The amateur observations supply valuable 

information as to the situation and extent of a 
phenomenon whose cause is at present uncer-
tain; such information is not given by vertical 
soundings of the ionosphere. See also 3117 of 
December (Ferrell). 

551.593.9  3411 
Excitation Processes of the Night Sky 

Spectrum —S. N. Ghosh. (Proc. Nat.  Inst. 
Sci. (India), vol. 9, pp. 301-310; December 29, 

1943.) Discussion of various features of Mitra's 
hypothesis (1109 of 1944). 

551.594.6:621.396.821  3412 
Variation, with Wavelength of the Range 

of Atmospherics and of the Impulsive Flux per 
Metre Corresponding to the Threshold of Oper-
ation of Receiver-Recorders of the Mean 
Level —Carbenay. (See 3504.) 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.93  3413 
The Measurement of Errors in Radiogoni-

ometers at High and Very High Frequencies — 
B. G. Pressey. (Jour. IEE (London), part 
III, vol. 95, pp. 221-228; July, 1948. Summary 
ibid., part I, vol. 95, p. 279; June, 1948.) De-
scription of three methods of error measure-
ment which all involve the application of two 
signal-frequency voltages of known ratio r, one 
to each field coil of the goniometer. The goni-
ometer reading for minimum search-coil output 
is compared with the true angle tan-1 r. The 
accuracy of the methods is discussed and de-
tails of the construction and calibration of the 
apparatus are given. Typical error measure-
ments made on various goniometers are shown. 

621.396.93  3414 
Radiogoniometers for High- and Very-

High-Frequency 'Direction-Finding —B.  G. 
Pressey. (Jour. LEE (London), part III, vol. 
95, pp. 210-220; July, 1948. Summary, ibid., 
part I, vol. 95, p. 278; June, 1948.) General 
design principles are discussed; the important 
factors are the coupling law, the electrical sym-
metry of the field coils, and the coupling factor. 
A distributed search-coil winding for reducing 
the coupling error at medium frequency and 
high frequency is described and its application 
to four high-frequency instruments is consid-
ered. At vhf a compound-wound search coil is 
used; its windings are in two sections whose 
planes are set at an angle 0. The coupling error 
depends upon 0 and the field configuration. A 
vhf instrument based on these principles is 
described. The operation of the inductive goni-
ometer as a phase shifter is analyzed. 

621.396.932:621.396.96  3415 
Radar Navigational Aid for Liverpool — 

(Engineering (London), vol. 165, p. 534; June 
4, 1948.) Tests with experimental equipment 
showed that a discrimination better than 1" 
in bearing and about 40 yards in range was 
necessary to meet requirements for the long and 
narrow approach channel. The permanent 
equipment will include a 15-foot parabolic 
antenna for X 3 cm, rotating at 12 rpm, and 6 
plan-position indicators mounted in a U-shaped 
console. The first of these gives a small-scale 
picture of the whole channel up to a distance 
of either 13 or 20 miles; 4 give a larger-scale 
composite picture and the sixth enables any 
area within 20 miles, not shown on the com-
posite picture, to be scanned. Information will 
be passed to pilots or masters of vessels by 
radio telephone. For other accounts see Wire-
less World, vol. 54, pp. 317-320; September, 
1948, and Engineer (London), vol. 186, pp. 130-
132; August 6, 1948. 

621.396.933  3416 
Surveillance Radar Deficiencies and How 

They Can Be Overcome —J. W. Leas. (Paoc. 
I.R.E., vol. 36, pp. 1015-1017; August, 1948.) 
Surveillance or primary radar can be used by 
itself only as a monitor in civil operations. Its 
defects could be largely overcome, but only by 
major design alterations of existing equipment. 
Primary radar assisted by co-operating air-
borne transponders, however, can become a 
primary aid In traffic control. 

621.396.96 : 621.396.65.029.64  3417 
The Transmission of Radiolocation Dis-

plays by Means of Microwave Linkage Sys-
tems —Germany and Lawson. (See 3519). 
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621.396.933.2  3418 
Radar Beacons [Book Reviewl —A. Roberts 

(Ed.). McGraw-Hill, New York, N. Y., 1947, 
474 pp., $6.00. (Pkoc. I.R.E., vol. 36, p. 1010; 
August, 1948.) No. 3 of the MIT Radiation 
Laboratory series reviewing war-time work. 
"The theory and practice underlying the use of 
radar beacons is thoroughly covered." For an-
other review see Nature (London), vol. 162, pp. 
633-635; October 23, 1948. 

621.396.96  3419 
Principles of Radar [Book Reviewl —D. 

Taylor and C. 11. Westcott. Cambridge Uni-
versity Press, London, 141 pp., 12s. 6d. (Wire-
less Eng., vol. 25, p. 267; August, 1948.) One of 
the series on "Modern Radio Technique": 
others were noted in 350 of March (Huxley) 
and 1048 of May (Smith). General principles 
peculiar to radar are stressed; the book is 
mainly concerned with primary radar involving 
reflection from the target. The properties of 
the target are discussed with special reference 
to absorbing, scattering, and echoing areas 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.37 3420 
The Luminescence of Simple Oxide Phos-

phors —R. B. Head. (Electronic Eng., vol. 20, 
pp. 219-226; July, 1948.) Discussion of qualita-
tive rather than quantitative experimental 
data. The phosphors examined are inefficient, 
and very insensitive to heat treatment and 
the addition of fluxes, but they provide data 
from which reliable conclusions can be drawn. 
Color diagrams are included. CaO is much 
the most important source of phosphors and 
CaO(Ce) gives the shortest afterglow. 

535.37 3421 
The Electron Trap Mechanism of Lumi-

nescence in Sulphide and Silicate Phosphors 
G. F. J. Garlick and A. F. Gibson. (Proc. 
Phys. Soc., vol. 60, pp. 574-590; June 1, 1948.) 

535.37  3422 
The Relation between Efficiency and Ex-

citing Intensity for Zinc-Sulphide Phosphors— 
H. A. Klasens, \V. Ramsden, and Chow Quan-
tie. (Jour. Opt. Soc. Amer., vol. 38, pp. 60-65; 
January, 1948.) 

535.37 3423 
The Decay of the Luminescence of Zinc 

Sulphide Phosphors Excited by X Rays —W. 
de Groot. (Physica, 'sGray., vol. 8, pp. 789-795; 
July, 1941. In English, with German summary.) 

535.37 3424 
The Absorption Spectra of Zinc Sulphide 

and Willemite —J. II. Gisolt, W. (le Groot, and 
F. A. Kroger. (Physica,'s Gray., vol. 8, pp. 805-
809; July, 1941. In English.) A survey of pub-
lished data. 

535.37:546.655.3  3425 
Luminescence of Cerium Compounds - 

F. A. Kroger and J. Bakker. (Physica,  Gras., 
vol. 8, pp. 628-646; July, 1941. In English, 
with German summary.) Compounds of triva-
lent Ce, both in the solid state and in solution, 
have an absorption spectrum made up of sev-
eral broad overlapping bands. Irradiation in 
this absorption region causes the emission of a 
similar set of broad double bands lying partly 
in the ultraviolet and partly in the short-wave 
portion of the visible spectrum. The doublet 
separation of about 1900 cm-I is in satisfactory 
agreement with the value of 2253 cm-I found 
for the free ion. 

535.37:621.385.832:535.65  3426 
Spectral Power Distriubtion of Cathode-

Ray Phosphors —R. M. Bowie and A. E. Mar-
tin. (Pitoc. I.R.E., vol. 36, pp. 1023-1029; Au-
gust, 1948.) Discussion of the principal existing 
colorimetric methods used for investigating 
screen materials. Methods for standardizing 
colorimetric measuring equipment are sug-
gested. 

538.213  3427 
The Determining Factors of Permeability — 

J. L. Snuck. (Physica,  (ray., vol. 8, pp. 344-
346; March, 1941. In English, with German 
summary.) The observed magnetic properties 
of cold-worked Ni-Fe alloys cannot be ex-
plained solely by internal strains and crystal 
anisotropy; at least one other factor, which is 
not as yet fully known, must be taken into ac-
count. See also 3428 below. 

538.213  3428 
Magnetic Anisotropy Phenomena in Cold-

Rolled Nickel-Iron- -G. W. Rathenau and J. L. 
Snoek. (Physica, 's Gras., vol. 8, pp. 555-575; 
June, 1941. In English, with German summary. 
An exhaustive experimental investigation con-
firming the conclusions in 3427 above. 

538.213:546.74  3429 
Metastable Stages of Nickel Characterized 

by a High Initial Permeability--J. L. Snoek and 
J. F. Fast. ( Nature (London), vol. 161, p. 887; 
June 5, 1948.) For pure, well-annealed Ni, the 
initial permeability go is not a unique function 
of the temperature. The value at room ten-
perature, when obtained from the results at 
decreasing temperatures, is nearly double that 
observed after demagnetizing. Temperature 
agitation alone does not bring about the more 
stable condition, but small mechanical shocks 
or demagnetizing treatment are also required. 

538.221 3430 
The Properties of Ferromagnetic Materials 

in Alternating Fields —K. M. Polivanov. (Bull. 
Acad. Sri. (U.R.S.S.), shy. phys., vol. 12, pp. 
98-115; March and April, 1948. In Russian.) 
A theoretical discussion of the relationship be-
tween the ratio E0/Ho on the surface of a 
sample in ant alternating electric or magnetic 
field, and the following factors: frequency, 
complex permeability, specific conductivity, 
and one of the linear dimensions. Methods for 
calculating the performance of a sample are 
also indicated. 

538.221:621.3143t 3431 
Improved Material for Magnetic Amplifiers 

—(Electronics, vol. 21, pp. 128, 166; August, 
1948.) A co-ordinated summary of the papers 
presented at a symposium on magnetic mater-
ials held in \Vashington, D. C., June 15, 1948. 
Methods of producing materials having sub-
stantially rectangular hysteresis loops with a 
sharp knee are discussed, with special reference 
to the production of permenorm 5000-Z, an 
alloy consisting of equal proportions of Ni 
and Fe, by a process combining cold reduction 
and annealing. The permenorm is finally rolled 
to a thickness of 0.0012 or 0.002 inch and wound 
into spiral cores. These cores should not have 
airgaps or be mechanically strained, and the 
magnetic field must be sensibly uniform over 
the entire cross section. Applications of these 
cores are discussed, namely: (a) magnetic am-
plifiers for industrial control equipment need-
ing little maintenance, and (b) saturable reac-
tors for improving the timing of commutation 
in efficient high-current mechanical rectifiers. 

538.23  3432 
The Influence of Eddy Currents on the Ap-

parent Hysteresis Loop of Ferromagnetic Bars 
—J. L. Snoek. (Physica, 's Gram., vol. 8, pp. 
426-438; April, 1941. In English, with German 
summary.) If the magnetizing current is varied 
so rapidly that the magnetization of theinterior 
of a bar lags behind that of the exterior, the 
measured mean induction differs considerably 
from that found after a relatively slow varia-
tion of the field. With ring-shaped samples this 
effect does not occur. With bars, the measured 
value of the coercive force may be in error by a 
factor of 2 or more and the error in the total 
hysteresis loss may be still larger. The effect 
explains various inconsistencies and anomalies 
in measurement results for bars and wires. 

549.514.51  3433 
The Laboratory Growing of Quartz- -I). R. 

Hale. (Science, vol. 107, pp. 393-394; April 16, 
1948.) A report of experimental work carried 
out by the Brush Development Company. 

549.623.5:621.315.616  3434 
Magnetic Susceptibility of Mica —J. T. 

Kendall and D. Veo. ( Nature (London), vol. 
161, pp. 476 477; March 27, 1948.) The high 
paramagnetism of synthetic mica prepared by 
the method of Fitch and Dietzel is due to in-

clusions of magnetite. 

620.193.2  3435 
Electrical Contacts: The Effect of Atmos-

pheric Corrosion--U. R. Evans. (Metal lad. 
(London), vol. 73, pp. 10-13; July 2, 1948.) A 
discussion of present knowledge and the results 
of experiments conducted on "tarnish films." 
Two entirely different types of corrosion are 
possible: (a) oxide films produced when the air 
is not contaminated, and (b) corrosion at high 
humidities in air contaminated by sulphur in 
various forms. The need for further research 
is stressed and the conditions which should be 
observed in practice are indicated. A bibliog-
raphy of 31 items is included. 

621.3.015.5.029.63/.64:546.217  3436 
Experiments on the Electric Strength of Air 

at Centimetre Wavelengths—R. Cooper. (Jour. 
I EE (London), part III, vol. 95, p. 312; July, 
1948.) Discussion on 750 of April. 

621.315.5:666.11  3437 
Electrically  Conducting  Glasses —R. 

Green and K. B. Blodgett. (Jour. Amer. 
Ceram. Soc., vol. 31, pp. 89-100; April 1, 1948.) 
Glasses containing oxides of Pb, Hi, or Sb, or 
combinations of these, become conducting 
after several hours' reduction in II. The elec-
tronic surface conductivity is both stable and 
reproducible. The magnitude of the conductiv-
ity depends on the nature and amounts of the 
reducible oxides, the temperature at which re-
duction takes place, and the electrical influ-
ence of the unreduced portions of the glasses. 

621.315.59  3438 
Modulation of Conductance of Thin Films 

of Semi-Conductors by Surface Charges -W. 
Shockley and G. L. Pearson. (Phys. Rev., vol. 
.74, pp. 232-233; July 15, 1948.) 

621.315.59 : 546.289 3439 
Nature of the Forward Current in Germa-

nium Point Contacts — W. H. Brattain and J. 
Bardeen. (Phys. Rev., vol. 74, pp. 231- 232; 
July 15, 1948.) 

621.315.612 3440 
Ceramic Dielectric Materials—B. H. Marks. 

(Electronics, vol. 21, pp. 116-120; August, 
1948.) 

621.315.612.011.5 3441 
Properties of Barium-Magnesium Titanate 

Dielectrics—G. R. Shelton, A. S. Creamer, and 
E. N. Bunting. (Jour. Amer. Ceram. Soc., vol. 
31, pp. 205-212; July 1, 1948.) Continuation 
of 3551 of 1947. Results of measurements of 
dielectric constant and power factor reciprocal 
are tabulated for frequencies of 50 to 20,000 
cps together with some measurements at 3000 
Mc. The effects of composition, various heat 
treatments, aging, and temperatures in the 
range —60°C to +85°C are discussed and tabu-
lated. 

621.315.616:534.213:534.321.9  3442 
Measurement of Ultrasonic Bulk- Wave 

Propagation in High Polymers—A. \V. Nolle 
and S. C. Mowry. (Jour. Acous. Soc. Amer., 
vol. 20, pp. 432-439; July, 1948.) The velocity 
and attenuation of longitudinal waves of dila-
tation in solid samples of high polymers are 
measured at frequencies between 10 and 30 
Mc by an acoustic pulse technique. Results for 
various materials and temperatures are dis-
cussed. 

INN 

-2 



1949  Abstracts and References 107 

621.315.616:679.5 3443 
Electrical Properties of Plastics —A. J. 

Warner (AST M Bull., pp. 60-64, August, 
1948. Discussion, p. 64.) Results are given for 
the loss factor of polytetrafluorethylene (a) 
at 24°C from 60 cps to 3000 Mc, (b) at 60 cps, 
for heat cycles between +30°C and —160°C. 
The effect of various plasticizers on the high. 
frequency power factor of polyethylene and 
polytetrafluorethylene at high temperatures is 
also discussed. 

621.385.032.21: [546.86+546.36  3444 
Optical and Photoelectrical Properties of 

Antimony-Caesium Cathodes —N. D. Mor-
gulis, P. G. Borzyak, and B. I. Dyatlovitskaya. 
(Bull. Acad. Sci.  sir. phys., vol. 
12, pp. 126-143; March and April, 1948. In 
Russian.) 

666.115  3445 
A Note on Very Soft Glasses and Some of 

Their Electrical Applications —A. E. Dale and 
J. E. Stanworth. (Jour. Soc. Glass Tech., vol. 
32, pp. 147-153; June, 1948.) Preliminary 
results of the experimental production of 
"solder glasses" which bear the same relation-
ship to normal glasses as solder bears to normal 
metals. (Pb, Zn)-borate glasses appear to be the 
most promising. 

669.71:620.193.2  3446 
Protective Films —F. A. Champion. (Metal 

Ind. (London,) vol. 72, pp. 440-442, 444 and 
• 463-464; May 28 and June 4, 1948.) The film 

of alumina formed on Al and its alloys under 
corrosive conditions is responsible for the high 
corrosion resistance of these metals and con-
trols the corrosion versus time curve. Results 
of research on these curves are discussed. 

538.221 3447 
New Developments in Ferromagnetic Ma-

terials [Book Reviewl —J. L. Snoek. Ebsevier 
Publishing Co., New York and Amsterdam. 
British  distributors:  Cleaver-Hume  Press, 
London, 1947, 136 pp., 13s 6d. (Metal Ind., 
(London), vol. 72, p. 465, June 4, 1948.) Based 
on work carried out at the Natuurkundig 
Laboratorium, Eindhoven, Holland, since 1933 
and during the last war. In part 2, the dynamics 
of ferromagnetism are discussed; a new ap-
proach is made by the introduction of a time 
factor, whose influence in various processes is 
considered. See also Nature (London), vol. 161, 
p. 666; May 1, 1948.) 

MATHEMATICS 

518.5  3448 
An Ultrasonic Memory Unit for the EDSAC 

— M. V. Wilkes and W. Renwick. (Electronic 
Eng., vol. 20, pp. 208-213; July, 1948.) An 
introductory description of the general princi-
ples and mechanical construction of the 
memory unit of the EDSAC, now being built 
at the University Mathematical Laboratory, 
Cambridge, pointing out its advantages over 
the ENIAC developed in America. Theoretical 
circuit and block schematic diagrams and 
photographs are included. A similar type of 
memory is used in the EDVAC (2828 of 1947) 

518.61:621.392  3449 
Network Analysis by the Chain-Relaxation 

Method —Tasny-Tschiassny. (See 3365.) 

517.942.82 (083.5)  3450 
Tabellen zur Laplace-Transformation und 

Anleitung zum Gebrauch. (Tables for the 
Laplace Transformation and Introduction to 
its Use.) [Book Reviewl —G. Doetsch. Springer, 
Berlin, and Gottingen, 1947, 185 pp. (Phys. 
Blatter, vol. 4, no. 3, p. 129; 1948.) The book is 
limited to the classical one-dimensional La-
place transformation. A further work on two-
and multi-dimensional transformations, which 
are important for dealing with systems of par-
tial differential equations, is announced in the 
preface. 

MEASUREMENTS AND TEST GEAR 

53.081+621.3.081  3451 
Universal Conversion Table of Electrical 

Units —A. Kaufmann. (Radio Franc, pp. 9-11; 
July and August, 1948.) A useful table relating 
the cgs electrostatic and electromotive systems 
to the practical, Giorgi, and rationalized Giorgi 
systems of units. 

621.3.018.4 (083.74)  3452 
Emission of Standard Frequencies—(Phys. 

Bliitter, vol. 4, no. 3, p. 127; 1948) From May 1, 
1948 standard frequencies of 440 and 1000 cps, 
of quartz-clock accuracy, will be radiated be-
tween 10.30 and 10.40 each Monday by every 
transmitter of the  North- West  Germany 
broadcasting station. The following transmis-
sion frequencies will be used: 904 kc (331.9 m), 
1330 kc (225.6 m), and 6115 kc (49.08 m). 

621.317.332  3453 
Absolute Measurement of the Time Con-

stant of Resistors —J. W. L. Kohler and C. G. 
Koops. (Philips Res. Rep., vol. 2, pp. 454-467; 
December, 1947.) A new method in which 
standard capacitors with negligible losses are 
used as reference standards. 

621.317.361.029.64+621.317.763.029.64  3454 
Contribution to the Study of Methods and 

Apparatus for Measurements in the Centimetre 
Wave Band: Part 2—M. Denis and R. Liot. 
(Ann. Radiotlec., vol. 3, pp. 189-213; July, 
1948.) A detailed account of methods for the 
measurement of frequencies and frequency 
variations, with particular reference to wave-
meters of the cavity-resonator type and their 
best operating conditions. The determination 
of the modulation characteristics of cm-X 
generators is discussed; this illustrates the 
qualities which precision wavemeters should 
possess and also the limits of their usefulness. 
Part 1: 1076 of May. 

621.317.44  3455 
The Development of a Magnetic Testing 

Apparatus to Determine Iron Loss at High 
Flux Densities —W. Cormack. (Trans. S. Afr. 
Inst. Elec. Engrs., vol. 38, part 10, pp. 257-299; 
October, 1947.)  Discussion, pp.  299-300.) 
Limitations of routine test methods at flux 
densities approaching 20,000 lines/cm2 are dis-
cussed. The main problem is found to be that 
of producing a voltage whose harmonic content 
can be varied so as to produce a sinusoidal flux 
wave in the test specimen under all conditions. 
The design of suitable equipment is considered. 
Using a cro as a phase indicator, values of 
can be measured to an accuracy within 1 per 
cent and losses within 5 per cent. 

621.317.715 3456 
Moving-Coil Galvanometers of Short Pe-

riod and their Amplification —A. V. Hill. (Jour. 
Sci. Instr., vol. 25, p. 284; August, 1948.) Dis-
cussion of performance records of one of the 
galvanometers considered in 3174 of December 
(Downing) and 3175 of December (Hill). 

621.317.715 3457 
Investigation and Improvement of the 

Vibration Galvanometer —G. von Mayrhauser. 
(Z. Angew. Phys., vol. 1, pp. 68-75; March, 
1948.) The use of "koerzit" steel for the mag-
netic needle of a galvanometer of the frequency-
independent type developed by Meissner and 
Adelsberger (1930 abstracts, Wireless Eng., 
p. 405) gives a considerable increase of sensi-
tivity and broadens the frequency-independent 
zone. A sharp minimum in the current versus 
sensitivity curve due to mechanical coupling 
is investigated theoretically; calculations are in 
good agreement with observations. 

621.317.723:621.385.5  3458 
H. F. Pentodes in Electrometer Circuits— 

Crawford. (See 3557.) 

621.317.729  3459 
An Electrolytic Tank for Exploring Potential 

Field Distributions —R. Malcar, A. R. Booth-
royd, and E. C. Cherry. (Nature (London), vol. 
161, pp. 845-846; May 29, 1948.) When using 
ac, polarization and corrosion of the electrodes 
cause difficulties which are greatly reduced 
when the operating frequency is raised. Ac-
curate results are obtained at 1000 cps with 
electrodes 0.5 mm in diameter, provided the 
electrode current density is not greater than 
0.3 ma/mm2. Copper-plated steel sewing needles 
make suitable electrodes. 

621.317.73  3460 
Radio-Frequency Resistance  Meter —H. 

W. Kline. (Gen. Elec. Rev., vol. 51, pp. 25-30; 
June, 1948.) An instrument for determining rf 
resistance from the scale readings of a meter 
rather than as the ratio of reactance to resist-
ance. A circuit diagram, photographs, and an 
abac for quick calculations are given. Applica-
tions are discussed. 

621.317.73  3461 
New Measuring Circuit for Conductance 

Meter —W. A. McCool. (Tele-Tech, vol. 7, 
pp. 30-31, 48; June, 1948.) Full circuit details 
of an instrument for measurement at 1 Mc of 
rf losses in high-quality insulating materials. A 
diode conductance circuit is used, with a sensi-
tive differential voltmeter which enables the 
resonance voltage to be maintained accurately 
constant during a measurement. 

621.317.733  3462 
A Schering Bridge for Testing Insulating 

Materials —R. J. Stanley. (Muirhead Tech-
nique, vol. 2, pp. 20-23; July, 1948.) Details of 
the Type D-98-A bridge and Type D-99-A 
Wagner earth. Optimum performance is at 
frequencies of the order of 1 kc but good results 
can be obtained from 200 cps to 10 kc. Possible 
errors are within 5 per cent for both power 
factor and dielectric constant. 

621.317.761  3463 
Comparison of Neighbouring Frequencies 

by Counting Beats —R. Sewig. (Z. Angelo. 
Phys., vol. 1, pp. 49-50; March, 1948.) De-
scription of a "phase filter," with which two 
frequencies in the range 50 cps to 100 kc can be 
accurately compared. Provision is made for 
recording the beat frequency and indicating the 
direction of drift of one frequency no matter 
how often the beat frequency becomes zero. 

621.317.763 3464 
An Absorption Wavemeter for the Deci-

metre Region —D. G. Reid and J. K. Garlick. 
(Jour. IEE (London), part IIIA, vol. 94, no. 
14, pp. 603-604; 1947. Summary, ibid., part 
M A, vol. 94, no. 11, p. 106; 1947.) A coaxial-
line instrument, with two fixed conductors and 
a sliding conductor of intermediate diameter. 
Resonance is indicated by a microammeter 
operated from a crystal rectifier. Construction 
details are given for a model for the frequency 
range 470 to 500 Mc, reading to ±0.5 Mc. 
Silver plating increases the Q-factor consider-
ably. 

621.317.763  3465 
A New Wavemeter for Centimetre Waves — 

N. N. Malov. (Zh. Tekh. Fiz., vol. 18, pp. 793-
798; June, 1948. In Russian.) A high-accuracy 
narrow-band wavemeter consisting of a wave-
guide of variable cross section and filled with 
two different dielectrics. 

621.317.784.088  3466 
Some Sources of Error in Microwave 

wattmeters —G. F. Gainsborough. (Jour. I EE 
(London), part III, vol. 95, pp. 229-238; July, 
1948.) An approximate analysis of the factors 
that influence the intrinsic accuracy of a 
heated filament used for measuring power. 
Instruments incorporating such filaments are 
usually subject to significant errors if the fila-
ments are longer than about X/10. The errors 
are usually smaller in resistance milliwatt-
meters than in thermocouple instruments used 
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similarly. Additional serious errors can be 
caused by the inefficiency of the transformer 
used to match the power source to the filament 
of the instrument. Filament instruments can-
not, in their present state of development, be 
relied on as standard transfer instruments for 
measuring microwave power in terms of low-
frequency calibration. 

621.317.79: 534.851: 621.395.813  3467 
New Circuit Design for Wow Tester —M. 

G. Nicholson. (Tele-Tech, vol. 7, pp. 26-29, 63; 
June, 1948.) Equipment for the measurement 
of frequency variations of 0.5 to 40 cps, and 
also amplitude variations up to 25 per cent at 
any variation rate from 0.5 to 40 cps. Such 
amplitude variations may be caused in mag-
netic wire reproducers if the wire is not con-
tinuously in contact with the reproducing head. 
Recording milliammeters and cro attachments 
enable graphs and oscillograms of the quanti-
ties in question to be obtained. 

• 
621.317.79 : 621.392.029.64  3468 

The Design of Precision Standing-Wave 
Indicators for Measurements in Waveguides — 
D. Hirst and R. W. Hogg. (Jour. IEE (Lon-
don), part 111A, vol. 94, no. 14, pp. 589-595; 
1947. Summary, ibid., part I I IA, vol. 94, no. 11, 
p. 114; 1947.) Slotted-section indicators for Hui 
waves in rectangular waveguides are considered. 
Requirements for precision measurement are 
summarized, and methods of obtaining the 
necessary mechanical accuracy are discussed. 
Mechanical rigidity and first-class workman-
ship are essential. The design of a detector-
matching system using a coaxial line is de-
scribed, and the various available types of 
detector are compared. Methods are given for 
checking the accuracy of construction and for 
calibrating the detector. A detailed illustrated 
description is given of typical equipment for 
the 10-cm and 3-cm wavelength bands. 

621.317.79: 621.396.615: 621.397.62.001.4 3469 
Picture-Modulated Television Signal Gen-

erator —A. Easton. (Electronics, vol. 21, pp. 
110-115; August, 1948.) For production testing 
of receivers at points remote from television 
transmitting stations. Circuit and performance 
details are given. A mixing pad permits the 
combination of picture, sound, and noise sig-
nals. 

