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NOA, HOC, HOD CASE 

1 13/16"Dia. x 1 3/16"High 

HOB CASE 

1 5/ rx 2 518-x 2 1/2. High 

.41111111111Mu memp• 

HOE CASE 

1/ ix 1 5/16"x 1 3/1 eHigh 

FILTER CASE M 

1 3/16nx 1 11/167 

1 5/8"- 2 1/2"High 

PERMALLOY DUST TOROIDS 

FOR MAXIMUM STABILITY.. 

The UTC type HQ permalloy dust toroids are ideal for all audio, carrier and supersonic 

applications. HQA coils have Q over 100 at 5,000 cycles... HQB coils, Q over 200 at 4,000 
cycles... HQC coils, Q over 200 at 30 KC... HQD coils, Q over 200 at 60 KC... HQE (mini-

ature) coils, Q over 120 at 10 KC. The toroid dust core provides very low hum pickup... 

excellent stability with voltage change... negligible inductance change with temperature, 
etc. Precision adjusted to 1% tolerance. Hermetically sealed. 

Inductance  Net  Inductance  Net  Inductance  Net 

Type No.  Value  Price  Type NO.  Value  Price  Type No.  Value  Price 

HIM-1  5  mhy.  $7.00  FICIA-16  7.5  hy.  $15.00  1111C-1  1  mhy.  $13.00 

IIQA-2  12.5  mhy.  7.00  HOA-17  10.  by.  16.00  HEIC-2  2.5  mhy.  13.00 
HQA-3  20  mhy.  7.50  110/1-18  15.  by.  17.00  HOC-3  5  mhy.  13.00 

11616-4  30  mhy.  7.50  110E1-1  10  mhy.  16.00  HQC-4  10  mhy.  13.00 

111/A-5  50  mhy.  8.00  HOB-2  30  mhy.  16.00  111/C.5  20  mhy.  13.00 

HQA-6  80  mhy.  8.00  HOB-3  70  mhy.  16.00  HQD.1  .4  nihy.  15.00 
110A.7  125  mhy.  9.00  NQB-4  120  mhy.  17.00  HQD.2  1  mhy.  15.00 

HCIA-11  200  mhy.  9.00  1108-5  .5 by.  17.00  HOD-3  2.5  mhy.  15.00 
11116-9  300  mhy.  10.00  HOB-6  I.  by.  18.00  HOD-4  5  mhy.  15.00 

110A-10  .5 by.  10.00  14C113-7  2.  by.  19.00  11011-5  15  mhy.  15.00 

110A-11  .75 by.  10.00  1111B-11  3.5  by.  20.00  HOE-1  5  mhy.  6.00 

HQA.12  1.25 by.  11.00  HOB-9  7.5  by.  21.00  H0E4  10  mhy.  6.00 
HQA-13  2.  by.  11.00  HOB-10  12.  by.  22.00  HOE-3  50  mhy.  7.00 
HQA-14  3.  by.  13.00  HOB-11  18.  by.  23.01  HOE-4  100  mhy.  7.50 
HOA-15  5.  by.  14.00  HOE1.12  25.  by.  24.00  HQE-5  200  mhy.  8.00 

4 M111I M 
lb 

These U.T.C. stock units take care of most 
common filter applications. The interstage 
filters, BMI (band pass), HMI (high 
pass), and LAII (low pass), have a 
nominal impedance at 10,000 ohms. 
The line filters, BML (band pass), HML 
(high pass), and 1.ML (low pass), 
are intended for use in 500/600 ohm circuits. 
All units are shielded for low pickup 
(150 mv/gauss) and are hermetically sealed. 

STOCK FREQUENCIES 
(Number after letters is frequency) 

Net Price $25.00 
BMI-60 
BMI-100 
B1111-120 
BPA1-400 
81,11-500 
Bk11.750 
BM1-1000 

BMI-1500 
BA11-3000 
BA11-10000 
HM1.200 
KM -500 
HM1-1000 
NM 1.3000 

150 VARICK STREET  NE W YORK  13.  N. Y. 

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

LM1.200 
IN -500 
LM1.1000 
LA11-2000 
LM1.3000 
LP41-5000 
LMI.10000 

BPAL-400 
BML.1000 
HML-200 
HML.500 
LML-1000 
LML-2500 
LML-4000 
LML-12000 



"IRE meetings are great!" 
The amazing speed of development in television, 
radio communications and electronics can, in a 
large measure, be traced to the free interchange 
of ideas between engineers. In the long run, this 
becomes an "exchange," and those who idealistically 
"give" also "receive" and all that participate 
thereby profit. This has been the objective of IRE 
Conferences and Meetings since 1912! 

IRE NATIONAL 

  CONVENTION & 

RADIO ENGINEERING 

SHO W 

Dates: 
March 19-22, 1951 

Place: 
Waldorf Astoria Hotel and Grand 
Central Palace 

Program: 

24 Technical Sessions on every 
field of "Waves and Electrons" 
from Audio to Nucleonic. Prac-
tical engineering sessions on tele-
vision, quality control, and com-
ponents,  papers on  advances 
in Instrumentation, the popular 
Tuesday Evening Symposium on 
Television, all combine to carry 
out the theme of the 1951 Con-
vention, "Advance with Radio-
Electronics." 

Add to this the 250 exhibits of 
the Radio Engineering Show, and 
the fellowship of meeting your 
associate engineers in your pro-
fessional field, and you have a 
meeting you cannot miss. 

IRE Conferences 

COMING 

MEETINGS 

CALENDAR 

IRE-AIEE Conference on Elec-
tron Tubes for Computers, 
Washington, D. C.. Decem-
ber 14-15 

AAAS Annual Meeting, Cleve-
land, Ohio, December 26-30 

AIEE-IRE-NBS  High  Fre-
quency Measurements Con-
ference, Hotel Statler, Wash-
ington, D. C., January 10-12 

1951 IRE National Convention, 
Waldorf Astoria Hotel, New 
York, N. Y., March 19-22 

IRE Southwestern Conference, 
Dallas, Texas, April 20-21, 
1951 

1951 Annual Meeting of the En-
gineering Institute of Can-
ada, Mount Royal Hotel, 
Montreal, May 9-11 

1951 IRE Technical Confer-
ence on Airborne Electron-
ics, Biltmore Hotel, Dayton, 
Ohio, May 23-25 

1951 IRE West Coast Conven-
tion, San Francisco, Calif., 
August 29-31 

and Conventions 

HIGH FREQUENCY 
MEASUREMENTS 
CONFERENCE 

Dates: 
January 10-12, 1951 

Place: 
Department of the Interior Audi-
torium, Washington, D.C. 

Program: 

Second Forum on High Fre-
quency Measurement sponsored 
jointly by the American Institute 
of Electrical Engineers, the In-
stitute of Radio Engineers and 
the National Bureau of Stand-
ards. This event also is a part of 
the celebration of the Semicen-
tennial of the National Bureau of 
Standards. 

The sessions cover the subjects 
of  "Measurements  of  Fre-
quency and Time"; "Impedance"; 
"Power and Attenuation"; and 
"Transmission and Reception." 

A highlight of the conference 
will be three demonstration lec-
tures on Thursday evening, Jan-
uary 11th which will constitute 
the Annual Joint Meetings of the 
local AIEE and IRE Sections. 
A Microwave Spectroscope and 
a Recording Microwave Refrac-
tometer will be demonstrated at 
this session, and Dr. Winston E. 
Kock of Bell Telephone Labora-
tories will be an outstanding 
speaker. 

Registration fee is $2.00 if paid 
in advance, and $2.50 at the con-
ference. Mail registrations to 
Mr. W. F. Snyder, National 
Bureau of Standards, Washing-
ton, D.C. 

promote electronic progress! 
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Testing for sound lost between 
telephone receiver and ear. Many 
subjects were used in these tests. 

How to compensate for 
a curl. .. and add to 
our telephone value 

Bell scientists know that the telephone is 
not used under ideal laboratory conditions. 

There is never a perfect seal between re-
ceiver and user's ear. A curl may get in 
the way, or the hand relax a trifle. And 

ears come in many shapes and sizes. So 
some sound escapes. 

Now, sound costs money. To deliver more 
of it to your ear means bigger wires, more 

amplifiers. So Bell Laboratories engineers, 
intent on a thrifty telephone plant, must 
know how much sound reaches the ear, 

how much leaks away. They mounted a 
narrow "sampling tube" on an ordinary 

Automatic recorder plots sound pressures developed in 
the ear canal at different frequencies. 

14, 

handset. The tube extended through the 

receiver cap into the ear canal. As sounds 
of many frequencies were sent through the 

receiver, the tube picked up a portion, and 
sent it through a condenser microphone to 

an amplifier. That sampling showed what 
the ear received. 

As a result, Bell scientists can compen-
sate in advance for sound losses—build re-

ceivers that give enough sound, yet with 
no waste. That makes telephone listening 
always easy and pleasant. 

It's another example of the way Bell 

Telephone Laboratories work to keep your 
telephone service one of today's biggest 
bargains. 

BELL 

TELEPHONE 

LABORATORIES 
-41--  Working continually to keep your telephone 
la ,„„ .  service big in value and low in cost. 



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

tiple capacity Fli-C2 Disks where applicable in your television circuit. 
l‘ltiltiple capacities haying a common ground are available in standard 
units as shown in the chart below. Hi-Q Disks are coated with a non-
hydroscopic phenolic to insure protection against moisture and high 
humidities. Hi-0 Disks like all other Hi-Q components assure you of 
the highest quality workmanship at the lowest possible cost. 
Our Engineers are ready and willing to discuss the application of 

these highly efficient. dependable capacitors in \ our circuits. Write 
today for your FREE copy of the New Hi-Q Datalog. 

Os---
COMPP"IIIIS 

Capacitors 

Trimmers • Choke  Coils  

W ire  Wound Resistors  

SEX I ER At WA ' 
v UNITOIttA11̀(  DEPENDA811.111 

V  PRECISION  tri S INT U RIZ A1100 

Type 

B.P.D. .00047 

B.P.D. .0008 

B.P.D. .001 

B.P.D. .0015 

B.P.D. .002 

B.P.D. .004 

B.P.D. .005 

B.P.D. .01 

B.P.D. 2x.001 

B.P.D. 2x.0015 

B.P.D. 2x.002 

B.P.D. 2x.003 

B.P.D. 2x.004 

B.P.D. 3x.0015 

B.P.D. 3x.002 

A 
Diameter 

5/16  max. 

max. 

3/8" max. 

3/8" max. 

7/16" max. 

19h2 max. 

19h2" maax. x. 

3•4 m 

19h2 max. 

19h2" max. 

13/4 2" max. 

3/4 " max. 

max. 

m  

3A4" max. 

Insulation: Durez and Wax impregnated. 
leads: 22 gauge pure tinned dead soft copper. 
Capacity: Guaranteed inininum as stamped. 

All capacitance measurements mode or 25"C 
at I KC at a test voltage not over 5 volts RMS. 

Lead Width  Thickness_ 

3/4 6" ± 1/16" 3/32L. max. 

% 6" ± V16 " 1/2 2  max. 

1/4" ± 3/4 6"  3/4 2" max. 

1/4" + 3/4 6"  3/4 2" max. 

_ o  3/4 2" max. 
+ " 

A  i o1/4 5/32" max. 
IA " -1- .1/2 " 

5/32 max. 

3/8" + VI"  siiz" max. 
3ii , + 1/4 ,, 

sh 2 " max. 
NI, + 1/4 , 
34,, 542" max. 

+ 1/2 " 3/4 2" max. 

34, ,, + ms"  3/4 2" max. 

1/4 ,, + 1/s"  %z" max. 
— 

1/4"  3/4 2" max. 

3/4 " ± 3/4 " 1 3/4 2" max. 

Insulation Resistance: 7500 megohms min. 
Power Factor: Max. 2.5 % al I KC at not 

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

JOBBERS  ADDRESS  740 Belleville Ave , New Bedford, Moss 

Eeezoricai R'eadaptee eov, 
OLEA N, N. Y. 

SALES OFFICES: New York, Philadelphia 

Detroit, Chicago, Los Angeles 

PLANTS: Olean, N. Y., Franklinville, N. Y. 
Jessup, Po., Myrtle Beach, S. C. 

PROCEEDINGS OF THE I.R.E. December, 1950 3A 



I The Union-Sun &Journal Reaches Far 
Out from Lockport with WUSJ AM-FM 

• WUSJ AM-FM is owned and operated by the 
Lockport, N. Y., Union-Sun & Journal, Inc., a daily 
newspaper that has served the Lockport community 
for over 128 years. 

WUSJ is the only full time AM broadcasting station 
in Niagara County. Its coverage, which includes all 
of Niagara County, extends into Erie and Orleans 
Counties, and across Lake Ontario into Canada. 
The Truscon Radio Tower extends up 135 feet, with 
a 42-foot 4-bay FM tower on top, making a total 
combined height of 177 feet above ground. The 
power of the AM station is 250 watts and 1340 KC; 
the FM power is 750 watts and 99.3 MC. 

While extreme height is not necessary to achieve the 
required signal strength, this tower demonstrates one 
outstanding characteristic of all Truscon Radio 
Towers—each is designed and erected to fit the purely 
local conditions under which it must operate. Truscon 
engineers have a world-wide background of field 
experience to aid you in determining all operating 
factors, and in fitting the right tower to them. 
Whether you're planning in terms of AM, FM, or 
TV, call or write your nearest Truscon district office. 
Capable technicians will work with you in selecting 
location and type of tower—guyed or self-supporting, 
uniform or tapered cross-section, tall or small — 
which best will serve you and your audience. 

TRUSCON STEEL COMPANY 
YOUNGSTO WN I, OHI O 

Subsidiary of Republic Steel Corporation 

TRUSCON 
SELF-SUPPORTING 

CROSS SECTION GUYED TOWERS AND UNIFORM 

TRUSCON COPPER MESH GROUND SCREEN 

PROCEEDINGS OF THE I.R.E.  December, 2950 



MANY MANUFACTURERS 

of ELECTRICAL EQUIP-

MENT  are  finding 

CLEVELITE* and 

COSMALITE* . . 

spirally laminated 

paper base phenolic 

tubing meets their 

most exacting 

requirements. 

Our 

Available in diameters, 

wall thicknesses and 

lengths to meet endless 

adaptations. 

What are your 

requirements? 

• Trade Marks 

Cleve -land 
PH E N O LI C  TU BES 

are the first choice of the Radio and Television Industries! 

For example, CLEVELITE* is the proper choice for Fly-back 

and High Voltage Transformers. 

It insures perfect satisfaction. 

Furthermore, CLEVELITE'S high dielectric strength . . . low 

moisture absorption .. . strength, low loss and good ma-

chineability meet widely varied requirements and give 

fine performance. 

PROMPT DELIVERIES are available through our large pro-

duction capacity. 

Inquiries invited . . . Samples gladly sent. 

gcLEVELAND CONTAIN ER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES ot PlymoLdh. Wi“ , °waive. Dotrod. Oed•nsburg N V. Jornosbvig.N 

ABRASIVE DIVISION at Clov•Iond. 0411. 

CANADIAN PLANT Tb. Clorttland Conta.mit. Canoda. Ltd .P ccccc it, Omar. 

NE W YORK AREA 

NE W ENGLAND 

CANADA 

REPRESENTATIVES 

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

R. S. PETTIGRE W IL CO., 968 FARMINGTON AVE. 
WEST HARTFORD, CONN. 

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

••••• 
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MALLORY 

VIBRATORS 

Mallory Vibrators are based on 

exclusive design and manufac-

turing methods that assure long, 

trouble-free service. Send the 

details of your application. Get 

Mallory's recommendation on 

the Vibrator or Vibrapack* 

power supply best suited to 

your needs. 

Mallory Vibrators 
Roll Up Big Savings... 
ProtectCustomerGood Will! 
Reducing component parts costs—and at the same time, 
improving performance—is a welcome combination! The 
economy and dependability of Mallory Vibrators have made 
important contributions of this kind for Mallory customers. 

Here's just one example! A radio manufacturer was receiv-
ing serious field complaint:, on vibrator performance. The 
substitution of two Mallory Vibrators—one a standard type, 
and the other especially designed for his problem—not only 
eliminated the difficulty but saved the customer $30,000 in 
vibrator costs alone! And the changes were accomplished 
with virtually no modification in circuit designs. 

That's service beyond the sale! 

And whether your problem is electronic or metallurgical 
what Vallory has done for others can be done for you. 

Vibrators and Vibrapack Power Supplies 

M R R. MALLORY II Cla.IncALLORY. 

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

SERVING INDUSTRY WITH 

Capacitors  Contacts 

Controls  Resistors 

Rectifiers  Vibrators 

Special  Power 
Switcher,  Supplies 

Resistance Welding Materials 

*Reg. U. S. P., ,011 

1 

6A 
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THIS GEM-SIZED UNIT DO 

‘/ W/1/1/C dOB 

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

For Television, Radio and other Electronic 
Applications. 