621.317.79:621.396.621.54.001.4  3470 
The Testing of Communication-Type Radio 

Receivers —W. J. Bray and W. R. H. Lowry. 
(Jour. lEE (London), part III, vol. 95, pp. 
271-276; July, 1948.) Discussion on 2298 of 

September. 

621.317.79:621.396.645  3471 
A Practical Gain Set —C. G. McProud. 

(Audio Eng., vol. 32, pp. 20-23; May, 1948.) 
Design and construction details of a simple 

instrument. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.321.9.001.8  3472 
Ultrasonics Research and the Properties of 

Matter —Kittel. (See 3300.) 

535.61-15  3473 
Developments in the Infra-Red Region of 

the Spectrum—G. B. B. M. Sutherland and E. 
Lee. (Rep. Progr. Phys., vol. 11, pp. 144-175; 
1946 and 1947. Bibliography, pp. 175-177.) De-
velopments in detectors are first reviewed, the 
frequency-selective types (photographic, phos-
phor,  photoemissive, photoconductive, and 
photovoltaic) and nonselective types (thermo-
electric, bolometric, pneumatic, radiometric, 
evaporographic, and convective) being con-
sidered separately. Improvements in filters and 
in dispersive and window materials are de-
scribed. Recent applications and possible future 
developments, particularly spectroscopic, are 
discussed. 

539.16.08  3474 
Studies on Helium-Filled Geiger Miller 

Counters —H. R. Sarna, I'. L. Kapur, and 
Charanjit. (Proc. Nat. Inst. Sci. (India), vol. 8, 
pp. 277-287; August 18, 1942.) Experiments 
with tubes filled with a mixture of He and alco-
hol vapor showed that methyl and ethyl 
alcohols are the most suitable. Optimum re-
sults are obtained for alcohol partial pressures 
of 2.5 to 3.0 cm fig. 

539.16.08: 537.533.9: 549.211  3475 
Remarks on Diamond Crystal Counters --

Lonsdale. (See 3399.) 

550.837.7:621.3.091:553.57  3476 
The Attenuation of Ultra-High-Frequency 

Electromagnetic Radiation by Rocks —R. 1. B. 
Cooper. (Proc. Phys. Soc., vol. 61, pp. 40-47; 
July 1, 1948.) The attenuation of 200-Mc sig-
nals in dry sandstone was found to be 3 to 4 

db/foot. 

621.318.572 : 518.5  3477 
Megacycle Stepping Counter —C. B. Leslie. 

PROC. I.R.E., vol. 36, pp. 1030-1034; August, 
1948.) Development and general construction 
are described, with special reference to the in-
put-pulse commutator and the method of 
interstage coupling. Application to electronic 
digital computers is also considered. 

621.38.001.8 : 522.6  3478 
Electronics in Astronomy —G. E. Kron. 

(Electronics, vol. 21, pp. 98-103; August, 1948.) 
Discussion of accurate time-keeping devices, 
automatic aids to the precise tracking of tele-
scopes, and photoelectric photometers. 

621.38.001.8:771.36.001.4  3479 
Testing  Photographic  Shutters —S.  H. 

Duffield and L. R. Lankes. (Electronics, vol. 21, 
pp. 82-87; Aughst, 1948.) A review of the basic 
circuits used in electronic testers. 

621.384.6  3480 
Some High-Frequency Measurements on a 

Cyclotron Model —G. Lindstrom. (Ark. Mat. 
Asir. Fr., vol. 35, part 2, section A, 10 pp; 
June 18, 1948. In English.) An account of 
m.!asurements of dee-voltage variations for a 1 
to 10 scale model of the complete high-fre-
quency system of the cyclotron under construc-
tion at the Nobel Institute of Physics, Stock-
holm; the frequency was correspondingly in-
creased. 

621.384.6  3481 
A Note on the Shape of the Polepieces of a 

Synchrotron Magnet —N. Davy. (Proc. Phys. 
Soc., vol. 60, pp. 598-599; June 1, 1948.) The 
shape of polepieces giving the required field 
variation is deduced by treating the problem as 
two-dimensional and using conformal trans-
formations. 

621.384.6  3482 
A 16-MeV Betatron —K. J. R. Wilkinson, 

J. L. Tuck, and R. S. Rettie. ( Nature (London), 
vol. 161, pp. 472-473; March 27, 1948.) The 
betatron weighs 0.85 ton, operates at 50 cps, and 
requires 4 kw input power. The limited orbit 
space requires high uniformity in the field 
around the orbit. 

621.384.6 : 621.319.339  3483 
Electrostatic Generators for the Accelera-

tion of Charged' Particles —R. J. Van de 
Graaff, J. G. Trump, and W. W. Buechner. 
(Rep. Progr. Phys., vol. 11, pp. 1-17; 1946 and 
1947. Bibliography, pp. 17-18.) Discussion of 
the endless-belt type of generator and the 
methods of applying the potentials to acceler-
ating tubes. Particular attention is paid to the 
design of the belt system, insulation problems, 
and the construction of multiple-electrode 
tubes. Voltage measurement and stabilization 
are considered briefly. 

621.385.833  3484 
Electron Optics —L. de Broglie. (Bull. Soc. 

Franc. Alec., vol. 8, pp. 292-300; June, 1948.) 
Theory of the formation of images in ordinary 
optical and in electron instruments is reviewed; 
the resolving power of electron microscopes is 
discussed in relation to the theories of Heisen-

berg. 

621.386.1  3485 
On a New Type of Rotating-Anode X-Ray 

Tube —A. Taylor. (Proc. Phys. Soc., vol. 61, 
pp. 86-94; July 1, 1948.) Description of the 
"Peristron,"  a water-cooled  tube  without 
rotary vacuum seals. 

629.13.053.2  3486 
Sonic True Air Speed and Mach Number 

Indicator —V. B. Corey. (Jour. Acous. Soc. 
Amer., vol. 20, pp. 583-584; July, 1948.) Sum-
mary only. A practical instrument in which the 
extension of a servo-controlled movable beam, 
carrying an acoustic transmitter, indicates the 
true air-speed. The basic principles of the in-
strument could be used to measure the speed of 
a body moving in any fluid of low viscosity. See 
also 2883 of November (Hoather). 

PROPAGATION OF WAVES 

538.566  3487 
The Application of a Variational Method to 

the Calculation of Radio Wave Propagation 
Curves for an Arbitrary Refractive Index Profile 
in the Atmosphere —G. G. Macfarlane. (Proc. 
Phys. Soc., vol. 61, pp. 48-59; July 1, 1948.) 
An analysis is given of the propagation of radio 
waves through an atmosphere in which the 
variation of the modified refractive index with 
height can be represented by a linear term to-
gether with one or more exponential terms. 
Two examples are given, corresponding to a 
surface duct and an elevated duct respectively, 
and a practical height-gain curve measured 
for X 3 m is shown to be in good agreement 
with that derived theoretically from the re-
fractive-index gradient. See also 2892 of 1947 
(Booker and Walkinshaw). 

621.396.11 +538.566  3488 
The Velocity of Propagation of Electromag-

netic Waves derived from the Resonant Fre-
quencies of a Cylindrical Cavity Resonator — 
L. Essen and A. C. Gordon-Smith. (Proc. Roy. 
Soc. A, vol. 194, pp. 348-361; September 2, 
1948.) Full account of the work noted in 3249 
of 1947. Final measurements gave the velocity 
as 299,792 kin/second. The estimated maximum 
error in this result is 9 km/second. 

621.396.11  3489 
Propagation of a Direct Wave Around the 

Earth Taking into Account Diffraction and Re-
fraction —V.  A.  Fock.  (Bull.  Acad.  Sci. 
(U.R.S.S.), ser. phys., vol. 12, pi). 81-97; 
March and April, 1948. In Russian.) Assuming 
uniformity of the surface of the earth, the 
propagation of radio -waves is determined by 
diffraction around the curved surface of the 
earth, refraction in the lower layers of the 
atmosphere and reflection from the ionosphere. 
For ranges over 1000 kin, the third factor pre-
dominates, but it is still possible, under certain 
conditions, to separate and observe the direct 
(diffraction) wave. Its study is of great impor-
tance for distance ranging by interference 
methods. 
A theory of the direct wave is given and a 

solution of the Maxwell equations for the 
Hertzian vector is found in which diffraction 
and refraction are both taken into account. The 
conception of an equivalent of the earth is 
examined and conditions under which its use is 
justified are established. It is shown that this 
conception can be used for regions of shadow 
and semishadow, where the methods of geo-
metrical optics are not applicable. 

621.396.11  3490 
Radio Shadow Effects Produced in the At-

mosphere by [temperature) Inversions —W. L. 
Price. (Proc. Phys. Soc., vol. 61, pp. 59-78; 
July 1, 1948.) The meteorological conditions 

-4 
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described by Booker (516 of 1947) enable radar 
sets to detect objects at very large ranges. The 
possibility that these long ranges are associated 
with "shadow" zones in which an aircraft 
would not be detected is here investigated 
theoretically by ray-tracing methods. Con-
trolled experiments, in which measurements of 
all the relevant physical conditions were made, 
show that these shadow zones do exist above 
certain temperature inversions, and that their 
position and extent agree well with theory. See 
also 2802 ot 1947 (Booker ;ind Walkinshaw). 

621.306.11  3491 
The Elements of Wave Propagation using 

the Impedance Concept --II. G. Booker. (Jour. 
1 EE 1..Ind,,u 1, part 111, col. 95, pp. 203-204; 
May, 1048.) Discussion on 3250 of 1947. 

621.306.11:535.3  3492 
Intensity-Distance Law of Radiation  II. 

R. L. Lamont and J. A. Saxton. (111rc/r5c 
vol. 25, p. 200; August, 1948.) A value ,P,'SX is 
suggested tor the critical distance parameter ro 
dividing the optical Calf fr   the radio case; 
this is much smaller than Bell's value .1.2/0 52X 
(,2592 of October). The value di/8X is based on 
practical results obtained for X 3 cm and X o cm; 
the inverse square law is found to hold at 
ranges >4r5, when the path difference between 
rays arriving from the edge and center at the 
aperture is not greater than X/4, it the pilaw ot 
the radiation is uniform over the avert tire. 

621.396.11:551.510.535  3493 
Equivalent Path and Absorption for Oblique 

Incidence on a Curved Ionospheric Region  J 
C. Jaeger. (Proc. Phr. Soc., vol. (.1, pp. 7S-86. 
July I, 1048.) A Chapman disttibution of 
ionization density is assumed. 1 he absorpti..n, 
the equivalent path, and the projection at the 
path on the earth's surface may all be expressed 
by equivalence theorems of the plane-earth 
type with suitably modified parameters and 
functions. Numerical values of the functions 
involved are given. See also 3252 of 1947. 

021.396.11:551.510.535  3494 
On the Localization of the Sporadic-E 

Ionized Region of the Upper Atmosphere 
Reviticux and Lejay. (See 341(1.1 

621.396.11.029.58  .3495 
Investigations of High-Frequency Echoes — 

H. A. Iless  PROC. I.R.E. vol. 36, pp. 981 992, 
August, 1948.) See also 3214 to 3216 ot 1 'iv-
:ember and 3496 below. 

021.300.11.020.58  3496 
Short-Wave Echoes —II. A. Hess  kFrink 

un.I Ton, vol. 2, pp 334-344; July, 1948.) Con-
tinuation of 2053 of August. The results of ob-
servations for frequencies of 10 to 20 Mc during 
1941 to 1945 are summarized and discussed. 
The time I for a complete circuit of the earth 
varied between 0.13760 and 0.13805 second, the 
mean value being 0.13778 second. No depend-
ence of I on either frequency, time of day, or 
season of year was found, but the frequency 
range for echo signals increased toward the 
period of sunspot maximum, for ix hiCh it was 
15 to 30 Mc. Comparison of the amplitudes of 
direct and reverse signals, and single- and 
multi-circuit signals, showed on the average a 
field-strength decreasing linearly with distance. 
Multipath effects were noted for the main sig-
nal of high-power transmitters when the trans-
mission path was <1000 km; the time delays of 
the interfering signals may be several milli-
seconds. Split signals and the Doppler effect 
are discussed and a possible explanation is sug-
gested for the fading-out of the reverse signal 
which is mainly observed during summer 
nights. The results, in general, favor a tan-
gential propagation path above the E layer. 
See also 3214 to 3216 of December and 3495 
above. 

621.396.11.029.62:621.396.932  3497 
V.H.F. Cross-Channel Communication — 

N. Levin, A. G. D. Watson, G. Hanson, G. W. 

Parks, and D. A. Cobb. (Jour. I EE (London), 
part I I IA, vol. 94, no. 14, pp. 663-665; 1947. 
Summary, ibid., part IIIA, vol. 94, no. 11, p. 
131; 1947.) Propagation conditions betwecnthe 
Isle of Wight and Normandy at frequencies be-
tween 85 and 95 Mc had to be determined for 
designing reliable communication equipment 
for D-day. Transmitter height would be about 
700 feet, receiver height 50 feet; the maximum 
range required was 83 sea miles and the optical 
range was about 36 sea miles. Crystal-con-
trolled transmitters and receivers were to be 
used, the transmitted power being 100 w and 
the receiver sensitivity 6.0mv input for 20 db 
signal-to-noise ratio. Propagation tests were 
undertaken over paths off the Cornish and 
Welsh coasts. The results are discussed; It ivas 
predicted that a 20-db signal-to-noise ratio 
could be expected over the operational path for 
60 1,er cent of the time. The operational net 
a or k which actually provided almost continu 
ous service is de!.  

621.396.11  3498 
Elementary Manual of Radio Propagation 

(Book Review( --1). II. Menzel. Prentice-Hall, 
New York, N. V., 1948, 220 pp., $7.65. 
I.R.F.,  vol.  36,  p.  1009; August,  1948 
Graphical methods of calculating field strength 
are included for various conditions of distance, 
tittle, frequency, geographical location, and 
topography. The treatment of the frequency 
tang,. 3 to 30 Mc is particularly comprehensive. 

RECEPTION 
021.396.621  3499 

On the Selectivity of Broadcast Receivers — 
\‘'. Kiem-aettber and G. Riese. (Funk and 

v.,I 2, pp. 327 -333; July, 1948.) Consider-
ation at the possibility of cutting out the re-
ception .4 a powerful station, particularly a 
local station. Curves are given showing the 
frequency limits within which this is practica-
ble for single and 2-stage circuits. The selec-
tivity of two simple circuits coupled by a tube 
is compared n it h that of a band-pass filter. 

621.306.621:621.396.619.11  3500 
The Synchrodyne--̀ Cathode Ray." (Wirt-

le I  vol. 54, pp. 277-281; August, 1948.) 
A sin.; he ex; ,la nation of its basic principles. See 
also 11 0) ot May and back references. 

021.390.621.54  3501 
The Theory of the Super-Regenerative Re-

ceiver Operated in the Linear Mode —G. G. 
Nlactarlane and J. R. Whitehead (Jew'. /EE 
(London), part Ill, vol. 95, pp. 143-157; May, 
1948. Summary, ibid., part I, vol. 95, p. 233; 
May, 1948.) Formulas are derived for the prop-
erties of the receiver in two states of operation 
corresponding roughly to sinusoidal and rec-
tangular wave quench. It is predicted and con-
firmed  by experiment that  the frequency 
response and the envelope of the output oscilla-
tions of such a receiver will each have the shape 
of a Gaussian error curve. A theory is given ac-
cording to which the whole of the noise energy 
collected by the rf acceptance band of the re-
ceiver goes to produce noise in a bandwidth 
equal to half the quench frequency in the re-
ceiver output. The effect of further decreasing 
the post-detector bandwidth is also considered. 

621.396.621.54  3502 
Tracking  in  the  Superheterodyne —K. 

Pfeil. (Funk and Ton, vol. 2, pp. 358-370; July, 
1948.) Design formulas are derived for the 
values of L and C for the various circuits of a 
superheterodyne, with numerical examples and 
also curves and tables of correction terms which 
greatly simplify calculation. 

621.396.662:621.396.62  3503 
Tuning Devices for Broadcast Receivers — 

R. C. G. Williams. (Jour. I EE (London), part 
III, vol. 95, pp. 240-241; July, 1948.) Discus-
sion on 1194 of 1947. 

621.396.821:551.594.6  3504 
Variation with Wavelength, of the Range of 

Atmospherics and of the Impulsive Flux per 
Metre corresponding to the Threshold of 
Operation of Receiver-Recorders of the Mean 
Level —F. Carbenay. (Compt. Rend. Acad. Si-i. 
(Paris), vol. 227, pp. 51-52; July 5, 1948.) 
Measurements with the recorders at the Labo-
ratoire National de Radioelectricite, for X 2 to 
25 km, indicate that the impulsive flux varies 
approximately as the square of the range, 
which increases from about 1000 km for X 2 km 
to over 3000 km for X 25 km. See also 2902 of 
December. 

621.396.822:621.3.015.33:621.396.610.13 3505 
On  the  Calculation  of  Impulse-Noise 

Transients  in  Frequency-Modulation  Re-
ceivers —F. L. II. M. Stumpers.  Iiittf  Res. 
Rep., vol. 2, pp. 468-474; December, 19471 
The effect of such transients is calculated by 
means of a series expansion of the phase, the 
general term of which contains (A (i))• when the 
amplitude A q) of the disturbance is smaller 
than that of the signal, and MO W" in the con-
trary case. The Laplace transform is used to 
calculate the effect in the filters. The large ef-
fect of phase opposition during the capture 
time is explained. 

STATIONS AND COM MUNICATIONS 
SYSTE MS 

621.306.41  3506 
A Centimetre- Wavelength  Beam  Tele-

phone -I). G. Reid and J. K. Garlick. (Jour. 
London), part IIIA, vol. 94, no. 14, pp. 

005-609; 1947. Summary, ibid.. part I I IA, vol. 
94, no. II, p. 114; 1947.) The principles of oper-
ation and sonic construction details of light-
weight 3-cm equipment for optical paths up to 
about 10 miles. It can be used for bridging a gap 
in a telephone line. The transmitter tube also 
acts as the local oscillator for the receiver, mak-
ing rend/receive switching unnecessary. The 
antenna system is highly directional; this re-
duces the risk of interference or jamming. The 
input power of 100 w is obtained either from ac 
mains or from a 12-v battery. 

621.396.41:621.306.61 9.16  3507 
Methods and Equipment used in Pulse 

Multiplex Communication Systems —G. Potier. 
(Funk cad Ton, vol. 2, pp. 2;3- 284, 345-357, 

and 396-406; June to August, 1948.) Transla-
tion into German of paper abstracted in 4031 of 
1947. 

621.396.41:621.396.65  3508 
Multiplex Radiotelephony Link between 

the Mainland and Corsica —P. Riv2re. (Ann. 
Radtoilec., vol. 3, pp. 221-239; July, 1948.) The 
characteristics which a radio-telephone link 
should possess are reviewed and the particular 
advantages of FM carrier-current systems are 
enumerated. Theoretical calculations of the 
performance of the link between Grasse and 
Calenzana (Corsica) are compared with the re-
sults obtained in practice. Favorable refraction 
conditions, combined with a lower noise figure 
than that expected on theoretical grounds, 
assure uninterrupted communication in spite 
of the fact that 55 km of the total distance of 
205 km is beyond the optical range. A detailed 
description of the 12-channel equipment is 
given. The transmission frequency toward 
Corsica is 97 Mc and toward the mainland 107 
Mc. Transmitter power at the base of the feeder 
is 100 w. 

621.396.41.029.62 :621.396.611.21  3509 
Reference-Crystal-Controlled V.H.F. 

Equipment —D. M. Heller and L. C. Stenning. 
(Jour. I EE (London), part III, vol. 95, pp. 
157-160; May, 1948.) Discussion on 2616 of 
October. 

621.396.5  3510 
Modern Single-Sideband Equipment of the 

Netherlands Postals Telephone and Telegraph 
—C. T. F. van der Wyck. (Paoc. I.R.E., vol. 
36, pp. 970-980; August, 1948.) For another 
account see 1158 of May. 
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621.396.61/.62  3511 
Citizens Band Transceivers: Part 4—W. B. 

Lurie. (Electronics, vol. 21, pp. 76-81; August, 
1948.) Details of the modifications required to 
enable an IFF [identification, friend or foe] 
transponder, type BC-645, to provide 2-way 
communication at 465 Mc for mobile and fixed 
stations. Field tests carried out over various 
types of terrain are discussed. For earlier parts 
see 2456 of October (Rowland) and back refer-
ences. 

621.396.619.13 3512 
Frequency Modulation— K.  R. Sturley. 

(Jour. IEE (London), part III, vol. 95, p. 142; 
May, 1948.) Discussion on 4047 of 1945. 

621.396.619.13:621.396.41  3513 
The Application of Frequency Modulation 

to V.H.F. Multi-Channel Radiotelephony— 
J. H. H. Merriman and R. W. White. (Jour. I EE 
(London), part IIIA, vol. 94, no. 14, pp. 649-
658; 1947. Summary, ibid., part IIIA, vol. 94, 
no. 11, p. 131; 1947. Discussion, ibid., part III, 
vol. 95, pp. 277-281; July, 1948.) The use of 
FM radio links to form part of a trunk tele-
phone network is discussed. Up to twelve 
channels are provided, each of 4 kc bandwidth, 
in the range 60 to 108 kc; the carrier frequency 
is between 45 and 80 Mc, with ±300 kc devia-
tion. In general, on optical paths the radiated 
power is about 10 w, whereas 100 w would 13( 
required for AM. The factors determining 
signal-to-noise ratio, distortion, and inter-
channel crosstalk are discussed and results of 
trials carried out over optical and long non-
optical paths are given. 

621.396.65  3514 
Ultra-High-Frequency Techniques applied 

to Mobile and Fixed Communication Services 
—J. Thomson, J. D. Denly, I. J. Richmond, F. 
Pugliese, and H. Borg. (Jour IEE (London), 
part IIIA, vol. 94, no. 14, pp. 630-632; 1947.) 
Discussion on 2081 of August. 

621.396.65  3515 
Résumé of V.H.F. Point-to-Point Com-

munication—F. Hollinghurst and C. W. Sow-
ton. (Jour. IEE (London), part IIIA, vol. 94, 
no. 14, pp. 669-672; 1947.) Discussion on 2080 
of August. 

621.396.65  3516 
G.E.S-T [studio-transmitterl Link Equip-

ment— D. J. Nigg. (F M and Telev., vol. 8, pp. 
32-35, 47; June, 1948.) Detailed description of 
Type BL-2-A FM broadcast equipment, de-
signed specifically for relaying high-fidelity 
programs, and consisting of transmitter, re-
ceiver, two identical high-gain antennas, and 
an external rack-mounted pre-emphasis unit. 
The transmitter output is 10 w and the carrier 
frequency range 920 to 960 Mc. See also 3250 
of December (De Witt). 

621.396.65:622.86 3517 
Applicability of Radio to Emergency Mine 

Communications —E. W. Felegy and E. J. 
Coggeshall. (United States Bureau of Mines, 
Report R.I. 4294, 56 pp; May, 1948.) An ac-
count of experiments carried out in several dif-
ferent mines, using frequencies in the range 
33 to 220 kc. Methods tried included (a) com-
munication through the ground, (b) carrier-
current communication over the power distri-
bution system, and (c) inductive communica-
tion making use of telephone, signal, and power 
wires, or track lines, without direct connection. 
The results are summarized and discussed. Sec 
also 2367 of September. 

621.396.65.029.62  3518 
Choice of Frequency for V.H.F. Radio 

Links —D. A. Bell. (Jour. IEE (London), part 
IIIA, vol. 94, no. 14, pp. 633-636; 1947. Sum-
mary, ibid., part IIIA, vol. 94, no. 11, p. 131; 
1947.) The main factors affecting the choice are: 
(a) rate of diffraction attenuation beyond the 
horizon, (b) acceptable amount of fading, (c) 

directional gain of antennas (d) effective height 
of receiving antennas, and (e) freedom from 
mutual interference with distant channels using 
the same frequency. 

621.396.65.029.64:621.396.96  3519 
The Transmission of Radiolocation Dis-

plays by Means of Microwave Linkage Sys-
tems —L. W. Germany and D. I. Lawson. 
(Jour. IEE (London), part W A, vol. 94, no. 
14, pp. 619-629; 1947.) An account of the de-
velopment of two systems by which information 
can be transmitted by cm-X links to remote 
PPI and height range displays. The first, which 
was operated over a distance of 16 miles is fully 
described, with block diagrams. Signal-to-
noise ratio was about 8 to I. The second was 
not completed, but an account of the principles 
of the system is given. Four relay stations were 
intended to convey information over a total 
distance of about 120 miles. 

621.396.676:621.396.93  3520 
Common-Aerial Working for V.H.F. Com-

munication —A. G. D. Watson, J. II. Jones, and 
D. L. Owen. (Jour. IEE (London), part IIIA, 
vol. 94, no. 14, pp. 644-648; 1947. Summary, 
ibid., part IIIA, vol. 94, no. 11, p. 131; 1947.) 
To economize in the number of antennas re-
quired on board ship, a number of transmitters 
or receivers tuned to different frequencies use 
the same antenna. Each set is connected to the 
antenna through a filter which acts as a short-
circuit at unwanted frequencies. To prevent the 
main feeder from being completely short-
circuited, connectors approximately X/4 long 
are insetted between each filter and the branch 
point. A brief theoretical treatment is given. 

621.396.712  3521 
Large [British s.w.j Broadcasting Station— 

(Elec. Rev. (London), vol. 142, pp. 993-997; 
June 25, 1948!) Short illustrated account of the 
BBC overseas station at Skelton, Cumberland. 
The two sets of buildings are about 1 miles 
apart, at opposite ends of an oval site covering 
750 acres. The 51 antenna arrays are supported 
by 31 masts of heights from 200 to 350 feet. 
The equipment of one section, OSE8, was pro-
vided by the English Electric group of com-
panies and includes six 100-kw Marconi trans-
mitters. The equipment of OSE9 is similar to 
that of OSE8, but the transmitters were made 
by Standard Telephones and Cables. Trans-
missions are beamed to different parts of the 
world by the aid of 6 antenna-switching towers, 
which are remotely controlled. A general 
description is given of a transmitter unit and 
its associated power supplies. At slightly re-
duced power, the combined maximum demand 
of the two sections is 5400 kw, with a load fac-
tor of about 75 per cent. With all transmitters 
operating, 1500 kw is delivered to the antenna 
arrays. 

621.396.712.2 3522 
The Trend of Design of Broadcasting Con-

trol Rooms—F. Williams. (BBC Quart., vol. 2 
pp. 184-192; October, 1947.) A description of 
the pre-war system and the design for future 
BBC installations. The continuity-suite sys-
tem described by Wynn (4033 of 1947) was used 
extensively during the war and will be de-
veloped to provide the operator with up to 200 
program sources with 5-channel mixing. The 
present trend is for decentralization, leaving 
the control room proper to handle only miscel-
laneous programs. 

621.396.72:621.3.029.62  3523 
Hifam. E.H.F. [88-Mcis) Amplitude-Modu-

lated Broadcasting in U.S.A. —S. Tarzian. 
(Wireless World, vol. 54, pp. 297-298; August, 
1948.) An account of results with an experimen-
tal AM transmitter. With an antenna height of 
800 feet, power gain of 10, output of 200 w and 
using vertical polarization, the service area ex-
tended to a radius of 25 miles. Simple frequency 
converters can be used with standard broad 

cast-band receivers. Frequency stability of the 
local oscillator was obtained by using invar 
coils and capacitors with zero temperature-
coefficient. Receivers are simpler and cheaper 
than for FM and a narrower band of fre-

quencies is used. 

621.396.932 : 621.396.11.029.62 3524 
V.H.F. Cross-Channel  Communication--

Levin, Watson, Hanson, Parks, and Cobb. (See 

3497.) 

621.396.97  3525 
The War-Time Activities of the Engineer-

ing Division of the BBC— H. Bishop. (Jour. 
IEE (London), part III, vol. 95, pp. 301-302; 
July, 1948) Discussion on 2086 of August. 