2 to 420 mmf. cap. at 500v DCw. 
2 to 525 mmf. cap. at 300v DCw. 
Temp. Co-efficient ± 50 parts per million 
per degree C for most 
capacity values. 

6-dot color coded. 

M OLDED MIC A 

Each tiny El-Menco CM-15 capacitor performs at maxi-
mum efficiency regardless of climate or critical operating con-

ditions. Before leaving the factory, it is tested for dielectric 

strength at double working voltage—for insulation resistance 

an(l . capacity value. Every gem-sized El-Menco capacitor 

meets and beats the strictest Army-Navy standards. That's 

why you can always depend on this tiny condenser to give 

gigantic performance in your product. 

A CO MPLETE  LINE OF  CAPACITORS  TO 

MEET  EVERY  RE QUIRE MENT 

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

Write on your firm letterhead for 

Catalog and Samples. 

1-ILLei n 
CAPACIT ORS 

MIC A  TRI M MER 

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

ARCO ELECTRONICS, INC. 103 Lafayette St., 

PROCEEDINGS oF 71/E IR E.  December, 1750 

New York, N.Y.—Sole Agent for Jobbers and Distributors in U.S. and Canada 
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RELIA IILE SOURCE 

OF SUPPLY .for 

DEPENDA 111,E RESISTORS 

for OVER 20 YEARS 

Electronic Components Division 

... FIXED RESISTORS 

VARIABLE RESISTORS ... IR ON CORES ... 

CERAMAG  CORES ... LINE, SLIDE 

AND ROTARY SWITCHES ... 

CARBON VOLTAGE REGULATOR 

DISCS... M OLDED COIL FOR MS 

... GA "GI M MICK“ CAPACITORS, ETC. 

STAC KP OLE  CARB O N  CO MPA NY • ST.  M ARYS,  PA. 

8A PROCEEDINGS OF THE I.R.E.  De,enther, 1950 



poweit 41191 
V E N 0004116' 

101171PVT;POWER METERS 
tatexce*ci accroary awditeitictaill 

I have many applications 

%Ili P '251  ' resisn  . 
ot enas  cvc:seic cfv  11113 :::,20:-asg 

;  

cel 
01‘os  toessee :  cLet.:::e'of 

over 1_ 0 cvs. 

flower R. atsitgee.:s0.01t ro.T..ix:t05‘.. 
30. tsoi1 : 

a 1. 

1c:4t 5:1 1:1:1A ett: tIf 
rl   la %c.  ° 

watts and trorri 0 t 
--levo level: 1rnw. 
Meter Multiplier: NN ill 
avaaqe teadin4 ot ‘°a"- 

cating rive r by 

te  ratios ot 

0.1-.1. 101, 10fkl, or 

decib1e0l. . reading 1'1 --le" 

0. +  k . 
V 

Impedance Ra 
Ohms to 20,000  nge: 2.5 

oh main over s essentiall  ms. Re-
y resistive freque 

30 to  ncy range of 10,000 
2%.  cps. Accuracy '   

Power Range: 0.1  wat  rnilli0  1ts  to 5 watts  milli-
in steps of 0. watts. 

Indi ca  Mete r: tin g Cali-
brated from 1 to 50 milli-
watts and 0 lto 17 decibels. 
Zero level:  mw. 

Meter Multiplier: Extends 
the power reading of the 
indicating meter from  0.1x  
to /.000x 
the db. r sca le value, or 
o +30 ea ding from —10  
2 db. t  db. in steps of 

The DAVEN Output Power Meters are designed to mea-
sure the actual power delivered by an audio signal 
symbol to a given load. However. because of the char-

actesistics of the cirouit. they are admirably suited to 

other applications. nam ely:  -.. 
I. flotoretleeties el Clioractertstle lesportesco et es 16.C. 

L Week of Lead Varieties es a Signet Systeei• 
S. Trelesteissies It.. Equolisetlee Illeeseremests. 
Seers*. 

I. Woreearessost of isserties Less is Idelti-sliessel Miser 

O gni  ber cereploz circeits. 
I. M ar seal Tressfereter IA eeeeee meets. 
6. G.A. Resolver Moosertionests. 

The equipment shown on this page is built to DAVENS 
well-known stcuidasds of precision. Please write for 
mare detailed data. Let our engineering department 

help you on specihc problems. 

to 
Characteristics similar   
OP-961, except that it can 
measure up to 100 watts. 

Impe dance d 
Range: 40 se-

lected impe ances be-
tween 2..5 and 20,000 ohms. 
Accuracy  - 2 °4  over ire-
quency range 30 to 10,000 

Power flange: 0.1 mw to  
cycles. 

watts in 0.1 rnw steps.  
100 Range may be extended 

by  use 
below 0.1 rnw   ot 
external amplitier. 
Indicating Meter: Cali-
brate  itOrrl .01  w att to d.   1 

watt 10 to and from —  +10 

db. Zero level: Irrov. 
Meter Multiplier: Extends 
range (pi meter Iron% 0.01 
to 100 times scale reading, 

THE VEN C O. 

195 CENTRAL AVENUE • NEWARK 4, NEW JERSEY 



ELECTRONICS 

•  •  • 

ELECTRONIC COMPONENTS 

A HIGHEST. QUALITY LINE 

—tonstan* improved and addea TO 
for your equipment designs 

C?4E31 
ii 

APPARATUS DEPARTMENT 

• Meters and instruments 

• Capacitors 

• Transformers 

• Pulse-forming networks 

• Delay line 

• Reactors 

• Thyrite 

• I nductrols 

• Voltage stabilizers 

• Fractional hp motors 

• Timers 

• Control switches 

• Selsyns 

• Relays 

• Amplidynes 

• Amplistats 

• Terminal boards 

• Glass bushings 

• Thermistors 

• Dynamotors 

ELECTRONICS DEPARTMENT 

• Tubes 

• Television components 

• Phono pickups 

• Speakers 

• Quartz crystal units 

• Germanium diodes 

When you're building any of thousands of complex 
industrial and military electronic devices, reliable 
components are a must. 
To give you, the designers of these devices, the 

utmost in reliability, General Electric is constantly at 
work improving and redesigning in its ever growing 
line of electronic components. 
The list at left only partially covers the thou-

sands of parts in the complete G-E line. We'll tell 
you about as many of them as space will permit in 
these pages from month to month. Apparatus Depart-
ment, General Electric Company,Schenectady 5, N. Y 

ELECTRI 6 ,c 3 
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TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

LINE-VOLTAGE STABILIZERS 

—get rid of ups and downs! 

THYRITE— 

R varies inversely as E4 

When you're after a steady 115 volts at the input of 
your equipment and the line is fluctuating any-
where between 95 and 130, use a GE voltage 

stabilizer. These units use a special transformer 
circuit to provide a stabilized output voltage 
within -±-1% of 115 volts for fixed, unity-power-
factor loads. Fast response of G-E stabilizer restores 
normal output voltage in less than three cycles. 
15-, 25- and 50-va stabilizers are small enough to 
mount on radio or electronic instrument chassis 
(2 inches high, 9 inches long). Standard ratings 
up to 5000 va are available in larger sizes. Write 

for Bulletin GEA-3634. 

TYPE HMA RELAYS—up to 30 amps, closing 

The G-E Type HMA relay is only the size of cigarette 
package, but it closes at currents up to 30 amperes! HMA 
relays have self aligning, silver-to-silver contacts; are posi-
tive in action, instantaneous in operation. They're avail-
able in either back or front connected models. For coil 
voltages of 6, 12, 24, 32, 48, or 125 d-c; 115 or 230 a-c. 
Single- or double-break contacts. Bulletin GEA-5457. 

With the unique electrical property of varying in-
versely in resistance as the fourth power (or even 
higher) of the applied voltage, Thyrite* resistance 
material has solved many problems for the design 

engineer. 
Use it with a-c, d-c, or short duration pulses; for 

such applications as the limiting of voltage surges, 
stabilization of rectifier output voltages, control-
ling of voltage-selective circuits, and potentiom-

eter division of voltages. 
Thyrite comes in disk form in diameters from 

0.25 to 6.00 inches, with or without mounting 
holes. Smaller sizes are furnished with wire leads_ 
See Bulletin GEA-4138. 

r - 

'Registered Trade Mark of General Electric Co. 

General Electric Company, Section E667- 0 

Apparatus Department, Schenectady 5, N. Y. 

Please send me the following bulletins: 

Indicate 
( V ) for reference only  D GEA-3634 Voltage stabilizer 

(X ) for oplanning an immediate 0 GEA-4138 Thyrite 
p  0 GEA-5457 HMA relays  

Name 

Company 

Address 

City  State 
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complete line 

Po w 

CONTROLS 

IRC Type W Wire Wound Controls 
are designed for long, dependable 
service and balanced performance 
in every characteristic. These 2-watt 
variable wire wound units provide 
maximum adaptability to most rheo-
stat and potentiometer applications 
within their power rating. Catalog 

0  Bulletin A•2. 

IRC New Type 0 Controls feature 
small 15,i6" size, rugged construction 
and superior performance. Increased 
arc of rotation permits some resis-
tance ratios successful in larger MC 
Controls. Catalog Bulletin A-4. 

Unusual combinations of characteristics 
required in today's critical electronic circuits 
demand a complete range of resistor types. 
Specializing in resistors, IRC makes the 
widest line in the industry. This means 

ease of procurement—a single dependable 
source of supply for all your resistance 

needs. It also means unbiased 
recommendations—no substitution of 

units "just as good". IRC's complete line 
of products; complete research and testing 
facilities; complete network of licensees 

for emergency production—all add 
up to complete satisfaction for you. 

PRECISION RESISTORS 

IRC Precision Wire Wounds offer a fine balonce of 
accuracy and dependability for close-tolerance 
applications. Extensively used by leading instru-

ment makers, they excel in every significant charoc• 
teristic. Catalog Bulletin Di. 

IRC Deposited Carbon PRECISTORS combine accu-
racy and economy for close-tolerance applications, 
where carbon compositions are unsuitable ond 

wire-wound precisions too expensive. Catalog 
Bulletin B-4, 

IR( Matched Pairs provide a dependable low-
cost solution to close-tolerance requirements. Both 
Type BT and  BW Resistors are available in 
matched pairs. Catalog Bulletin B-3. 

IRC Sealed Precision Voltmeter Multipliers are suit-
able and dependable for use under the most 
severe humidity conditions. Each consists of several 

IRC Precisions mounted and interconnected, encased 
in a glazed ceramic tube. Catalog Bulletin D-2. 



is essentia 
HIGH FREQUENCY and 

HIGH PO WER RESISTORS 

IRC Type MP High Frequency 
Resistors afford stability with low 
inherent inductance and capacity 
in circuits involving steep wave 
fronts, high frequency measuring 
circuits and radar pulse equip-
ment. Available in sizes from 1/2  
to 90 watts. Catalog Bulletin F-1. 

Type MV High Voltage Resistors 
utilize IRC's famous filament re-
sistance coating in helical turns on 
a ceramic tube to provide a con-
ducting path of long, effective 
length. Result: Exceptional sta-

bility even in very high 
resistance values. Cata-
log Bulletin G-1. 

IRC Type MVX High Ohmic, High 
Voltage Resistors meet  require-

ments for a small high 
range unit with axial 

leads. Engineered for 
high voltage applications, MVX 
has exceptional stability. Catalog 

Bulletin G-2. 

IRC Type MPH High Frequency Resistors are miniature units 
suitable for high frequency receiver and similar applications. 
Stable resistors with low inherent inductance and capacity. 
Body only Ye" long. Catalog Bulletin F-1. 

111111111.11111111111111111Pilliniii mumpum m por-

Power Resistors • Voltmeter Multipliers 

• Insulated Composition Resistors • Low 

Wattage Wire Wounds • Volume 

Controls • Voltage Dividers • Precision 

Wire Wounds • Deposited Carbon 

Precistors  • Ultra-HF  and  High 

Voltage Resistors • Insulated Chokes 

INTER NATI O NAL 

RESISTANCE  CO MPANY 

PHILADELPHIA  8,  PENNSYLVANIA 

In Canada  International Resistance Company, 
Lid , Toronto, License* 

IN 1950 1 

INSULATED COMPOSITION 
and WIRE WOUND RESISTORS 

IRC Advanced Type BT Resistors 
meet and beat JAN-R-11 Specifl• 

cations at 1/2 , 1/2 , 1 and 2 watts — 
combine extremely low operating 
temperature with excellent power 
dissipation. Catalog Bulletin B-1. 

IRC Type BW Wire Wound Resistors 
are exceptionally stable, Inex-

pensive units for low range re-
quirements. Have excellent per-
formance records in TV circuits, 

meters, analyzers, etc. Catalog 
Bulletin B-5. 

IRC Type BTAV High Voltage 
Resistors, developed for use as 

discharge resistors in fluorescent "Quick Start" 
ballasts, withstand momentary peak surge 
of 6000 volts. Also suited to TV bleeder 

circuits. Catalog Bulletin B-1. 

PO WER RESISTORS 

IRC Fixed and Adjustable Power 
Wire Wounds give balanced per-
formance in every characteristic 
—are available in a full range of 
sizes, types and terminals for ex-
acting, heavy-duty applications. 

Catalog Bulletin C-2. 

IRC Type FRW Flat Wire Wound 
Resistors fulfill requirements of 
high wattage dissipation in limited 
space —may be mounted verti-
cally or horizontally, singly or in 
stacks. Catalog Bulletin C-1. 

IRC Type MW Wire Wound Resistors 
offer low initial cost, lower mount-
ing cost, flexibility in providing 
tops, and saving in space. Com-
pletely insulated against moisture. 
Catalog Bulletin B-2. 

IBC Type LP Water-Cooled Resistors 
for TV, FM and Dielectric Heating 
Applications. Cooled internally by 
high velocity stream of water; 
adjustable to local water pressure 
and power dissipation up to 5 
K. W.A.C. Catalog Bulletin F-2. 

INTERNATIONAL RESISTANCE CO. 

405 N. BROAD ST., PHILADELPHIA 8, PA. 

Please send me Technical Data Bulletins checked below 

Bulletin A.2 (W) 

Bulletin A•4 (0) 

Bulletin B•1 IBT) 

Bulletin B.I1BTAV) 

Bulletin B•2 (MW) 

Bulletin B.? IM/P) 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY 

Bulletin B-4 MCI 

Bulletin B.5 (BW) 

Bulletin CI (FRW) 

Bulletin C-2 (PwW) 

Bulletin D.1 ON WI 

Bulletin D•2 (MR) 

Bulletin FA (MP) 

Bulletin F•1 IMPM) 

Bulletin F.2 (1.1') 

Bulletin 0-1 (MV) 

Bulletin 0.2 (MVX) 

ZONE  STATE . 

r ARNDT a CO sow solace 



STANDARD R141* ETERS 

1 4 k C  1 0 0 0. M C I 

DEVELOPED BY STODDART 
FOR THE ARMED FORCES. 

AVAILABLE COMMERCIALLY. 

VHF  VLF ! 
15 MC  14 KC 

to to 

400 MC  250 KC 

1=1E1 
CSoemnsmiteivrciitay  l e quivalent  of  TS•587/U.  as  two•term inol voltmeter , (95  ohms  bolonced)  
2 microvolts 15-125 MC;  5 microvolts 138•400 MC.  Field 
intensity measurements using calibrated dipole.  Frequency 

range includes FM and TV Bands. 

150 KC 

25 MC 

Commercial equivalent of AN PRM.1. 
Self-contained botteries.  A.C. supply optionol.  Sensitivity as 
two-terminal voltmeter,  1 microvolt.  Field intensity, with ,2 

meter rod ontenna,  2 microvolts•per•meter; rototoble loop 

supplied.  Includes standard broadcost bond, radio range. 

W WV, and communications frequencies. 

Since 1944 Stoddart R141* instruments hove established the 

standard for superior quality and unexcelled performance. 
These instruments fully comply with test equipment require' 
ments of such radio interference specifications os JAN-1.225, 

ASA C63.2, 16E4(SHIPS), AN.1.24a, AN.1-42, AN-l.27a, ANA-40 
and others. Mony of these specifications were written or re-
vised  to the  standards  of  performance  demonstrated  in 

Stoddart equipment. 

Commercial equivalent of AN'URM-6. A new achievement in tensitivityl Field intensity measure' 
merits.  microvolt•per Tieter using rod; 10 microvolts•per • 
meter using shielded directive loop.  As two•terminol volt-

meter.  1 microvolt. 

*Radio Interference 

STODDART AIRCRAFT RADIO CO. 
• 

6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIF. 

Hillside 9294 

UHF ! 

375 MC 
to 

1000 MC 

Commercial equivalent of AN URM-17. 
Sensitivity as two-terminal voltmeter, (50-ohm coaxial input) 
10 microvolts.  Field intensity measurements using colibroted 
dipole.  Frequency range include; Citizens Bond and UHF 

color TV Band. 