621.396.619.13 3526 
FM Transmission and Reception [Book Re-

viewj —J. F. Rider and S. D. Uslan. J. F. Rider, 
New York, N. Y., 1948, 409 pp., $1.80. (Elec-
tronics, vol. 21, pp. 222, 224; August, 1948.) 
Most of the commercial broadcast types of FM 
transmitter are included, as well as some used 
in amateur and police radio work. Receivers, re-
actance tubes, limiters, discriminators, locked 
oscillators and ratio detectors are described in 
detail. Antenna systems and servicing are also 
considered. 

SUBSIDIARY APPARATUS 

621.314.12: 621.394 .3961.66 3527 
Amplifying Dynamos. The Amplidyne —A. 

Valentin. (Bull. Soc. Franc. Elec., vol. 8, pp. 
304-328; June, 1948.) A comprehensive discus-
sion of basic principles, different types of ma-
chine, and practical applications. 

621.396.68 3528 
Vibrator Power Packs— D. A. Bell. (Wire-

less World, vol. 54, pp. 272-276; August, 1948.) 
The principles of design are considered, with 
reference to (a) the choice of the correct value 
for the "timing" capacitance connected across 
the transformer secondary, (b) the operating 
conditions of the transformer iron and copper 
with square-wave currents, (c) the voltage regu-
lation, and (d) the suppression of radio inter-
ference. 

621.396.682 621.316.722.1 3529 
A D.C. Stabilized Power Supply of Low 

Impedance—V. II. Attrec (Jour Sci. Instr., 
vol. 25, pp. 263-268; August, 1948.) The unit 
gives an output of 400 v for a load current of 
0 to 90 ma, with a voltage variation of 200 my. 
It consists of a full-wave rectifier with a single-
stage II filter followed by a series power tube, 
the grid of which is driven from a single-tube 
dc amplifier coupled to the 400-v output. De-
sign and operation details are given. The out-
put impedance is <211 at any frequency up to 
10 kc. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.3:621.385.832  3530 
Flying Spot Designed for Television Studio 

Scanning—(See 3563.) 

621.397.6 : 621.385.832 3531 
New Tubes for Color Television —H. Gil-

loux. (Radio Franc., pp. 22-24; July and Au-
gust, 1948.) An account of the construction and 
principles of the chromoscope. See also 2937 of 
November (Bronwell). 

621.397.61  3532 
TV Transmitter Design: Parts 2 and 3— 

G. E. Hamilton. (Communications, vol. 28,rpp. 
20-22, 29, and 10-13; June and July, 1948.) 
Discussion of modulated amplifiers, adjustment 
of video signal amplitude and of Class-B 
linear amplifiers. To be continued. Part 1: 2948 
of November. 

621.397.62+621.397.82  3533 
The TV Receiver: Its Operation and Com-

mon Forms of Interference — W. Brown. (CQ. 
vol. 4, pp. 31-35, 91; July, 1948.) Discussion of 
the general circuit arrangements of television 
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receivers, and particularly of the diagnosis of !interference by studying the distortion of the 
screen picture. 

/ 621.397.62.001.4: 621.317.79: 621.396.615 3534 
Picture-Modulated Television Signal Gen-

erator —(See 3469.) 

621.397.621  3535 
Frame Deflector-Coil Efficiency —W. T. 

4, Cocking. (Wireless World, vol. 54, pp. 289-292; 
it August, 1948.) Some of the problems involved !in the design of RC-fed deflector coils are dis-
cussed. Although the frame scan is mainly de-
pendent on the coil resistance, both resistance 
R and inductance L are of importance during 
the fly-back period. The power supplied to the 
coil depends on /2L and R/ L. There is a direct 
relation between the input power from the tube 
and the coil power, provided the ratio of the 
coupling resistance R. to the coil resistance has 
its optimum value. In practice, the fly-back re-
quirements set a minimum value to R. and the 
optimum relation cannot always be realized. 
The relative merits of pentode and triode cir-
cuits for feeding the coil are discussed. 

621.397.743  3536 
Land-Line Technique for Television Out-

side Broadcasts —H. B. Rantzen, A.R.A. Ren-
dall, and S. N. Watson. (BBC Quart., vol. 2, 
pp. 177-183; October, 1947.) By using trans-
portable repeater stations at intervals of the 
order of 1 mile, ordinary telephone lines may be 
used to link up with exchanges in Central Lon-
don where special "television cable" is avail-
able. For comparatively long distances (>8 
miles) this cable is usually coaxial, frequency 
translation being necessary to eliminate the 
effect of low-frequency noise. For short dis-
tances, twin cable is used, without frequency 
translation, although this makes equalization 
more difficult. 

621.397.828  3537 
You can Live with Televisionl —H. M. 

Bach, Jr. (CQ, vol. 4, pp. 33-37, 87 and 36-38, 
90; June and July, 1948.) General discussion of 
television interference due to amateur trans-
missions, and of methods of eliminating such 
interference. See also 3538 below. 

621.397.828  3538 
TVI [television interference] Corrective 

Measures —W. M. Scherer. (CQ, vol. 4, pp. 34-
37, 90; August, 1948.) Practical methods for 
application to amateur transmitters. See also 
3537 above. 

TRANSMISSION 

621.3.09  3539 
Reducing Transmission Bandwidth —R. S. 

Bailey and H. E. Singleton. (Electronics, vol. 21, 
pp. 107-109; August, 1948.) Pulse trains for 
two channels are superimposed and transmitted 
as one train at half the original pulse recurrence 
frequency: the two trains are separated at the 
receiver. The bandwidth reduction thus ob-
tained is compared with that theoretically pos-
sible. 

621.396.61:621.396.97  3540 
The Design and Operation of High-Power 

Broadcast Transmitter Units with their Out-
puts combined in Parallel —T. C. Macnamara, 
A. B. Howe, and P. A. T. Bevan. (Jour. I EE 
(London), part III, vol. 95, pp. 183-198; May, 
1948. Discussion, pp. 198-202; summary, ibid., 
part I, vol. 95, pp. 269-272; June, 1948.) The 
method of ensuring equality of the rf output 
voltage and modulation amplitude of the 
separate transmitter units is described. The 
circuits for combining and matching a variable 
number of transmitters to a common load are 
detailed and special design features are dis-
cussed relating to the parallel operation of 
transmitters, including the principle of "drive 
suppression" for protection purposes. The 
method, developed by the BBC, is used for the 

Droitwich medium-wave transmitter, the an-
tenna input power of 400 kw being provided 
by two 200-kw units in parallel. An antenna 
power of 800 kw for the Ottringham long-wave 
station of the BBC European service was ob-
tained by means of four similar 200-kw units in 
parallel. The design of the modulated-amplifier 
output circuit, and of a rf impedance monitor 
for fault protection, are discussed in appendices. 

621.396.619.13  3541 
Energy Distribution in the Spectrum of a 

Frequency Modulated Wave: Part 2—A. S. 
Gladwin. (Phil. Mag., vol. 38, pp. 229-251; 
April, 1947.) Continuation of 2182 of 1945. The 
energy distribution can be calculated approxi-
mately when the energy spectrum and the sta-
tistical time distribution of amplitude of the 
modulating wave are known. The modulating 
wave is replaced by a synthetic wave form 
with the same energy spectrum and time dis-
tribution of amplitude. The sideband spectrum 
can thus be calculated; its asymptotic nature 
for very small or very large deviation ratios is 
demonstrated. For very small deviation ratios, 
the shape of the sideband spectrum is deter-
mined wholly by the energy spectrum of the 
modulating wave, and for very large deviation 
ratios wholly by the time distribution of am-
plitude of the modulating wave. Examples of 
spectra for modulation by telephonic signals 
are given. 

621.396.619.23  3542 
Some Aspects of the Design of Balanced 

Rectifier Modulators for Precision Applications 
— D. G. Tucker. (Jour. IEE (London), part 
III, vol. 95, pp. 161-172; May, 1948.) The per-
formance of ring and Cowan types of modulator 
is shown to depend on rectifier characteristics, 
the circuit impedance in which the modulator 
operates, the resistance of the carrier generator, 
and the carrier voltage. The main features dis-
cussed are efficiency, stability, production of 
unwanted modulation products, impedance, 
and carrier leak. The design of a ring modulator 
is described in which the input impedance re-
mains relatively constant over the cycle of car-
rier voltage. 

621.396.619.23:621.317.35  3543 
The Effects of an Unwanted Signal Mixed 

with the Carrier Supply of Ring and Cowan 
Modulators —D. G. Tucker. (Jour. SEE (Lon-
don), part III, vol. 95, pp. 173-176; May, 1948.) 
A frequency analysis of the modulating func-
tion is used to investigate modulator perform-
ance. It is concluded that, for both ring and 
Cowan modulators, the primary modulating 
effect is, in general, largely independent of the 
resistance of the circuit supplying the carrier. 
When the frequency of the input signal is equal 
to the carrier frequency, the output of the dif-
ference frequency between the carrier and un-
wanted signal is zero for an ideal modulator and 
increases as the resistance of the carrier-supply 
circuit is decreased. 

621.397.61  3544 
TV Transmitter Design: Parts 2 and 3— 

Hamilton. (See 3532.) 

621.396.61.029.64+621.392.029.64  3545 
Microwave  Transmission  Design  Data 

[Book Review] —T.  Moreno.  McGraw-Hill, 
New York, N. Y., 1948, 248 pp., $4.00. (Elec-
tronics, vol. 21, pp. 216, 218; August, 1948.) 
"The general topics covered are: transmission-
line theory as applied to microwave compo-
nents; coaxial lines, and flexible cables; wave-
guides, giving practical design data for struc-
tures, bends, tees, transformers, obstacles, 
windows, and couplings; waveguides filled with 
dielectric material both completely and par-
tially; and cavity resonators." 

VACUUM TUBES AND THERMIONICS 

537.58 : 621.385.1  3546 
Space Charge Current Theory and the Me-

chanical Impulse of the Electrons —Selenyi. 

(See 3393.) 

621.314.653  3547 
The Ignitron Valve — Notes on Operation 

under Experimental Conditions —H. de B. 
Knight. (Jour. Sri. Instr., vol. 25, pp. 273-275; 
August, 1948.) Data for Type BK22 and Type 
BK24 ignitrons. 

621.385.029.63/.64  3548 
Effect of Passive Modes in Traveling- Wave 

Tubes —J. R. Pierce. (Paoc. I.R.E., vol. 36, 
pp. 993-997; August, 1948.) As the beam current 
is increased, the local fields due to the bunched 
beam become appreciable in comparison with 
the fields propagated longitudinally. The effect 
is to reduce gain, to increase the electron speed 
for optimum gain, to introduce a lower limit to 
the range of electron speeds for which gain is 
obtained, and to change the initial loss. 

621.385.029.63/.64  3549 
Field Theory of Traveling-Wave Tubes — 

L. J. Chu and J. D. Jackson. (Pacic. I.R.E., vol. 
36, pp. 853-863; July, 1948.) The problem of a 
helix-type traveling-wave amplifier is solved, 
under certain simplifying assumptions, as a 
boundary-value problem. The beam causes the 
normal mode to break up into three modes 
with  different  propagation  characteristics. 
Over a finite range of electron velocities, one of 
these waves has a negative attenuation; out-
side this range, the propagation constants of all 
three waves are purely imaginary. Numerical 
examples for a specific tube show the effect of 
beam current and beam radius. The initial con-
ditions, signal level, and limiting efficiency are 
also investigated. 

621.385.032.21:1546.86+546 .36  3550 
Optical and Photoelectrical Properties of 

Antimony-Caesium Cathodes —N. D. Morgu-
lis, P. G. Borzyak, and B. I. Dyatlovitskaya., 
(Bull. Acad. Sci. (U.R.S.S.) sir. phys., vol. 12 
pp. 126-143; March and April, 1948. In Rus-

sian.) 

621.385.032.216:537.533.8 3551 
Electron  Emission  from  Oxide-Coated 

Cathodes under Electron Bombardment— T. J. 
Jones. ( Nature (London), vol. 161, p. 846; 
May 29, 1948.) Results of experiments designed 
to throw light on the disagreement between the 
conclusions of Johnson (1482 of 1945, 281 and 
282 of 1947) and those of Pomerantz (3107, 
3467, and 3468 of 1946). The secondary-to-
primary ratio IL, was usually found to change 
in the lower part of the temperature range 20° 
to 850°C, but at the higher end all targets gave 
values between 5 and 10 independent of tem-
perature; this is in general agreement with 
Johnson. The variations at the lower tempera-
tures were found to be due to the resistance of 
the oxide coatings. No enhanced thermionic 
emission was observed and a possible explana-
tion of this effect noted by the other workers is 

given. 

621.385.1  3552 
Applications and Mounting Details of Rim-

lock and Mazda-Medium Valves —G. Giniaux. 
(TSF Pour Tons, vol. 24, pp. 89-91; April, 
1948.) Suitable output circuits are given and 
also a circuit diagram and response curve for 
a complete ac/dc receiver using these tubes. 
See also 2664 of October. 

621.385.1:621.396.822:621.3.076 .12  3553 
Methods of Compensating the Various Ac-

tions of the Shot Effect in Valves and• Con-
nected Circuits —Strutt and van der Ziel. 

(See 3358.) 

621.385.2  3554 
Total Emission Damping —J. Thomson. 

( Nature (London), vol. 161, p. 847; May 29, 
1948.) A mathematical analysis of the damping 
due to a nonconducting diode connected across 
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a tuned circuit. It is assumed that all electrons 
are emitted with a constant speed at right 
angles to the cathode and are acted upon by a 
constant retarding field superimposed on the 
small alternating field. The results are in agree-
ment with the measurements of other workers 
noted in 3109 of 1946 (Smyth), 3343 of 1947 
(van der Ziel and Vershel), and 3344 of 1947 
(van der Ziel). 

621.385.3  3555 
Positive-Grid Characteristics of a Triode — 

G. W. Wood. (Paoc. I.R.E., vol. 36, pp. 804-
808; June, 1948.) The Jaffe equation (see 2577 
of 1944) for reduced current density in a diode 
Is applicable to a triode with a positive grid. 
Although experimental conditions and elec-
trode geometry differed from Jaffe's theoretical 
assumptions, the characteristics found for re-
ceiving triodes were in reasonable agreement 
with the theory. 

621.385.3 : 621.396.813  3556 
Microphonism in a Subminiature Triode — 

V. W. Cohen and A. Bloom. (Paoc. I.R.E., 
vol. 36, pp. 1059-1048; August, 1948.) The 
simple theory of the symmetrical plane triode 
is applied to the calculation of the change in 
anode current as a function of motion of the 
grid and cathode. Experimental investigations 
to determine the mechanical origin of several 
different forms of microphony are also discussed. 

621.385.5:621.317.723  3557 
H. F. Pentodes in Electrometer Circuits — 

K. D. E. Crawford. (Electronic Eng., vol. 20, 
pp. 227-231; July, 1948.) Experimental in-
vestigation of the suitability of certain British 
tubes. When the grid potential is made suffi-
ciently negative to prevent electrons from 
actually reaching the grid, a current of the or-
der of 10-'" amp exists in the opposite direction. 
This current produces noticeable effects when 
grid leaks of 100 Mil or more are used; its 
causes were investigated by Metcalf and 
Thompson (1931 abstracts, Wireless Eng., 13. 
98). Low anode voltage, anode current, and 
heater voltage help to reduce this grid current. 
Special circuit arrangements to widen the limits 
of useful operation of the tubes are discussed. 
For similar American work, see 1673 of July 
(Nielsen). 

621.385.83.032.29  3558 
Electron Optics and Space Charge in Sim-

ple Emission Systems with Circular Symmetry 
—O. Klemperer and B. J. Mayo. (Jour. I EE 
(London), part III, vol. 95, pp. 135-141; May, 
1948. Summary, ibid., part I, vol. 95, p. 273; 
June, 1948.) The properties of such systems de-
pend largely on the spacings between the elec-
trodes. For any grid-anode spacing, there is a 
certain grid-cathode spacing for which the cur-
rent density in the focused beam is a maximum. 
For this spacing, both the divergence and the 
spherical aberration of the emitted electron 
beam have minimum values. Discussion shows 
that a direct application of first-order optical 
laws does not explain the crossover in an elec-
tron gun. 

621.385.831:621.318.25  3559 
Demagnetising Valves — W. Grey Walter, 

H. W. Shipton, and W. J. Warren. (Electronic 
Eng., vol. 20, p. 235; July, 1948.) When the in-
put stages of high-gain balanced low-frequency 
amplifiers, such as are used in biological re-
search, are heated with raw ac, there is a resid-
ual ripple. The magnetic component of this 
ripple can be eliminated by first demagnetizing 
the tubes themselves in a decreasing ac field. 
Reduction of the electrostatic component was 
discussed in 3478 of 1947 (Grey, Walter, and 
Brooks). 

621.385.832  3560 
RepeUer Storage Tube —H. Klemperer and 

J. T. deBettencourt. (Electronics, vol. 21, pp. 
104-106; August, 1948.) The tube possesses 

internal "memory" and can discriminate be-
tween periodically recurring and new informa-
tion, but charge leakage during the interval 
between scans makes this discrimination im-
perfect. The beam velocity is chosen to bring 
as many electrons to the bombarded surface as 
leave it on account of secondary emission. The 
potential of the beam trace on the storage sur-
face is then governed by the potential of the 
collector grid. Output is considerably improved 
by applying a high negative bias to the repeller 
electrode, which is attached to the back of the 
insulating storage plate. 

621.385.832  3561 
More Cathode-Ray Tube Data —D. W. 

Thomasson. (Wireless  World, vol.  54, pp. 
296-297; August, 1948.) Extension of the list 
noted in 1835 of July. 

621.385.832:621.386  3562 
New X-Ray Tube Magnifies 500 Times — 

(Electronic Ind., vol. 2, p. II; June, 1948.) The 
X-ray image on a fluorescent screen causes 
electrons to be emitted from an adjacent photo-
electric surface. These electrons are accelerated 
and focused on a phosphor screen, giving an 
image  of the original size but 500 times as 
bright. An optical system restores the image 
to its initial size. 

621.385.832:621.397.3  3563 
Flying Spot Designed for Television Studio 

Scanning —(Tele-Tech, vol. 7, pp. 42-43, 67; 
June, 1948.) Short account of the RCA Type 
5W(P15) cathode-ray tube and its use for the 
television of test patterns, films, or announce-
ments. 

621.396.615.141.2  3564 
The Cavity Magnetron —H. A. H. Boot and 

J. T. Randall. (Jour. I EE (London), part III, 
vol. 95, pp. 430-134; May, 1948.) Discussion 
on 890 of April. 

621.396.615.141.2  3565 
The High-Power Pulsed Magnetron: A Re-

view of Early Developments —E. C. S. Nlegaw. 
(Jour. I EE (London), part III, vol. 95, pp. 
130-134; May, 1948.) Discussion on 891 of 
April. 

621.396.615.141.2  3566 
The High-Power Pulsed Magnetron. De-

velopment and Design for Radar Applications 
— W. E. Willshaw, L. Rushforth, A. G. Stains-
by, R. Latham, A. W. Balls, and A. H. King. 
(Jour. I EE (London), part III, vol. 95, pp. 
130-134; May, 1948.) Discussion on 892 of 
April. 

621.396.615.142.2  3567 
An Analysis of Klystron Reflector Perform-

ance —H. Motz. (Jour. I EE (London), part 
III, vol. 95, pp. 295-301; July, 1948. Summary 
ibid., part I, vol. 95, pp. 362-363; August, 
1948.) The electrostatic potential distribution 
in the reflector space is calculated for three 
typical reflector designs, and the transit time 
for electrons moving along the tube axis is cal-
culated as a function of the high-frequency 
voltage picked up in the resonator gap. The 
bunching of electrons and the energy exchange 
between electrons and resonator are discussed 
in detail and it is shown that the tube char-
acteristics may be correlated with reflector de-
sign. Off-axis electron paths are computed and 
the effect on the tube impedance of focusing 
by the reflector is considered. 

621.396.615.142.2 : 537.291 : 537.525.92  3568 
Influence of Space Charge on the Phase 

Focusing of Electron Beams —J. Labus. (Z. 
Naturf., vol. 3a, pp. 52-61; January, 1948.) 
An investigation as to whether the occurrence 
of charge concentration, or electron bunching, 
in tubes of the klystron type, can be hindered 
by space charge effects and, consequently, by 
the repulsive forces between the electrons. 

Such forces are found to have no effect on the 
bunching. Because of the lengthened electron 
path time, the bunching is favored by the use 
of a lower degree of modulation. If the space 
charge exceeds a critical value, neither charge 
nor current peaks can occur at the end of the 
drift space, however great the degree of modu-
lation; the peaks recede into the drift space. 
Below this value of space charge, the efficiency 
Is 44 per cent. With an infinitely short control 
space, the theoretical efficiency may reach 58 
per cent, but energy exchange within the drift 
space results in a value between 58 and 44 per 
cent, depending on the space charge. 

621.385.1:621.396.97  3569 
Daten, Kennlinien und Schaltungen der 

deutschen RundfunIcrohren und ausfiihrliche 
Anwendungsbeispiele. (Data, Characteristics 
and Connections of German Broadcasting 
Valves, and Detailed Application Examples.) 
[Book Review) —F. Kunze. Funkschau-Vertrieb 
Wilhelm Wolf, Potsdam, 1947. (Phys. Blillter, 
vol. 4, no. 3, p. 131; 1948.) 

621.385.3.029.64+621.396.615. 142 .2 3570 
Klystron and Microwave Triodes [Book 

Review1 -1). R. Hamilton, J. K. Knipp, and 
J. B. H. Kuper (Eds). McGraw-Hill, New York, 
N. Y., 1947, 533 pp., $7.50. (Electronics, vol. 
21, pp. 214, 216; August, 1948.) Volume 7 of 
the MIT Radiation Laboratory aeries. An ad-
vanced theoretical analysis, including second-
order effects and large-signal conditions as well 
as the usual small-signal first-order theories. 
Descriptive material is perforce excluded. 

MISCELLANEOUS 

058:621.001  3571 
Almanach  des  Sciences,  1948 —L.  de 

Broglie (Ed.). This publication, noted in 2674 
of October, can be obtained from: Editions de 
Fiore, 10, rue Jean-du-Bellay, Paris (IV"). 

06.064 Paris:621.396/.397  3572 
Radio and Television Salon at the Paris 

Fair (lst-17th May 1948) —(Onde Elec., vol. 
28, pp. 282-286; July, 1948.) A general ac-
count, discussing the special features of the 
receivers on view, tropicalization, models for 
export, miniature sets, electroacoustics, di-
electric heating equipment,  radar,  marine 
depth-sounding recorder, and measurement 
'apparatus. 

06.064 Paris:621.396  3573 
Technical Novelties at the Paris Fair — 

H. Gilloux. (Radio Franc., pp. 4-8; June, 1948.) 
An illustrated account of selected exhibits, 
including  receivers,  radiograms,  measuring 
equipment, etc. 

53 Planck  3574 
Max Planck —(Rhys. BlOtter, vol. 4, no. 4, 

pp. 133-180; 1948.) Comprehensive accounts, 
by several authors, of Planck's life and work, 
with many tributes from friends and former 
pupils. See also 1841 of July and 2675 of Oc-
tober. 

654.19(494)  3575 
Radio and the PTT —W.  Felix. (Tech. 

Mitt. Schweiz. Telegr.-TelephVerw., vol. 26, 
pp. 120-126; June 1, 1948. In German and 
French.) Discussion of the various activities 
of the Swiss PTT in the radio field. 

621.396  3576 
Essentials of Radio [Book Reviewl —M. 

Slurzberg and W. Osterheld. McGraw-Hill, 
New York, N. Y., 1948. 806 pp., $5.00. (Elec-
tronics, vol. 21, pp. 226-227; August, 1948.) 
"The authors. . . have presented here at an 
intermediate level, the principles of operation 
of the basic circuits and circuit elements used 
in conventional radio receivers, as essential 
background  knowledge  for  understanding 
electronic circuits." 



RECORDING?  
PHO'TOGRAPHIC 

VISUAL OBSERVATION"' 

HIGH WRITING RATES? 

JUST SWITCH TUBES AND 

EXTEND THE USEFULNESS 

OF YOUR OSCILLOGRAPH 

SCREEN CHARACTERISTICS AT A GLANCE ... 

The following types of fluorescent screens 
are available in Du Mont cathode-ray tubes: 

P I : Medium persistence green. High 
visual efficiency. For general-purpose 
visual oscillographic and indicating 
applications. 

P2: Long persistence blue-green 
fluorescence and yellow-green per-
sistence. Long persistence at high 
writing rates. Short-interval excita-
tion. 

P4: Medium persistence white for 
television images. 

PS: Extremely short persistence blue 
for photographic recording on high-
speed moving film. Persistence time 

for energy drop to 50% is 5 microsec-
onds. Available on special order. 

P7: Blue fluorescence and yellow 
phosphorescence. Long persistence at 
slow and intermediate writing rates. 
For filtering out initial "flash" and 
for high build-up of intensity under 
repeated excitation, this screen may 
be used with Du Mont Type 216-3 
Filter. 

P I 1 : Short persistence blue. For re-
cording high writing rates. Persist-
ence time for energy drop to 50% is 
10 microseconds. 

sHooPERsis'E"̀ El 

There's a screen for every oscillographic 
purpose. But only Du Mont makes all types of 
screens. By having that extra Du Mont tube 
with the right screen available, you can cover 
a wider range of applications more quickly 

and realize far greater value from your oscillo-
graph, simply by switching tubes. 
As a time-, trouble- and money-saver, that 

extra, dependable, high-quality Du Mont tube 

should be on hand when you need it. So why 
not buy it now while you're thinking about it? 
And when replacing cathode-ray tubes, al-

ways remember that Du Mont tubes are made 
to RMA specifications and therefore fit any 

standard oscillograph. 

'Use the right screen for the right job. 
Descriptive data on request. 

C ALLEN Li DU MONT LABORATORIES, INC 

ALLE N  B.  DU  M O NT  LAB OR AT ORIES,  INC.,  PASSAIC,  N.  J. 
CABLE  AD DRESS:  ALBEE D U,  NE W  YOR K,  N. Y.,  U.S. A. 
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HE9 1  CONVENIENCE of not having to change needle pressure 
or make similar adjustments-in switching from 33-1/3 to 

78 RPM Records with Astatic FL Series Pickups-has done 
much to put these revolutionary phonograph playing arms 
in a leading position in the new long-playing equipment field. 
As much perhaps as their superb reproduction, unparalleled 
reality of tone, absence of surface noise. All that the user 
need do is change cartridges. Takes only a second, because 
they are designed to fix themselves in playing position on 
the same slip-in principle which firmly joins barrel and cap 
of many modern fountain pens. 
Astatic FL Pickups play both types of records at the miracu-
lously light needle pressure of five grams. New engineering, 
mechanically and electrically, makes perfect tracking a fore-
gone conclusion, even at this feather-light pressure. That's a 
good bit of the answer why FL Series Pickups can deliver so 
much-in performance perfection, in greater utility for the user. 
Comparable reproduction quality at lower cost is available in 
other Astatic units, which round out the complete Astatic Long-
Playing Line. Write for new brochure, giving full details, 

illustrations. 

FL.,3-
Cry„oi  

Pickup  

FIC-33  Cey„pi  
Pickup  

ORPORATION 
CO N NE A UT,  OHI O 

gm C .A . CA W . . AAAAA 00 1.00.00 C 

41F-
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Ftr.33  
r„nscr.  Cry ,o. 

1131;0‘, pick ' up  

4o0..QT.3  
Tri2=13ce  3 Cry.„01  
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ATLANTA 

"Beam Deflection Mixer Tubes." by E. W. 
Herold, RCA Laboratories; October 8. 1948. 

BALTIMORE 

'International Telecommunications." by I 
K. Jett. A. S. Abell Company; October 28, 1948. 

BUFFALO-NIAGARA 

"Engineering  Considerations  in Locating 
Broadcast Transmittets," by S. L. Bailey. Jansky 
and Bailey, Consulting Engineers; October 14, 1948. 