The rugged and reliable instruments illustrated above serve 
equally well in field or loboratory.  Individually calibrated 
for consistent results using internal standard of reference. 
Meter scales m arked in microvolts and DB above one microvolt. 
Function selector enables measurement of sinusoidal or complex 
waveforms,  giving  average,  peak  or  quasi-peak  values. 
Accessories provide means for measuring either conducted 
or radiated r.f. voltages. Grophic recorder available. 

and Field Intensity. 

Precision Attenuation for UHF 

Less than 1.2 VSWR to 3000 MC 
Turret Attenuotor: 
0, 10, 20, 30, 40, 50 DB. 

Accuracy + .5 DB. 

Patents applied for. 

• 
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ACTUAL SIZE 

Rating  I. 

1/2-W  3/8"  9/64" 

1- W  9/16"  7/32" 

2- W  11/16"  5/16" 

The A-B honeycomb carton prevents 

tangling of leads and saves time. 

Magnified Photograph 

of Bradleyunits 
1/2-1-2 watts 

BR DLEYUNITS 
"Tops" in Permanent Performance 

. because rated at 70C 

Bradleyunit resistors have permanent characteris-

tics, because they are rated to operate continuously 

at 70C ambient temperature . . . not 40C. They can 

withstand extremes of temperature, pressure, and 

humidity without deterioration. 

Bradleyunits are solid molded with high mechan-
ical strength. They need no wax impregnation to pass 

salt water immersion tests. The leads are differen-

tially tempered to prevent sharp bends. 

Bradleyunits are mode in standard R.M.A. values 

in 1/2 and 2 watt ratings from 10 ohms to 22 meg-

ohms; 1 watt from 2.7 ohms to 22 megohms. 

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

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

ALLE 4N, BR)k, DLEY %, 
FIXED & ADJUSTABLE RADIO RESISTORS 
Sold exclusively to manufacturers \***" >, QUALITY  of radio and electronic egutprnent 

er 
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TINY:* DEPENDABLE • SPACE-SAVING 

SPRAGUE 
4IC 

PRAGUE 
36 C 

SPRAGUE 
29C 

THE  P at1l1-'*COMPLETE 

DISC CERAMIC LINE 
Sprague-Herlec Cera-mite Capacitors are a "must" for modern 
television circuits. 

Now available in NPO and N750 temperature-compensating 
bodies and in two different high-K bodies, Cera-mites meet 
most application needs in the 10 mmf to 15,000 mmf capaci-
tance range. 

These miniature capacitors offer set designers maximum space 

economy, ease of mounting, and improved very-high-frequency 
performance. 

The flat disc with uni-directional lead construction has min-
imum self-inductance and a higher self-resonant frequency than 
a tubular design; hence improved v-f bypass efficiency. 
Sprague-Herlec Engineering Bulletin 601B gives the complete 

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

PIONEERS  IN 

•Trodernork 

SPRAGUE ELECTRIC COM M'? 
North Adorns, Massachusetts 

ELECTRIC  AND  ELECTRONIC  DEVELOPMENT 

THE HERLEC C O R P O R ATI O N  • Mil waukee  3,  Wisconsin' 
(Wholly owned Sorogue Subsid.ory) 
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It afactiat 

1,0 Some AlSiMag precision made parts are so tiny 

that several thousand will go in a thimble. 

(For illustrative purpose, larger ports are shown here,) 

V  Certain designs in AlSiMag can 

be supplied with open end POLISHED 

SLOTS as narrow as .010". 

1,00 AlSiMag rods are regularly and 

economically produced within TOL-

ERANCES of .0001". 

poi AlSiMag plates and discs can be 

produced FLAT within microinches. 

1,00 Some AlSiMag compositions 

have such great resistance to HEAT 

SHOCK that they are used in the 

control of molten metals. 

t/ AlSiMag is one of the best 

ELECTRICAL INSULATORS at high 

temperatures and high frequencies. 

AlSiMag has such hardness and 

RESISTANCE TO ABRASION that it 

is used for extrusion and drawing dies 

and also for wire recorder and thread 

guides. 

g„.41 AlSiMag tubes have been suc-

cessfully produced with holes almost 

as small as a human hair, with wall 

sections of about the same thickness. 

[1=&iLtl 
• AlSiMag Custom Made Technical Ceramics are available in a wide 

variety of physical characteristics. AlSiMag parts come to you ready 

for your assembly line. They are uniform, dimensionally accurate and 

economically fabricated in quantity. American Lava Corporation is 

known throughout the industry for its leadership in engineering and 

research and for its ability to produce ceramics that comply with 

specifications and that do the job as planned. Engineering cooperation 

and handmade test samples are available. Send us your problems. 

AMERICAN LAVA  CORPORATION 
4 9 T H  Y E A R  O F  C E R A M I C  L E A D E R S H I P 

C H A T T A N O O G A  5,  TE N N E S S E E 

OFFICES. METR OPOLITAN AREA, 671 Brood St., N•work, N. J., Mitch•Il 2.8159  • CHICA G O, 228 North LaSalle St., Central 6.1721 
PHILADELPHI A,  1649  North  Brood  St  , St•v•nson  4.21323  •  LOS  AN GELES,  232  South  Hill  St.,  Mutual  9076 
NE W  ENGLAND,  38.8  Brottl•  St.,  Combridg•,  Moss.,  Kirkland  7•4498  •  ST.  LOUIS,  1123  Washington  Garli•Id  4959 



lAY0I-Ek 
MINIATURE TUBE SOCKETS 

7-PIN and 9-PIN...and SUB MINIATURES 

PREMIUM INSULATION 
PRICED COMPETITIVELY 

• 

I 

co 
0 

-.•••• ••••• 

• 

• 

Now MYCALEX offers both 7-pin and 9-pin miniature 
tube sockets ... with superior low loss insulating prop-
erties, at new low prices that offer ceramic quality for 
the cost of phenolics. 

MYCALEX miniature tube sockets are injection 
molded with precision that affords uniformity and 
extremely close tolerances. MYCALEX insulation has 
high dielectric strength, very low dielectric loss, high 
arc resistance and great dimensional stability. 

Produced in two grades: MYCALEX 410 conforms 
to Grade L4 specifications, having a loss factor of 
only .015 at 1 MC. It is priced comparably with 
mica filled phenolics. 

MYCALEX cox is for applications where low 
cost of parts is vital. It has a loss factor only one-
fourth that of "everyday" quality insulating ma-
terials, and a cost no greater. 

Prices gladly quoted on your specific require-
ments. Samples and data sheets by return mail. 
Our engineers will cooperate in solving your 
problems of design and cost. 

Mycalex Tube Socket 
Corporation 

"Under Exclusive License of Mycolex Corporation 

of America' 

30 Rockefeller Plaza, New York 20, N.Y. 

MYCALEX CORP. OF AMERICA 
"Owners of 'MYCALEX Patents.' 

Executive Offices 30 Rockefeller Plaza, New York 20, N. Y. Plant and General Offices: Clifton, N. J. 
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asost4sti  
RAI314TION? 

ERIE TYPE 325 
High Frequency By-Pass Capacitor 

Will Help Solve Your Problem 

• LO W INDUCTANCE 

• UNIFOR M INDUCTANCE FOR RESONANCE 

BY-PASSING 

• RUGGED HIGH TER MINAL FOR TIE-POINT 

• FULLY SHIELDED 

One solution to control of regeneration and radiation in 
TV sets lies in better by-passing . . . and Erie Style 325 
Stand-Off Ceramicon provides the solution in concrete 
form. This ceramic capacitor is made especially for 
high frequency decoupling and offers an outstanding 
combination of features never before offered in the 
low-price field. 

A by-pass to ground is provided through the short-
est possible path, in a completely sealed metal case. 
Full advantage is taken of the concentric cylindrical 
electrode configuration in maintaining this short path, 
resulting in extremely low series inductance and effec-
tive v.h.f. by-pass. 

Push-on clip facilitates high speed assembly . . . or 
shell may be soldered directly into a hole in the chassis. 
Post terminal provides a sturdy tie-point for several con-
nections, at tube socket terminal height. The capacitor 
possesses unusual mechanical ruggedness. 

Write for detailed information and samples. 

argiattik_ 

Eteetzo4c.C4 2)evi thsic 

ACTUAL 
SIZE 

062- Do. - 

PATENT APPLIED FOR 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND  TOR ONTO  CANADA 
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CARLOS 
CHIEF ENGINEER WF 
TRANSMITTE R —D UM° 

ALLAS. TEXAS 
CHANNEL 8. 

The Eimac 3X2500A3 is one of the outstanding vacuum tube 

developments made during recent years. Consistent performance, 

long life, and low cost account for its filling the key socket positions 

in many important recently designed equipments. 

The 3X2500A3 is a compact. a:r-cooled triode. Its coaxial con-

struction results in minimum lead inductance, excellent circuit 

isolation, and convenience of use with coaxial plate and filament 
tank circuits. For AM service it is FCC rated for 5000 watts per 

tube as a high-level modulated amplifier. It has comparatively low 

plate-resistance, high transconductance, and will provide •ffective 

performance over a wide range of plate voltages at frequencies 

extending well into the VHF. 

Reports from many engineers, like Mr. Dodd of WFAA-TV, con-

firm the outstanding transmitter performance, simplified mainten-
ance, and low tube replacement cost made possible through the use 

of the Eimac 3X2500A3. Consider this unequalled triode for your 

applications ... complete data are free for the asking. 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

More Proven Performance 
of fhe Eimac 3X1500A3 

viFAA 

CI 1.11-11•Cullo.da. 

Jan Bruno, California 

Cenci...as  

ee a  tho ught you eight be Intere•ted In kneeing thee 

re ...1»d EIYAC 3X2P004.3 tub . in The finale tr 
xic• ehennel fe transmitter and ye ere nor? Lapp, elan 

their port ormol u.  Zn feet, no hero yet to esperIence • 

tube failure •Ince we went on the •Ir.  %be coat le low 

deperalaple •Ir tooled cube. 
esal aeInte .noe proble m ass etntsised ellen usine tale 

IL le • Pleasure for ce. to reconnynd yoor fine product. 

Sincerely yours. 

•-e! 
Dodd. 

Clang' Be ane., 

SP•a-75 

Eimac 3X2500A3 

GENERAL CHARACTERISTICS 
ELECTRICAL 
Filament Thoriated tungsten 

Voltage 
Current 
Maximum starting current 

Amplification Factor (Average) 
Direct Interelectrod• Capacitances 

Grid-Plate  -  -  - 
Grid-Filament 
Plate-Filament 

(Average) 
. . . 

Transconductanc• (i6= 830 ma  E. = 3000 v.) 

MECHANICAL 
Cooling 
Maximum Overall Dimensions: 

Length 
Diameter 

Net Weight 

RADIO FREQUENCY PO WER AMPLIFIER 
Ground-Grid Circuit 
Class-C FM Telephony 
TYPICAL OPERATION (110 Mc., per tube) 
D-C Plate Voltage  - 
D-C Grid Voltage 
D-C Plat* Current 
D-C Grid Current 
Driving Power (Approx) 
Useful  Power  Output 

Export Agents: Frazer I Hansen, 301 Clay St., San Francisco, California 

3700 
—450 
Is 
225 
1600 
4850 

7.5 volts 
48 amperes 
100 amperes 

20 

20 uufd 
48 uufd 
1.7 uufd 

20,000 umhos 

Forced air 

9.0 inches 
4.25 inches 
5.8 pounds 

4000 
--SSO 
1.85 
275 
1900 
7500 

*COMPLETE DATA AVAILABLE FREE 

the 3X2500A3 is another 
Eimac contribution to electronic progress. 

volts 
volts 
amps. 
rel•. 

watts 
watts 

269 
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GPL Introduces First TV Camera Chain 
Designed from Start to Finish for 
Compactness and Ease of Operation 

Compact GPL camera and control unit hove been "human engi-
neered" for easy, efficient use. Camera provides uniform focus 
adjustment for all lenses; iris is motor-controlled from rear of 
camera or from control unit, with lens opening shown on dials 

at both locations. Control unit has 81/2 " monitor tube. 

IMPROVED SYNC GENERATOR 

The sync generator, with its power supply, 
is a single unit, packaged for field use. 
Because binary counting circuits are used, 
and pulse width  is controlled by delay 
lines, it provides circuit reliability better 

than present studio equipment. With this 
circuitry,  all  operator  adjustments  are 

eliminated. 

TV Cam•ra Chains • TV Film Chains 

TV Fi•ld nnd Studio Equipm•nt 

Th•altis TV Equipm•ni 
E: =9 

°RP Ott 

Built with the compact precision which distinguishes 
a quality watch from an alarm clock, GPL's new 
image orthicon camera chain is smaller, lighter, easier 
to use. It is the first camera chain that has been 

"human engineered" — designed from motion studies 
of cameramen and control personnel. It is the first 
with type and location of controls based on minimum 
movement and maximum ease and efficiency. 
This simplification, together with size and weight 

reduction has been accomplished without any sacrifice or 
limitation whatever in performance or accessibility. Supe-
rior GPL circuit design provides a better picture than nor-
mally obtainable with image orthicon equipment. Complete 
control is provided for every studio or field requirement. 

Logical components have been combined ... fewer units 
make up a chain. A single chain consists of only 4 units; a 
triple chain, 12 including switching unit and master moni-
tor. The camera, with integral view finder, is only 103/4" x 
121/2 " x 22", weighs 75 lbs. instead of 100.105 lbs. The sync 
generator is a single portable unit including its own power 
supply. It may be easily removed from its case to go into a 

standard relay rack. 

SIMPLIFIED CONTROL 

All controls are at the finger-tips of cameramen and camera 
control operators. Focus adjustment of all lenses is uniform; 
a given rotation of focus control produces the same shift 
in plane of focus for all lenses. The iris is motor-controlled, 
either from the rear of the camera or from the camera con-
trol unit. Dials on both camera and control unit indicate 

the lens opening. Negative feedback is used to stabilize 
video frequency response, eliminating an adjustment. Target 
and beam are controlled by thumbwheels next to conven-
ient knobs for pedestal and gain. 

READILY ADAPTABLE 

GPL Camera Chains completely meet all studio and field 
requirements or may be readily adapted to supplement 
existing installations. Before you make any camera chain 
investment, get all the facts on this new addition to GPL's 
outstanding line of TV studio equipment. 

Write, Wire or Phone for Details 

General recision aboratory 
I N C O R P O R A T E D 

PLEASANTVILLE  NE W YORK 
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0, 

K.° *0'1 
0 H 

a 
SINGLE 
OSCILLOGRAM 
demonstrates... 
A. 

B. 

C. 

D. 

E. 

F. 

G. 

Signal Delay 

Transient Response 

No High-Frequency Overshoot 

Undistorted Deflection 

Sweep Linearity and Speed 

Time Calibration 

Amplitude Calibration 

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

. IN THE NEW DU MONT 

TYPE 303 
A. SIGNAL DELAY built into the Y-axis amplifier in-
sures complete display of the steep pulse rise. As 
illustrated by a portion "A", the 10% point of rise 
dOes not occur until sometime after the sweep starts. 
Y-axis frequency response, of the instrument, in-
cludes the performance of the signal-delay line. 

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

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

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

the Type 303 will provide over 5" of undistorted 
deflection. 

E. SWEEP SPEEDS available in the Type 303 make 
possible a presentation which is practical for quali-
tative and quantitative analysis of a pulse as short 
as 0.25 microsecond. Both driven and recurrent 
sweeps are continuously %ariable from 0.1 second to 
5 microseconds. Through sweep expansion, sweep 
length is variable from a fraction of an inch to an 
effective 30 inches, any portion of which may be 
positioned on the screen. As shown above, even at 
the fastest sweep range, the sweep is extremely stable 
and linear. Notice the absence of jitter. 

F. TIME CALIBRATION in the Type 303 is accom-
plished by substituting a damped sinewave for the 
signal. Double exposure by photographic recording 
of calibrating sinewave and signal provides a per-
manent quantitative analysis of the signal. In addi-
tion to the 10-megacycle signal shown above, cali-
brating frequencies of 10 KC, 100 KC, and 1 MC are 
also available. Accuracy of time calibration is 
within 3%. 

G. AMPLITUDE CALIBRATION completes the precise, 
quantitative analysis of the signal. A built-in, regu-
lated, voltage-calibrator provides peak-to-peak 
signals of 0.1, 1.0, 10, and 100 volts. Similar to time 
calibration, the amplitude calibrating square wave 
is substituted for the signal. Amplitude calibration 
is accurate within 5%. 

price $ 8 2 0. 0 0 FOR COMPLETE DETAILS WRITE for bulletin TYPE 303 

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

Offer the utmost perfection in True Hermetic Sealing 

Here Is What 

CL A RE 

Hermetic Sealing Means: 

After assembly in the container, the enclosure 
is attached to a high vacuum pump and pumped 
down to a few microns pressure to remove all 
traces of moisture and gases. 
While under this extreme vacuum, the enclo-
sure and seals are tested for leal.s by means of 
a Mass Spectrometer—a device so sensitive that 
it can detect a leak so tiny that more than 
thirty-one years would be required for one cubic 
centimeter of air to pass through it. This highly 
refined method of leak testing causes rejection 
of nnianis enclosures which could pass the usual 
immer-i•al tests without detection. 
For riiii-t applications, the enclosure is then 
filled with dry nitrogen, which has a relatively 
high ar, in potential. 

Wrote for CLARE Bulletin No. 114 

CLARE Hermetically Sealed Relays 

Protect Against These Conditions: 

• Moisture, High Humidity and Ice 

• Salt Air and Spray 

• Fungus Growth 

• Varying Air Pressure 

• Variation of Air Density 
• Dust and Dirt 
• Corrosive Fumes 
• Explosive Atmospheres 
• Tampering 

Clare Hermetically Sealed Relays are air-tight so that no gas or 
spirit can enter or escape. 
This ideal condition, now available to every user of CLARE her-
metically sealed relays, is the result of many years of painstaking 
research by the CLARE organization to produce a perfectly sealed 
relay at a reasonable cost to industrial relay buyers. 
Hermetically sealed in an ideal atmosphere of dry inert gas, they 
are permanently immune to the difficult climatic and environ-
mental conditions responsible for 95% of the failures of exposed 
electrical apparatus. 
CLARE has today—or can provide you with—the hermetically 
sealed relay that you require. Over forty different series of CLARE 
hermetically sealed relays are described in Bulletin No. 114. 
Within each series, innumerable variations of coil and contact 
specifications are possible. Numerous other special sealed-relay 
units are also available. 
Clare sales engineers are located in principal cities to assist you 
in the selection of just the right relay for your specific requirement. 
Look them up in your telephone directory or write: C. P. Clare 
& Co., 4719 West Sunnyside Ave., Chicago 30, Illinois. In Can-
ada: Canadian Line Materials Ltd., Toronto 13. Cable Address: 
CLARELAY. 

LELzk 
t!:12 

• • • First in the Industrial Field 



SIGNAL GENERATORS b 
AIRCRAFT RADIO CORPORATION 

The Type H-14 Signal Generator, 108-118 
megacycles, provides a standard signal 
source for the complete testing of VHF 
airborne omnirange and localizer receivers 
in aircraft or on the bench. It provides for 
testing 2-1 omni courses, plus left-center-
right checks on both amplitude and phase 
localizers. Aircraft may be checked out 

TYPE H-14 
1 0 8 -1 1 8 MEGACYCLES 

Tests OMNI Receiving Units 

in Aircraft or on the Bench 

Checks on: 

• 24 Omni courses 

• Left-center-right on Phase. 
localize, 

• Left-center-right on Amplitude. 
localize, 

• Omni course sensitivity 

• To-From and Flag-alarm opera-
tion 

• All necessary quantitahve bench 
t•sts 

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

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

4111 •1 T Y PE  H -1 0 — Micro wave Test Set; 

ARC Communication 

and Navigation Equipment 

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

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

23,500-24,500 Megacycles 

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

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

T Y PE H-1 2 —VHF Signal Generator; 900-2100 Megacycles 
Provides source of cw or pulse 
amplitude modulated RF, power 
level 0 to —120 dbm. Internal 
pulse circuits with controls for 
width, delay, and rate, and provi-
sion for external pulsing. Single 

dial tuning, frequency calibration 
accurate to better than 1%. Built 
to Navy specifications for research 
and production testing. Equal to 
military TS-419/U. 

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

WRITE TODAY for descriptive literature on A.R.C. Signal Gen-
erators or airborne IF and VHF communication and navigation 
equipments, CAA Type Certificated for transport or private use. 

ijircraft 1Zadio Corporation 
Boonton, N. J. 

Dependable Electronic Equipment Since 1928 
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EXTRA RIVAS/I/TY 
G-E transmitting tubes have it! So ... Mr. Manu-
facturer .... specify General Electric, to design 
max dependability into your radio equipment! 

HERE are tubes better-built by G.E. for better performance! Each 
has that something extra in design, in manufacture, which means real 
dependability when the chips are down and your equipment is work-
ing peak-load and full-time. 

GL-5686 . . . It's a new nine-pin miniature that does the work of a 
6AQ5 or 6AR5—does it consistently, because every tube gets 50 hours' 
service at the factory under Class A conditions, with frequent samples 
also being selected for full life tests. You can bank on the GL-5686! 

G1-807  • • • The G-E grid construction is substantial and strong— 
will stand up under punishment. Moreover, special G-E development 
work in metals and other substances gives this tube premiur9 quality 
from cap-terminal through to base-pins. 

GL-813 . . . Superior G•E internal shielding, in the form of a large 
ground-plane barrier, gives ample protection against feedback—cuts 
down sharply on the need to neutralize. Improved design joins with 
precision G-E manufacture to offer you the leading beam power tube 
in its class. 

Why not ensure your new transmitter's performance by choosing 
these and other G-E tubes your customers can count on, day-in and 
day-out? Just write for data sheets that give all ratings, in all classes 
of service. Or better, ask for the help of expert G-E tube engineers, 
who will be glad to consult with you personally on applications. 
Address Electronics Department, General Electric Co., Schenectady 5, N.Y. 

TYPICAL OPERATION, CLASS C TELEGRAPHY 

Plate voltage 
Plate current 
Driving power (approx) 
Power output (approx) 
Max plate dissipation 
Freq. at max ratings 

GL-5686  GL-1107  GL-1113 

250 v  600 v  2,000 v 
40 ma  100 ma  180 ma 
0.15 w  0.2 w  1.9 w 
6.5 w  40 w  275 w 
7.5 w  25 w  100 w 
160 mc  60 mc  30 mc 

GENERAL  ELECTRIC' 
PROCEEDINGS OF THE I.R.E.  December, 1950 
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Now —hp-- offers the world's broadest, easiest-to-

use line of VHF, UHF and SHF signal generators. 

These are precision instruments supplying accu-

rately known frequencies up to 7,600 me. They 

are deliberately designed for utmost convenience 

and accuracy in making all kinds of measure-

ments including: receiver sensitivity, selectivity 
or rejection; signal-noise ratio, conversion gain, 

SWR, antenna gain, transmission line character-

istics; and for driving bridges, slotted lines, filter 
networks, etc. 

New —hp— Model 618A, shown above, is for use 

in the 3,800 to 7,600 me hand. It provides a 1 

5 precision instruments. Continu-

ous frequency coverage. Frequency, 

output set and read directly. Wide 

choice of modulation, pulsing, 

delay and synchronizing. Superior 

resetability. Broad applicability. 

New -hp- Model 618A SHF Signal Generator 

math% att signal into a 50-ohm coaxial load (zero 
(ibm). Its output attenuator reduces output level 

to less than —100 dbm. Frequency is continuous-

ly variable, directly read in me. Repeller voltage 

tracks automatically; no adjustment is needed to 

select the correct frequency. Accuracy is lA of 

1%. The instrument offers external frequency 

modulation with maximum deviation of ± 10 me. 

It also may be externally pulse modulated, with a 

positive or negative peak of approximately 15 

volts. Internal square wave modulation is also 

provided; frequency range, 400 to 1,000 cps. 
82,250 f.o.b. factory. 

For complete details, write factory direct or see the -hp- sales representatice in your area. 

HE WLETT-PACKARD  CO MPA NY 
21599 Page Mill Road  • Palo Alto, California 

Sales representatives in all principal areas. Export: Frazar & Hansen. Ltd.. Sao Francisco, Los Angeles, New York 

-v 
HE WLETT PACKAR 111 1 1 1 
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10 to 500 mc -hp- 608A SIGNAL GENERATOR 

Output range 0.1 µv. to 1.0 v. into 50 ohms. Accuracy 
1 db. Direct reading frequency and output calibra-

tion, no chart, or interpolation. CW, pulsed or am-
plitude modulated output (50 to 1,000,000 cps). Re-
setability better than 1 mc. Master oscillator power 

amplifier for widest modulation capabilities. Con-
stant internal impedance 50 ohms. Maximum VSWR 
1.2. 8850 Lois. factory. 

450 to 1,200 mc -hp- 610B SIGNAL GENERATOR 

Output range 0.1 µ%. to 0.1 %. into 50  ki curat 
1 db. Output and frequency directly set and read, 

no chart, or interpolation. Modulation: internal or 
external pulsed, external amplitude, external square 
wave. Widely variable pulse length, repetition, and 
delay features. $925 f.o.b. factory. 

800 to 2,100 mc -hp- 614A SIGNAL GENERATOR 

Output range 0.1 ,to. to 0.223 %. 11 M NI. Accuracy 
*: 1 db. Single dial direct reading frequency and 
output. no chart, or interpolation. CW, pulsed and 
FM output. Modulation: internal pulsed, FM, ex-
ternal pulsed. Widely variable pulsing, synchroniz-

ing. delay and triggering features. Extremely fast 
rise/decay time 0.1 µsec. Constant internal imped-
ance 50 ohms, SWR 3 db. 81,950 f.o.b. factory. 

1,800 to 4,000 MC -hp- 616A SIGNAL GENERATOR 

Output range 0.1 µv. to 0.223 v. (1 !law). Accuracy 
± 1 db. Single dial, direct reading frequency and 
output, no chart, or interpolation. Output, modu-
lation, and synchronization features identical with 
Model 614A. Like Model 614A, instrument auto-
matically tracks frequency changes, requires no volt-
age adjustment during operation. 81950 f.o.b. factory. 

-hp- Model 608A 

pirri HE WLETT 

-hp- Model 61013 

-hp- Nlodel 614A 



IMPEDANCE MEASUREMENTS 

SPEED AND CONVENIENCE 

Rapid, accurate measurement of im-
pedance, reflection coefficient and stand-
ing wave ratio. Small size, convenient for 
field use. 

50 to 500 Mc. 

Can be inserted in various sizes of 
solid coaxial line or flexible cables. 

Make three readings, plot diagram 
cnd read off impedance to :_4-_ 5%. 

$400.00. 

9.14A 7./0  

7  fTC 

0 
11. 
'Po* 
t AND 1°.‘c  

FTL-42A IMPEDOMETER 

PRECISION 

Precise impedance measure-
ments in the range of 60 to 1000 
megacycles per second. Accuracy 

1000 to 2000 Mc range cov-
ered with slightly reduced accuracy. 

Coaxial line 250 centimeters 
long having a surge impedance of 
51.0 ohms  0.5 ohms. 

$2,495.00. 

FTL-30A SLOTTED LINE 

Write for FTL-30A and FTL-42A brochures 

Federal Telecommunication Laboratories, Inc. 

500 Washington Avenue Nutley 10, New Jersey 

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



The Most Complete Line of Wirewound Resistors... 

The  II I /A  Line 

No matter what your resistor requirements, the chances 
are that Ohmite has exactly the resistor you need. Ohmite 
offers fixed, adjustable, tapped, non-inductive, and pre-
cision-type resistors in many sizes, types of terminals, 
and in a wide range of wattage and resistance values. 
Ohmite application engineers will be pleased to help in 
the selection of the right resistor for our needs. 

OHMITE MANUFACTURING CO 
4862 Flournoy St., Chicago 44, Illinois 

Writs on Corn pan y Lottorhoad 
for Catalog 40 

Pow— 
Ee Relitt eat% 

OMIT'S 
Peg U  Pot Off 

RHEOSTATS • RESISTORS •TAP SWITCHES 

9ftcLaiitit's4744I Cltaice 

TYPES AND SIZES 

For Every Resistor Need! 

In addition to the many types of 
resistors shown, Ohmite offers re-
sistors in more than 60 sizes— 
ranging from 2' ? diameter by 20' 
long, to ?i" diameter by l' long 
— to meet your exact require-
ments. Many sizes are carried 
in stock. 

MANY TYPES OF TER MINALS 

wimi LIAD 

LUG NI 

PLIXISLI LIAD 

In  ow 
SI MI STYLI 

P IUL U 

6 

CARIGIGGII 

CUP STYLI 

Pfau " 



SHALLCROSS MATCHES YOUR 

Precision Resistor 
Requirements! 

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

...for SPECIAL 
ASSEMBLIES 

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

iJ 

...for real dependability on 

STANDARD INDUSTRIAL USES 

...over 40 economical standard types 

and sizes, each available in numerous 

mechanical and electrical adaptations. 

Write for Shallcross Data Bulletin R3A. 

...for JAN 
EQUIPMENT 

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

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

tolerances. 

SHALLCROSS MANUFACTURING COMPANY 

COLLINGDALE, PA. 

WIDE-RANGE, DIRECT READING 

CAPACITOR ANALYZER 

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

MULTI-PURPOSE TRANSMISSION 

TEST SET 

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

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



Now Available( 
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COMPLETE LINE OF CORES 

TO MEET YOUR NEEDS 

* Furnished in four standard 
permeabilities —125, 60, 26 
and 14. 

* Available in a wide range of 
sizes to obtain nominal in-
ductances as high as 281 
mh 1000 turns. 

* These toroidal cores are given 
various types of enamel and 
varnish finishes, some of 
which permit winding with 
heavy Formex insulated wire 
without supplementary insu-
lation over the core. IFROChEDINGS OF THE I.R.E. 

• 
• 

HIGH Q TOROIDS for use in 

Loading Coils, Filters, Broadband 

Carrier Systems and Networks—. 

for frequencies up to 200 KC 

For high Q in a small volume, characterized by low eddy current 

and hysteresis losses, ARNOLD Nloly Permalloy Powder Toroidal 
Cores are commercially available to meet high standards of physical 
and electrical requirements. They provide constant permeability 
over a wide range of flux density. The 125 Mu cores are recom-
mended for use up to 15 kc, 60 Mu at 10 to 50 kc, 26 Mu at 30 to 75 kc, 
and 14 Mu at 50 to 200 kc. Many of these cores may be furnished 
stabilized to provide constant permeability (±0.1%) over a specific 
temperature range. 

* Manufactured under licensing arrangements with Western Electric Company. 113•0 2930 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 

December, 1950 



How RCA Engineering in Depth 

benefits electronic equipment manufacturers 

• RCA Enginetring in Depth begins 

with basic research, progresses 
through design and production, and 
ends with the field engineering 
group, right at your doorstep. 

It is important to you because the 
collective experience of these en• 

gineering groups works unceasingly 
toward solutions of your problems 
. . . through the development and 

application of improved electron 

tubes and components . . . and 

through a personal and confidential 

appraisal of your specific require-
ments and their translation into 

practical, economical equipment. 

When you deal with RCA, you are 
dealing with the most seasoned, 

highly integrated, and extensive 
electronics engineering force in the 

field. The vast and impressive ex-

perience of this group accounts for 
RCA's engineering leadership in 

the development of better tubes 

and components in advance of the 
market. 

To put RCA Engineering in Depth 

to work for you . . . just phone or 
write RCA, Commercial Engineer-
ing, Section L-47R Harrison, N. J. 

RADIO CORPORATION of A MERICA 
ELECTRON rusEs AND CO MPONENTS HA RRISON, N. J. 
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W. R. G. Baker, vice-president of General Electric 
Co., Electronics Park, Syracuse, N. Y., and a pioneer in 
the development of radio and television, was born at 
Lockport, N. Y. on November 30, 1892. A graduate of 
Union College with three degrees, Dr. Baker joined Gen-
eral Electric's Research Laboratory in 1917. 
His first work on radio included the development and 

testing of radio apparatus for aircraft, submarines, cap-
tive balloons, torpedo boats, destroyers, and battleships. 
Dr. Baker was later made designing engineer. 
In 1924 this responsibility was enlarged to include the 

design of all radio products, and in 1926, he was given 

complete charge of development, design, and produc-
tion. He supervised the design of pioneer broadcasting 
stations WGY in Schenectady, KOA in Denver, and 
KG0 in Oakland and the Schenectady radio develop-
mental laboratory. The latter aided in maintaining com-
munications with both Byrd Antarctic expeditions. 
On the formation of the RCA-Victor Corporation in 

1929, Dr. Baker went to Camden, N. J., to head the 
radio engineering activities of the new organization and 
was in charge of production and later vice-president of 
engineering and manufacturing. 
In 1935 General Electric transferred its radio receiver 

activities to Bridgeport, Conn., and Dr. Baker resumed 

his connect ion,s with the Company. He was named 
managing engineer in 1936, a post he held until May, 
1939, when he was promoted to the position of manager 
of the Company's radio and television department. 
In October, 1941, Dr. Baker was elected a vice-presi-

dent. His department was subsequently redesignated 
the Electronics Department, now one of the nine GE 
operating departments, and producer of radio, radar, 
television and similar equipment in the rapidly expand-
ing electronics industry. 
Under Dr. Baker's direction as Chairman of the Na-

tional Television System Committee the standards for 
monochrome telecasting were developed, recommended, 
and adopted by the FCC. As Director of Engineering 
for the Radio-Television Manufacturers Association, he 
is actively engaged in co-ordinating the work of the 
industry on color television. 
Under his supervision as chairman of the Radio Tech-

nical Planning Board, recommendations for frequency 
allocations of all broadcasting services were formulated. 
Dr. Baker became a member of the Institute in 1919 

and a Fellow in 1928. He was President in 1947 and a 
Director in 1940 and 1946-1950. Dr. Baker was Stand-
ards Co-ordinator during 1948 to 1950 and has served 
on numerous IRE committees. 
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4. 