CEDAR-RAI'IDS 

"Television-Its .Mechanism and Promise," 
by W. L. Lawrenze. Radio Corporation of America; 

October 13. 1948. 
CINCINNATI 

"Bandwidth Reduction in Communications 
Systems," by W. G. Tuner. Melpar, Inc.; Sep-

tember 21, 1948. 
"Mobile Telephone." by R. E. Kolo, Cincin-

nati and Suburban Bell Telephone Company; 
October 19, 1948. 

CLEVELAND 

"Citizens Radio Equipment," by A. Grose, 

Citizens Radio Corporation; October 28, 1948. 

Com/mous 

"Radio in Postwar Germany," by K. L. Tyler, 
Ohio State University; October 27, 1948. 

CONNECTICUT VALLEY 

"Properties of Aluminum Oxide Film as Used 

in Electrolytic Capacitors; Sprague Electric Com-
pany; October 16. 1948. 

DAYTON 

"Aircraft Computers," by 0. H. Schuck, Min-
neapolis-Honeywell Company; October 14. 1948. 

"Stratovision," by C. E. Nobles. Westinghouse 

Electric Corporation; November 11. 1948. 

Ds M OINES-AMES 

"Television -Its Mechanism and Promise," 
by W. L. Lawrence, Radio Corporation of America; 

October 15, 1948. 
DETROIT 

"Printed Electronic Circuits," by C. Brunetti, 
National Bureau of Standards; September 17, 1948. 

"The Pictorial Situation Display in Air Navi-
gation and Traffic Control," by H. H. Spencer. 
Radio Corporation of America; October 15. 1948. 

EMPORIUM 

'Engineering  Considerations  in  Locating 
Broadcast Transmitters." by S. L. Bailey, Jansky 
and Bailey, Consulting Engineers; October 14. 

1948. 
INDIANAPOLIS 

"Problems in Television." by B. E. Shackel-
ford, 1948 President, The Institute of Radio En-
gineers; September 16. 1948. 

'Television  Power Supplies, Synchronizing 
Circuits and Deflection Systems," by C. Honey-
well, The Hallicrafters Company; October 22, 1948. 

LONDON 

"Dry Batteries Today." by H. T. Tipple. 
Canadian National Carbon Company; September 
24, 1948. 

Los ANGELES 

"Voltage Stabilization by Two Terminal Sta-
bilizing Elements." by D. Rutland. North American 
Aviation; October 19, 1948. 

"Distributed Amplification," by N. B. Schrock, 
Hewlett-Packard Company; October 19, 1948. 

(Continued on page 30/1) 
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C. 

It's the consumer's fault. Last year he wanted 
signal quality.. •this year  is dema d 

ning it! 
That is wh y estimates show that practicall y all 
Television set; and most of the Radio sets made  

io 1949 will contain cores made of Carbonyl Iron 

Powders. Ask your coil winder Ask your core 

maker. rl)ere's a hi nt here  for  . all good designers. 

A. .&  CAREONYL rpoiv PODV/D RS 

"al-a®  orluct 0/ Gene al "iniline kt / tint Cor pora/ion  
144 41adison venue, New Yor4 22, NeW Pork • 
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SHARON, PA. 
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Radio Station WPIC, 

Sharon, Pa., has a 

Truscon Type H-30  
Self-Supporting 

Tower, 500 feet high, 
with 8-bay 

Western Electric FM 

a Eeaary 
71frizeaitagee 

aw e Pe/0/01404e 
Clear FM signals over hilly 
western Pennsylvania require an 
antenna with plenty of reach. 
That's why this Truscon Self-
Supporting Steel Radio Tower 
climbs 500 feet with an 8-bay WE 
antenna for Sharon's WPIC. 

An important characteristic of 
Truscon Radio Towers is that each 
is built to give top performance 
under specific local conditions. 
Truscon can engineer and 
manufacture exactly the tower 
you need—guyed or self-
supporting ... tapered or uniform 
cross section . . . tall or small 
. . . AM, FM or TV. 

Write or phone our home office in 
Youngstown, Ohio, or any of 
our conveniently located district 
offices for prompt consultation 
on your present and future needs. 
Experienced Truscon radio - 
engineers are ready to assist you 
—there is no obligation. 

TR U S C O N 
STEEL CO MP A N Y 

YOU N GST O W N 1, OHI O 

Subsidiary of Republic 

TRUSCON 
SELF-SUPPORTING 

CROSS SECTION GUYED TOWERS AND UNIFORM 

Steel Corporation 

(Continued from page I•L-I) 

Louis mut 

"Inspection of New Courier4ournal Building,' 
by K. White, American Elevator Company. and 

J. W. May, American Air Filter Company; October 

IS. 1948. 
New Voir ic 

"Application of Microwave Radio Techniques 

to Telegraphy and to Sound and Video Program 
Transmission," by J. Z. Millar, Western Union 

r,atitt.tny; October 6, 1948. 

OTTAWA 

'Demonstration of the National  Research 

Council's Radar Equipped Motor Vessel 'Radel,'" 
by H. Ft. Smythe, National Research' Council; 

October 9. 1948. .• 

PHILADELPHIA 

" Intercarner-Sound Circuits for Television Re-

ceivers," by A. A. Barco, RCA Laboratories; No-
vember 4. 1948. 

PITTSBURGH 

"The Airborne Magnetometer in Geophysical 
Exploration." by Ft. D. Wyckoff, Gulf Research 
and Development Company; October II, 1948. 

PORTLAND 

"Design and Operation of a 5-Kw Television 

Transmitter." by H. W. Granberry, General Elec-
tric Company; October 29, 1948. 

PRINCETON 

"Electronic  Properties of  Semi-Conductors 
and the Transistor," by W. H. Brattain and J. 

Bardeen, Bell Telephone Laboratories; October 14, 

1948. 
"Electronic Reading Aids for the Blind," by 

V. K. Zworykin, L. E. Flory. and W. S. Pike, RCA 
Laboratories; November 11, 1948. 

ROCHESTER 

"Engineering  Considerations  in  Locating 

Broadcast Transmitters." by S. L. Bailey. Jansky 

and Bailey, Consulting Engineers; October 14, 
1948. 

"A Television Station Selector Using Die-
Stamped Inductances." by A. D. Sobel. A. W. 

Franklin Manufacturing Corporation; November 8, 
1948. 

"A Discussion of Image Sharpness in Photog-
raphy and Television," by 0. H. ,Schade, Radio 

Corporation of America; November 8. 1948. 
'Application of Subminiature Tubes,' by R. K. 

McClintock,  Sylvania  Electric  Products.  Inc.; 
November 8. 1948. 

"The  Transitrol,  An  Experimental  AFC 
rube," by J. Kurshan, RCA Laboratories; No-

vember 8, 1948. 

"A New Low-Noise, Low- Microphonic Minia-
ture Tube." by C. R. Knight and A. P. Haase. 

;-eneral Electric Company; November 8. 1948. 
"What's When in America," by K. W. Jarvis, 

Consulting Engineer November 8. 1948. 
"Radio Receiver Engineering Department Or-

ganization." by A. G. Rogers. Emerson Radio and-
Phonograph Corporation; November 9. 1948. 

"Developments in Germanium Crystals." by 
S. T. Martin and H. Heins, Sylvania Electric Prod-

ucts. Inc.; November 9, 1948. 
"A Television Distribution System for Labora-

tory Use." by J. Fisher. Philco Corporation; No-
vember 9, 1948. 

"A Dired Coupled Video and ACC System for 
Television Receivers," by H. R. Shaw, Colonial 

! Radio Corporation; November 9, 1948. 

(Continued on page 38A) 
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FREQUENCY SHIFT 
EXCITER 

—Provides RF drive 
and frequency shift 
keying to transmitter 

B& W DISTORTION 
METER 

MODEL 400 

B& W AUDIO AUDIO OSCILLATOR 
MODEL 200 

THE TRADEMARK THAT 
GREW  through service to you! 
Foday, the Barker and Williamson trademark is backed by. 
three plants, excellent manufacturing facilities, and a compe-
tent technical staff—all because you have shown a definite 
preference for quality products and a willingness to try 
practical ideas that give promise of improved performance. 
Today, too, this famous trademark appears on many new 
items of complete equipment —all produced by an organiza-
tion that grew because it designed and built the kind of 
products you wanted. With its improved facilities, B& W 
pledges to continue to build better and better parts and 
equipment, and to develop and offer only those products 
which you can use with confidence and pride. 

NO W IN PRODUCTION AT B& W 

Complete Radio Transmitters • Dual Diversity Converters, 

Control Units and Frequency Shift Exciters for Radio Teletype 

Transmission • Special Test Equipment • Redesign, Modern-

ization and Modification of Existing Equipment • Machine 

Work • Metal Stamping • Coils • Condensers • Other 

Electronic Devices in a Wide Range of Types. 

_ 
BARKER1 WILLIAMSON, INC. 
237 FAIRFIELD AVE.  UPPER DARBY, PA. 

B& W AUDIO FREQUENCY 
METER MODEL 300 

irt 
2 KW  AMPLI-
FIER — Class C 
RF Amplifier. 
Range :1-25 Mc's. 

DUAL  DIVER-
SITY CONVERT-
ER — Provides 
diversity mixing 
on frequency shift 

circuits. 

B& W 
ALL BAND 
FREQUENCY 
MULTIPLIER 
MODEL 504 

C O NT R OL 
UNIT — Oper-
ates as on elec-
tronic repeater 
in teletype lines. 

RECEIVER AS-
SEMBLY — Stand-
ard Army BC-342 
modified for dual 
diversity reception. 

B& W SINE 
W AVE 
CUPPER 

M ODEL 250 
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AM PHENcw 

"AN" CONNECTORS 

FOR POWER, SIGNAL 

in AIRCRAFT and ELECTRONIC EQUIPMENT 

38A 

and CONTROL CIRCUITS 

• Amphenol provides features which compare to and carry beyond the spec-

ifications for "AN" Connectors. 
1. Non-rotating contacts with solder cups aligned for fast efficient soldering. 

2. Coupling rings are a screw machine part made from solid aluminum bar 
stock providing 80 % greater tensile strength. 

3. Contacts are of selected high conductivity alloys, silver plated and with 
pockets pretinned for soldering. 

4. On sizes 20 and up, Amphenol provides 70 % thicker inserts -stronger 
to withstand rugged operating conditions. 

5. Coupling rings and assembly screws are drilled for safety wiring in 
accordance with Army-Navy specifications. 

6. For satisfaction and security be sure with "AMPHENOL." 
• Let Amphenol engineers and technicians assist you in specifying 

connectors for application and adaptability in instrument, power and 

control problems - these men are available for consultation without 

obligation. 

72 PAGES OF "AN" CONNECTORS 
This is a new catalog, just off the presses a few months? 
long enough, however, to receive the acclaims of top 
engineers as the most complete and informative on the 
subject of "AN" Connectors. We are glad to provide 
it ropy for your ref creme, kindly make request on 
company letterhead to our Department 13E. 

AMERICAN PHENOLIC CORPORATION 
1830 SO. 54TH AVENUE  • CHICAGO 50, ILLINOIS 

(Loostsnosed from page 364) 

"A Pulse-Cross Generator for Television Re-
ceiver Production," by R. P. Burr. Hazeltine 

tronics Corporation; November 9, 1948. 
"Lightweight Pickup Design for Microgroove 

Record Playing," by R. P. Haines, Philco Corpora-

tion; November 10. 1948. 
'What Constitutes High Fidelity," by H. P. 

Fletcher, Bell Telephone Laboratories, J. K. Hilliard 
Altec Lansing Corporation; and C. J. LeBel, Con-

sultant; November 10, 1948. 
"High-Quality Audio System for Radio Re-

ceivers," by R. S. Anderson and B. E. Atwood. 
Stromberg-Carlson Company; November 10. 1948. 

"Front Ends of Television Receivers," by J. 0. 

Silvey, General Electric Company; November 10. 

1948. 
"A Picture-And-Sound-Modulated Generator 

for Television Receiver Production." by W. R. 
Stone,  Hazeltine Electronics Corporation; No-
vember 10, 1948. 

'Industrial Applications of Photography." by 
W. Clark. Eastman Kodak Company; November 

10. 1948. 
SACRAMENTO 

"TV Equipment and Components of Systems." 
by R. B. Newman, Radio Corporation of America; 

October 19, 1948. 
ST. Louts 

"The Baldwin Electronic Organ," by J. F. 
Jordan. Baldwin Piano Company; October 20. 1948. 

SAN FRANCISCO 

"The Application of Radar Techniques to 
Modern Aviation." by R. J. Shank, Hughes Air-
craft Company; October 13. 1948. 

SEATTLE 

"Television Station Equipment and its Func-
tions." by H. W. Granberry, University of Washing-

ton; October 25, 1948. 

TOLEDO 

'Electronic Applications to Industrial NVeigh-
ing." by D. D. Mallory. Toledo Scale Company; 
October 18, 1948. 

TORONTO 

"Objectives of a Univer-ity Training in Elec-
trical Engineering," by G. F. Tracy. University of 
Toronto; October 25, 1948. 

TWIN CITIES 

"Computers for Aeronautical Navigation," by 
H.  Schuck,  Minneapolis-Honeywell 
October 19, 1948. 

WASHINGTON 

"A Field Test of eltra-High-Frequency Tele-
vision in the Washington Area," by R. D. Kell and 
G. H. Brown. RCA Laboratories; October 1 1. 1948. 

"Application of Microwave Radio Techniques 
to Telegraphy and to Sound and Video Program 
Transmission," by J. Z. Millar, Western Union 
Telegraph Company; November 8, 1948. 

Company; 

SUB-SECTIONS 

HAMILTON 

"Current Trends in Radio Engineering." by 
R. A. Hackbusch, Stromberg-Carlson Company, 
October 18, 1948. 

"Television Antennas." by H. S. Dawson. 
Canadian General Electric Company; November 1, 
1948. 

LANCASTER 

'Aberrations of Lenses," by R. Kingslake, 
Eastman Kodak Company: October 12. 1948. 

LONG ISLAND 

"Tape Speed as it Affects Magnetic Record-
ing," by R. H. Ranger, Rangertone, Inc.; October 
13. 1948. 
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MICRO WAVE PLUMBING  VARISTORS W.E. 

10 CENTI METER 

"5" BAND CRYSTAL MOUNT, gold plated, with 2 
type "N" connectors  $12.50 

POWER SPLITTER. 726 Klystron input, dual "N" 
ouput  $5.00 

MAGNETRON TO WAVEGUIDE coupler with 721-A 
duplexer cavity, gold plated  $27.50 

10 CM WAVEGUIDE SWITCHING UNIT, switches 1 
Input to any of 3 outputs. Standard 11/2 " x 3" guide 
with square flanges. Complete with 115 vac or d.c. 
arranged switching  motor.  Mfg.  Raytheon.  CRP 
24AA8 New and complete  $150.00 

10 CM. END-FIRE ARRAY POLYRODS  ea. 
"13" BAND Mixer Assembly, with crystal mount, pick-
up loop, tunable output  $3.00 

72I-A TR CAVITY WITH TUBE. Complete with tun-
ing plungers  $12.50 

10 CM. McNALLY CAVITY Type SO  $3.50 
WAVEGUIDE SECTION. MC 445A, rt. angle bend, 
51/2  ft. OA. 8" slotted section  $21.00 

10 CIA, OSC, PICKUP LOOP, with male Bo wden 
output   $2.00 

10 CM. DIPOLE WITH REFLECTOR in Incite ball, 
with type "N" or Sperry fitting  $4.50 

10 CM. FEEDBACK DIPOLE antenna. In luelte ball. 
for use with parabola  $8.00 

7/e" RIGID COAX- %" I.C. 
RIGHT ANGLE BEND. with flexible coax output pick-
up loop  $8.00 

SHORT RIGHT ANGLE bend, with pressurizing nip 
pie  $3.00 

RIGID COAX to flex coax connector  $3.50 
STUB-SUPPORTED  RIGID COAX, gold plated 5' 
lengths. Per length  $5.00 

AT. ANGLES FOR ABOVE  52.50 
7/s" COAX. ROTARY JOINT  $8.00 
AT. ANGLE BEND 15" L. OA  $3.50 
FLEXIBLE SECTION. 15" L. Male to female  $4.25 
MAGNETRON COUPLING to %" rigid coax with Ti; 
pickup loop, gold plated  $7.50 

7/p" RIGID COAX- 1/4 " I.C. 

Vs" RIGID COAX, BEAD SUPPORTED per ft. Si 20 
SHORT RIGHT ANGLE BEND  $2.5" 
ROTATING JOINT, with deck mounting  $6.00 
RIGID COAX slotted section CU-60/AP    $5.00 

3 CENTIMETER PLUMBING 

(STD.  1"  x I'2"  GUIDE. UNLESS OTHERWISE 
SPECIFIED) 

"X" BAND PREAMPLIFIER, consisting of 2-723A/B 
local oscillator-beacon feeding waveguide and TR/-
ATR  Duplexer  section.  including  60  me.  IF 
amp.   $47.50 

RANDOM LENGTHS of waveguide. 6 in to 18 in. 
long  51.10/ft. 

WAVEGUIDE RUN. Pk" x 1,4" guide, consisting of 
4 ft. section with rt. angle bend on one end and 
2". 45 deg. bend other end  $8.00 

WAVEGUIDE SECTION, 11/2 " x 1/2 " choke to choke. 
4 ft. long  $6.75 

DUMMY LOAD. TS 332/UP  $22.50 
-X" Band pressurizing gauge section, with 15-lbs. 
gauge and pressurizing nipple  $18.50 

45 DEG. TWIST. 6" Long  $10.00 
12" SECTION. 45 deg. twist. 90 deg. bend ....$6.00 
II" STRAIGHT WAVEGUIDE section choke to cover. 
Special heavy construction, silver plated  $4.50 

15 DEG. BEND. 10" choke to cover  $44.50 
5 FT. SECTIONS. choke to cover  $14.50 
18" FLEXIBLE SECTION  $17.50 
"E" and "H" PLANE BEND  $12.50 
BULKHEAD FEED THRU    
"X" BAND WAVEGUIDE. 114" x %" 01). 1/16" 
wall, aluminum  per ft. $ .75 

WAVEGUIDE„ I" x 1/2 " I.D. per ft.  $1.50 
TA CAVITY for 724-A PR tube  $3.50 
3" FLEX SECTION. square flange to circular flange 
adapter   $7.50 

724 TA tube 141-TR-11  52.50 
WAVEGUIDE SECTION. CO 251/APS-15A. 26" long 
choke to cover, with 180 deg. bend of 21/2 " rad, at 
one end  $6.00 

SWR MEAS. SECTION. 4" L. with 2 type "N" out-
put probes mtd full wave apart. Bell size guide. 
Silver  plated   $10.00 

ROTARY JOINT with slotted section and type "N" 
output  Pickup   $8.50 

WAVEGUIDE SECTION, 12" long choke to cover, 45 
deg. twist & V.I," radius. 90 deg. bend  54.50 

SLUG  TUNER/ATTENUATOR.  W.E.  guide,  gold 
plated  $6.50 

TA/AIR DUPLEXER section with Iris flange . $8.00 
TWIST 90 deg., 5" choke to cover, w/press nipple $6.50 
WAVEGUIDE SECTIONS 21/2  ft. long, silver plated 
with choke flange  $5.75 

WAVEGUIDE. 90 deg, bend E plane, 18" long  54.00 
ROTARY JOINT, choke to choke  $8.00 
ROTARY JOINT, choke to choke, with deck mount-
ing  $6.00 

S-CURVE WAVEGUIDE. 8" long cover to choke $3.50 
DUPLEXER SECTION for 1B24  $10.00 
CIRCULAR CHOKE FLANGES, solid brans ....  .55 
SO. FLANGES. FLAT BRASS  ea.  .55 
APS-10 TIVATR DUPLEXER .eetIon with additional 
Iris flange   $10.00 

CU I05/APS 31 Directional coupler, 25 dh -. 315.00 
CU 106/APS 33 Directional coupler, 25 db  $15.00 
CO 176/AP Directional coupler, 20 Mr  $18.00 
FLEX. WAVEGUIDE  $4.00/Ft. 
"X" BAND calibrated attenuate'.  $85.00 
SHIELDED KLYSTRON tube mounts with rough at-
tentrator outputs  $90.00 

21/2 " FLEXIBLE SECTION, cover to rover  $5.00 
SHORT ARM "T" section, with additional choke out-
put on vertical section  $4.00 

1.25 CENTIMETER 
"K" BAND FEEDBACK-TO-PARABOLA HORN, with 
preavorized window   $30.00 

MITRED ELBOW rover to cover  $4.00 
TA/AIR SECTION choke ot rover  $4.00 
FLEXIBLE SECTION I" choke to choke  $5.00 
KBAND Rotary joint  $45.00 
ADAPTER, rrl  rover to 114,  cover   
MITRED ELBOW and 14 sections choke to rover $4.50 
DEHYDRATING UNIT. 60 M. capacity, 115 v, 60 ry 
operation. 2' x 22" x 15", New and complete $425 

D-171631 ...$.95 
D-167176 ...$.95 
D-168687 -1.95 
D-171812 ...$.95 
D-171528 ...$.95 
D-163298 ...$.95 

D-168549 ...$.95 
D-162482 -$3.00 
D-99136  $1.65 
D-166271 .32.50 
D-162356 ..$1.50 
D-161871A $2.85 

THERMISTORS- W.E. 
D-167332 (tube)  $  95 
D-170396 (bead)   5.95 
D-167613 (button)   5.95 
D-166228 (button)   5.95 
D-164099 FOR MTG. it,  \ 
Band Guide   $2.50 

D-167018 (tube)    5.95 

COAX CONNECTORS 

8315P  5.35  UG 254/U . 5.75 
83IAP  .  5.35  UG 255/U 31.25 
83IHP  5.15  UG I46/U .$1.00 
UG 2I/U  $.85  LIG 85/U -11.25 
UG 86 U ...5.95 
Homedell male to type  "N" male 
adapter  $1.25 

1)166366 Baby "N"  $ .85 
Adapatre Cable Asey. Type "N" Male 
to Type "N" Female  $2.25 

Adapter Cable Ass'y, Sperry Male to 
Type "N" Male  $2.25 

Connector, $49579 for RG 18/U $1.80 

TUBE 
2.131 
2.121-A 
2322 
2326 
2327 
2332 
2J38 Pkg. 
2139 Pkg. 
2355 Pkg. 
2161 
2162 
3.131 
5130 
714AY 
72013Y 
720CY 
725-A 
730-A 
Klystrons: 

GAUSS 
4850 
2500 
1500 

FRP. RANGE 
2920-2060 mu. 
9345-9405 me. 
3267-3333 mc. 
2992-3019 me. 
2965-2992 me. 
2780-2820 mc. 
3249-3263 mc. 
3267-3333 me. 
9345-9405 mc. 
3000-3100 me. 
2914-3010 mc. 

24.000 mc. 

DYNAMOTORS 

I Wit 

Tyro  0011,  Amps  VoltOsutpllt Amps r   

BD ,,KM  11  40  1000  .350 

PE 71  28 DM 2ICX  28  19  1000  .350 1. D M 25  r;  235  .090 12  2.3   250 .050 
DM 28R D M 33  28  1.25  275  .070 

28  7  540  .250 
DM 42  14  46  1030  .050 

CWD 2IAAX 13  2/8 12.6  400  .135 
26  6.3  800  .020 

9AC  .112 
D 104  12  225  .100 

440  .200 
DA 3A•  28  10  300  .260 

150  .010 

:5053  14.5  5 2S  1.4  250  .060 
DA 7A  26.5 
23350  1100  .400 PE 86 
t5X045B  28 1.25 1.2  250  .060 27  1.75 285  .075 

28   250 .060 
12/24 1/2  500  .050 

-19  A1(  9.4   275 .110 
500  .050 

LN -Like new. 
• Less, Filter Box and Relays 
N New. 

Radio 
Set 

BC 191 

BC 375 
BC 312 
BC 867 
BC 348 
BC 456 

Price 
$20.00N 
14.00LN 
24.50N 
3.45N 
2.491,N 
8.75N 
5.50 

17.50N 

I4.95N 

SCR 522  8.95N 

APN 1  3.95N 
TA 21  25.00N 
RC 36  3.95 
APN-1  3.50N 

3.50N 
3.95N 

Mark II 
9.95N 

INVERTER PE 218 
Input: 27.5 V DC, 90 
AMPS 

Output: 115 V AC, 
400 CY, 13 AMPS 

1500  Volt-Amperes 
.9 PP 

New. Original 
Packing ... 349.95 

Slightly used, ex. 
cond.    25.00 

Also  available:  PE 
206.  800CY,  80V. 

 $15.75 

MAGNETRONS 
P K . 

PWR. OUT. 
265 KW. 
50 K W, 
265 KW. 
275 KW. 
275 KW. 
285 KW. 
5 K W. 
87 K W. 
50 KW. 
35 KW. 
35 K W. 
50 KW. 

2800 me.  1000 KW. 

9345-9405 me.  50 KW. 
9345-9405 me.  50 KW. 

723A/11 $12.50: 707B W/Cavity 

MAGNETRONS MAGNETS 
POLE DIAM.  SPACING 

% In.  % 
1% in.  1 11/16 In. 
111, in.  11/2 in. 

PRICE 
$25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
25.00 
65.00 
65.00 
55.00 
39.50 
25.00 
50.00 
50.00 
25.00 
25.00 
20.00 

PRICE 
$12.50 
12.50 
12.50 

TUNABLE PKG'D "CW" 
MAGNETRONS 

QK61 -2975-3200  Meg  QI(62 _3150-3375 111c.s 
QK60 -2800-3026 Mcs  (1K59 _2675-2900 Itics 

New  $65 each 
BM. 

COAX CABLE 
RG 17/U. 52 ohm Imp.  $  50/ft. 
Itti 18/U. 52 ohm imp. armored  51/it. 
1U1 23/U. twin coax, 125 ohm imp. armored  50/ft. 
101 28/U. 50 ohm imp, pulse cable. Corona 
min. starting voltage 17 Ky.  50/ft. 

RC) 85/U. 70 ohm imp armored  50/1t. 
Itti 57/I'. 9", "h .  U M.  twin coax,  35/ft. 