The inventor of the modern electron tube, and of many other contributions to radio during the last half 
century, here describes the upward course of radio and offers counsel, based on experience, to his fellow 
workers of today and to the government officials entrusted with present administrative responsibilities. 
The eminent writer of the following guest editorial needs, and can have, no better introduction than to 

state that he is LEE DE FOREST. —The Editor. 

A Half Century 
LEE DE FOREST 

To those of our membership whose professional, or amateur, radio activities span the completed half century, the glance 
backward from today's eminence of achievement must surely be accompanied by sentiments of wonder and admiration, not 
unmingled with some nostalgia. 
From the crude experiments of Oliver Lodge and Marconi in wireless transmission over the first few miles, when even a wave-

meter was unknown, to the spanning of the Atlantic, first with Morse signals, then with the human voice from Arlington to 
Paris and Honolulu, and on down the years to today's universal network of radio communication of every type and description, 
shrinking our globe to a mere basketball, the technical progress therein involved defies total comprehension. 
With this crowded accomplishment, no organized mental achievement, through the age-long history of the evolving human 

brain, can successfully compare. 
In 1900 our total applicable technical library comprised chiefly the works of Maxwell, Hertz, Tesla, J. J. Thompson, Poincare, 

and Lodge. The single journals containing an occasional article helpful to the then Wireless Engineer were Wiedemann's Annakn 
and the Philosophical Magazine of London. 
Other than the lone experimenters themselves, few indeed glimpsed at first any commercial future for "Wireless." Even the 

Army and the Navy saw but small usefulness in our manful efforts, employing alternating current transformers, self-restoring 
detectors and headphones, to excel the European pioneers with their still more primitive spark-coils, coherers, and tape re-
corders. Technical progress lagged shamelessly, tightly bound as we then were by the strait limitations of the open spark and arc 
transmitters. The quenched spark-gap of Max Wien and the electrolytic and crystal detectors were almost the sole instances of 
progress until entrance upon the scene of the three-element tube with plate supply, first as a far better detector, then as the 
long-awaited amplifier, poetically foretold forty years before by Professor's Hughes and Stokes—an "hour for which the years 
(and telephone engineers) did sigh." 
As though in apt commemoration of the discovery of that promethean device, the Archimedian electronic lever, destined 

with feedback to move the world forward, our Institute of Radio Engineers was shortly thereafter established. 
Its infant-sized PROCEEDINGS began forthwith to compete with Zenneck's Jahrbuch der Drahtlos Tekgraphie, and was eagerly 

welcomed by those to whom German and Greek were essentially synonomous. 
The demands and exigencies of World War I forced the swift development of the first watt oscillators into multi-kilowatt 

types which, with the power-modulation methods of Heising, thereafter made possible huge sponsored earnings by a theretofore 
virgin-pure radio broadcasting art—a sort of etheric prostitution new to mankind. So broadcasting for hire, like a surging epi-
demic, spread over the land. What untold tonnages of soap and so-forth were sold therewith; what hosts of otherwise undiscov-
ered "talent" ranged and raged before our inoffensive microphones; what profound changes in our home life, in political destinies 
were thus unfolded! And what manifold new industries, whose swollen earnings have already totaled more than fifty billions, 
affording a million new jobs, have we seen founded upon, or grown great from, the electron tube! 
Ensued then the regenerative and superhetrodyne receivers, entangled for years in historic patent litigation, even unto the 

Supreme Court, whereon the patent-lawyer fraternity fattened enormously. Simultaneously during the tumultous 'twenties the 
amplifying branch of the fast spreading electronic tree blossomed beautifully into sound-on-film, perfected music recording-re-
production, and the oscilloscopic parent of television-realizations of the ancient dreams of Edison and of von Rosing. 
Progress during the third decade of our half century may be generally classified as intensified investigation of atmospheric 

phenomena affecting transmission, the introduction of the electron to industry, rapid development of frequency modulation by 
Armstrong, and the beginnings of cathode-ray television made possible by the brilliant genius of Zworykin and Farnsworth. 
Our accumulated store of information and the practical applications thereof added up to immense basic values, forming a firm 
foundation for what the fighting 'forties were to require. 
'There the demoniacal demands of World War II, blacking out all cost figures, forced a dozen premature births, such as radar, 

sonar, the proximity fuze, remote-controlled missies, and the electronic navigational aids that made possible today's congested 

aviation traffic. 
Thus the present status of radio and electronics owes immeasurable debt to the two holocausts that have blackened the 

fair pages of the history of our first half-century. 
Today's astounding public acceptance of television serves as a needed peacetime stimulation to yet swifter, more enobling 

efforts. Happily there are indications that in (long overdue) time the cultural values beyond all estimation, innate in radio and 
television, will be realized by those to whom we engineers have had to entrust the commercial applications of the miracles so 
hopefully created; that eventually the advertiser's profit motive will cease to be the prime factor in the instrumentalities we 
have been busily introducing into the home-life of America. Assuming that Russia values her peaceful place in the sun, color 
video, now only nascent, will be our next great contribution to the richness of that home life. 
But what in addition to this awaits our world during the ensuing half-century? What further multiple and benign activities 

await the electron, as undreamed of now as were those of today to the embryonic radio profession of fifty years ago? 
These the fortunate chronicler of A.D. 2000 alone can tell. 
As we survey the history of modern technological advancement the world over, we find nothing comparable with the past 

half-century's achievements of American industry, scientifically directed; and nothing in all that vast progress surpassing that 
of our own radio-electronic structure. Today while our natiGnal economy, so often tormented by ill-conceived political restric-
tions and exactions, presents a rapidly darkening picture, the brilliant record of our special industry and science stands out as 
a challenging example of the basic virtues of the principle of free enterprise. Let us all therefore highly resolve to keep that proven 
principle unshackled by the socialistic sophistries which now seek, leech-like, to suck the life blood from our American capital-
istic system. 
That the record of the next half-century be no less glorious than that of the epoch now ending. 
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Periodical Literature for Electronic Engineers* 

Su m mary —Periodical literature for electronic and 

communications engineers has been examined. Sug-
gested lists of periodicals are presented, ranked by 

relative usefulness for keeping up with current 

progress and for finding previously published informa-
tion. Problems of publishing, abstracting, and search-

ing electronic literature ar e discussed. 

IN tkoDUC rioN 

ELECTIZ O NIC engineers read periodi-

cal literature basically for two reasons; 

first, to keep abreast of current prog-

ress, and second,  to find previously pub-

lished information which may help on the 

particular project on which they are work-

ing. In the first instance, one of the problems 

facing an individual engineer and an aca-

demic or industrial library, is the deter mina 

tion of which technical periodicals and/or 

abstract journals should be read. In the sec-

ond case, when previously published papers 

pertinent to a particular project are being 
searched for, the problems are to deter mine 

in which technical periodicals and/or ab-

stract journals to search, as well as in what 

year to search, and further— how to search. 

This paper exa mines so me of the prob-

le ms of periodical literature for electronic 

and  CO MIll u nicati ons engineers  from the 

reader's point of view. A suggested list of 

periodicals ranked by relative usefulness is 

given for browsing and keeping up-to-date 

activities. Another list of periodicals whose 

papers  have de monstrated more  than 

ephe meral value is given. The time scale 

and age of published papers pertinent to a 

particular project have been studied fro m a 

probability basis. 

Some of the proble ms of literature search 

and abstracting are discussed. W ork on 

classification, storing, and handling informa-

tion for the convenience of the reader is ur-

gently required to cope with the growth of 

the electronic industry. The size of The In-

* Decimal classification: R053. Original manu-
script received by the Institute. June 12, 1950; revised 
manuscript received. July 26. 1950. 

t Operations Evaluation Group, Division of In-
dustrial Cooperation, Massachusetts Institute of 
Technology, Cambridge, Mass. 

R. C. CulLE-1-

stitute of Radio Engineers has been roughly 

esti mated to be 80,000 in 1960 and the PRO-
CEEDINGS oF 'I HE I.R.E. should  then  be 
publishing about 800 papers [KT year. 

PERIODICAL 1.1ff ERATURE rok CURRENT 
READING 

One approach to deter mining which peri-

odicals are currently publishing papers of 

interest to electronic engineers would be to 

exa mine a large nu mber of current journals 

for a given period and deter mine how many 

pertinent papers on electronic subjects are 

being published and in which journals. Or 

instead of exa mining the journals directly, 

one might make a statistical study of an ab-

stract journal such as Science Abstracts (Sec-
tion  B —Electrical Engineering Abstracts), 
or of the abstracts published in the Wireless 
Engineer and  the  PROCEEDINGS OF THE 
I.R.E. The abstract journals exercise a cer-
tain amount of selection in choosing which 

papers their editors consider worthy of ab-

stracting. 

A much greater degree of selection is em-

ployed by the IRE Annual Review Co m-

mittee which prepares an annual Report 

listing the most significant papers published 

each year. An analysis has, therefore, been 

made of  the  recent  Report'  on  "Radio 

Progress during 1949." This IRE co m mittee 

of 29 members prepared a Report which 

contained 810 references to. 134 periodicals. 

The report was divided into 22 subject fields 
with specialists in each field citing the most 

important papers published in that field in 

1949. In passing, one might note that there 

was no subject field on "measure ments" and 

that only one reference was listed under "in-

dustrial electronics." 

The periodicals are listed in relative rank 

in Appendix A, which shows the nu mber of 

of ti mes the periodical was cited. Fig. 1 il-

'Radio Progress During 1949," Psoc, I.R E , 
vol. 38, pp. 358-390; April, 1950. 

2 An IRE committee on Measurements and Instru-
mentation was formed during the Litter part of 1949 
and future Radio Progress Reports will therefore 
cover the field of measurements. 
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Fig. 1 —Sources of reference in IRE Annual Review Report. 

lustrates some of thesedata graphically. Fifty 

per cent of the references were made to 9 

periodicals and 75 per cent were made to 24 

periodicals. The last 25 per cent of the refer-

ences required 110 additional periodicals. 

The relative ranking of periodicals given 

in Appendix A depends, of course, on the 

subject fields considered. A different selec-

tion of subject fields will give a different 

ranking of journals. Further more, it is obvi-

ous that the more one restricts one's fields of 

interest, the fewer journals are pertinent. 

For exa mple, if one is interested in keeping 

abreast of progress only ill radio-frequency 

circuits,  it  is not necessary  to read  the 

Journal of the Acoustical Society, or the like. 
However, keeping posted on progress in a 

single field such as radio propagation re-

quires reading journals in radio, electrical 

engineering, physics, applied physics, geo-

physics, and meteorology. 

Appendix A, therefore, is suggested as a 

tentative guide for reading for engineers 

whose interests lie in the 22 subject fields 

considered by the IRE Annual Review Co m-

mittee. 

PERIODICAL LITERATURE USED BY 
ELECTRONIC AND COMMUNICATIONS 

ENGINEERS 

The periodical literature actually used 1,N 

electronic engineers may be determined by 

studying the footnote references in the tech-

nical papers published in the PRocEmilmis 
OF THE I.R.E. Presu mably these references 
were of some value to the engineer publish-

ing an account of his own work. A study has 

been made of these references to deter mine 

their sources and ages. Appendix B shows the 

results of a study3 made of the 1934 issues of 
the PROCEEDINGS OF THE I.R.E. The 42 peri-
odicals  mentioned in footnote  references 

have been arranged in order of relative rank, 

with the journals referred to the most times 

ranked highest. 

8 Charles F. Dalziel. "Journals for electrical en-
gineers," Elec. Eng.. vol. 57. np. 110-113; March. 
1938. 

Fig. 2— Sources of references it) 1949 PRoc. I.R.E. 
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A study of the 1949 issues of the PRO-
CEEDINGS OF THE I.R.E. is given in Appendix 
C. One hundred and fifteen periodicals were 
listed in references. To make this 1949 study 
comparable with the data for 1934 which ex-
cluded periodicals which were not men-
tioned also by one or more of a selected 
group of key journals, 73 of these 115 peri-
odicals were determined to be also listed by 
one or more of the following: Electrical En-
gineering, Journal of the Institution of Elec-
trical Engineers, General Electric Review, 
Electronics, and Bell System Technical Jour-
nal. Consequently, 73 periodicals were men-
tioned in 1949, as compared to 42 in 1934, 
an increase factor of 1.7. It is interesting to 
note the gains in relative rank of the Physi-
cal Review, Bell System Technical Journal, 
Journal of Applied Physics, Electronics, Re-
view of Scientific Instruments, and RCA 
Review. 
Fig. 2 shows graphically the sources of 

the 1949 IRE references. Fifty per cent of 
the references came from the first four jour-

. nals and 75 per cent of the references came 
from the first 17 periodicals. Then 98 more 
periodicals accounted for the last 25 per cent 
of the references. 
A study was made of the time interval 

between the publication year of a paper and 
its citation as a reference in the 1949 PRO-
CEEDINGS OF THE I.R.E. Fig. 3 shows that 
18 per cent of the references were two years 
old, 16 per cent were one year old, 13 per 
cent were three years old with decreasing 
frequency of occurrence for older references. 
Fig. 4 shows that 50 per cent of the refer-
ences were less than three years old. Twenty-
five per cent of the references were more than 
nine years old. 
These surveys of the 1934 and 1949 issues 

of the PROCEEDINGS OF THE I.R.E. give an 
indication of the past use of published lit-
erature by engineers in past research pro-
grams. The distribution of the sources of the 
references and the ages of the references de-
pended on the particular research programs 
reported in the papers. Academic research, 
for example, may result in a scholarly pub-
lished paper with more historical footnote 
references than a paper by an engineer in 
industry reporting on a current develop-
ment. It is felt, however, that the listing of 
periodicals in Appendix C gives an index of 
usefulness of journals covering the fields of 
interest to The Institute of Radio En-
gineers. 

LITERATURE SEARCH 

The information on sources and ages of 
references presented in the survey of peri-

20 -
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Fig. 3—Distribution of references in 1049 
PROC. I.R.E. by age groups. 
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Fig. 4—Age of references. 

odical literature discussed above enables one 
to start on an "associative trail" type' of lit-
erature search. Examination of the top rank-
ing five or six periodicals for three or four 
years back has a fair probability of uncover-
ing papers pertinent to the subject being 
searched for. Footnote references in these 
papers furnish leads for further searching. In 
certain fields, a specialized periodical, e.g., 
Journal of the Acoustical Society, would be 
the logical place to start a search. 
Abstract journals and abstracting and 

referencing publications and organizations 
facilitate an all-out organized search. Some 
of the abstract and reference publications 
useful to electronic engineers are the follow-
ing: 

Ratio Research Board Abstracts and 
References (published in the Wireless 
Engineer and reprinted in the PRo-
CEEDINGS OF THE I.R.E.) 

Science Abstracts—Section B (Electrical 
Engineering Abstracts) 

Mathematical Reviews 
References to Contemporary Papers on 
Acoustics (published in the Journal of 
the Acoustical Society of America.) 

Wireless Patents (published in the Wire-
less Engineer) 

Review of Acoustical Patents (published 
in the Journal of the Acoustical Society 
of America) 

Engineering Index 
Industrial Arts Index 
Bibliography of Scientific and Industrial 
Reports 

Annales des Telecommunications 
Electronic Engineering Master Index 
Electronic Engineering Patent Index 

The general situation is confusing but it 
is generally agreed that, despite the large 
number of different abstracting agencies, 
many worthwhile papers are being over-
looked while others are duplicated in many 
of the abstract journals. 
Probably the most useful for electronic 

engineers of the above abstracts are those 
published in the Wireless Engineer and PRO-
CEEDINGS OF THE I.R.E. About 80,000 
abstracts prepared by the Radio Research 
Board in England have been published in 
the Wireless Engineer in the past twenty 
years. The approximate number of these 
abstracts published each year is given in 
Fig. 5. Over 4,000 abstracts were published 
each year for the eight years prior to World 
War II, with approximately 150 journals 
scanned. 

• Vannevar Bush. 'As we may think.' Atlantic. 
pp. 101-108; July. 1945. 