MICRO WAVE TEST 

EQUIPMENT 

THERMISTOR  BRIDGE: 
Power meter I-203-A.  10 
rm.  mfg  W.E.  Complete 
with  meter,  interpolation 
chart, portable carrying case 
  $72.50 

Bell Labs. Dual Mount mixer-
beacon assemblies. 2 com-
plete mixer-beacon mounts 
on  gold-plated  waveguide 

Slotted Line, Bell Labs$5,0r1/2 " x 5/16" guide, gold 
sertion   

_plated   $15C1.00 
TS-238 GP. 10 rm. Echo box with reaonance Indic-M.0r 
and micrometer adjust cavity. 2700 to 2900 Mrs 

2$6855. 300 
calibrated as shown   

TN 108-AP dummy load   
3 cm. Wavemeter, Micrometer head mounted on X -Band 
guide. Freq. range approx. 7900 to.10,000 Mc. $75.00 

MICROWAVE GENERATORS 
AN/APS-I5A "X" Band compi 11F head and modula-
tor. Incl. 725-A magnetron and magnet, two 723A/B 
klystrons (local one & beacon), 11124 TB, revr-ampl. 
duplexer. HV supply, blower, pulse xfmr. Peak Pwr 
Out: 45 K W atm. Input: 115, 400 cy. Modulator 
Pulse duration .5 to 2 micro-sec ape. 13 KY Pk 

Compl with all tubes inel. 715-B. 829B. RKR 
73. two 72's Comet. pkg. new  $210.00 

APS-I5B. Complete pkg,  as above, less modulator 
  $150.00 

PULSE EQUIPMENT 
MODULATOR UNIT BC 1203.0 

Provides 200-4,000 PPS. Sweep time: 100 to 2,500 
microsee. in 4 steps, fixed mod, pulse, suppression 
pulse, sliding modulating pulse, blanking voltage, 
marker pulse, sweep voltages, calibration voltages, 
fll. voltages. Operates 115 vac, 50-60 cy. Provides 
various types of voltage pulse outputs for the modu-
lation of a signal  generator such as General 
Radio 280411 or /804C used in depot bench testing 
of SCR 695, SCR 595, and SCR 535. New as 
shown   $125.00 
MIT. MOD. 3 HARD TUBE PULSER: Output 
Pulse Power: 114 KW (12 KY at 12 amp). Duty 
Ratio: .001 max. Pulse duration: .5, 1.0, 2.0 
microsec. Input voltage: 115 v. 400 to 2400 cps. 
Uses 1-715-B,  1-829-B,  3-'72's,  1-'73,  New 
  $110.00 

APQ-I3 PULSE MODULATOR. Pulse Width .5 
to 1.1 Micro See. Rep. rate'624 to 1348 Pps. Pk. 
Pwr. out 35 KW. Energy 0.018 Joules ...$49.00 

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 
24 KV (1200 KW pk): pulse rate 200 PI'S, 1.5 
microser; pulse line Impedance 50 ohms. Cir-
cuit-series charging version of DC Resonance 
type. Uses two 705-A's as rectifiers. 115 v. 400 
cycle input. New with all tubes  $49.50 

APS-10 MODULATOR DECK. Complete, less tubes 
  $75.00 

APS-10 Low voltage power supply, less tubes $18 .50  

PULSE NETWORKS 
am. 125E5-1-350-501'2T. 25 KY. 5 sections, •'E" 
circuit. 1 microsecond pulse length. 350 PPS. 50 
ohms impedance  $45.00 

G.E. 26E3-5-2000-50P2T, W V. "E" circuit, 3 sec-
tions. .5 microsecond, 2000 PPS, 50 ohms Im-
pedance  $8.50 

G.E. 113E (3414-910: 8-2.24-4051 50P4T: 3KV, "E" 
CKT Dual Unit: Unit 1, 3 Sections. .84 Microsec, 
810 PPS. 50 ohms imp.; Unit 2, 8 Sections. 2.24 
Microsee 405 PPS, 50 ohms imp.  $6.50 

PULSE TRANSFORMERS 
W.E. TD186173 III-Volt input transformer, W.E. 
Impedance ratio 50 ohms to 900 ohms. Freq. 
range: 10 kc to 2 me. 2 sections parallel Con-
nected. potted In oil   . .$12.00 

W.E. KS 9800 Input transformer. Winding ratio 
between terminals 3-5 and 1-2 is 1.1:1, and 
between terminals 6-7 and 1-2 is 2:1. Frequency 
range: 380.520 c.o.s. Permalloy core  $2.00 

G.E.  K2731 Repetition Rate: 635 PPS, Pr!. Imp: 
50 Mom. See. Imp: 450 Ohms. Pulse Width: 1 
Mlerririec PH, Input: 10.5 KY PK, Sec. Output: 
28 KY PK. l'enk Output: 800 KW, Millar 2.75 
Arno.   $19.60 

W. E. 20169271 III Volt input pulse Transformer 
  $9.95 

G.E. 142450A WIII receive 13KV. 4 micro-second 
;mine on tel., secondary delivers 14KV  Peak 
power out 100KW   1115.00 

All merchandise guaranteed. Mall orders promptly filled. All prices, F'.0.13. New York City. Send 
Money Order or Check. Only shipping chergen sent C.O.D. Rated Concerns send P.O. Prices 

subject to change without notice. 

C O M M U NI C A TI O N S  E Q UI P M E N T  C O. 
131-R Liberty St., New York, N.Y.  Diaby 9-4124 
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7 111.1 14e W MULTI-V 

‘FM ANTENNA GIVES YOU 

GREATEST POWER GAIN 

PER DOLLAR! 

Only $250N side-mounted; 
$435 00 Top mounted 

o-

WRITE  FOR BULLETIN 86 

for complete details 

Here is why the new 

ANDRE W Multi-V is your 

best FM antenna buy: 

* Power Gain of 1.6 

* 10 Kvy Power Capacity 
* Top or side mounting with equal 

ease 

* Weighs only 70 pounds side 
mounted; 450 pounds top 
mounted 

* Low initial cost—low maintenance 

* Omnidirectional pattern 

* Factory tuned to required fre-
quency — no further adjustments 
required 

* Single feed point — single trans-
mission line 

Built to withstand winds of over 
100 MPH 

* Antenna can be completely as-
sembled on the ground 

* Insulation resistance of feed line 
can be tested without climbing 
tower 

WANT THE MOST EFFICIENT 

LOW-COST FM ANTENNA FOR 

YOUR STATION? BUY THE 

ANDREW MULTI-V! 

TRANSMISSION LINES FOR AM-FM-TV  • AN-
TENNAS • DIRECTIONAL ANTENNA EQUIPMENT 
• ANTENNA TUNING UNITS • TO WER LIGHTING 

EQUIPMENT • CONSULTING ENGINEERING 
SERVICE 

FasternOffice: 421 Seventh Ave., N.Y.C. 

STUDENT 

BRA NC H 

MEETINGS 
• POF",̂,-, 

ALAKASIA POLY1 ILCHNIC INIFIITG1E, IRE litioNcti 

Election of Officers; October 11, 1948. 

LYNIvgIcsl1Y OF AR V ONA, IRE.-AIEE, BRANCh 

"Large Business versus Small Business for the 
t.raduate Engineer," by S. Becker, University of 

Arizona; October 27, 1948. 

CALIFORNIA Si Al E POLYTECHNIC COLLEGE, 

IRE BRANCH 

"Tlw Relationship of the Engineering Society 
to the Student," by B. E. Shackelford, 1948 Pres-
dent, The Institute of Radio Engineers; September 

29. 1948. 

IO WA ST Al FL COLLEGE, I RE-AIEF. BRANCH 

"Television." by T. A. Hunter, Regional Direc-

..; IRE; October 19, 1948. 

Si Al E UNIVERSI I Y OF IO WA, iRE BRANCH 

General  Electric Company  Demonstration; 
October 19. 1948. 

M ANHAT AN COLLEGE, IRE BRANCH 

"Insulation Testing," by W. G. Long, J. G. 

Biddle Company; October 20. 194M. 

i EMSITY OF MICHIGAN, IRE-AIEE BRANCH 

"Electrical Engineering Applications in Geo-

physical Prospecting," by J. T. Wilson, University 
of Michigan; October 6. 1948. 

"The Transistor." by R. R. Barnes. Michigan 

Bell Telephone Company; October 27. 1948. 

MICHIGAN STATE 'COLLEGE, IRE-AIEE BRANCH 

"What the Professional Engineering Orgardza-

t,ons Can Do For You,  by A. Routh. Consumers 
lower Testing Laboratories; October 13. 1948. 

COLLEGE CIII OF NE W YORK, IRE BRANCH 

•Design of a High-Fidelity Audio System," by 
L. M. Glantz. Student; October 19, 1948. 

'High-Fidelity Systems," by L. Feldman, Stu-

dent; October 19, 1948. 

UNIVERSI1 Y OF N ORTH D AKOTA, 
IRE-AlF,E BRANCH 

"The Freeman Headbolt Heater," by E. Zobel 

Five-Star Manufacturing Company; October 13. 
1948. 

NIVERS11 Y OF N OIRE DAME. AIEE-IRE BRANCH 

"The South Bend A IEE and its Activities." by 
R. Koontz, Consulting Engineer; October 1.3. 1948. 

OREGON STA1 E COLLEGE, IRE-AIEE BRANCH 

"IRE-AIEE  Societies  History  and  Back-
ctound." by F. 0. McMillan. Oregon State College; 

pt e m be r 29, 1948. 
*Student Summer Jobs," by E. P. Single, J. F. 

whardson, P. Foley, M. M. Matthews. J. Lynch. 
D. C. Wohlgemuth, D. Poley, II. Lowry, and N. 

Austin, Students; October 14, 1948. 

W AGERS U NIVERSITY, IRE-AIEE BRANCH 

"Placement of Engineers." by J. L. Price, 
Rutgers University; October 26. 1948. 

(Continued on page 41A) 
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FOR 

LISTENING 
AT ITS 

BEST 

Jim Lansing Signature Speakers embody 
exclusive  design  features  that  provide 
unusual tonal realism, high efficiency and 
true reproduction quality. These speakers 
are the result of the experience gained 
through the more than a quarter of a cen-
tury of leadership in this field. For maxi-
mum dynamic range and frequency re-

sponse listen and compare Jim Lansing 
Signature Speakers before you buy. 

maximum usable 
CPS. 

MODEL 

0 10U 

Two Way System 

This fine two way 
unit  is  designed 
and  recommended 
for FM monitoring 
and  top  quality 
home sound repro-
duction and is rec-
ommended for op-
eration at frequen-
cies  from  40  to 
10.000 CPS with a 

range from 30 to 18,000 

MODEL D-130 
Designed  espe-
cially  for  music 
systems and pub-
lic  address  use. 
Has exceptionally 
wide  frequency 
and  dynamic 
range. Magnet is 
housed in a heavy 
field case to pre-
vent stray  mag-
netic fields. Can 
be  safely  used 
near Cathode Ray 
or  Television 
Tubes without af-
fecting their per-
formance. 

SEE YOUR DEALER OR JOBBER 

Write for descriptive catalog con-
taining full line and complete 

specifications. 

JAMES B. LANSING 
S01.3ND INC. 

42:1 SOUT H LINCOLN BLV D 

VENICE, CALIFORNIA,. 

(Luntitisred from page 40A) 

ST. LOUIS UNIVERSITY, IRE BRANCH 

"Commercial Radio Licenses," by W. Fisher. 
Student; October 7, 1948. 

"Mathematical Short Cuts," by 0. Haly, 
Student; October 7, 1948. 

"Operation of Station WE W-FM," J. Goforth, 
Student; October 14. 1948. 

"Microwaves in your Telephone." by  M. 
Waggoner. Southwestern Bell Telephone Company; 
October 21. 1948. 

UNIVERSITY OF TENNESSEE, IRE-AIEE BRANCH 

"Electrical Engineering and Atomic Energy," 
by D. W. Cardwell. University of Tennessee; 
October 26, 1948, 

UNIVERSITY OF WYOMING, IRE BRANCH 

"Radio-Frequency Induction Heating." by C. 
Kane. Student; October 7, 1948. 

The following transfers and admissions 
were approved to be effective as of January 
1, 1949: 

Transfer to Member Grade 

Berry, F. M., 1200 E. 49 St. Te m, Kansas City, Mo. 
Birkenhead, W. D.. 910 Second St., Manhattan 

Beach, Calif. 
Campbell, C. A., 44 Central St.. W. Concord, Mass. 
Chernosky. E. J.. 6608 Hillandale Rd.. Chevy Chase 

IS, Md. 
Crandon, L. 11.. Electronics Department, Westing-

house Research Laboratories, East Pitts-
burgh, Pa. 

Davis, R.. 2460 Silverlake Blvd.. Los Angeles 26, 
Calif.  • 

Davis, S., .351-99 St.. Brooklyn 9. N. V. 
Dobbs, C. I., 5701 S. Hoyne Ave., Chicago 36, Ill 
Frenetic., C.. 54 Bougainville Ave., Quebec City. 

Que., Canada 
Morse. M. S., Box 322. Red Bank. N. J. 
Murphy, J. L.. 1456 E. 54 St., Chicago 15, Ill. 
Nelson, D. E., 411 W. Illinois St.. Urbana, Ill. 
Qureshi. M. A. A.. P.O. Husain Agahi, Multan 

City, W. Punjab. Pakistan 
Saigeon, N. D.. 2678.3 Outer Dr.. Escorse 18, Mich. 
Tomiyasu, K.. 2 Gray Gardens East, Cambridge 

38, Mass. 

Admission to Member Grade 

Betts, A. L.. 220 S. Husband, Stillwater, Okla. 
Corwin, N. J., 2040 Baker Ave., Schenectady 8. 

N. Y. 
Dinnick, G. M., c/o Andrew Corp.. 363 E. 75 St 

Chicago 19. III. 

Eddy, R. C., 510 N. Hanover St., Elizabethtown 
Pa. 

Gilmer. P.. 27 Beechwood Rd., Florham Park. N..1 
Greavea. H. A., Mackenzie, Rio Demerara, British 

Guiana. S. A. 
McClain, E. F., Jr., Naval Research Laboratory. 

Building 1, PH, Washington 20, D. C. 

THE 
TEKTRONIX 
TWOSOME 

Tektronix Type 5 1 1-A Oscilloscope 

$795 f.o.b. Portland 

NEED WIDE BAND 
AND FAST SWEEPS? 

The Type 511-A, .with its 70 mc. amplifier and 
sweeps as fast ox .1 microsec. /cm. is excellent 
for the observation of pulses and high speed 
transient phenomena. Sweeps as slow as .01 

sec. /cm. enable the 511-A to perform superla-
tively as o conventional oscilloscope. 

OP 

Tektronix Type 512 Oscilloscope 

$950 f.o.b. Portland 

NEED DC COUPLED 
AMPLIFIERS AND 

SLO W SWEEPS? 
The Type 512 with a s, .  of 7.5 mv./cm. 

DC and sweeps as slow as .3 sec./cm. solves 
many problems confronting workers in the 
,elcls where comparatively slow phenomena 
must be observed.  Vertical amplifier band-

.vidth of 1 mc. and sweeps as fast as 3 micro-
sec. /cm. make it an excellent general purpose 
oscilloscope as well. 

BOTH INSTRUMENTS FEATURE: 
• Direct reading sweep speed dials. 
• Single, triggered or recurrent sweeps. 

• Amplitude calibration facilities. 
• All DC voltages electronically regulated_ 
• Any 20% of normal sweep may be ex-

panded 5 limes. 

Phone 

EA 6 1 97 

Cable 

Tektronix 

712 S. E. Hawthorne Blvd. 

Portland 14, Oregon 
(Continued on page 42A) 
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SIGNAL GENERATOR 
THE TYPE H 12 

t. 

900-2100 Megacycles 

•  . for research and for 

• 

• 

• 

• 

• 

production testing 

900-2100 megacycles, single band 

Continuous coverage with single-dial 
control directly calibrated 

Directly calibrated attenuator, 0 to -120 dbm 

CW or AM pulse modulation 

Extensive pulse circuitry 

Write for details 

Dependable Electronic Equipment Since 1928 

(C. witinued j, um rage 41A) 

Smoll. A. E., 2511 S. State, Syracuse 5, N. Y. 
Spicer. W. T.. 1929 E. 31 St., Baltimore 18. M.d 

Stewart, R. M., Jr.. Physics Department, Iowa 
State College, Ames, Iowa 

"Noy. R. W., University of New Mexico, Albu-

querque, N. Mex. 
Urquhart. K. J.. Sandia Base Branch, Albuquerque. 

N. Mex. 
Wase, A. E. N.. 62 Holdenhurst Ave., London N.12. 

England 
Zielesch, B. E., 461 Oak. Wisconsin Rapids, Wis. 

The following admissions to Associate 
grade have been approved and were effec-
tive as of December 1, 1948: 

Adler. K. L., 602 W. 165 St., New York 32. N. Y. 
Aggarwol, N. H., c/o L. Banarsi Das. Advocate 

Hoshiar Par, East Punjab, India 
Allred, C. Mc., National Bureau of Standards. 

Washington, D. C. 
Appuhamy, F. A., "San Jose," Dankotvwa, Ceylon 

Ardelian, T. F., Hudson's Bay Co., Fur Trade De-
partment (Radio). Hudson's Bay House, 
Winnipeg, Manitoba, Canada 

Argall, J. R. C., 104-53 Ave.. Lachine, Montreal 32, 
Ont., Canada 

Barnett, H. A.. Jr.. Radio Station  'IST, Charlotte 

2. N. C. 
Berry. R. F., 17945 Harwood Ave.. Homewood. Ill. 
Beyer, A. R., 2019 Dunstan, Houston 5, Tex. 
Blais. R. L., 282 Pleasant St., Berlin. N. H. 
Buchsbaum, W. H.. 80-21-74 Ave.. Glehdale. L. I., 

N. Y. 
Caffrey, G. H.. 103 N. Chester Ave.. Hatboro. Pa. 
Canal), C. A.. Naval Ordnance Laboratory, Bldg.. 

201. White Oak, Silver Spring, Md. 
Chaney. A. L.. Jr.. 612 Grandin Rd., Charlotte. 

N. C. 
Christopher, 0., Box 68. Air Base Branch, Belleville, 

Cooper, L. V., 1930 AACS APO 731. c/o PM Seattle, 

Wash. 
Couch, P. W., 22 Hopeland St., Dayton. Ohio 
Croumlich, R. M., Box 171. New Baden. III. 
DgDominicis, C. M., 34 Via Filippino Lippi. Milano, 

Italy 
Dickinson, I. E.. McClatchy Broadcasting Co.. 7 & 

Eye Sts., Sacramento, Calif. 
Earley, J. M., 2120 Douglass Ave., Maplewood 17, 

Mo. 
Edmanson, J. W. E.. 2436 Shakespeare Rd.. 

Houston 5, Tex. 
Elam, F. E., 1345 Madison St.. N. W.. Washington 

11, D. C.  • 
Endres, J. M., Jr., 29 Fulmer Ave.. Llanerch, 

Havertown. Pa.' 
Erickson, E. A., 4625 Second Blvd., Detroit 1, Mich. 
Farley, B. G., Bell Telephone Laboratories, Murray 

Hill. N. J. 
Foakes, P. F. J., 16 Bouverie Rd., Chelnisford. 

Essex, England 
Foley, T. U., 109 E. Evesham Ave., Magnolia. 

N. J. 
Freeman, G. A.. Jr., 2117 Ave. L.. Galveston, Tex. 
Galbraith. A. H., 43 Crestmont Rd., Bangor. Me. 
Gerstein, B., 928 George St.. Chicago 14. III. 
Gibbs, L. L., 349 Orchard Dr., Dayton 9. Ohio 
Graham, J. M., Rm. 309 CAP. General Electric 

Company, Schenectady. N. Y. 
Grdseloff. L.. c/o Green's Commercial Agencies, 

P.O.B. 600. Cairo. Egypt 
Gregersen. K. J.. 4408 Greenwich Village Ave., 

Dayton 6, Ohio 
Greulich. H. J., Box 228, APO 925. c/o Postmaster, 

San Francisco, Calif. 
Gulczynski, R. J., 2004 W. Cullerton St.. Chicago 8. 

Guttwein, G. K., 24 Liberty St., Long Branch, N. J. 
Heppel. H. H., Jr.. 2202 S. Boulevard, Houston 6, 

Tex. 
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11_ 
Peak  efficiency,  plus  permanent 

maintenance of capacities —even under 

severest operating conditions such as 
portable-mobile operation —is assured 
in  JOHNSON'S  new  line  of  167 
Variables. The use of perfected ceramic 
soldering eliminates the need for eye-
lets, nuts or screws. There is nothing 

to work loose, causing stator wobble 
and fluctuations in capacities! 

Available in .030" and .080" spac-
ings for all types of communications 
equipment having tuned circuits op-
erating as high as 500 mc. 

Single Type —Available in six models: 
2.8 to 11 mmf, 3.5 to 27 mmf, 4.6 
to 51 tuna, 5.7 to 75 mmf, 6.8 to 99 
mnif, 11.6 to 202 mmf. 

Dual Type —Available in three models: 

3.5 to 27 mild, 4.6 to 51 mmf, 6.8 
to 99 mmf. 

Differential Type —Available in three 
models: 2.8 to 11 mmf, 3.5 to 27 
nimf, 4.6 to 51 mmf. 

Butterfly Type —Available  in three 
models: 2.8 to 10.5 mmf, 4.3 to 26 
mmf, 6.5 to 51 mmf. 

Other  capacities  and  spacings 

available on special order. Write 

for new JOHNSON 167 Variable 

Catalog. 

HuRegard. E. W., 53 A St. Eriksgatan, Stockholm. 
Sweden 

Hyzinski, B., 64 North Empire St., Wilkes Barre. 
Pa. 

limes, F. T.. 1919 Arch St., Philadelphia 3. Pa. 
Isaacs, S. J., 2043 Holland Ave., New York 60. 

N. V. 
Jones, G. E., Jr., University of Pittsburgh, Pitts-

burgh 13. Pa. 
Jones, 0. L.. 3006 Nichols Ave., S. E., Washington 

20, D. C. 
Jose, R. S., Hdqs. 1804. AACS Group, APO 942, 

c/o Postmaster Seattle, Wash. 
Keep. H. A.. 1110 Winbern St.. Houston 4, Tex. 
Kelley. N. J., 123 Ontario St.. Toledo 2, Ohio 
Kiley, W. A., 1235 Avant Ave., San Antonio, 3 

Tex. 
Koenig. J. G., 129 Hornaday Rd., Pittsburgh, 10 

Pa. 
Kothe, E. W., 68 Prince St., Hastings-on-Hudson 6, 

N. Y. 
Kovner, H.. 400 E. 57 St.. New York 22. N. Y. 

Lojkasek, T., 1961 Bartolome Mitre. Buenos Aires, 
Argentina 

Lorenz, L. H., 1250 Wakefield Dr., Houston IR. 
Tex. 

Lundahl. S. E.. 190 Nagle Ave.. New York 34. 
N. Y. 

Mack. S. J., 81 Brook St., Wollaston 70, Mass. 
Mahaffey, R. E., 615 S. Darling, Angola, Ind. 
Manson, W. R.. 4016 44 Ave. S., Minneapolis. 

Minn. 
Margulius. M. P., Acoyte 143-VII H, Buenos 

Aires, Argentina 
McCarrell, S. G., 8925 Bishop St., Chicago, Ill. 
McCormick, C. E., Box 1138, Grand Junction. Col. 
McDonald, H. D., 10 E. 138 St., New York 35, 

N. Y. 
McNamara, T. R., 254-31-84 Rd.. Floral Park, 

L.L. N. Y. 
Mehta, P. E., 13 Jal Chamber. Charni Road Junc-

tion, Bombay 4, India 
Myers, V. V.. Jr., 413 South Broadway, Albuquer-

que, N. Mex. 
Narula, V. P., c/o G. R. Narula Esqr., Near Water 

Tank A. Patiala, India 
New, H. J., Jr., 3504 Harrison, Amarillo. Tex. 
Pacher. F. A., 1227 39 Ave.. San Francisco 22, Calif. 
Padilla, D. J., R-217 D. 13 St.. Sandia Base, 

Albuquerque. N. Mex. 
Parks, R. J., 10000 La TunaCanyon Rd., Roscoe r 

Calif. 
Perelman, I. B., 28 Windermere Dr.. Bronxville 

Hgts., Yonkers. N. Y. 
Perlman, A., 160 Beach 82 St., Rockaway Beach, 

L.L. N. Y. 
Pickens, R. T., 58 W. 75 St., New York 23, N. Y. 

Platt, S., 8 Stuyvesant Oval, New York 9, N. Y. 
Rabinowitz. M. H., 324 E. 81 St.. New York 28. 

N. Y. 
Rahner, H. B., Georgia Institute of Technology, 

Box 5388. Atlanta, Ga. 
Redfield, A. H.. Jr.. 621 Quintana Pl., N. W., Wash-

ington 11. D. C. 
Reedy. J. F.. 4652 Kenmore Ave., Chicago, III. 
Roberts, J. T.. Barnard Hall, North Brother Island, 

New York 54, N. Y. 
Root, J. S., 621 Craig St. W., Montreal 3, Ont., 

Canada 
Rosner, M.. 306 E. 75 St.. New York 21, N. Y. 
Rothman, L.. 1820-81 St., Brooklyn 14, N. Y. 
Rynder, L. S., 2372 Franklin Ave., Toledo 10, Ohio 
Scovill, J. M., 20 W. Garfield St.. Seattle 99, Wash. 

Simon, J. M., 1511 20 St.. N. W., Washington, D. C. 
Smith, E. A., 2235 Kensington Rd., Dayton 6, Ohio 
Stauffer, C. R.. 1553 N. Wells St.. Chicago 10, III. 
Sterne, H. J., 7071 N. Wilbur St., Portland 3, Ore. 
Swain, J. E., Jr., 50581 N. Wolcott. Chicago 40, Ill. 
Tompson. R. N., Mathematics Department, Uni-

versity of Nevada, Reno, Nev. 

(Continued on page 44A) 

Antenna s 

11"h ip a tssf 

s• y Dtst y 

Types  . . for 

M obile Units 

Premax Whip-Type Antennas for 

mobile installations are available in 

specially designed tubular stainless 

steel and solid steel, in lengths from 

72" up. All types are very sturdy 

and resilient 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 An-

tennas in monel, aluminum or steel 

with collapsed length of 44" ex-

tending to 35'. 

Mountings include all accepted ye-. 
hick types from the simple bumper 
mounting to those for high heavy-
duty installations. 

If your radio job-
ber cannot supply 
you, write direct. 

PREMAX PRODUCTS • 
DIVISION CHISHOLM-RYDER CO.  INC. 

4903  Highland  Ave  Niagara  Falls,  N.Y. 
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BUD Has Them For You! 
Scarcity of steel is a major problem today. 

Yet, right now . . . when it comes to sheet 
metal equipment . . . BUD has this problem 

licked for you. 

We, at BUD RADIO, INC., make 337 differ-
ent sheet metal products and 290 of them 

are available for immediate delivery, at this 

time. That means that 86% of the cabinets, 

chassis, utility boxes, carrying cases, etc., are 
waiting to be shipped to satisfy your needs. 

Don't wait until too late . . . get into the po-
sition of being able to satisfy your NEEDS 

now! Check your inventories, now, and order 

your needs in the sheet metal line. 

Remember that when comparisons are made 
on the basis of QUALITY, UTILITY 
AVAILABILITY  AND  PRICE;  BUD 

leads all the rest. W E ARE PLEASED TO 
QUOTE ON YOUR REQUIREMENTS 
FOR SPECIAL SHEET METAL HOUS-

INGS. 

BUY THE BEST. . . BUY BUD 

Write for Catalog 

BUD DeLuxe Cabinet Racks 

BUD Steel Chassis 

BUD Sloping Panel 
Amplifier Foundations 

BUD Metal Utility Cabinets 

1h,? mark  perfection 

BUD RADIO, INC. 
2110 E. 55th St., Cleveland 3, Ohio 

C 

4-1A 

Pioneer in Radio Engineering Instruction Since 1927 

APITOL RADIO ENGINEERING INSTITUTE 
1,,Tediled Technical InstiIuIe 

ADVANCED HOME STUDY AND 
RESIDENCE COURSES IN 

PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free home study or resi-
dence school catalog by writing to: 

REGISTRAR 
16th and PARK ROAD N.W. 
WASHINGTON 10. D.C. 

Approved for Veteran Training 

(Continued from page 43A) 

Tofani, H. D.. 1819 Humboldt Blvd., Chicago 47, 

Ulander, C. G., 1209 Shepherd St.. N. W.. Washing-

ton. D. C. 
Wagenseller, J. E., 1017 North Ave., Secane. Pa. 
Wallace, R. M.. 2921 Cherrywood Ave.. Dallas 9, 

Tex. 
Whitehurst, C. H.. Jr.. 201 N. Highland Ave., 

Winter Garden. Fla. 
Wilson, J. 0., Box 193. Espanola. N. Mex. 
Wofford, W. D., 1502 Elmen, Houston 19, Tex. 
Wolfe. R. E., 9306 Harford Rd.. Baltimore 14. Md. 
Wynn. W. W., R .F.D. 2, Maple, Ont., Canada 

The following transfers to Associate grade 
were approved to be effective as of Decem-
ber 1, 1948: 

( A., Conestoga Rd.. !than, Pa. 
Bardi, G. B., 114 West 13 St.. New York II, N. Y. 
Bein, W., 610 Riverside Dr., New York 31. N. Y. 
Bend. C. M., Jr., 107 Farrington St., St. Paul 2, 

Minn. 
Billingsley, F. C., 1926 Fifth Ave., Troy, N. Y. 
Boehm. W. R., 1044-26 St., S., Arlington, Va. 

Borgese. A. J., 115 Harding Ave., White Plains, 
N. Y. 

Britton. C. C., 722 Grand Ave., Ames, Iowa. 
Burnett. J. R., School of Electrical Engineering, 

Purdue University. Lafayette, Ind. 
Chambers, G. R., I94S Holliston Ave., Pasadena, 

Calif. 
Chatterjee, A. K.. 503 E. Greer St.. Champaign, Ill. 
Chin, F. K., 251 Victoria Ave., Hampton, Va. 
Christmas, W. 1., 63 Columbia Ave., Westmount, 

Montreal 6. Que., Canada 
Clark, C. M., 3206 Nevin Ave., Richmond. Calif. 
Cohen, E., 71-31 Manse St., Forest Hills, L.I., 

N. Y. 
Culling. E. J., 107 Tenth St.. N.E.. Washington 2. 

D. C. 
D'Amato. R. J., 989 New York Ave., Brooklyn 3, 

N. Y. 
Davis, J. H., 560 E. St. John, San Jose 12. Calif. 
Eisenberg. 1., 1412 Vyse Ave.. New York 59, N. Y. 
Ellis, T. E., Jr., R.F.D. 5, Kenton, Ohio 
Evenson, R. K., 463 West St., New York 14. N. Y. 
Fenauglity. A. L., 2039 Stanford Ave.. St. Paul XS. 

Minn. 
Flackbert, W. D., 90 Broad St., New York 4, N. V. 
Freinmuth. W. L., 4107 Warner St., Kensington. 

Md. 
Fusfeld, M., 710 West 173 St., New York 32, N. Y. 
Gaines, W. M., 462 Third St., Schenectady, N. Y. 
Godbey. J. K., 3120 Dutton Dr.. Dallas 11, Tex. 
Green, P. E., Jr., 226 Broad St., Oxford. N. C. 
Gutsheon. W. Y., 309 W. 57 St.. New ,York. N. Y. 
Hodgin, D. M., Jr., 3206 Vine Ave., SE., Cedar 

Rapids. Iowa  . 
Huebscher, H., 1745 Eastburn Ave.. New York 57, 

N. Y. 
Hufford G., 3814 Jocelyn St., N. W., Washington 

IS, D. C. 
Hull, D. E., 1792 37 St.. Los Alamos, N. Mex. 
Jacobi, W. J.. Department of Electrical Engineer-

ing,  Princeton  University,  Princeton, 
N. J. 

Jakubowski, M. C., do Fairchild Aerial Surveys, 
Inc., 224 East 11 St., Los Angeles IS, 
Calif. 

Jennings, S. J., 967 Main Ave., Schenectady 3. 
N. Y. 

Joerger. J. C.. 729 \V. Roscoe St.. Chicago 13, Ill. 
Jones, P. D., Station 0-40. Sperry Gyroscope Com-

pany. Great Neck. L.I., N. Y. 
Jones, W. N., Box 323. Swarthmore, Pa. 
Kilhy, J. S.. 4924 West Lloyd St., Milwaukee 8. 

Wis. 
Laurent, J. A., Jr., 2000 Grand Blvd.. Schenectady, 

N. Y. 
Lotz, W. E., Jr., Signal Corps. Fort Monmouth, Red 

Bank, N. J. 
(Continued on page 45A) 
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(Continued from page 44A) 

Myerhoff, A. A., 236 First St.. Perth Amboy. N. J. 
Minor, C. M.. 5728 Blackstone Ave.. Chicago 37. 

Moon. R. F., U. S. Navy Electronics Laboratory, 

San Diego 52. Calif. 
Nakahara, T., 1031 King St.. Seattle 4, Wash. 
Pickens. D. H., 8215 S. Vernon, Chicago. Ill. 
Press, M., 137-77 70 Ave., Kew Garden Hills, L.I., 

N. Y. 
Price. T. P., PUD 2, Raymond, Wash. 
Quintin, W. P., Jr., 120 Lincoln Ave.. Edgewood. 

Pa. 
Richardson, L. D.. 38 Hillcrest Rd.. Reading. Mass. 
Richter, F. A., 1031 E. 48 St., Chicago IS. Ill. 
Rosar, M. T., 50 Moore Rd., Brorurville 8, N. Y. 
Sample, G. A., 1123 Bellevue Ave., Syracuse, N. Y. 
Santa, M. M., 805 W. 19 St., Wilmington, Del. 
Saron, R. B.. 345 E. 81 St., New York. N. Y. 
Schrieber. W F.. 48 Logan St.. Brooklyn 8. N. V. 

Schwartz, E. I.. 1878 Harrison Ave.. New York 63. 
N. Y. 

Sinclair. R. 0.. Jr., Bell Telephone Laboratories. 
Whippany, N. J. 

Spear, E. D., 316 B. South Columbia, Albuquerque, 

N. Mex. 
Steele, H., 227 Hopkins St.. Brooklyn 6, N. Y. 
Stouffer, R. L., 630 N. Cedar, Galesburg, Ill. 
Tobler, C. R., 20 Sutton Pl.. Verona, N. J. 
Viales, L. 0., 252 16 Ave.. San Francisco 18, Calif. 
Vincent, R. C., O.R.L., Box 30, State College. Pa. 
Weaver, P. F., Bell Telephone Laboratories, Inc.. 

463 West St.. New York 14. N. Y. 

Weinstein, D., 2726 Valentine Ave., New York 58, 
N. V. 

Weissman, S., 307 Throop Ave.. Brooklyn 6, N. Y. 
Williams, A. M., 817 Belleview St.. Amarillo, Tex. 
Wilmot, R. D., 303 First Ave.. Ottawa. Ont., 

Canada 
Willson. F. E., American Telephone & Telegraph 

Company, 7 East Clinton, Joliet, 
Yeslin. A., 2739 Augusta Blvd.. Chicago 22. 

Yang, T., University of Toledo. Toledo 6, Ohio 

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

Wavemeter and Modulation 
Indicator 

The new Model 180 is a pocket-size 
control unit complete in itself which is 
being produced by the Simpson Electric 
Co., 5216 W. Kinzie St., Chicago, Ill. 
Designed for use by hams, ships, police 

radio, etc., it is an all-purpose instrument 
which makes it possible to accurately 
monitor quality of transmission, spot a 
transmitter at any point on the band de-
sired, and keep a constant check on per-
centage nipdulation. 
Encased in cast aluminum, the Model 

180 wavemeter serves also to plot antenna 
field patterns, indicate changes in actual 
radiated power output, and search the 
region between bands for harmonics and 
parasitics. Separate coils for the 10-, 20-, 
40-, and 80-meter bands and hand-drawn 
calibration curves are supplied. For cov-
erage of all possible field-strength condi-
tions, the 2-foot antenna can be plugged 
into the panel jack provided. Range of 
the instrument covers bands up to and 
including 420 Mc. 

(Continued on page 46A) 

ILLUMINATED INSTRUMENTS 

EXCELLENT LIGHT DISTRIBUTION affords 

EASE IN READING. GLARE REDUCED to 
a minimum by retaining COMPACT DESIGN 
of front case extension. REFLECTED LIGHT 
PRINCIPLE permits use of standard METAL 
DIALS, eliminating translucent materials 
that discolor with age and use. BULB RE-

PLACEMENT FACILI-
TATED  by  removal  of 

single lamp assembly. Two 
3.8  volt  STANDARD 
BULBS are used and con-
nected in series. 

Cutaway views showing positions and 

connections of lamp assembly. 

Available  in  all  ranges 

31/2 " and 41/4 " rectangu-
lar  semi-flush  models. 
Write Dept. I 19 for com-

plete details. 

BURLINGTON INSTRUMENT COMPANY 
BU R LI N G T O N,  IO W A 

e KENYON 
one of the oldest names in trans-
formers, offers high quality specifi-

cation transformers custom-built to your require-
ments. For over 20 years the KENYON "K" has been 
a sign of skillful engineering, progressive design and 
sound construction. 

KENYON 

KENYON now serves many leading compan-
ies including: Times Facsimile Cor-

poration, Western Electric Co., General Electric Co., 
Schulmerich Electronics, Sperry Gyroscope Co., Inc. 

Yes, electronification of modern industrial machinery 
and methods has been achieved by KENYON'S 
engineered, efficient and conservatively rated 
transformers. 
For all high quality sound applications, for small 
transmitters, broadcast units, radar equipment, ampli-
fiers and power supplies — Specify KENYON! 
Inquire today for information about our JAN ap-
proved transformers. 

Now — for the first time in any transformer catalog, 
KENYON'S new modified edition tells the full com-
plete story about specific ratings on all transformers. 
Our standard line saves you time and expense. Send 
for the latest edition of our catalog now! 

L ae& 

B40 BARRY STREET 

NEW YORK 59, N.Y. 
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New! All inclusive! 

STANDARD LINE Of 
TRANSMITTER COMPONENTS 
FOR AM, FM AND TV—LABORATORY 
AND  INDUSTRIAL  APPLICATIONS 

4 

WRITE 
FOR 

CATALOG 

•lt. 

• PLATE TRANSFORMERS TO 

10 KVA. 

• FILTER REACTORS 

• 115/230 VOLT, 50/60 

CYCLE SUPPLY 

• RUGGED INT  DERNAL COCOREN-
STRUCTION, SUPPORTE   

STRUCTURE 

• EY E BOLTS  O N  LARGE 
UNITS FOR EASY HANDLING 

• FILAMENT TRANSFORMERS 
10 15,000 VOLT TEST 

• PLATE FILAMENT TRANS-
FORMERS LOW VOLTAGE 

• NEC  SURGE  TEST  ON 
HIGH VOLTAGE UNITS 

• EFFICIENT  MAGNETIC 
AND ELECTROSTATIC 

SHIELDING 

• UNIFORM 
APPEARANCE 

• STURDY STEEL CASES 

STREAMLINED 

Here is one of the finest and most complete 
lines of standard transmitter components avail-
able today. Built to the same well-known high 
standards as N • Y • T custom-built units, they 
bring to the design engineer the full economy 
of standardized construction.  Superbly con-
structed, inside and out, each unit fully reflects 
the years of experience that have made the 
name NE W YORK TRANSFOR MER synon-
ymous with quality, integrity and dependabil-
ity wherever inductive components are used. 

News—New Products 
Musa manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

((,Htinued fr,m page OA) 

New Test Equipment 
Measurements Corporation, Boonton, 

N. J., has announced .1 in•w television 
standard signal generator, their Model 
#90. With a carrier range extending from 
20 to 250 Mc, it is said to be the first such 
really commercial unit to reach the mar-

ket. Engineering design features include a 
buffer stage and harmonic operation to 
provide separation of the output stages 
from the oscillator, so that the stability 
ill not be disturbed through the coupling 
system. Modulation of the instrument ex-
tends to 5 Mc, assured through the use of 
band-pass over-coupled circuits. A crystal 
calibrator within the instrument permits 
accurate setting of the output signal fre-
quency over the eight bands used to comer 
the wide range of generated signal. The 
video modulator provides a standard RMA 
composite signal, while the oscilloscope 
provided permits continuous monitoring 
of the output levels of the ke_yed dc po-
tentiometer for observing the level of the 
signal delivered to the test under way. 
Dual coaxial output connectors are pro-
vided, with an altenuator of the balanced 
mutual-inductance type to afford smooth 
control of the delivered signal. The unit 
is mounted on casters for easy portability 
about the laboratory. 
Kay Electric Co., Pine Brook, N. J., 

has announced that their Mega-Match is 
now available in a modified design to in-
dicate reflected energy in a band width of 
30 Mc anywhere in the spectrum between 
10 and 500 Mc. In many applications it 

(Continued on page 47A) 
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Save Time... Speed Assembly 
with CTC ALL-SET Boards! 

I 

On the assembly line and in the 
laboratory, CTC ALL-SET Boards 
are valuable time-savers. 
With Type 1558 Turret Lugs, a 

new board now offers mounting for 
miniature components.  1 1/16"' 
wide, 3/32  thick, only. (Type 
X1401E.) 
With Type 1724 Turret Lugs, 

boards come in four widths: 
2,  24e,  3' — in 3/32",  18", 
3/16' thicknesses. 
With the addition of the new 

miniature board, CTC ALL-SET 
Boards now cover the entire range 
of components. 
All boards are of laminated 

phenolic,  in five-section  units, 
scribed for easy separation. Each 
section drilled for 14 lugs. Lugs 
solidly swaged into precise position 
. . . whole board ready for your 
assembly line. 

SPECIAL PROBLEMS 
Custom-built boards are a spe-

cialty with CTC. We're equipped 
to handle many types of materials 
including the latest types of glass 
laminates . . . many types of jobs 
requiring special tools . .. and all 
types of work to government spec-
ifications. Why not drop us a line 
about your problem? No obligation, 
of course. 

"Nt 
•\\ 

Turret  Split  Short 
Lugs 

t° g ‘ ' 

Double.End 

ift> 

Terminal 
Board 

Cadent ta* (ria-stelaitet 

TAe Thememleed 
ConVionesila 

CAMBRIDGE THERMIONIC CORPORATION 

456 Concord Avenue, Cambridge 38, Mass. 
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can be used to frequencies as high as 1,000 
Mc. This is accomplished by a special co-
axial detector. A high-quality relay line is 
included with the instrument. 

Technology Instrument Corp., 1058 
Main St., Waltham, Mass., brings forth a 
radio-frequency model of their renowned 
Z-angle meter, to make such tests as im-
pedance, phase angle, etc., on antennas and 
transmission lines, and in general testing of 
radio frequency equipment. It makes such 
test possible without complex mathematics 
and the need for elaborate groupings of 
many test instruments. Those familiar 
with the audio-frequency model Z-angle 
meter will welcome an instrument spe-
cifically designed to make the same testing 
rapidly, at the radio end of the com-
munication spectrum. Detailed technical 
data is available by addressing a written 
request to the makers. 

DeMornay Budd, Inc., 475 Grand Con-
course, New York, N. Y. have added to 
their line of waveguide apparatus with a 
new calorimeter to measure high orders of 
power in the microwave region. Although 
measuring average power as high as 500 
watts at frequencies reaching 26,500 mega-
cycles the calorimeter will make measure-
ments starting at as low as 5 watts aver-
age power, and the accuracy of measure-
ment increases with an increase in the 
amount of power measured. Accuracies as 
high as 2 watts in 500 watts are claimed 
possible for this unit at these extreme 
ranges and the oigh degree of engineering 
acumen built into the unit will be appre-
ciated when it is realized that the in-
stantaneous amounts of power can run to 
millions of watts. Measurement is ac-
complished by causing a water bath to 
absorb the entire rf power under test, this 

(Continued on Page 48A) 

RADIO 
COMPONENTS 
HANDBOOK 
This book was written to fill the gap 

between the formal text and the gen-

eral data book. The material is writ-

ten for the practicing engineer, tech-

nician and student, and has been ac-

claimed by leading engineers and 

educators as the first practical book 

on the subject. Fundamental design 

and application technique together 

with general components reference 

data. Invaluable as a practical text 

and reference volume. 

Contents include: General Design, 
Application and Specification; Cost 
Considerations; Underwriters: Trans-
formers —power, a-f. r-f; Capacitors 
—fixed, variable, electrolytic: Resis-
tors — fixed,  variable;  Speakers: 
Switches: Wire. Cables, Insulating 
Materials: Tube and Metallic recti-
fiers; General Tables and Charts. 

Sponsored by 

The Magnavox Company 

Ward Leonard Electric Company 

The Foster Transformer Company 

No Direct Advertising 

Cloth bound  211 pages 
$2.50 in U.S.A. and Canada 

  Order direct from   

TECHNICAL ADVERTISING ASSOCIATES 
Engineers • Publishers 

CHELTENHAM, PA. 

Send me   copies of the RADIO COM-

PONENTS  HANDBOOK  at $2.50 each. 
(Quantities of 10 or more $2.10 postpaid) 

Name 

Address   

City   

Zone   State 
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News—New Products 

Now, one crystal holder for your 

new applications. A development 

of many years, this hermetically 

sealed, miniature crystal holder is 

designed  to  cover  a frequency 

range from 1 to 75 Mc and can 

be made to tolerances as close as 

plus or minus .0002 %. Supplied 

with either pins or wire leads, this 

new crystal holder will supplant 

the multitude of holders now used 
in your circuits. Standardize with 

the RH-7 ! 

REEVES'L HOFFMAN 
CO R P O R AT I O N 
CHERRY AND NORTH STREETS  •  CARLISLE, PA. 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page HA) 

water bath in turn then being cooled 
through the use of a circulating pump and 
connection to the external water supply. 
Accurate flow meters and needle valves 
enable measurement of the amount of heat 
sent into the water bath, recirculated in 
the system by a I hp motor actuating a 
vane-type impeller pump. A higher-pow-
ered model is now in process of develop-
ment. 

Tracerlab, Inc., 55 Oliver St., Boston, 
Mass., has brought forth a new radiation 
testing meter of the ionization chamber 
variety, Battery-operated with a life rat-
ing of over 1,000 hours to a set of cells 
with three ranges calibrated on a 3 meter 
and a pistol grip, the scope of the instru-
ment is such that the range of beta or gam-
ma rays measured and detected is well 
below the safe dosage value and well 
above the amount found in most radio-
active laboratories today. The Model 
S1J-iA as it is known is suitable for meas-
urements of both radioisotopes as well as 
X-ray radiation as low as 50 1 ilovolts in 
origin. 

Beta Electronics Co., 1762 Third Ave., 
New York, N. Y., have a new kilovolt-
meter with f.s. ranges of 15/30 and 25/50 
kilovolts, and 50 kilohmsivolt and 25 
kilohms/volt, respectivelY. Safety of op-
erating personnel is a design feature in-
corporated in these instruments, the 
high-voltage test lead being equipped with 
a lucite handle of good length, making it 
possible to test circuits while the high 
voltage is applied thereto. The leads are 

(Continued on page 49A) 
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YOU CAN TELL THE 
QUALITY OF THE PLUG 
BY THE EQUIPMENT 

IT CONNECTS  

RCA microphone with Type P3-CG-11S 
Plug and P3-42 Receptacle on P-41b ape-
cial curved mounting base in Radio Station 
KI M of the Mutual Network in Hollywood. 

The Type "P" Series is wide-
ly recognized by radio sta-
tions and sound tech-
nicians everywhere 
as not only the 
standard, but the 
leading series of 
microphone con-
nectors. Promi-

nent among its many desirable qualities 
is the patented latchlock which provides 
positive engagement and requires only 
the slight pressure of the thumb for 
release to disconnect. It will not pull 
apart accidentally. 
Stocked or available from such radio 

parts distributors as Hughes-Peters in 
Dayton, Specialty Distributing in Atlan-
ta, Lew Bonn in Minneapolis, Almo Radio 
in Philadelphia and more than 250 others. 

For full information on the Type P. ask 
for Bulletin P0-248.. . And for prices 

.. Address Department A-377. 

ISINc,,,,, 

JaiEva-E 
3209 HUMBOLDT ST., LOS ANGELES 31, CALIF. 

IN CANADA 8. BRITISH EMPIRE. 
CANNON ELECTRIC CO , LTD., TORONTO 13, ONT. 

WORLD EXPORT (Excepting B  h Empire): 
FRAZAR & HANSEN, 301 CLAY ST.. SAN FRANCISCO 

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

(Continued from Page 48.4) 

permanently attached to the instrument, 
so that there is no danger of contact with 
live wires at this potential. All switching 
takes place at low voltage, and the panels 
is protected from any lethal potentials. 
The input resistance is constant on both 
ranges, and the meter is a 20-micro-am-
pere full-scale instrument, for high sensi-
tivity properly shunted to indicate the two 
ranges enumerated. 

Sound Apparatus Co., 233 Broadway, 
New York, N. Y., has combined their re-
cording sound analyzer with a General 
Radio Sound Analyzer Model 760-A to 
make a record on a 4' wide tape record. 
Complex waveforms are thus interpreted 
in a visible record with full scale ranges ot 
20, 40, 60 or 80 db range. The two instru-
ments are mechanically linked to enable 
rapid analysis of the spectrum or complex 
waves as the unit eliminates the tedious 
point-by-point measurement technique, 
necessary without the use of a continu-
ously recording ink recorder, for this type 
of laboretory study. As the instrument is 
portable, it lends itelf ideally to field and 
laboratory use alike. Full data can be had 
by writing the makers.. 

Recent Catalogs 
• • • A pictorial description in Catialog 
No. 900 of the complete line of clips and 
electrical specialties offered by Mueller 
Electric Co., 1583 E. 31 St., Clew-Lind 14, 
Ohio. 

Cmitinued on gage 60A) 

MER 
SPECIFICATIONS? 

Would a slight change fro m the" stand-
ard" electrical specifications improve 

the  performance  of  your  finished 
product? If so, get in touch with Ac me 
Electric engineers for assistance in de-

signing a "special" transformer from 

standard parts. 

For television, 
radio, and other 
electronic appli-
cations, Ac me 
produces a wide 
variety of trans-
formers all with 

different rations specifi-
fro m 

standard  parts. 
This moans bet-
ter performance, 
better quality 
and often at 
economy prices. 

ENCLOSED 
TYPES 

The dies for making transformers that 
fit into this enclosed case, alone would 

cost you thousands of dollars. Ac me 
produces to save you this expense. 

Hare is a typical 

air-cooled de-

sign which can 

be produced to 

meet a variety 

of applications. 

Write for Bulletin 

168A for further 

details. 

ACME ELECTRIC CORP. 
441  W ATER ST  CUBA, N.Y. 

Aorria_<WE 
T R A N S F O R M E R S 
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PHYSICISTS 

SR. ELECTRONIC 

ENGINEERS 

Familiar with ultra high fre-

quency and micro wave tech-

nique. 

Experience with electronic 

digital and/or analog com-

puter research and develop-

ment program. 

Salaries commensurate with 

experience and ability. Ex-

cellent  opportunities  for 

qualified personnel. 

CONTACT: 

C. G. Jones, Personnel Department 

Goodyear Aircraft Corporation 
Akron 15, Ohio 

The  rug 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. 
1 East 79th St., New York 21, N.Y. 

MATHEMATICIANS, ENGINEERS, 
PHYSICISTS 

Men to train in oil exploration for 
operation of seismograph instruments, 
computing seismic data, and seismic sur-
veying. Begining salary $250.00 to $300.00 
per month depending upon background. 
Excellent opportunity for advancement 
determined by ingenuity and ability. The 
work requires changes of acklress each 
year; work indoors and out; general loca-
tion in oil producing locations. Send 
resume and include snapshot to National 
Geophysical Co., Inc., 8800 Lemmon Ave., 
Dallas 9, Texas. 

ELECTRONICS ENGINEER 

Well known, 40 year old manufacturer 
of electrical and electronic instruments 
wants research engineer experienced in 
design of radio electronic apparatus at 
high frequencies, for the development of 
military and civilian test equipment. Box 
542. 

(Continued on page 52A) 
• 

ENGINEERS — ELECTRONIC 

Senior and Junior, outstanding opportunity, progressive company. 

Forward complete resumes giving education, experience and salary 

requirements to 
Personnel Depart ment 

M ELPA R, INC. 

452 Swann Avenue 

Alexandria, Virginia 

Wanted . . 

ELECTRICAL ENGINEERS 
Our modern, progressive organization has a number of de-
sirable openings for qualified graduate engineers with spe-
cialized experience in the Communication and Aerial Naviga-
tion Fields. Program includes development of FM, AM, TV 
and Micro-Wave Transmitters and Receivers, Pulse Code 
Modulation Systems, Radar, Vacuum Tubes and Direction 
Finders. MS and PhD Comm. majors considered. 

Address inquiries to Personnel Manager — 

Federal Telecommunication 
Laboratories, Inc. 

500 Washington Ave.  Nutley, N.J. 

ELECTRONICS 
ENGINEER 

Senior engineer wanted for Engi-

neering Department of large estab-

lished. well-known firm, which de-

signs  and  uses electronic instru-

ments, counters and computing aids 

extensively for its own operations. 

Applicants must have degree in 

Electrical  Engineering  with  Com-

munications major. Graduate study 

highly desirable. Experience must 

include two or more years of re-

search or development work in pri-

vate industry. Location North side of 

Chicago.  Salary  open.  In  reply, 

please state age. give summary of 

education, experience and past em-

ployers. 

Box :=557 

The Institute of 

Radio Engineers 

1 East 79th St  New York 21, N.Y. 

WESTINGHOUSE 

RESEARCH 
Openings 

in Pittsburgh 

ENGINEER having three or more 

years experience in radar or tele-

vision for work on television systems 

and television receiver research. 

ENGINEER or PHYSICIST with ex-

perience in underwater acoustics. 

PH.D. PHYSICIST with background 

for working on solid state problems. 

ENGINEER or PHYSICIST for work 

on magnetic circuits and materials. 

ELECTRONIC ENGINEER to work on 

advanced circuit design problems. 

ENGINEER or PHYSICIST with three 

centimeter wave guide experience. 

For application address Manager, 

Technical  Employment,  Westing-

house Electric Corporation, 306-4th 

Avenue, Pittsburgh, Pennsylvania 
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-HIS MASTER S VOICE .' 

RCAVICTOR 
has excellent opportunities 

for Electronic Engineers and Physicists 

to do Design and Development work on: 

I Radar Transmitters; Receivers 
and Indicators; Pulse Circuits; 
Microwave Antennas. 

I Servo—Mechanisms and Controls. 

I Audio Communications and 
Supersonics. 

*Ade ia 

I Television Transmitters, Anten-
nas, Studio Equipment. 

I Mobile Communications Equip-
ment. 

I Aviation Communications and 
Electronic Equipment. 

Employment Manager 
Personnel Division 
RCA Victor Division 

Camden, New jersey 
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Stea de E P IC:gee 

BENDIX RADIO DIVISION 

Baltimore, Maryland 

manufacturer of 

RADIO AND RADAR EQUIPMENT 

requires. 

PR OJECT ENGINEERS 

Five or more years experience in 
the design and development, for 
production, of major components 
in radio and radar equipment. 

ASSISTANT PR OJECT ENGINEERS 

Two or more years experience in 
the development, for production, 
of components in radio and radar 
equipment. Capable of designing 
components under supervision of 
project engineer. 

Well equipped laboratories in 
modern radio plant ... Excellent 
opportunity.. . advancement on 
individual merit. 

Baltimore Has Adequate Housing 

Arrangements will be made to 
contact personally all applicants 
who submit satisfactory resumes. 
Send resume to Mr. John Siena: 

BEND1X RADIO DIVISION 
BENDIX AVIATION CORPORATION 

Baltimore 4, Maryland 

WANTED 
PHYSICISTS 
ENGINEERS 
Engineering  laboratory  of  precision 

Instrument manufacturer has interest-

ing opportunities for graduate engi-

neers  with  research,  design  and or 

development experience on radio com-

munication systems, Servomechanisms 

(closed loop), electronic & mechanical 

aeronautical  navigation  instruments 

and ultra-high frequency & microwave 

technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 

GYROSCOPE 
COMPANY 

DIVISION OF SPERRY CORP. 

Marcus Ave. & Lakeville Rd. 

Lake Success, L.I. 

from paw. 52A) 

ENGINEERS 
A young rapidly grossing mid-western 

research laboratory has openings for the 
following types of personnel: 
(1)  ELECTRONIC  DESIGN  EN-
GINEERS—Experienced circuit design 
engineers wanted for indicator timing 
circuit development. 
(2) SERVO DESIGN ENGINEERS 
OR  PHYSICISTS—Experience  re-
quired for the development of airborne 
computor equipment. 
Top pay offered to those capable of proj-
ect responsibility. Local university offers 
graduate courses in servo and computer 
designed and applied mathematics. Send 
complete resume. Our Engineering Dept. 
knows of this announcement. Box 544. 

ELECTRONIC ENGINEERS—PHYSICISTS 
A leading electronics company in Los 

Angeles, California offers permanent em-
ployment to persons experienced in ad-
vanced research and development. State 
qualifications fully. Box 545. 