However, the disturbing effect of the 
breakdown of this abstracting service is in-
dicated by the negative slope of the last 
four postwar years. In 1948 when 195 
journals were scanned, only 3,575 abstracts 
were published. To have fewer abstracts for 
a year such as 1948, when thousands more 
papers were being published than during the 
war, does not lead to any confidence that a 
high percentage of pertinent published pa-
pers are being abstracted. 
A further index of the abstracting activ-

ity is given in Fig. 6, where the number of 
abstracts per year per member of the IRE is 
shown. The negative slope as well as the 
small magnitude of this ratio is not encour-
aging. 
When one wishes to use the 80,000 ab-

stracts, one must still face the problem of 
searching in an annual index or in the 12 
issues of the Wireless Engineer a year for as 
many of the past 20 years as desired (a 
maximum of 240 separate batches of 300 or 
so references). Some individuals and organi-
zations have the abstracts arranged in card 
files. This poses the problem of a classifica-
tion system. The Wireless Engineer abstracts 
had no classification numbers until four 
years ago when they began to be classified 
according to the Universal Decimal Classi-
fication System. Electrical Engineering Ab-
stracts, similarly, had no classification num-
bers until eight years ago. 
At the moment, the systems and aids 

available for literature search are very 
crude. It should be possible to mechanize 
part of the searching with modern electronic 
techniques. The Departments of Commerce 
and Agriculture and the Atomic Energy 

5000 

4000 

3000 

4 2000 

44 1000 
a 

4 

1930  1935  1940 
YEAR 
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Commission are now experimenting with and 
developing  improved  abstract  selectors 
based on the Bush "Rapid Selector" library 
machine developed at the Massachusetts 
Institute of Technology in 1938-1940 by 
John I loward, Laurence Steinhardt, John 
Coombs, Claude Shannon, and the author. 

DOCUMENTATION 

in the past, the problems of documenta-
tion have chiefly been the concern of the 
producers and not the consumers. Publishers 
and editors have decided publication policy 
primarily to solve their own problems. Re-
jecting and/or overcondensing a larger per-
centage of manuscripts and increasing the 
delay time between submission of a manu-
script and its publication may temporarily 
solve some of an editor's problems of higher 
printing costs and increasing volume but are 
hardly the same solutions a reader would 
agree with. One alternative5 under investiga-
tion by a professional society suggests that a 
journal composed solely of brief author ab 
stracts be published at a low subscription 
rate with inexpensive microfilm copies of any 
complete paper supplied as desired to a 
reader. 
Libraries are organized principally for 

the convenience of the librarian and not the 
reader. The classification systems are organ-
ized along medieval lines for the manual 
practices employed. However, it is encour-
aging that some groups are worrying about 
the problems of classifying, storing, and 
handling information. ° In addition to the 
previously mentioned experimentation with 
microfilm abstract machines by the Depart-
ments of Commerce and Agriculture and 
the Atomic Energy Commission, other 
groups, such as the Center for Scientific Aids 
to Learning at the Massachusetts Institute 
of Technology, are working on documenta-
tion problems. Another approach is being 
made by the Aim.rican Chemical Society7 
which is working with a manufacturer of 
punchelcard business machines to have a 
machine designed for nonnumerical pur-
poses, since more than one million Chemical 
Abstracts have already been published. 
One of the problems facing electronic 

Vernon D. Tate, "An Appraisal of Microfilm," 
presented, the American Chemical Society Meeting, 
Atlantic City, N. J., September 20, 1949. 

Royal Society Scientific information Conference 
Report, I.ondun, 1948. 

7.J. W. Perry. "The A.C.S. Punched Card Com-
mittee," Chemical and Engineering News. vol. 27, pp. 
754-75O; March 14. 1949. 
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engineers is the publication of an increasing 
volume of reports on current research. Dr. 
Vannevar Bush has estimated that since the 
war scientific research has increased by a 
factor of at least 10. The growth of the elec-
tronic industry and its requirements for pub-
lication need examination for planning the 
attack on the problenis of the writer, the edi-
tor, the librarian, and t he reader. Sonic pre-
liminary estimates st ill be given to stimulate 
further investigation. 

N UMBER OF ELECIRONIC AND 

COMMUNICATIONS ENGINEERS 

An index of the growth of electronic and 
communications industry M ay be obtained 
from consideration of the membership of The 
Institute of Radio Engineers. The IRE was 
formed in 1913 and has grown as illustrated 
in Fig. 7. It will be seen that the trend of 
increasing membership would indicate a pos-
sible 47,000 in 1955, and a possible 80,000 
in 1960. This assumes that no new national 
engineering societies will be formed which 
would absorb large numbers of the new 
electronic engineers who may not be spe-
cialists in "radio," and that The Institute of 
Radio Engineers continues its broad inter-
ests in electronics. 
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The Institute of Radio Engineers has 
had a publication from the time of its origin 
thirty-seven years ago. Fig. 8 shows the 
number of papers published per year in the 
l'itocEEDINGs. Over 100 papers have been 
published each year since 1927, with the ex-
ceptions of one depression year and two 
1Vorld War II years. The number of 
"papers" includes book reviews which have 
been numerous in postwar years. For W M - 

plc, in 1948, of the total of 266 papers shown 
in Fig. 8, 173 were original technical papers 
and 93 were book reviews. The over-all fig-
tires have been used, as it is considered that 
both papers and book reviews need consid-
eration in keeping abreast of the field. 
During the war years when publication 

was curtailed, the Institute made plans and 
set aside special funds for large postwar pub-
lication of papers when the easing of security 
restrictions and paper restrictions permitted. 
Fig. 8 shows the marked increase in papers 
published in the postwar years. However, 
this increase has covered the deficit of the 
war years when many papers were not pub-
lished which would have been published in 
normal times—if one is talking about a 
static condition. But the Institute is dy-
namic and has more than quadrupled its 
membership since 1940. The ratio of papers 
published per year per IRE member given in 
Fig. 9 shows the trend from 1914 to date and 
the projected trend which gives an estimate 
of 0.01 paper per year per member in 1960. 
If this trend is considered reasonable, the 
estimates of the growth of the IRE given 
previously would indicate that the size of 
the PROCEEDINGS in 1955 should be at least 
550 papers, and 800 papers in 1960. 
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APPENDIX A 

PERIODICALS FOR CURRENT READING IN ELECTRONIC 
AND COMMUNICATIONS ENGINEERING' 

Relative 
Rank 

Periodical 
Number 

APPENDIX A—(continued) 

Relative 
Rank 

Periodical 
Number 
of 

Citations 

of  76 
Citations  77 

1 PROCEEDINGS I.R.E. 
2  Physical Review 
3  Electronics 
4  RCA Review 
5  Journal Acoustical Society of America 
6  Tek-Tech 
7 Audio Engineering 
8  Journal Applied Physics 
9  Electrical Engineering (and Transactions of 

A I EE) 
10  Review of Scientific Instruments 
11  Bell System Technical Journal 
12  Journal Society Motion Picture Engineering 
13  Digital Computer Newsletter 
14  Wirekss Engineer 
15  Journal Institution of Electrical Engineers 
16  Nature 
17  Proceedings National Electronics Conference 
18  L'Onde Electrique 
19  Nucleonics 
20  Communications 
21  FM and Television 
22  Compes Rendus Academy of Science (Paris) 
23  Philips Technical Review 
24  Bell Laboratories Record 
25  Proceedings Physical Society 
26  Technical Information Pilot 
27  Papers presented at AIEE Summer Meeting 
28  Math Tables and Other Aids to Computation 
29  RMA Standards 
30  A. E. U. 
31  Papers presented at AIEE Winter Meeting 
32  Electrical Communication 
33  Journal Geophysical Research 
34  Journal Scientific Instruments 
35  Radio Television News 
36  Railway Signaling and Communication 
37  Telephone and Telegraph Age 
38  The Engineer 
39 Wireless World 
40 American Standards Association 
41 Ann. Radio Elec. 
42 Electronic Engineering 
43 Papers presented at the IRE National Conven-

tion 
44  Observatory 
45  Philips Research Reports 
46 Proceedings Royal Society A 
47 Western Union Tech. Rev. 
48  Annual Telecommunications 
49  Arch. Ekk. Uebertragung 
50 Astro. Journal 
51  Bulletin Academy of Science (USSR) 
52 Bulletin Assoc. Suisse Elec. 
53 Engineering 
54  Frequency 
55  General Electric Review 
56  Papers presented at IRE Fall Meeting 
57  Journal Laboratory and Clinical Medicine 
58  Journal Phys. Radium (France) 
59  MIT Research Laboratory of Electronics 
60  Naturwiss 
61  Optik 
62  Philosophical Magazine 
63 Proceedings Indian Academy of Science 
64  Sky and Telescope 
65 Trans. Chalmers University of Technology 
66 Acta Crystallographica 
67  Advanc. Science 
68  Agricultural Engineering 
69  AIEE-IRE Theory of Communication Lecture,' 
70  Alta Frequenza 
71  American Mineralogist 
72  A ppl. Scientific Research 
73  Ark. Mat. Astro. Fys. 
74  Aust. Journal Scientific Research 
75  Automat i Tekmakh (Russia) 

118  79 
57  80 
56  81 
36  82 
32  83 
31  84 
28  85 
27  86 

87 
24  88 
20  89 
19  90 
1E  91 
17 92 
17 93 
14  94 
13  95 
13  96 
12  97 
12  98 
11  99 
11 100 
9  101 
9  102 
8  103 
7  104 
7  105 
5  106 
5  107 
5  108 
4  109 
4  110 
4  111 
4  112 
4 • 113 
4 114 
4  115 
4  116 
4 117 
4  118 
3  119 
3  120 
3 121 

3  122 
3 123 
3 124 
3 125 
3 126 
2 127 
2 128 
2 129 
2 130 
2 131 
2 
2 132 
2 133 
2 134 
2 
2 
2 
2 
2 
2 
2 
2 
2 

BBC Quarterly 
British IRE 

78  British Journal of Psych. 
Brush Dev. Co. Quarterly Report 
CRPL Report 
Discussion of Faraday Soc. 
Edison Electric Inst. Bulletin 
Elec. Review (London) 
Elek. Wiss. Tech. 
Endeavour 
Engineer 
Fernmeldtech Z. 
Federal Engineer 
FIAT Review of German Science 
Fortune 
GEC Journal 
Gen. Radio Tech. Pub. 
Hely. Phys. Ada 
HF (Brussels) 
Indian Journal Phys. 
Institute of Navigation 
IB M Publication 
Journal British Astro Association 
Journal Chem. Phys. 
Journal Electro Chem. Society 
Journal Franklin Inst. 
Journal Ind. Hygiene and Toxicology 
Journal of Metals 
Journal of Met. 
Journal Optical Society of America 
Journal Res. National Bureau Standards 
Journal Royal Astro Society, Canada 
Journal Tech. Phys. (USSR) 
Kungl Tekn Hogsk Handl (Stockholm) 
Marconi Review 
Nuovo Cim 
Physics Today 
Proceedings IRE (Australia) 
Quarterly A ppl. Math. 
Quarterly Journal Royal Met. Society 
Radio Franc. 
Radio Tech Dig (France) 
Ry. Age 
Radiotronics 
Review Gen. Elec. 
Chalmers University of Technology Research 
Laboratory of Electronics 

Science Monthly 
Tech. Bulletin National Bureau Standards 
The Quill 
Toute la Radio 
Trans. American Geophys. Union. 
Trans. American Society Mechanical Engineers 
Trans. S. Afr. Inst. Electrical Engineering 
University of Kentucky Report 
Wesleyan University Report to Sig C 
Williams College Meeting American Phys. So-
ciety 

Zeits. Angew. (Phys.) 
Zh. Tekh. Fiz. (Russia) 
Zeit. Vet dtsch. Ing. (VDI) 

1 

1 
1 

1 
1 

1 

1 

1 

1 
1 

1 
1 

1 

1 

1 

Relative 
Rank 

APPENDIX B 
PERIODICALS USED BY ELECTRONIC AND 
COMMUNICATIONS ENGINEERS IN 1934 

Periodical 
Number 
of 

Citations 

1 PROCEEDINGS OF THE I.R.E. 
2  Wireless Engineer 
3  Bureau Standards Journal of Research 
4  Philosophical Magazine 
5  Nature 
6  Physical Review 
7 Bell System Technical Journal 
8 Proceedings Physical Society 

(180) 
37 
31 
30 
30 
23 
20 
20 
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Relative 
Rank 

APPENDIX B  ont jutted) 

l'ericxlical 

Proceedings Royal Society 
lii Zeitschrift fur Technische Physik 
I I Anna/en der Physik 
12 Corn pies Rendus 
13 Ekktrische Nachrichten Technik 
14 Zeitschrift f fir Physik 
IS Journal Acoustical Society 
16 Journal Institution of Electrical Engineers 
I 7 Hochfrequenztechnik und Elektroakustik 
18 Archiv fur Elektrotechnik 
19  Electronics 
20  Wireless World 
21  Physikalische Zeitschrift 
22  Telefunken-zeiturg 
23  Journal Institution of Electrical Eng. of Japan 
24  Radio Engineering 
25  L'Onde electrique 
26  Annaks des Posies, Telegraphes et Telephones 
27  Electrical Engineering 
28  Helvitica Physica Acta 
)9  Alta Frequenza 
30  Electrician 
31  Physics 
32  Elearolechnische Zeitschrift 
33  Physica 
34  Journal Franklin Institute 
35  Journal Scientific Instrument, 
36  Journal Society Motion Picture ling. 
37  Astrophysical Journal 
38  Electrical Communication 
39  Trans. Optical Society 
40  Review of Scientific Instruments 
41  Electrical World 
42  General Electric Review 

APPENDIX C 

PERIODICALS USED BY ELECTRONIC AND 
COMMUNICATIONS ENGINEERS IN 1949 

Number 
of 

Citations 

20 
19 
18 
17 
16 
15 
15 
14 
10 
10 

7 

6 
.5 
5 
.1 

1 

1 

Relative 
Rank Periodi( al 

1  PROCEEDINGS OF THE I.R.E. 
2  Physical Review 
3  Bell System Technical Journal 
4  Journal Applied Physics 
5  Electronics 
6  Review Scientific Instruments 
7  Journal IEE 
8  Electrical Engineering 
9  RCA Review 
10 Rad. Laboratory Reports 
11 Cruft Laboratory Reports 
12  Nature 
13 1lTireless Engineer 
14 Electrical Communications 
15 Philosophical Magazine 
16  Proceedings Royal Society 
17  Journal Franklin Institute 
18  Communications 
19  General Rad. Experimenter 
20  Journal Acoustical Society of America 
21  Journal Society Motion Picture Engineers 
22  Proceedings Phys. Society 
23  Proceedings Nat. Electronics Conference 
24  Research Lab. of Electronics 
25  Tele-Tech. 
26  Zeit. fur Phys. 
27  Archly. fur Elek. 
28  Bulletin American Meteorological Society 
29  Hely. Phys. Acta 
30  Ind. Eng. Chem. 
31 Phys. Zeit. 
32  Review Mod. Physic, 
33  University Texas E. E. Research La/s. 
34 Journal Math. Phys. 
35 Journal Optical Society of America 

Number 
of 

Citations 

(262) 
56 
51 
47 
34 
26 
22 
16 
15 
13 
11 
11 
11 
9 
9 

6 
6 

6 
6 

6 
6 
5 
5 
5 
5 
5 
5 
5 

Relative 
Rank 

APPENDIX C—(continued) 

Periodical 

36  Physiia  4 
37  Annales der Phys. 
38  Bell Laboratory Research 
39  Elek. Nach. Tech. 
40  MDDC 
41  Proceedings American Philosophical Society 
42  Science 
43  American Journal Physics 
44  Chalmers Tek. 
45  Comptes Rendus 
46  Dokkdy Academy Science Ukraine 
47  Electrical Journal 
48  Funk und Ton 
49  Food Ind. 
50  Hochfrequenza und Elektroak. 
51  Journal General Physiology 
52  Journal Research National Bureau Standard, 
53  Journal Scientific Instruments 
54  Leiden Comm. 
55  Nucleonics 
56  Oak Ridge Nat. Lab. 
57  Philips Research Reports 
58  Physics 
59  Proceedings Cam. Philosophical Society 
60  Quarterly Applied Mathematics 
61  Review Gen. Elec. 
62  Zeit Phys. 
63  Z. Naturf. 
64  American Math. Society Bulletin 
65  Annaks de Telecommunications 
66  Anna/es Radio-elec. 
67  Anal. Chem. 
68  American Journal Roentgenology and Rad. Therapy 
69  Bell Tel. Quarterly 
70  British Journal Radiology 
71  Brooklyn Polytechnic Inst. 
72  Bulletin Soc. Franc, Ekc. 
73  Bulletin Academy Royal Belgique 
74  Bureau Standards Scientific Papers 
• 75  Camp Evans Signal Lab. Report 
76  Chemical and Engineering News 
77  Chem. and Ind. 
78  Dos Electron 
79  Elec. Ind. 
80  Electronic Eng. 
81  Stanford U. Electronics Research Lab. 
81 AMC Electronics Research Lab. 
83  Geophys. Publik. 
84  Ind. Radiography 
85  Journal Aero Science 
86  Journal American Chemical Society 
87  Journal Applied Mech. 
88  Journal British Inst. Rad. Eng. 
89  Journal Chem. Phys. 
90  Journal Phys. and Colloid Chemistry 
91  Journal Phys. Chem. 
92  Journal Phys. (UR SS) 
93  Journal Phys. Radium 
94  Journal Royal A, Society Cam. 
95  L'Onde Elec. 
96  Luftfohrforschung 
97  Naturwissenschaften 
98  Nova Ada Royal Society Science (Uppsabi 
99  Phil. Tech. Review 
100  Proceedings Nat. Academy Science 
101 Product Eng. 
102  Radio 
103  Radio Research Board 
104  Science Monthly 
105  Stanford U. Micro- Wave Lab. 
106 Tech. Mitt. Jg. 
107 Terr. Mag. Atm°. Elec. 
108 The Oscillator 
109  TRE 
110  U. S. AEC Report 
111  Wissenschaften Aero, Siemens 
112  Westinghouse Eng. 
113 Wireless World 
114 Zeit. Tech. Phys. 
115 VDI Zeitschrift 

.4 

2 
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Practical Design for Effective Production 
and High Quality* 

JOSEPH MANUELE t 

1 he follow ing paper has been made available for publication through the good offices of the 
IRE Professional Group on Quality Control, and has received the approval of that Group. 