ELECTRONIC ENGINEER 
An opportunity for a man with con-

siderable experience to head a small de-
velopment and engineering group in a 
growing company located in Chicago. 
Pulse experience a necessity and a back-
ground of work with nuclear radiation 
instruments and nuclear detectors very de-
•irable. Please give full details. P,‘ ix ;46 

(Contin vd on Page 53A) 

ZENITH RADIO CORPORATION 

needs 

Research and Development 

Engineers and Physicists 

Project, senior and junior engi-

neers and physicists are required 

for prosecution of several very in-

teresting developments. Openings 

exist for men experienced in vari-

ous aspects of radio and television 

receiver and transmitter develop-

ment, in radar, and in applications 

of electronics to ordnance problems. 

Salaries commensurate with expe-

rience and ability. 

WRITE: Director of Research 

Zenith Radio Corp. 

6001 W. Dickens Ave. 

Chicago 39, Illinois 

PHILCO 
To maintain the Philco tradition of progressive research 

and development in the electronic field an ever increasing 

staff of engineers and physicists has been employed over 

the last two decades. Continuing expansion of Philco's 

engineering and research activities is producing excellent 

opportunities for engineers and physicists. 

The scope of the work in the Philco laboratories includes 

basic research on the theory of semiconductors; vacuum 

tube research and design, including cathode ray tubes; 

and the design of special circuits, radio, television, television 

relay and radar systems. 

IF YOU ARE INTERESTED IN YOUR OPPORTUNITY AT PHILCO, 

WRITE... 
Engineering Personnel Director 

Philco Corporation 

Philadelphia 34, Pa. 
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(Continued from page 524) 

RADIO AND TELEVISION ENGINEERS 

The Industry Service Laboratory (For-
merly License Laboratory), New York, 
has several positions open for Senior and 
Junior engineers having qualifications for 
development and consultation work in 
television and radio. Good technical edu-
cation and some experience required. In-
teresting work, broadening experience, 
and wide contacts. Write fully to Di-
rector, Industry Service Lab., RCA Lab-
oratory Division, 711 Fifth Ave., New 
York 22, N.Y. 

CRYSTAL ENGINEER 
Manufacturer of Piezo electric crystals 

desires experienced engineer familiar with 
quartz oscillating crystals and their ap-
plications to radio frequency control. 
Write full details. Box 548. 

RESEARCH AND DEVELOPMENT 
ENGINEERS 

Wanted for advanced research and de-
velopment. Should have extensive experi-
ence on analysis of electronic systems in 
the fields of microwaves, missiles, radar. 
servomechanisms communications, navi-
gational devices. Outstanding ability in 
E.E. or physics required. Please fur-
nish complete resume, salary requirement, 
and availability to: Personnel Manager, 
W. L. Maxson Corporatiou. 460 West 
34th Street, New York, N.Y. 

ELECTRICAL ENGINEER 
Nationally known Chicago company is 

in need of high grade, experienced elec-
trical engineer. Must be a college gradu-
ate with either a B.S. or E.E. degree, 
with high scholastic record. Should have 
from 2 to 5 years experience in electron-
ics, preferably with a minimum of two 
years in the design of audio amplifiers. 
In reply give all particulars and state 
expected salary. Address Box 549. 

DESIGN AND DEVELOPMENT 
ENGINEER 

Design and development engineer to 
take care of engineering and development 
of receiving antennae and associated 
equipment. U.H.F. experience desirable. 
Upstate New York manufacturer. Reply 
giving age and qualifications to Box 450. 

SALES ENGINEER 

Several territories open east of Rocky 
Mountains, experienced sales engineer 
representative capable of selling and in-
stalling FM two-way radiotelephone sys-
tems for mobile operations. Nationally ad-
vertised product. Exceptional opportunity 
for right man. Send detailed qualifications, 
education, past experience and territory 
desired. Radiotelephone operators license, 
1st or 2nd class preferred. Must have had 
previous experience in FM radiotelephone. 
Reply Box 451. 

SCIENTISTS AND ENGINEERS 

Wanted for interesting and profes-
sionally challenging research and ad-
vanced development in the fields of micro-
waves, radar, gyroscopes, servomecha-
nisms, instrumentation, computers, and 

ib general electronics. Scientific or engineer-
ing degrees required. Salary commensu-

(Continued on page 544) 

z NEW 
IIANDBOO 

... 192 PAGES 
USEFUL INFORMATIO 

Engineers, designers, purchasing agents 

E T YOU R COPY 

You will find complete data on the lamps used in pilot lights. 
.k.nd illustrations - all full size • of hundreds of items you will use. 

11 here is a table of resistors for operation of lamps on all voltages 
Complete dimensional data on each unit. 
More than 2,000 Underwriters Listed Assemblies. 

The DIAL LIGHT COMPANY of AMERICA 
foremost ilimulacturer of Pilot Lights. 

900 BE M 11) WAY, NEV.  1(olik 3. N. Y.  TELEPHONE SPRING 7-1300 

b  #ag at 4 h - I I') 

• Indications are spectrographic-fre-
quency versus voltage 

• Quick overall views of the 40-20,000 
cps spectrum are provided once per 
second 

• Tedious, point by point frequency 
checks are eliminated 

• Observations of random changes in 
energy distribution are possible 

• Chances of missing components are 
removed 

• Operation is simple 

• Voltage amplitude ratios as high as 
1000 :1 are measureable 

Write NO W for complete technical 

data, price and delivery. 

New Possibilities In 
AF ANALYSIS 
with Model AP-1 
PANORAMIC 

SONIC ANALYZER 
Model AP-1 assures faster, simpler audio 

analysis by automatically separating the com-
ponents of complex audio waves and simul-
taneously  measuring  their  frequency  and 

amplitude. 
Whether your problem is investigation of 

harmonics, intermodulation, transmission char-
acteristics, high frequency vibration, noise or 
acoustics, it will pay to look into the unusual 
advantages offered by the Panoramic Sonic 
Analyzer. 

RADIO  CORP 
ANODAMI[ 
10 S Second Aye. 
Mount Vernon, N A. 

Cable Address 
PANORAMIC, NEW YORK 

Exclusive Conudian Representative, Canadian Marconi, Ltd. 
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Chicago, III.—STate 2-7444 
Canaan, Conn.—Canaan 649 

NOW AVAILABLE! 
A Z-ANGLE METER FOR 

RADIO FREQUENCY MEASUREMENTS 
Featuring the same ease and efficiency of op-
eration as the widely used audio Z-Angle 
Meter, the new R-F Z-Angle Meter simplifies 
the problem of measurements at radio frequen-
cies of broadcast antennas, 
transmission lines, complex net-
works and impedance elements 

Write today for bulletins on 
other  T. I. C.  products: 
Z-Angle Meter . . . R-F 
Oscillator ... Precision Lin-
ear and Non-Linear Variable 
Resistors ... Translatory Va-
riable Resistors . . . Slide 
Wire Resistance Boxes. 

Frequency Range: 100 kc to 2 mc 
Direct Reading: 
Impedance Range: 10 to 5,000 ohms up 
to 200 kc 
10 to 1,000 ohms up to 1 mc 

Phase Angle:  900 (X1) thru 00  (R) to 
--90° (X,) 

Q Range: 0.2 to 10 
Portable—for field or laboratory use 
Self-contained balance indicator 
Operates at high level—overrides extraneous 
antenna pickup 

  TECHNOLOGY INSTRUMENT CORP. 
11-14 1058 MAIN STREET, WALTHAM 54, MASS. 

Engineering Representatives 

Cambridge, Mass. —ELiot 4-1751 
Rochester, N.Y. —Charlotte I475- W 

Dallas, Tex. —Logan 6-5097  • 

014 
air'- spaced alliculated 
R.F. CABLES 

THE LOWEST EVER 
CAPACITANCE OR 
ATTENU ATI ON 

• 
weave specially organised 
to handle direct enquiries 
from overseas and can give 

IMMEDIATE DELIVERIES FOR U.S.A. 

Billed  in Dollars. Settlement by your 
check. Transaction as simple as any local 

TRANSRADIO LTD 
CONTRACT OR S  TO  11. N1.  COVE RN ME N T 

I38A CROM WELL ROAD•LONOON SW7 ENGLAND 

TRA/VIRAD LONDON. 

LOW ATTEN 
TYPES 

A l 

A 2 

A 34 

LOW (ADAC 
TYPES 

C 

PC 1 

C 2C o  

C 22 

c 3 

C 33 

IMPEL/ 
OHMS 

7 4 

7 4 

7 3 

C APAC 

'̂̂ ,n9 

7.3 

5.5 
5.4 

4 8 

Patent ifayel Emote Mani 

ATTErl LOADING 
clb1001.  AA, 

io 

1.7 

1.3 

06 

mkA  
0.11 

0.24 

1 . 5 

0.36 

0.44 

0.88 

0.36  

0.36  

0.36 , 

0.44 

0.44  

0.64 

0.64 

1.03 

MICH POWER 
FLE XI B LE 

PHOTOCELL 
CABLE 

Positions Open 
(Continued from page 53A) 

,rate with experience and ability. Direct in-
quiry to Manager, Engineering Personnel, 
Bell Aircraft Corporation, P.O. Box 1, 
Buffalo 5, N.Y. 

AERO DYNAMICIST ENGINEERS 
Aero dynamicist engineers wanted to 

work on the design of Analog computers, 
to simulate the flight characteristics of 
specific aeroplanes. 3 years experience in 
stability and control essential. Knowledge 
of servomechanisms dynamics of free 
flight and applied mathematics desirable. 
Apply in person, or submit resume to Per-
sonnel Dept. Curtis Wright Corp., Pro-
pellor Division, Route 6, Caldwell Town-
ship, New Jersey. 

ELECTRICAL ENGINEER 
Opening for a man who has the ability 

to teach advanced electronic circuits and 
theory, frequency modulation and tele-
vision. Should eventually teach course in 
ultra-high frequency techniques and elec-
tric wave phenomena and pulse systems. 
Reply to Director of Academic Adminis-
tration, 1020 North Broadway, Milwaukee 
2, Wisconsin. 

SOUND ENGINEER 
For large radio and television manufac-

turer in Chicago. Experience in loud 
speaker design, audio circuits, and acous-
tics necessary. Fine opportunity for ad-
vancement. Please write giving full par-
ticulars. Box 552. 

PROFESSOR 
Professor of communications engineer-

ing needed for fall 1949 by southeastern 
university. Will be in charge of graduate 
work and research activities. $6,000.00 
for nine months with extra income for 
•timmer teaching. Must have Ph.D. or 
I ).Sc. degree. Write Box 553. 

ENGINEERS—PHYSICISTS 
Soutliwc,tern state college engaged in 

research, development and operation in 
.4uided missile field has openings for grad-
uate electrical engineers or physicists with 
rxperience in electro-mechanical devices, 
lelemetering, audio, RF, VHF and an-
enna design. Salary depends on educa-
; ion and experience which should be fully • 
described in first letter. Box 554. 

COMMUNICATIONS—ELECTRONICS 
ENGINEER 

Work will involve aeronautical com-
munications and aircraft electronic proj-
ects. Some development work but pri-
marily application engineering. Box 555. 

ENGINEERS AND PHYSICISTS 
An expanded program of research has 

created opportunities in the fields of 
acoustics, hydrodynamics, electronics, me-
chanics and mathematics. Positions flexi-
ble enough to permit part-time college 
teaching if desired. Opportunity for grad-
uate study. Salary commensurate with ex-
perience. Appointments carry academic 
rank ranging from Research Assistant to 
Professor. Inquiry invited. P.O. Box 30, 
State College, Pa. 

ELECTRICAL AND ELECTRONICS 
ENGINEERS 

The Engineer Research and Develop-
ment Laboratories of the Corps of Engi-
neers, located at Fort Belvoir, Virginia, 
has a continuing need for electrical and 
electronics engineers to fill positions in-
volving design and development and pay-0 
mg entrance salaries, depending on grade, 
of from $3727.20 to $6235.60 per annum. 
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Positions Open 
(Continued from page 544) 

Applications should be mailed to the Ci-
vilian Personnel Office, Bldg 211, Fort 
Belvoir, Virginia. 

ELECTRICAL ENGINEERS 

1 experienced engineer wanted for each 
of the following: radar pulse circuit: 
circuit development; radar modulators; 
radar devices; radar receivers; radar in-
dicator circuit design and development. 
Send resume in confidence to Box 556. 

ELECTRONICS ENGINEER MANAGER 
Openings in equipment Development 

Department of Electronics Division, Bos-
ton, Mass, for graduate engineer with 
ability to administer and direct an engi-
neering activity. An electrical engineer 
specialized in communications or elec-
tronics preferred, with industrial or 
equivalent in radar or communications 
systems design. Responsible for develop-
ment and manufacture of microwave X 
& K band radar systems, FM test equip- . 
ment, industrial and laboratory test equip-
ment, and electronic computers. Boston 
or New York interviews will be arranged 
for qualified applicants submitting com-
plete resume including salary require-
ments to Supervisor of Employment, 
Sylvania  Electric Products,  Inc. In-
dustrial Relations Dept. 500 Fifth Ave , 
New York 18, N.Y. 

MAGNETRONS DEVELOPMENT 
ENGINEER 

An opening at our Electronics Division, 
Boston, Mass., for a Senior Engineer, 
to work in the tube development engi-
neering group as a design and process 
engineer on magnetrons. Will he in 
charge of a project and have one or more 
engineers and technicians reporting tr, 
him. Will be responsible for manufactur 
ing the tube after it has been designed 
in small quantities. B.S. in E.E. or physics 
required, and two to three years experi-
ence in the use of vacuum systems, and 
considerable experience on microwave 
type metal tube assembly. Furnish full 
particulars in writing regarding age, edu-
cation, experience, present salary and 
salary requirements to: Supervisor of 
Employment,  Sylvania Products,  Inc. 
Industrial Relations Dept. 500 Fifth Ave. 
New York 18, N.Y. 

ELECTRONICS ENGINEER SECTION HEAD 
Our Electronics Division, Boston, Mass,, 

is seeking a graduate electrical engineer 
(S.B. or S.M. electronics option pre-
ferred) to supervise a group of 17 engi-
neers and several technicians working on 
X & K band radar and other electronic 
equipment development, including com-
puters. Early interviews will be granted 
qualified applicants with actual experience 
in design of large scale electronics equip-
ment and administration of engineer. 
Mail complete resume to Supervisor 
Employment, Sylvania Electric Product ,, 
Inc. Industrial Relations Dept. 500 Fifth 
Ave., New York IX, N.Y. 

ELECTRONICS ENGINEERS 
'lop flight engineers. Must have 10 

years design and development experience 
on servomechanisms and amplifiers, cir-
cuits and equipment layout. Apply in 
person or submit complete resume to 
Personnel Dept., Curtis Wright Corp., 
Propeller Division, Route 6, Caldwell 
Township, New Jersey. 

Welwyn Electrical Laboratories of Blyth, 
England, take pleasure in announcing the 
availability in the American Market of 

1% HIGH STABILITY Carbon Resistors 
proven o% ,'r a decade in radar, communication and nucleonic 
apparatus. These cracked carbon resistors are available from 100 
ohms to 50 megohms, with negligible voltage coefficient and tem-
perature coefficient so low that all factors will not exceed the 1% 
tolerance—an accuracy they will hold for their life. Individually 
noise tested before shipment, they approach wirewound units in 
performance, and the minimum circuit noise determined by John-
son Formula. 
Other Welwyn Resistor Products: Wirewound Resistors—in Vit-

reous Enamel and Cement Coatings—sized for 3 to 300 watts and 
capable of full dissipation. 
Trimmer capacitors—air spaced with high ratio of maximum to 

minimum capacity -500 working volts— RMS. 

Write for Descriptive Literature 

WELWYN ELECTRONIC COMPONENTS, INC. 
231 East 46th Street, New York 17, N.1. 

MUrray Hill 2-2535 

S Mika 
M OLDED 

RE SI S T O RS 

Are Used In This High-Speed 
Geiger-Muller Counter 
They're used in the quenching circuit. 
Herbach & Rademan. Inc.. Philadelphia. 
Pa. the manufacturer says --We have 
been using and will continue to use 
S. S. White Resistors since we find them 
extremely satisfactory and most com-
pact of all types available." 

• 

S. S. WHITE RESISTORS 

,ire of particular interest to all 
who need resistors with inheren' 
low noise level and good stabil-
ity in all climates. 

HIGH VALUE RANGE 
10 to 10,000,000 MEGOHM; 

STANDARD RANGE 
1000 OHMS TO 
9 MEGOHMS 

Photo courtesy of 
Ilerbach & Rodent " Inc. 

Philadelphia, Pa. 

WRITE FOR BULLETIN 4505 

It will give you lull details 

about S. S. White Resistors 
Including construction, char-
acteristics, dimensions, etc. 

A copy, with Price List, will 
be mailed at your request. 

S.S.WHITEINDUSTRIAL DIVISION 
THE S S WHITI tANTAL MFG. CO. 

— DEPT.  GR, 10 FAST 40th ST., NEW YORK IS, N. y. — 

IL X i St E SHAFTS  AND ACCESSORIES 
MOLDED PLASTICS PRODUCTS-MOLDED RESISTORS 

elee A teli5le.40 A AAA 1,14‘44411 eateAfr114r.4 
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INFORMATION SERVICE 

I.R.E. Yearbook and I.R.E. Industry Research Division 

A two-fold service is available without cost to firms supplying products for or rendering technical services to the radio-
and-electronic industry. (1) The I.R.E. Yearbook, which is noted for its reference value, lists more than 2,000 firms and 
furnishes product or industry classification. (2) A classified index of products and services is maintained by the 1.11.1. 
Industry Research Division. Radio engineers continuously draw upon this bank of statistical data. 

These two sources of inform:  • are not only invaluable to I.R.E. members and other engineers, but the proper listing 
of your company may bring you new business. 

To help keep up to date, please check-off your products and services. These may be rewritten on the coupon on next 
page and sent to: Industry Research Div., Proceedings of the I.R.E. Room 707, 303 West 42nd St., New York 18, N.Y. 

Products to Be Checked By Radio-Electronic Manufacturers 
1. AMPLIFIERS, Audio Fre-

quency. 
( ) a. Broadcast Speech In-

put Equipment. 
b. Dynamic Noise Sup-

pressors. 
c. High Fidelity. 
d. Inter-communication 

Systems. 
e. Medical Equipment. 
f. Peak Limiting. 
g. Phonograph Pream-

plifiers-equalized. 
h. Power Amplifiers. 
i. Pre-amplifiers. 
j. Public Address Sys-

tems. 
k. Recording Amplifi-

ers. 

2. ANTENNAS. 
( ) a. AM Broadcast. 
( ) b. Dum.ny. 
( ) c. FM Broadcast. 
( ) d. Miscellaneous. 
( ) e. Receiving Types, all 

services. 
( ) f. Television Broadcast. 

3. ANTENNA ACCESSORIES. 
( ) a. Feeder Systems. 
( ) b. Insulators. 
( ) c. Phasing & Tuning 

Equipment. 
( ) d. Support Towers. 
( ) e. Tower Lighting 

Equipment. 

4. A TTENUATORS. 
( ) a. Audio Frequency. 
( ) b. Radio Frequency. 

5. BATTERIES. 
( ) a. Flashlight  & Mis-

cellaneous Dry. 
( ) b. Hearing Aid. 
( ) c. Portable Radio 

Types. 
( ) d. Storage. 

6. BLOWERS  &  COOLING 
FANS. 

Bridges, see 60a. 

7. CABLE & WIRE. 
( ) a. Co-axial Cable. 
( ) b. Pre-formed 

Harnesses 
) c. Rubber Insulated 

Wires. 
) d. Shielded Types. 
) e. Synthetic Insulated 

Wires. 
) f. U.H.F. Types. 

8. CAPACITORS: Fixed. 
( ) a. Ceramic. 
( ) b. Electrolytic. 
( ) c. Mica. 
( ) d. Oil Filled. 
( ) e. Paper. 
( ) f. Pressurized Gas. 
( ) g. Vacuum. 

9. CAPACITORS: Variable. 
( ) a. Neutralizing. 
( ) b. Precision. 
( ) c. Temperature Fre-

quency Compen-
sating. 

) d. Trimmers. 
) e. Tuning. 
) f. Vacuum. 

10. CERAMICS. 
( ) a. Coil Forms. 
( ) b. Custom Fabrication. 
( ) c. Rods. 
( ) d. Sheets. 

11. CHASSIS & RELAY RACK 
CABINETS: Metal. 
( ) a. Open Stock. 
( ) b. Special Order & 

Custom Fabrica-
tion. 

Coil Forms, see 10a. 

12. COILS. 
( ) a. A. F. Chokes. 
( ) b. Miscellaneous. 
( ) c. R. F. Chokes. 
( ) d. Toroids. 
( ) e. Transformer Coils. 
( ) f. Tuning. 

Condensers, see 8 & 9. 

13. CONNECTORS. 
( ) a. AN Standard Types. 
( ) b. Microphon. 
( ) c. Power. 

Consoles, see la. 

14. CONVERTERS. 
( ) a. Frequency. 
( ) b. Vibrator. 

Rotary, see 38. 

15. CORES & CORE MATERI-
ALS. 
( ) a. Complete Cores. 
( ) b. Laminations. 
( ) c. Powdered Metal. 

16. CRYSTALS. 
( ) a. Germanium & Sili-

con, etc. 
( ) b. Oscillating Quartz. 
( ) c. Piezo-Electric. 

17. CRYSTAL HOLDERS. 
Discs, Recording, see 5/a. 

18. DRAFTING  EQUIPMENT 
& SUPPLIES. 

Dynamotors, see 38a. 

19. ELECTRONIC  CONTROL 
EQUIPMENT. 
( ) a. Air Conditioning 

Controls. 
b. Burglar Alarm & 

Protection Devices. 
c. Combustion & 

Smoke Elimina-
tion. 

d. Fire Prevention & 
Detection. 

e. Production Controls, 
Counting & Sort-
ing. 

f. Variable Speed 
Regulators. 

g. Voltage Control & 
Stabilization. 

20. EQUALIZERS. 
( ) a. Dialogue. 
( ) b. Line. 
( ) c. Magnetic Repro-

ducer Types. 
( ) d. Sound Effects. 

21. FACSIMILE EQUIPMENT. 

( ) 

( 

( ") 

( ) 

( ) 

( ) 

22. FILTERS. 
( ) a. Band Pass & Band 

Rejection. 
) b. Dividing Networks. 
) c. Noise Elimination. 

Sound effects, see 
20d. 

Frequency Measuring 
Equipment, see 37a, ' 59a, 
61b, c, d, and e 

23. FUSES & FUSE HOLDERS. 
Generators, see 38c. 

24. GRAPHIC RECORDERS. 

25. HARDWARE & MANUFAC-
TURING AIDS. 

26. INDUCTION HEATING 
EQUIPMENT. 
( ) a. Manufacturing 

Processes. 
( ) b. Medical Applica-

tions. 
Inductors, see 12. 

27. INSULATION. 
( ) a. Cloth. 
( ) b. Glass. 
( ) c. Mica. 
( ) d. Paper. 
( ) e. Varnished Cambric. 

See also 10 & 45. 

28. JACKS,  JACK  FIELDS, 
PLUGS, & PATCH 
CORDS. 

29. KEYS. 
( ) a. Switching. 
( ) b. Telegraph. 

Knobs, see 40c. 

30. LACQUERS. 
( ) a. Finishing. 
( ) b. Fungus Proofing. 
( ) c. Moisture Proofing. 

31. LOUDSPEAKERS 8t HEAD-
PHONES. 
( ) a. Commercial Grade 

Loudspeakers. 
b. Headphones. 
c. High Fidelity Loud. 

speaking Systems. 
d. High Frequency 

Types. 
) e. Low Frequency 

Types. 

32. MACHINERY,  FIXTURES, 
& TOOLS FOR RADIO. 
ELE CTRONIC MANU-
FACTURING. 

( ) 
( ) 

( ) 

33. MAGNETS. 
( ) a. Electro. 
( ) b. Permanent. 

Measuring Equipment, 
35, 59, 60, 61. 

see 

34. METALS: Base. 
( ) a. Copper. 
( ) b. Ferrous. 
( ) c. Non-ferrous, exclud-

ing Copper. 
( ) d. Powdered. 
( ) e. Precious & Rare. 

35. METERS. 
) a. Ammeters. 
) b. Elapsed Time. 
) c. Frequency Indicat-

ing. 
) d. Voltmeters. 
) e. Volume Level Meters 

(dB & VU). 
4 1. Wattmeters & Watt 

Hour Meters. 
Vacuum Tube 
Voltmeters, see 
60i. 

36. MICROPHONES. 
( ) a. Carbon. 
( ) b. Condense!. 
( ) c. Crystal. 
( ) d. Magnetic. 

37. MONITORING EQUIP-
MENT. 
( ) a. Frequency. 
( ) b. Modulation. 

38. MOTOR GENERATORS. 
( ) a. Dynamotors. 
( ) b. Frequency 

Changers. 
( ) c. Motor-Generators. 
( ) d. Rotary Converters • 
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39. MOTORS: Very Small. 
( ) e. Special Fabrication. 
( ) a. Blower Motors. 
( ) b. Selsyn Controls. 
( ) c. Timing Devices. 

40. MOULDED PRODUCTS & 
SERVICES. 
( ) a. Cabinets. 
( ) b. Insulators. 
( ) c. Knobs & Parts. 
( ) d. Proprietary Mould-

ings. 

41. OPTICAL SYSTEMS, MIR-
RORS, SCREENS, & AC-
CESSORIES. 

Oscillators, see 59a, d & 
616, c, d, e. 

42. OSCILLOGRAPHS & AC-
CESSORIES. 
( ) a. General Purpose, 

Cathode Ray. 
( ) b. Recording. 
( ) c. Synchroscopes, 

Cathode Ray. 
( ) d. U.H.F. Cathode Ray 

Equipment. 
Panels, see 11. 

43. PHONOGRAPH & TRAN-
SCRIPTION REPRO-
DUCING EQUIPMENT. 
( ) a. Crystal Pick-ups. 
( ) b. Magnetic Pick-ups. 
( ) c. Phonograph Motors. 
( ) d. Playback arms. 
( ) e. Record Changers. 
( ) L Turntables, complete. 

Pre-amplifiers, see li. 

44. PILOT LIGHTS & ASSEM-
BLIES. 
( ) a. Incandescent. 
( ) b. Neon. 

45. PLASTICS. 
( ) a. Raw Powders for 

Moulding. 
( ) b. Rods. 
( ) c. Sheets. 

Plugs, see 13 & 28. 

46. POINT TO POINT COM-
MUNICATION EQUIP-
MENT. 
( ) a. Aircraft & Airport 

Equipment. 
) b. Citizen Radio. 
) c. Emergency Com-

munications. 
) d. Fleet Dispatching. 
) e. Police & Fire Depart-

ment Equipment. 
) f. Ship to Shore Equip-

ment. 

47. POWER SUPPLIES. 
( ) a. Electrically 

Powered. 
( ) b. Gasoline Driven. 
( ) c. Voltage Regulated 

Output types. 
Printed circuits, see 25. 

48. PUMPS: Vacuum. 
Racks, see II. 
Radar Equipment, see 64b. 

50. RECORDING EQUIP-
MENT. 
( ) a. Disc Recording 

Machines. 
Magnetic Tape 
Recorders. 
Magnetic Wire 
Recorders. 

51. RECORDING ACCESSO-
RIES & SUPPLIES. 
( ) a. Blanks. 
( ) b. Cutting Needles. 
( ) c. Disc Recording 

Heads. 
( ) d. Magnetic Recording 

Playback, & Bias-
ing Heads. 

) e. Magnetic Recording, 
Tape. 

) f. Magnetic Recording 
Wire. 

52. RECTIFIERS. 
( ) a. Metallic. 
( ) b. Vacuum Tube. 

Regulators, Voltage, see 67. 

RELAYS. 
( ) a. Hermetically sealed. 
( ) b. Instrument. 
( ) c. Keying. 
( ) d. Mercury. 
( ) e. Power Control & 

Overload. 
( ) f. Stepping. 
( ) g. Telephone Types. 
( ) h. Time Delay. 

54. REMOTE CONTROLLING 
EQUIPMENT. 
( ) a. Automatic Tuning 

Mechanisms. 
( ) b. Remote Controls. 
( ) c. Switching Functions. 
( ) d. Servo-Mechanisms. 