Summary—Every newly developed appliance must pass through 
three stages before finally reaching the home; namely, the labora-
tory model stage, the engineering model stage, and the mass produc-
tion stage. The engineering model stage is really the "pilot plant" 
stage of production where the laboratory model is proved and the 
'manufacturing "bugs" are worked out before placing the article 

in mass production. 
The engineering model stage of manufacture is controlled most 

' effectively by the verification committee whose function it is to 
prove that component parts as well as the article itself can be, or 

cannot be, manufactured with the existing equipment and personnel. 
The verification committee proves that the engineering department 
has really come up with a good idea which is practical and which can 

be manufactured economically and in quantities. The verification 
committee also points out weaknesses in design. 
The verification committee is guided in its analyses and recom-

mendations by the principles governing practical design for effective 

production and high quality, which are: (1) simplicity of design, (2) 
minimum number of component parts, (3) clearly defined and 
measurable quality standards, and (4) absolute interchangeability 

of parts. 

H
.ISTORY RECORDS that in the late 1790's Eli 
Whitney was granted a contract from the United 
States government to make some muskets. In 

those days muskets were made by trained artisans, and 
each musket was as good as the skill of the individual 
worker could make it. Presumably if a gun were dam-
aged in battle action, a soldier could not take parts 
from another damaged gun to repair his own. There was 
no recognition of the principle of "interchangeability of 
parts" in those days. Neither was the importance of 
designing for effective production recognized, and prod-
uct quality reflected a combination of the worker's skill 

and pride in his job. 
But Eli Whitney was a shrewd industrialist. He 

recognized the importance of design for effective produc-
tion, and of the value of the principle of interchange-
ability of parts. He could do nothing about the design 
of the muskets, since this was already fixed, but before 
he started production, he made a set of gages for the 
various parts. Then he made the parts to the gages. 
Hence, every part could be assembled into its proper 
place on any musket, and the musket would function 
perfectly. History does not record whether there was a 
renegotiation on the contract, but we suspect that Mr. 

• Decimal classification: R004 XR720. Original manuscript re-
ceived by the Institute, May 11, 1950. Presented, 1950 National 
IRE Convention, March 7, 1950, New York, N. Y. 
t Westinghouse Electric Corporation, Pittsburgh, Pa. 

Whitney made a satisfactory profit on the transaction 
because of the cost reduction effected by his simplifica-
tion in manufacturing method. 
This incident really marks the beginning of modern 

"straight line" manufacturing techniques. These mass 
production methods are responsible for having made 
America great, and for having provided Americans with 
more comforts and more leisure than some of us are able 
to use wisely. 
However, the art and science of product design to 

facilitate mass production has not always kept pace 
with progress in manufacturing methods. When con-
templating a new design, how often have we heard the 
remark, "But can it be mass produced?" Because of the 
tremendously large and profitable American market, 
competition to reach that market is intensely keen. 
Hence, products intended for the American home must 
be mass-produced, if they are to be profitable. 
Every newly developed home appliance usually goes 

through three stages before finally finding its place in 
the American home as a necessity, or even a luxury, of 
everyday living: (1) laboratory model stage, (2) engi-
neering model stage, and (3) mass-production stage. 
After the product has germinated in the mind of the 

inventor, the first stage it must pass through is the 
laboratory model stage. Here some of the theoretical 
principles of its operation are proved, modified or dis-
carded. The main interest here is "Will it work?" Has 
the inventor really produced something of practical 
value, or has he just "laid an egg"? This laboratory 
model stage is very important because every year the 
ingenious mind of man creates many new products, 
some of which are just plain duds, and some of which 
can be termed only as scientific curiosities. Obviously 
industrial capital cannot be risked on duds, or scientific 
curiosities, manufactured by the million. Hence such 
new creations must be proved in the laboratory. 
After the product has passed successfully through the 

laboratory model stage and it has been definitely 
proved that a product of some practical value has been 
developed, it is put through the engineering model 
stage. Here, the aim is to adapt the new product for 
profitable mass production. Changes in engineering de-
sign are made, if required to facilitate production in 
quantities. The various "bugs" are taken out of it, and 
the product is streamlined for "tooling." It is at this 
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stage that tool-made samples are produced to prove 
tools, production methods, and the product itself. Costs 
of production also are estimated at this point, and a 
sufficient number of units are manufactured and made 
available to the quality control department for a thor-
ough "quality analysis" of the product. 
Because of difficulties in meeting quality standards, 

or because of manufacturing problems which cannot be 
resolved, some products never get beyond this engineer-
ing model stage, and they are "put on the shelf," or 
"killed," at this time. Sometimes they are sent back to 
the engineering department with suggestions for re-
design, and are later brought back through the engi-
neering development stage a second time. 
During this period of engineering development the 

verification committee, of the quality control department 
makes its quality analysis of "production method" pro-
duced samples, and gives its recommendations on 
whether the product: (1) comes up to proper quality 
standards, and (2) whether the design of component 
parts, and the product as a whole, lends itself to eco-
nomical mass production with the available tools and 
personnel. 
In order to make this quality analysis, a few units of 

the new product are manufactured, as nearly as possible, 
under production conditions, and these units are turned 
over to the quality control department for inspection 
and test in the regular way. No special inspection or 
test procedures are used at this point, and no special 
concessions are made in regard to product quality. The 
product is judged against the engineering quality stand-
ards which have been established, even though these 
standards may be tentative at this time. 
Each part, component, and the completely assembled 

product, is inspected and tested, and a note is made of 
the actual quality and the desired quality. From this in-
formation a report is prepared, on regularly prepared 
forms, and submitted to the verification committee. 
The function of the verification committee is twofold: 

to determine whether the product is of such quality 
that it will give the minimum amount of trouble in the 
field, from both the functional and aesthetic point of 
view; and whether the product and its various com-
ponents can be mass-produced with the available 
manufacturing facilities and personnel. 
The verification committee consists of an authorized 

representative from each of the following: (1) manager 
of quality control, (2) superintendent of manufacturing, 
(3) manager of engineering, (4) manager of sales, and 
(5) purchasing agent. 
The product and its components are kept in the engi-

neering development stage, and released for regular 
production only after the verification committee has 
given its approval. The verification committee may 
recommend design changes to facilitate mass produc-
tion, and it may also recommend changes in manu-
facturing methods, or tools, if this appears desirable. 
The object is to take the "bugs" out of the product so 

that, when it is put in production, no major production 
difficulties will be encountered. 
When a product gets into production it is subjected to 

the strictest kind of inspection and testing in order to 
evaluate its functional qualities, and unless it meets 
well-defined, and often rather narrow, quality stand-
ards, rejections may be rather high and costly. Further-
more, a product in the production stage must move 
rather smoothly along the processing line. It is desirable 
that it lend itself to manufacturing and assembly by 
relatively unskilled labor, since skilled labor is generally 
scarce and costly. 
It is during this engineering development stage that 

the design of the product is really tested for effective 
production and high product quality. Practical design 
for effective mass production requires absolute inter-
changeability of parts. These parts must be interchanged 
without the necessity of "fitting at assembly," or "ad-
justing at test." It is true that this ideal is "approached" 
more frequently than it is "achieved." However, it is 
when this ideal of absolute interchangeability is 
achieved that profits are highest, and product quality 
is most satisfactory. 
To achieve this ideal of absolute interchangeability it 

is necessary that component parts be made to clearly 
defined and measurable quality standards. These qual-
ity standards must provide for sufficient variability to 
permit economical manufacturing, and yet this vari-
ability must be within sufficiently narrow limits to al-
low the part to operate satisfactorily in the completed 
unit, without the need of fitting at assembly, or adjust-
ing at test. 
These adjustments at assembly mean higher manu-

facturing costs and somewhat less uniform, though in 
some cases, beiter quality. Adjustments made in this 
manner are subject to the skill of the tester, and no two 
testers work exactly alike; nor do they possess the same 
skill and judgment. Furthermore, since these testers 
generally require training for some period of time, their 
labor rates are higher. Therefore, the aim, when design-
ing for effective mass production, should be to: 
(1) Simplify the design of component parts and the 

product, so that all operations may be performed by 
relatively unskilled operators. 
(2) Establish such quality standards for component 

parts as will make the achievement of interchange-
ability a practical reality. 
(3) Reduce the number of component parts to a 

minimum. This will reduce the cost of component parts 
required, and the cost of the assembly operation. 
(4) Make effective use of the verification committee to 

make a proper quality analysis of the product, to prove 
the design for effective production and satisfactory 
quality. 
But assuming that all of these four steps have been 

taken and the new product has passed satisfactorily 
through the laboratory model stage and the engineering 
model stage, and it has been given the proper approval 
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for regular production by the verification committee, 
it does not necessarily follow that the production stage 
will be free of all difficulties, regarding either produc-
tion, or quality. Production bottle-necks will be en-
countered, and it will be found difficult to maintain 
proper quality standards under the usual press for pro-
duction. Pertinent and accurate information must be 
carried back to the design engineers so that designs can 
be altered to facilitate production in order to break pro-
duction bottlenecks, or to improve quality, if it is felt 
that design changes will achieve these aims. 
However, design changes during the production stage 

are costly; they interfere with production, and they re-
quire additional expenditures for tools. Therefore, these 
must be kept at a minimum. In many cases it has been 
found advantageous to "freeze" designs for a definite 
period. During this period, all desired changes are ac-
cumulated. Then at the end of the specified period, all 
accumulated changes are made in one major redesign of 
the product. Of course this procedure cannot be fol-
lowed if difficulties are of such a nature as to interfere 
with production, or if quality is so poor as to result in 
excessive field trouble, or in a possible dropping off of 
customer acceptance of the product. 
In order that correct and useable information might 

be had on the success of the product in passing through 
the production stage, it is necessary that adequate 
records be accumulated by the shop. The quality-con-
trol charts kept by the quality control department will 

generally be found satisfactory for this purpose. Every 
design engineer should review, critically, these quality-
control charts, at least weekly. He should study these 
charts from two points of view: (1) Is the quality which 
he established for his product being properly main-
tained? and (2) If the shop is having trouble achieving a 
proper level of quality, can he redesign or modify the 
product to make this attainment easier? 
The design engineer's responsibility for his product 

does not end when the product has been placed in pro-
duction, although many engineers seem to think so. 
Design engineers can acquire a liberal engineering edu-
cation from shop operatives who fabricate the product. 
"Simplicity of design" is a phrase which covers a vast 
engineering territory, but it is a goal more held in the 
breach than in the observance. The design engineer, 
therefore, will do well to spend some time "on the floor," 
at least several times each week, to note how well his 
brain child is thriving on the rough fare the shop per-
sonnel is able to feed it. High rejections and high manu-
facturing costs may not always be due to poor manu-
facturing methods. 
In summing up, it can be said that the good design 

engineer who wishes to produce a practical product de-
sign for effective production and high quality, must keep 
uppermost in his mind: (1) simplicity of design, (2) 
minimum number of component parts, (3) clearly de-
fined and measurable quality standards, and (4) ab-
solute interchangeability of parts. 

Graphical Analysis of Transistor Characteristics* 
LLOYD P. HUNTERt 

Summary—Graphical constructions are given which will deter-
mine the circuit constants necessary for the design of voltage am-
plifiers, current amplifiers, and oscillators, from the dc characteristics 

of the transistors to be used. 

S
EVERAL papers1.2 have been published analyzing 
the characteristics of transistors from the point of 
view of equivalent circuits. These analyses are 

quite cumbersome to apply to the typical transistor 
since its characteristics change so much over its range of 
operation that no simple equivalent circuit can be set 
up to give its full behavior, and the constants of a sim-
ple equivalent circuit must be re-evaluated at each new 

* Decimal classification: R282.12. Original manuscript received 
by the Institute, March 20, 1950; revi,ed manuscript received, Au-
gust 22, 1950. 
f Westinghouse Research Laboratories, East Pittsburgh, Pa. 
I R. M. Ryder and R. J. Kircher, "Some circuit aspects of the 

transistor," Bell Sys. Tech. _lour., vol. 28, p. 367; July, 1949. 
I W. M. Webster, E. Eberhard, and L. E. Barton, "Some novel 

circuits for the three-terminal semiconductor amplifier," RCA Rev., 
vol. 10, pp. 5-17: March, 1949. 

operating point. If a graphical method is used, however 
the analysis will apply to all parts of the operating range 
of a given transistor and will lead to a visualization of 
the type of transistor characteristic that will do a given 
job. The purpose of this paper is to demonstrate such a 
graphical method. 
Perhaps the most striking difference between a tran-

sistor and a conventional vacuum triode is that in the 
tube there is no reaction of the plate circuit upon the 
grid circuit, while in the transistor the emitter charac-
teristics are greatly modified by the collector circuit. 
This means that the behavior of a transistor must be 
deduced from two sets of volt-ampere characteristics 
rather than one. The two sets of volt-ampere character-
istics used here are those of the emitter and the collector, 
rather than two sets of some sort of mutual character-
istics. These characteristics suffice to show the basic 
relations involved and are the two sets most easily and 
naturally measured. 
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In Fig. 1 are shown the volt-ampere characteristics for 
both the collector (output) and emitter (input) sides of 
a typical transistor, connected as shown. The circuit is 
that of a simple voltage amplifier. If a load line R, is 
drawn in the collector (output characteristic) plane and 
is transferred point by point to the emitter (input char-
acteristic) plane, the quiescent operating point will be 
the intersection of this line with the ordinate erected at 
V.=E., the emitter bias supply voltage. The input 
impedance will then be given by the slope of this trans-
ferred load line at the operating point. 

IEMITTER  :COLLECTOR 
[T RR; SISTOII] 

* Ikl. Es  E. 
7 

6 

(a) 
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LW, (INPUT SIGNAL! 
2 re 04 06 OS 0 

vOL TS 

(b) 
Fig. 1—Transistor of typical characteristics connected as a voltage 
amplifier. (a) Collector (output) characteristic. (b) Emitter 
(input) characteristic. 

If the input signal A V, is traced through the input 
diagram to give Ar., and this value is transferred to 
the output diagram, it can be seen to result in a voltage 
swing A V, along the load line in the collector character-
istic. For the example shown, the voltage gain A Vc/A 
is seen to be about 30. This is typical for an average 
transistor. The distortion of this amplifier depends on 
the curvature of the transferred load line at the operat-
ing point. At the operating point chosen for the example 
there is considerable curvature and therefore distortion. 
To illustrate this, an operating point at 0.5 volt and 4 
milliamps in the emitter plane would show practically no 
distortion, since the transferred load line has an inflec-
tion point in this neighborhood and is nearly linear over 
quite a range. The characteristics of nearly all transis-
tors show an inflection point in the transferred load line 
so that there is some region of reasonable extent which 
may be picked for distortionless operation. 
In the example shown, the input impedance is quite 

low (about 100 ohms) while the output impedance is 
moderate (2,700 ohms). Since Ah nearly equals M E, this 
impedance ratio is seen to be primarily responsible for 
the voltage amplification. This means that one could not 
design a multistage voltage amplifier using transistors 
of such characteristics in direct cascade without some 
sort of transformer coupling which would bring the out-
put impedance of one stage more nearly in line with the 
input impedance of the follo‘A ing stage. It is possible, 

however, to use a transistor of these characteristics as a 
current amplifier in such a way that a multistage ampli-
fier may be designed having alternate stages of voltage 
and current amplification without having to resort to 
transformer coupling. 
In order to use the transistor as a current amplifier of 

considerable gain, one must utilize feedback in one form 
or another. One direct method of doing this is to use the 
base lead of the transistor for the input, and the emitter 
resistance Re as the output. Such a situation is shown in 
Fig. 2. As before, the first step in analyzing this circuit is 
to draw the load line R, in the collector characteristic 
plane and transfer this load line point by point to the 
emitter characteristic plane. The quiescent operating 
point (operating point 1) is determined by the intersec-
tion of this transferred load line and the emitter load 
line R, in the emitter plane. A signal voltage A V applied 
at the input terminals, and of such a polarity as to in-
crease the emitter current, will effectively add to the 
emitter bias voltage E8, and subtract from the collector 
supply voltage E. Since lEj>> l Eel we will neglect the 
displacement of R, and consider only the displacement 
of Re, as shown in the emitter characteristic. This new 
load line determines a new operating point (operating 
point 2). If these two operating points are transferred 
back to the collector plane, a value of Ah may be read. 
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(b) 
Fig. 2—Transistor of typical characteristics connected as a base-input 
amplifier. (a) Collector characteristic. (b) Emitter characteristic. 