55. RESISTORS. 
( ) a. Carbon fixed. 
( ) b. Carbon Variable., 
( ) c. Precision. 
( ) d. Vacuum Sealed. 
( ) e. Wire Wound, Fixed. 
( ) f. Wire Wound, 

Variable. 

53.. 

49. RADIO RECEIVERS 
) a. Broadcast. 
) b. Communications. 
) c. Fixed Frequency. 
) d. Frequency Modula-

tion. 
) e. Special Purpose. 
) f. Television. 

( 

56. SOCKETS, VACUUM TUBE. 
( ) a. Receiving Tube 

Types. 
( ) b. Transmitting Tube 

Types 
( ) c. Underwriters Labo-

ratories Approved 
Types. 

57. SOLDER. 
( ) a. Acid Cored. 
( ) b. Plain. 
( ) c. Precious Metal. 
( ) d. Pre-forms. 
( ) e. Rosin Cored. 

Speakers, see 31. 

58. SWITCHES. 
( ) a. Band Switches. 
( ) b. Circuit Breaking. 
( ) c. Key. 
( ) d. Mercury Switches. 
( ) e. Momentary Contact. 
( ) f. Power. 
( ) g. Precision Snap. 

Acting. 
( ) h. Rotary 
( ) i. Time Delay. 
( ) j. Toggle & Push 

Button. 

59. TESTING 8z MEASURING 
EQUIPMENT: Audio 
Frequency. 
( ) a. Beat Frequency 

Oscillators. 
b. Distortion & Noise 

Analyzers. 
c. Intermodulation Dis-

tortion Analyzers. 
d. Resistance Capacity 

Oscillators. 
e. Square Wave Gener-

ators. 
f. Wave Form Analysis 

Equipment. 

60. TESTING 81 MEASURING 
EQUIPMENT: General. 
( ) a. Bridges, all types. 
( ) b. Capacitance 

Decades 
( ) c. Capacitor Testers. 
( ) d. Multi-meters. 
( ) e. Resistance Decades. 
( ) f. Resistor Testers. 

Ohmmeters. 
( ) g. Stroboscopes. 
( ) h. Tube Testers. 
( ) i. Vacuum Tube 

Voltmeters. 

) j. Vibration Testing 
Equipment. 

61. TESTING & MEASURING 
EQUIPMENT: Radio Fre-
quency. 
( ) a. "Q" Meters. 
( ) b. Signal Generators, 

AM. 
c. Signal Generators, 

FM. 
d. Signal Generators, 

TV. 
e. Standard Frequency 

Generators & 
Multi-Vibrators. 

f. Sweep Generators & 
Calibrators. 

g. Wavemeters. 

( ) 

( ) 
62. TRANSFORMERS. 

( ) a. Audio Frequency. 
( ) b. Hermetically Sealed. 
( ) c. High Fidelity Audio 

Types. 
) d. Power Components. 
) e. Pulse Generating 

Types. 
) f. Radio Frequency. 
) g. Voltage Regulating. 

63. TRANSMI TTERS. 
( ) a. AM Broadcast. 
( ) b. Communications. 
( ) c. FM Broadcast. 
( ) d. Special Types. 
( ) e. TV Broadcast. 

64. ULTRA HIGH FREQUEN-
CY EQUIPMENT & AC-
CESSORIES. 
( ) a. Antennas & Re-

flectors. 
( ) b. Radar ApparatuF 
( ) c. Receivers. 
( ) d. Transmitters. 
( ) e. Waveguides. 

65. VACUUM TUBES. 
( ) a. Cathode Ray. 
( ) b. Geiger-Mueller. 
( ) c. Industrial types. 
( ) d. Klystrons & Magna 

trona. 
e. Phototubes. 
f. Pirani Tubes. 
g. Receiving Types. 
h. Rectifiers. 
i. Special Purpose. 
j. Thyratrons. 
k. Television Types. 
I. Transmitting Types. 
m. Voltage Regulators. 

66. VACUUM TUBE COMPO-
NENT PARTS. 

Varnishes, see 30. 

67. VOLTAGE REGULATORS. 
( ) a. Automatic. 
( ) b. Manually Controlled 

68. WAXES, POTTING & 
SEALING COMPOUNDS 

69. WOODEN CABINETS. 
( ) a. Radio Sets. 
( ) b. Record Storage. 

NON-MANUFACTURING 
CLASSIFICATIONS. 

91. BOOKS AND BOOK PUB-
LISHERS. 

92. BROADCASTING STA-
TIONS & COMMUNICA-
TION COMPANIES. 

93. CONSULTING ENGI-
NEERS. 
( ) a. Acoustical. 
( ) b. Electrical. 
( ) c. Mechanical. 
( ) d. Radio. 

94. DISTRIBUTORS & JOB-
BERS OF RADIO & 
ELECTRONIC EQUIP-
MENT & SUPPLIES. 

95. FREQUENCY MEASURING 
& MONITORING SERV-
ICES. 

96. LABORATORIES & CUS-
TOM BUILDERS OF 
EQUIPMENT. 

.97. RECORDING STUDIOS & 
SERVICES. 

98. TECHNICAL SCHOOLS & 
INSTITUTIONS. 

99. TRANSCRIPTION  LIBRA-
RIES. 

COUPON 
Send to: Industry Research Div., Proceedings of the I.R.E. 

Rm. 707, 303 West 42nd St., New York 18, N.Y. 

Firm Name:   

Address:   Place 

Date 

  Zone  State .. 
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TRAIL BLAZING 

It can be safely said 

when better, more revolu-
tionary products emerge from 
test tubes, crucibles, and 

beakers— you can expect to 
find Smith foremost among 
those blazing the trail. 

In its efforts to make its 
condenser paper with better 
quality, and better electrical 
characteristics — Smith is 
continually at work. By 
means of research and labora-
tory experimentation, Smith 
is constantly trying to devise 
ways of producing a paper 
that will provide more pro-
tection and meet the most 
rigid specifications. 

You will find Smith anx-
ious to help in other ways, 
too. If you have a problem 
that is tough to crack,-let 
the technicians and engineers 
of Smith Paper help you.They 
will gladly study your prob-
lem and help you arrive 
at a solution. 

No obligation, of course! 
It is merely another way 
in which Smith Is proud to 
identify itself with the pro-
gressive, forward-looking 
electrical and electronic field. 

SMITH PAPER, INC. 
LEE, MASSACHUSETTS 

am 

*  * 

Positions Wanted 
By Armed Forces 

Veterans 
In order to give a reasonably equal op-

portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any antiouncemen twithout assign-
ment of reason. 

ENGINEER 
S.B.E.E., M.I.T. June 1948, major in 

electronics, minor in servomechanisms. 
Mechanical engineering Ohio State Uni-
versity in Army S.T.P., major in internal 
combustion engines. Experience: 6 months 
machine shop, PA years inspector and 
designer in precision bearing manufac-
turing. 1T/2 years industrial engineering in 
Manhattan project. Agq 27. Single. Prefer 
development work but would like to hear 
from any firm for which I can be an 
asset. Box 189. W. 

ELECTRONIC ENGINEER 
10 years experience in research, design, 

development and supervision with auto-
motive and aircraft fields and guided mis-
sile projects. Seeking administrative posi-
tion. Aggressive; personable. Box 188 W. 

RADIO ENGINEER 
English radio engineer seeks position 

in communications. Fully qualified by 
examination. 12 years experience. Leslie 
F. Bennett, c/o Mercantile Trust Bank, 
Baltimore, M(1. 

JUNIOR ENGINEER 
Electrical engineer graduate. Age 24. 

Single. B.S.E.E. February 1948. Sonic 
experience in television field. Seeks inter-
esting position with good company in New 
York City area. Box 190 W. 

TELEVISION ENGINEER 
Graduated American Television Insti-

tute of Technology November 1948 with 
B.S.T.E. Age 26. Married. 1st class , 
F.C.C.  License. 4 years maintenance ' 
Navy radio equipment. Trained in opera-
tion and maintenance of R.C.A. Image 
Orthicon and DuMont equjpment. De-
sires position in television broadcasting 
field. Box 192 W. 

ENGINEER 
Graduated University of Michigan Au-

.gust 1948 with B.S.E.E. in communicT-
tions. Age 24. Married. Two years Artt 
radar (G.C.A.). Two years shop expen 
ence. Interested in sales or development 
engineering. Prefer midwest area. Box 
194 W. 

JUNIOR ENGINEER 
Graduate R.C.A. Institutes. Age 27. 

Married, 1 child. Desires work west coast 
(Continued on Page .59.4) 

How to Solder Around 

Corners... and Between 

BUILT-I N 
TRANSFOR M-

ER —compac 
complete. 

SOLDERLITE — 
spotlights the 
Orork. 

DUAL HEAT — 
sing le heat 100 
watts; dual heat 

100/ 35 watts, 
115 volts, 60 
cycles. 

FLEXITIP —loop 
rip easily formed. 

LO N G E R • 

RE ACH — El" 
from housing to 
tip: gives great-
er reach. 

S SE C O N D 
HEATING —no 
waiting, saves 
power. 

Form  n the FLEXITIP on your 8" Weller Gun 
into any shape you want and see how it slides 

around corners, between wiring, into the 

tightest spots even when the job's buried deep. 
Solderlite and 5-second heating mean 

hours and dollars saved —your Weller Gun 

will pay for itself in a few months. And be-

cause the transformer is built in—not separate 

—the Weller Gun is a complete, compact 
unit, easy to use. There's no need to unplug 

the gun when not in use; heat comes "on" only 
when the trigger is pulled. 

For laboratory and maintenance work, we 

recommend the efficient 8" model —DX-8 

with dual heat; or 4" types S-107 single heat 
and D-207 dual heat. Order from your dis-

tributor or write for bulletin direct. 

Be sure to get your copy — 

SOLDERING TIPS, the new 

Weller Handy Guide to 
easier, faster soldering -20 
pages fully illustrated. Price 

10c at your distributor's or 
write direct. 

' 'MANUFACTURING COMPANY 
821 PACKER STREET  EASTON  PA 

ELLER 
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Positions Wanted 
(Continued from page 594) 

in television, radio, electronics research or 
development. Limited Air Force Experi-
ence. Ambitious, persevering. Box 195 W. 

TECHNICAL EXECUTIVE 

Engineering  physicist,  M.A.,  Gold 
medallist, 30, experienced in radio, radar 
and X-ray, Division manager Montreal 
branch of European concern wants change 
to progressive North American concern 
that can use his talents not necessarily in 
these fields. Box 203 W. 

ELECTRONIC ENGINEER 

Currently engaged in production, design 
and development work for capacitor man-
ufacturer, desires position in electronic 
industry within Chicago area. B.S.E.E. 
January 1948 Illinois Institute of Tech-
nology. Communications major. Age 25. 
Married. Two years Navy electronics ex-
perience including supervision of Radio 
Teletype station. Box 204 W. 

ELECTRONIC ENGINEER 

B.S.E.E. January 1949. College of the 
City of New York. Age 23. Single. 2 years 
experience as Navy electronic technician. 
Location immaterial if near graduate 
school. Box 214 W. 

RADIO ENGINEER 

B.S.E.E. June 1949, University of Cin-
cinnati. Age 31. Married. Experience: 21/2 
Co-op in Quality control- and television 
production; 9 months advanced develop-
ment high frequency guided missile elec-
tronic equipment; 21/2 years Army as 
Communications Chief in Air Forces; 8 
years in managerial and executive field 
Desires position as research or develop-
ment engineer with a progressive firm in 
the eastern or central states. Member of 
Tau Beta Pi and Eta Kappa Nu. Box 215 
w. 

TELEVISION ENGINEER 

Graduating American Television Insti-
tute of Technology, January 1949 with 
B.S.T.E. Age 28. Married, 1 child. Past 
supervisory experience. Desires sales or 
development engineering. Box 216 VV. 

MICROWAVE ENGINEER 

Experienced in wave guide and an-
tenna work; seeks responsible position 
with a future. New York City or Long 
Island. Box 217 W. 

ELECTRONIC ENGINEER 

M.S.E. February 1949; B.S.E. Jut 
1948 University of Michigan. Interested 
in development, non-basic research in 
electronics and communications. Prete' 
New York or New Jersey area. Ex-Nav , 
technician, summer development job ex 
perience. Age 23. Single. Box 218 W. 

ELECTRICAL ENGINEER 

Advanced experience in development 
and production of magnetic amplifiers for 
all applications. Vast experience in elec-
tronic, control and magnetic devices fields. 
Will accept position with good opportu-
nity. Box 219 W. 
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COS MALITE* 
The advantages of these spirally 
laminated paper base phenolic coil 
forms are generally recognized. 

Do you appreciate the time and 
money-saving advantages of our 
facilities to meet your requirements 
on punching, threading, notching 
and grooving? 

Your inquiry will receive 
specialized attention. 

• Rc g. 

See our Exhibit #220 at 
the I.R.E. Radio Engi-
neering Show. 

U.S. Pat. Off. 

TZ, CLEVELAND CONTAINERa • 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

•  •  • 
PRODUCTION Pt ANTS also a, P.moulh IVIsc Ogdensburg NT ChIcago III  0C1011 Mich lamesburg N 
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SALES OFFICES Room :631 Grand Dental Term 8Idg New York I/ NI also E41Maln St Nartford,Conn 

CANADIAN PLANT The Cleve and Container Canada, Lid. Prescott, Ontario 
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ELECTRON TUBE 
MACHINERY OF 
ALL TYPES 

STANDARD 
AND SPECIAL 
DESIGN 

We specialize in Equipment and 
Methods for the Manufacture of 

RADIO TUBES 
CATHODE RAY TUBES 
FLUORESCENT LAMPS 
INCANDESCENT LAMPS 
NEON TUBES 
PHOTO CELLS 
X-RAY TUBES 
GLASS PRODUCTS 

Production or 
Laboratory Basis 

Manufacturers  contemplating 
New Plants or Plant Changes 
are invited to consult with us. 

KAHLE 
ENGINEERING COMPANY 

1315 SEVENTH STREET 
NORTH BERGEN, NEW JERSEY, U.S.A. 

For EVERYONE interested in 

TELEVISION • RADIO • ELECTRONICS 
SOUND SYSTEMS • INDUSTRIAL EQUIPMENT 

EVERYTHING in standard brand equipment! 

Professionals! Radio Hams' Television Enthusiasts' 
Beginners! Oldtimers' Amateurs! Hobbyists' Here's 
one book that's a MUST for yogi Our FREE 148 gage 
catalog jammed with over 20,000 different Items. 
The smallest part to the most complete industrial 
system from one dependable source! 

24-HR.MAIL ORDER SERVICE • ONE YEAR TO PAY 

3 GREAT STORES: Uptown ot 115 West 45th St. 
and Downtown at 212 Fulton St in NEW YORK 
323 W  Madison St. in the heart of CHICAGO 

MAIL ORDER DIVISIONS: 242 W 55th 51., N.Y. 19 
and 323 West Madison 51 , Chicago 6, Illinois 

EWARK 
g RADIO I, TELEVISION 

MAIL COUPON NOW 

Newark Electric Co. 
Dept.A.23,2425.551h5,. 
New Yell( 19 N.Y. 

;Please send me FREE the Newark 1949 Catalog 

I NAME   

!ADDRESS CITY  STATE 

60a 

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 40, 4 

New Tubes 

Raytheon Manufacturing Co., 60 E. 42 
St., New York, N. Y. widens the scope oi 
their line of sub-miniature tubes with the 
CK60613X/CK5704, a diode of such small 
dimensions that its natural resonance is 

well above 1,200 Mc. It is similar to one-
half of a 6AL5 dual diode of the more con-
ventional-appearing tubes. With a 6.3-
volt 150 nia heater, the tube lends itself , 
to rf probes for vtvm applications, or in 
ufh applications where small size as well as 
' ability to operate at microwave ranges is 
called for. 

Eclipse-Pioneer Division, Bendix Avia-
tion Corp., Teterboro, N. J., has announced 
a TT-1 ultra-high-frequency diode for tele-
vision receiver testing, where it is desired 
to observe sensitivity and to determine the 
operating range at which it will perform, 
satisfactorily. The new diode is also ap-
plicable to radar receiver sensitivity meas-

urements. 
This noise diode. 

was originally de-
veloped by RCA, 
and Bendix is cur-
rently  making  it 
under license front 
that organization. It 
is a noise-generating 
unit of very wide-
band  characteris-
tics, so that the 
sensitivity of the re-
ceiver can be ascer-

tained by determining what level above 
inherent receiving set noise will be needed 
for producing satisfactory aural and video 
signals. Laboratory models are now in 
process of production and the maker will 
answer all inquiries about their procure-
ment. 

(Continued on page 61.4) 

WRITE for list 

of stock alloys. 
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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. 

(Contiou.•,1 from page 60.4) 

Model TAA-16 Amplifier 
The TAA-16, an amplifier useful in the 

determination of standing-wave voltage 
ratios when used in connection with 
square-law detector probes and slotted 
wave-guides, is available from Browning 
Laboratories, Inc., Winchester, Mass. 

This amplifier has two inputs, select-
able by switch for rapid comparison. Op-
erating frequencies are from 500 to .5000 
cps, and operation can be wide band or 
highly selective as needed. The selective 
network is panel-tuned through the range 
noted above. The output meter is cali-
brated directly in standing-wave voltage 
ratio. Full-scale meter readings are ob-
tained with 15 microvolts at the input 
under wide band operation, while a 10-
microvolt signal will produce this result 
under selective operation. 
The shielding employed permits full 

gain to be used without disturbance or the 
60-cps harmonics generated in the unit. 
Description: the TAA-16 is supplied in 

a cabinet and is suitable for rack mount-
ing; height 9', width 20', depth 12', 
weight 30i lbs. 

Recent Catalogs 
Clarkstan Corp., 11927 V.k Pico Blvd., 

Los Angeles 34, Calif., has issued a new 
composite catalog describing recent addi-
tions to their line of audio-frequency prod-
ucts and associated items. Included are 
data sheets on their pickup, a sweep-fre-
quency generator, in addition to their 
sweep frequency record, a pickup scale, 
and similar items that the engineer par-
ticularly interested in audio items will 
want to have. A copy will be sent upon 
written request to the company, address-
ing them with your corporate connection 
Kay Electric Co., 14 Maple Ave., Pine 

Brook, N. J., has issued bulletins on their 
products for video testing, each describing 
in detail the uses to which the unit can be 
put. These items find application in video 
set testing and field servicing, and the 
catalogs and reprints are offered to all in 
the field who are working in this branch of 
the art. 
National Carbon Co., 60 E. 42 St., 

New York 17, N. Y., has a booklet listing 
the carbon brushes of its manufacture. 
This publication details the methods 
needed to standardize on types of brushes 
used in rotating machinery, and the need 
for such a step, to save large inventories, 
increase field servicing of units in opera-
tion, etc. Ask for Catalog Section B-2106 
when writing to the company. 

(Continued on page 64A) 

Is Your File of Standards Complete? 
Fdr your convenience a list of up to date IRE Standards and 
the ASA Standards sponsored by IRE is given below. The 
coupon at the bottom may be used for your convenience in 
ordering standards which you may not have. The standards are 
punched for 3 ring book and can be permanently filed conveniently. 

Current IRE Standards 
Price 

1) Standards on Electroacoustics, 1938 
Definitions of Terms, Letter and 
Graphical Symbols, Methods of 
Testing Loud Speakers. 

(vi + 37 pages, 6 x 9 inches)....  $0.50 

2a) Standards on Electronics; Defini-
tions of Terms, Symbols, 1938. 

A Reprint (1943) of the like-named 
section of "Standards on Elec-
tronics, 1938." (viii + 8 pages, 
8 2 x 11 inches)   $0.20 

2b) Standards on Electronics: Meth-
ods of Testing Vacuum Tubes, 
1938. 

A Reprint (1943) of the like-named 
section of "Standards on Elec-
trons, 1938." (viii + 8 pages, 8% 
x 11 inches)   $0.50 

3a) Standards on Transmitters and 
Antennas: Definitions of Terms, 
1938. 

A Reprint (1942) of the like-named 
section of "Standards on Trans-
mitters and Antennas, 1938. (vi 
-1- 10 pages, 8/2 x 11 inches)   $0.20 

3b) Standards on Transmitters and 
Antennas: Methods of Testing, 
1938. 

A Reprint (1942) of the like-named 
section of "Standards on Trans-
mitters and Antennas, 1938." (vi 
+ 10 pages, 81/2 x 11 inches)   $0.50 

4a) Standards on Radio Receivers: 
Definitions of Terms, 1938. 

A Reprint (1942) of the like-named 
section of "Standards on Radio 
Receivers, 1938." (vi + 6 pages, 

x 11 inches)   $0.20 

4b) Standards on Radio Receivers: 
' Methods of Testing Broadcast 
Radio Receivers, 1938. 

A Reprint (1942) of the like-named 
section of "Standards on Radio 
Receivers, 1938". (vi ± 20 pages, 

x 11 inches)   $0.50 

4c) Standards on  Radio Receivers: 
Methods of Testing Frequency-
Modulation  Broadcast  Re-
ceivers, 1947. 

(vi  pages, 8,/, x 11 inches)   $0.50 

5a) Standards on Radio Wave Propa-
gation:  Definitions  of  Terms, 
1942. 
(vi  pages, 8%, x 11 inches) .• $0•20 

Price 

5b) Standards on Radio Wave Propa-
gation:  Measuring  Methods, 
1942. 

Methods  of  Measuring  Radio 
Field Intensity, Methods of Meas-
uring Power Radiated from an 
Antenna, Methods of Measuring 
Noise Field Intensity. (vi + 16 
pages, 8,/, x 11 inches)   $0.50 

Sc) Standards on Radio Wave Propa-
gation: Definiitons of Terms Re-
lating to Guided Waves, 1945. 

(iv  4 pages, 81/4 x 11 inches)  0.20 

6a) Standards on Facsimile: Defini-
tions of Terms: 1942. 

(vi  6 pages, 8,/2 x 11 inches) ..• 

6b) Standards on  Facsimile:  Tem-
porary Test Standards, 1943. 
(iv + 8 pages, 8'A x 11 inches)   $0.20 

7) Standards on Piezoelectric Crys-
tals:  Recommended Terminol-
ogy, 1945. 

(iv + 4 pages, 8,/2 x 11 inches)   
8a) Standards on Television: Meth-

ods of Testing Television Trans-
mitters, 1947. 

(vi -I- 18 pages, 8%, x 11 inches)   $0.75 
8b) Standards on Television: Methods 

of Testing Television Receivers, 
1949. 

(vi + 32 pages, 81/4 x 11 inches)   $1.00 

8c) Standards on Television: Defini-
tions of Terms, 1948. 

(fv 4- 4 pages, 81,4 x 11 inches)   
9) Standards on Antennas, Modula-

tion Systems, and Transmitters: 
Definitions of Terms, 1948. 

(vi + 25 pages, 8;4 x 11 inches)   $0.75 

10) Standards  on  Abbreviations, 
Graphical Symbols, Letter Sym-
bols, and Mathematical Signs, 
1948. 
s.1 4- 21 pages. 81/2 x 11 inches)   $0.75 

11) Standards on Antennas: Methods 
of Testing, 1948. 

(vi + 18 pages, 8%2 x 11 inches)   $0.75 

Normas Sobre Receptors de Radio, 
1938." 
A Spanish.language translation of 
"Standards on Radio Receivers, 
1938." by the Buenos Aires Section 
of The Institute of Radio En-
gineers. (vii + 64 pages, 6 x 9 
inches) Two Argentine Pesos (Postpaid) 
• Not carried in stock at IRE Head-
quarters in New York. Obtainable 
only from Senor Domingo Arbo, 
Editor of Revista Telegrafica, Peru, 
165, Buenos Aires, Argentina. 

ASA STANDARDS 
(Sponsored by the IRE) 

ASAI) American  Standard:  Stand-
ard Vacuum-Tube Base and 
Socket Dimensions. 

(ASA  C16.2-1939.)  (8  page , 
744 x 10% inches)   $0.20 

ASA2) American  Standard:  Manu-
facturing Standards Apply-
ing to Broadcast Receivers. 

(ASA C16.3-1939.)  (16 pages, 
74 x 1044 inches)   $0.20 

$0.20 

90.50 

ASA3) American  Standard:  Loud-
speaker Testing. 

(ASA  (16.4-1942.)  (12 pages  
x 10511 inches)   $0.25 

ASA4) American Standard: Volume 
Measurements of Electrical 
Speech and Program Waves. 

(ASA  C16.5-1942.)  (8  pages, 
7V4 x 10)f inches)   $0.20 

THE INSTITUTE OF RADIO ENGINEERS, INC 
1 East 79th St., New York 21, N.Y. 

Please send me standards No.   

Name   

Firm   

Address   Place   

Remittance enclosed for $.   
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Follow the Lenders to 

ES 
Tim Pow., F02 R.F 

11111YAll 
ESSENTIAL IN MODERN CIRCUITRY 

Consider the advantages . . . and Eimac 

Variable Vacuum  Capacitors  become  the 

essential component in modern circuitry. 

• Extremely compact size reduces equip-

ment bulk. Type VVC 60-20 is less than 

one-sixth the size of air-dielectric capaci-

tors with similar ratings. 

• Structural  rigidity  eliminates  electro-

mechanical vibration. 

• Low-torque tuning mechanism. 

• Unaffected by dusty or humid atmos-

pheres.  Ideal for industrial application. 

EIMAC VVC 60-20 in an ultra-compact 4-250A I KW Amplifi•r. 

• Capacitance variation is linear with shaft 
rotation. 
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• Low temperature coefficient.  Negligible 
change in capacitance due to temperature 
variance. (.004 mmfd. per degree cent.) 

Eimac variable vacuum capacitors are immedi-
ately available.  In addition to the type VVC 
60-20 illustrated here, there are types VVC2 

60-20 and VVC4 60-20. 
GENERAL CHARACTERISTICS 

Capacity R•F Peek Voltage  " "'"EuRrrMen S, 

VVC 60-20 10-60 mrnf. 20-KV 40 amp. 

VVC2-60-20 
Parallel 

Split-stator 

20-120 mmf. 

5-30 mmf. 

20-KV 

40-KV 

80 amp. 

40 amp. 

VVC4-60-20 
Parallel 

Split-staler 
40-240 rnmf. 

10-60 mmf, 

20-KV 
40.KV 

160 amp. 
80 amp. 

EITEL- McCULLOUGH,  INC. 
2 0 6 San  Mateo  Ave.,  San  Bruno,  California 

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California 
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* The trade name VARIAC is !-egistered 
at the U. S. Patent Office. VARIACS are 
manufactured and sold under Patent 
No. 2,009,013. 

The Type V-20 VARIAC*. .. one of the newer 
additions to our VARIAC line ... is proving 

exceedingly popular. With its load rating of 
almost 31/2  kw it is filling a definite need which 
could not be met with a single Type 100 which 
it replaces. The V-20 is rated at 20 amperes, 
with a 30 ampere maximum; the 230-volt V-20H 
at 8 and 10 amperes respectively. 
These latest VARIACS are provided with 

heavier barrier terminals in a box equipped 
with knockouts for standard 3/4 -inch BX or con-
duit. The new combination knob and hand wheel 
makes it much easier to vary voltage. The V-20 
dials have extra large calibration figures, easy 
to read at a distance. 
As with all VARIACS, output voltages are 

continuously adjustable from ZERO to 17°c; 
above line voltage. 

SPECIFICATIONS 

LOAD RATING (KVA) 
Input Voltage 
Output Voltage Zero to 
Rated Current (Amperes) 
Maximum Current (Amperes) 
PRICE 

TYPE V-20 

3.45 
115 

115 or 135 
20 
30 

$55.00 

TYPE V-20H 

2.3 
230 or 115 
270 or 230 

8 
10 

$55.00 

WRITE FOR THE "VARIAC BULLETIN" 

GENERAL RADIO COMPANY Ca mbridge 39, 
Massachusetts 

90 West St., New York 6 920 S. Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 