Since the current in the base lead is the algebraic sum 
of Ar, and Ah, and I. is in general negative when Are is 
positive, it is easy to see that the input impedance may 
be either positive or negative, depending upon the sign 
of this algebraic sum. If the resistances R, and R, are so 
chosen that I tIeJ > IALI for the polarity of test voltage 
shown in the example, the input impedance is positive, 
and the current gain t is given by Are/Are-I-AL. (The 
current through the emitter load resistance R, is con-
sidered the output current.) The condition that 
hII >lAid  mentioned above, is easily satisfied for 
any transistor, regardless of the magnitude of its short 
circuit current gain by simply making R, large enough. 
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By reference to Fig. 3 we will derive a graphical con-
struction for the determination of R. to provide a de-
sired current gain E in such a current amplifier working 
at an arbitrary operating point. Fig. 3 (a) shows a por-
tion of a collector plane in which a load line R, makes the 
angle 0 with the current axis, and the perpendicular to 
the lines of constant emitter current through the 
operating point makes the angle (3 with the current 
axis. 61 represents the portion of the load line covered 
with a given signal AT' across the base terminals. The 
projection of this segment on the current axis gives the 
collector-current change 61c, and its projection on the 
perpendicular to the lines of constant I. gives the 
change in emitter current 61.. Let AL, be the length in 
this plane of one unit of collector current and AL, be the 
length in this plane of one unit of emitter current as 

shown. 

Rc 

OPERATING 
POINT 

ai 
T -2  

ak• I UNIT im- c 
L.1 _3 

81c  -4 

(a) 

vc 

LINE OF 
CONST I. 

Rc DETERMINED 

OPERATING 
POINT — 

/ 

(b) 

Fig. 3—Graphical construction for determining R. in a current am-
plifier of arbitrary gain k for a given operating point. (a) Collector 
plane. (b) Collector plane construction. 

From Fig. (3a) then: 

61, = 

61, = 

61 

AL. 

— 61 

AL, 

cos 

cos 9 

(1) 

and from the above definition of current gain E. we have 

E(61 . 6!,,) = 6!,,; 

substitution of (1) into (2) gives the relation 

(61  61  61 
  cos — cos 0) = - cos 0. 
AL,  AL,  AL. 

(2) 

(3) 

From the geometry of the diagram, 0=0-13, whence 
cos (/) = cos (0-0) =sin 0 sin (3-1-cos 0 cos #. Substituting 
in (3) and multiplying by AL,,/ t gives 

sin 0 sin 13+ cos 0 cos (3— (ALWAL,) cos 0= 
(1/E) (sin 0 sin (3-Ecos 0 cos /3). 

Dividing by cos 0 gives 

1 )  AL, 
(tan 0 sin (3 -I- cos 1.3) (1 — —  =   

AL, 

or 

AL,, t 
tan 0 =  AL,, E — 1 csc 13 — cot #. (4) 

Thus tan 0, the slope of the desired load line, is given in 
terms of the required gain E and certain functions of the 
volt-ampere characteristics. 
Equation (4) may be readily solved graphically by the 

procedure illustrated in Fig. 3(b). Draw a line OA of 
length AL, parallel to the I, axis through the operating 
point 0. Draw BC through A parallel to the V, axis. The 
angle OBA is now the angle /3, and from the geometry of 
the diagram 

BA = AL, cot (I 1 

BC = AL. CSC #  • 

The line BC is extended to D making 

BD =  BC. 
— 1 

The desired load line R, is now drawn through 0 and D. 
From geometry and (5) and (6), 

AL, tan  = AD = BD — BA 

= AL,  csc — AL, cot 

(5) 

(6) 

— 1 

Dividing by AL, and comparing to (4), we see that, 

AL, E 
tan =     csc 13 — cot /3 = tan 0, 

AL.  — 1 

proving that the desired load line R, is indeed the line 
OD. 
The input resistance Ri of such a current amplifier de-

pends now on the resistance R,, in the emitter circuit. In 
order to determine R. to give an arbitrary input im-
pedance R„ where 

AV  EAV 
=   
U. ± 61.  U. 

(7) 

(8) 

we will refer to Fig. 4. In Fig. 4(a) SP is the length of the 
segment of the transferred collector load line R, which 
is swept out with the signal voltage A V. Its projection 
on the I. axis is 61,. The length AL,' is equal to one unit 
of I. in this plane and the length AL, is equal to one unit 
of V.. By inspection 
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A 
4 

• 

3 

2 

TRANSFERRED 
Re LINE 

TRANSFERRED 
Rc LINE 

OPERATING POINT 

R. LOAD LINE 
DETERMINED 

Ve 

(a) 

(b) 

Fig. 4—Graphical construction for determining R. in a current am-
plifier of arbitrary gain E and input impedance Ri for a given 
operating point. (a) Emitter plane. (b) Emitter plane construc-
tion. 

61' 
61, =   cos ?I 

all 61' 
A l' =   AL, sin ti + (   

A./..„ cos n) tan where  n iiss  the angle between al' and a parallel to the Ie 

axis and i* is the angle the load line R. makes with this 
axis. By substituting (9) into (8) we obtain the re-
lations: 

R, =  tan n + tan 
• AL, 

R, L. 
tan r = — —  — tan rt. 

In (10) the slope of the desired emitter load line (tan  is 
given in terms of the desired current gain t, and the de-
sired base input resistance R. The other quantities in 
the equation may be determined from the emitter volt-
ampere characteristics. 

With the aid of Fig. 4(b) we may readily solve (10) 
graphically. From the operating point 0, an ordinate of 
length ALe' is erected. Through its tipper end H, a hori-
zontal line is drawn which intersects, in the point F, the 
tangent to the transferred Re line at the operating point. 
From the geometry we see that 

(9) 

HF = AL.' tan n. 

(10) 

(11) 

Now a line of resistance Rat is drawn through the origin 
and its ordinate I at V, = 1 is determined. By geometry, 

R, 
A = — (12) 

The length ;t1-, laid off along FH, determines the point G. 
Finally, we see by geometry that, 

GH = AL.' tan r = A — IIF. (13) 

If (11) and (12) are substituted into (13) and the whole 

equation is divided by AL.', we obtain (10), proving 
that the line GO determines the desired emitter load 
line Re. 

We have now completed the design of our current 
amplifier with a given gain and input impedance, using 
only graphical construction in the dc emitter and col-
lector characteristic planes. In design work this pro-
cedure may take the place of the equivalent circuit 
analysis cited in the references, and seems to be a much 
simpler and faster method to use. 
The base-input circuit of Fig. 2 has been described as 

a current amplifier. The same circuit can be used as a 
high-input-impedance voltage amplifier if the collector 
resistance Re is used as the output resistance. If the in-
put signal A V is traced through the emitter diagram to 
give AT., and this value is transferred to the collector 
diagram it is seen to result in a voltage swing along the 
collector load line of about 1.5 volts. In this example 
then the voltage gain would be about 15. 

In discussing the voltage amplifier of Fig. 1, it was 
pointed out that a multistage amplifier could not be 
made using emitter input circuits in direct cascade 
without some means of impedance matching between 
the stages, such as transformers. From the above analy-
sis of the base-input current amplifier, it is clear that in 
most cases it should be possible to design the input im-
pedance of such an amplifier to match the output im-
pedance of the emitter-input voltage amplifier so that a 
multistage amplifier could be built by using alternate 
stages of voltage and current amplification without 
having to insert impedance-matchipg components. The 
base-input circuit when used as a high-input-impedance 
voltage amplifier may be directly cascaded. In such a 
case the input resistance Ri (10) may be adjusted to 
equal the output resistance R. by adjusting the emitter 
resistance Re in each stage, as described above. 
From (8) we see that the input impedance of a base-

input circuit becomes infinite if the current gain t be-
comes infinite. This is equivalent to saying that 
=43L. Under these conditions the construction of 

Fig. 3(b) reduces to drawing the load line through OC, 
since (t/t —1)-41 as t —4 co . The load resistance R„ de-
termined in this way is the lowest load resistance that 
can be used without making the input impedance R„ 
negative. If lower values of Re are used and an LC tank 
circuit is inserted across the input terminals in the base 
lead, the system will oscillate with the frequency de-
termined by the tank circuit. The above graphical con-
struction can then be used to determine both the critical 
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values of R, required for oscillation, and the region in the 
dc collector characteristic plane in which the transistor 
may be made to oscillate (the region in which the criti-
cal value of R, is greater than 0). 
The region of possible oscillation in the dc collector-

characteristic plane is bounded by a contour on which 
the points A and C of the construction of Fig. 3(b) 
coincide. If we define a current gain a = (a/c/a/.)v, (ac-
cording to the literature)3 we see that for a = 1.0 the 
above-mentioned coincidence occurs. The region of pos-
sible oscillation is then bounded by a contour of a =1.0. 
Such a contour may easily be plotted by inspection since 
a= (Oh/O/e)vc= 1.0 means simply that the vertical 
separation of the constant-emitter-current lines should 
equal one unit on the collector current scale if the con-
stant-emitter-current lines are drawn for the same units 

of emitter current. 
In the more general case, we may bound the region of 

, the collector characteristic plane in which t can be made 
equal to, or greater than, some desired value to. This 
means in the construction of Fig. 3(b) that the points A 
and D would coincide on this boundary when the length 
BC has been multiplied by to/(to— 1) to get the length 
BD. Such a condition is illustrated in Fig. 5. By similar 

Vc VOLTS 

Fig. 5 Collector plane construction for the derivation 
of equation (17). 

triangles, we see that 

OL  OL BC 
=  = 

OD  O A  RD 

By construction, 

BC  to — 1 

BD to 

See page 364 of footnote reference I. 

and by definition, 

OL  OL a = arc\ = 
kaIelv, AL, — OA 

Substituting (15) and (14) into (16), we get 

to — 1  
a = 

to 

on the boundary of the region in which t 5 to. This 
means, for instance, that if we want to design a current 
amplifier with a gain of 10, we must choose the operating 
point in the collector characteristic plane in a region 

where the a 5 0.9. 
In the region of oscillation discussed above, t is nega-

tive. All of the foregoing equations still hold for t nega-
tive, so that we may compute the negative input re-
sistance Ri from (10) as easily as we may compute a 
positive input resistance. In designing a simple base-
input trigger circuit, such as that discussed by Reich 
and Ungvary,4 one may determine the lowest value of 
negative base input resistance obtainable with a given 
transistor by first picking the point of maximum a in 
the collector plane. This value of a determines in (17) 
the lowest possible value of t =1/(1 —a). Next, the V, 

ordinate through this point is transferred to the emitter 
plane and the slope of this transferred line is read at the 
same point, to obtain tan n. The desired input resistance 
is then computed from (10) in the form 

1 AL,' 

1 — a t AL. 

(16) 

(17) 

R, = tan n . (18) 

(Tan r and tan 0 are both set equal to zero in this com-
putation to find the lowest value of R, possible.) If it is 
desired to have some resistance in the collector circuit, 
the value of t would have to be computed from (4). 
These few examples should suffice to illustrate the 

graphical analysis of transistor characteristics for the 
design of simple circuits. Such methods are not easily 
extended to complex circuits, but the analysis of some 
types of more complex circuits (such as multistage 
amplifiers) can be done by these methods in successive 

(14 ) steps. 
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Reactancu Chart* 
HAROLD A. W HEELER f, FELLOW, IRE 

Summary—The time-honored chart of reactance, frequency, in-
ductance, and capacitance is extended in range, with added scales of 
susceptance, wavelength, and time constant. Simple geometric pat-
terns are given which enable the chart to be used for the direct solu-
tion of various problems such as the bandwidth of a resonant circuit, 
some properties of a transmission line (wave impedance and delay), 
and half sections of the usual kinds of constant-k filters (low-pass, 
high-pass, band-pass). 

I. INTRODUCTION 

SINCE 1928, the reactance chart has been one of the 
outstanding aids to radio engineers. It is here pre-
sented as Figs. 6 and 7 (see pages 1394 and 1395) 

with the following improvements: 
1. A wavelength scale is added at the top of the chart 

giving a direct conversion between frequency and wave-
lengths. 
2. A time-constant scale is added at the bottom, giv-

ing the time constant CR or L/R, or the time delay in a 
transmission line or filter. 
3. A conductance or susceptance scale is added at 

the left side, the reciprocal of resistance or reactance. 
4. The frequency scale of Fig. 7 covers from 0.1 

cycle to 100,000 Mc (3 mm wavelength) in two ranges. 
The scales on the left side are common to both ranges. 
The other scales have upper and lox% er sets of units. All 
the upper units are used together for the low-frequency 
range, the lower units for the high-frequency range. 
The following instructions describe the use of the 

chart in many problems, including the complete design 
of constant-k filters. 

II. GENERAL INSTRUCTIONS 

A point on the chart is the intersection of four lines, 
one each for frequency f, reactance X, inductance L, 
and capacitance C. Any two of these quantities de-
termines the point and thereby the other two quantities. 
Fig. 6 is a single square of the chart, enlarged for ac-

curacy of reading. If accuracy is desired, the problem is 
first computed on Fig. 6, all except the decimal point. 
Then Fig. 7 is employed to locate the decimal point and 
to give a rough check on the number. 
In locating a number on the inductance or capaci-

tance scales of Fig. 6, it is important that the decimal 
point be shifted by an even number of places. 
If accuracy is not required, only Fig. 7 is used. This is 

good for one or two significant figures and the decimal 
point is located in the numbers and units on the scales. 

• Decimal classification: R145 XR084. Original manuscript re-
ceived by the Institute, February 13, 1950. 
This paper was prepired while the writer was associated with 

Hazeltine Service Corp., I ittle Neck, L. I., N. Y. It was first printed 
in October, 1942, as Hazeltine Report 1400W. 

t Wheeler Laboratories, Great Neck, L. 1., N. V. 

III. ABBREVIATIONS 

c = cycle per second 
s =second 
m = meter 
12= ohm 
= who 
h = henry 
f = farad 
= mega (10') 
= micro(10-6). 

IV. REACTANCE AND RESONANCE 

Disregarding the sign of the reactance, the basic 
formulas for this chart are as follows: 

X = col, = 27f1,  ohms (1) 

1  1 
ohms (2) 

wC  27.1C 

in which 
X =reactance of L or C (ohmsi 
f= frequency (cycles per second) 
=27rf =radian frequency 

L= inductance (henries) 
C= capacitance (farads). 
If L and C form a resonant circuit as in Fig. 1, these 

two formulas merge into the resonance formulas 

In which 

1  ./L 
Xo= woL =  

1 
- 

ohms (3) 

radians per second. (4) 

the subscript "0" denotes resonance. 

Fig. 1—Resonant circuit. 

Fig. 2 shows the pattern representing the above four 
formulas for reactance and resonance. 

The susceptance corresponding to reactance X is 
B=1/X. This is given on the reciprocal scale on the 
left side. 

The wavelength corresponding to frequency f is 

brc 
meters (5 
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Each of the networks of Fig. 3 has a charging or dis-

charging time constant 

X= B 

Fig. 2—Solution of reactance and resonance. 

in which 
c = 3 X108 meters per second 
= 300 meters per microsecond 
= speed of light. 

V. RESISTANCE AND ONE KIND OF REACTANCE 

A combination CR or LIR behaves as a low-pass or 
high-pass filter. Fig. 3 shows the typical combinations of 
this kind. Each presents a voltage attenuation ratio of 
1R/2 (3 db) at a nominal cutoff frequency fc such that 

1 
R = (0,1, or —  ohms. (6) 

0.1,C 

Fig. 4 shows the solution of this problem on the chart. 

(d) 

Fig. 3 —Resistance and one kind of reactance: (a) and (b) low-
pass; (c) and (d) high-pass. 

fC itc 

Fig. 4—Solution of low-pass and high-pass filters. 

1  L 
or CR  seconds. (7) 

An extra scale below the chart gives this time constant. 
It is noted that the subdivisions of this scale are pro-
vided by diagonal lines meeting to form a "V" at the 
bottom edge of the chart where each subdivision should 
be. The time constant is the radian period corresponding 

to the frequency. 

VI. RESISTANCE AND RESONANCE 

A sharply resonant circuit with resistance as shown 
in Fig. 5(a) behaves as a band-pass filter. Relative to 
the peak, it presents a voltage attenuation ratio of 

(a) 

fo 
(b) 

Fig. 5—Resistance in a resonant circuit. 

1/ Vi (3 db) at a nominal bandwidth fw indicated in 
Fig. 5(b). The series R and shunt G contribute parts of 
the bandwidth as follows: 

fw =  << Jo 

1  R  1  G 
— = — ;  wv  = — = — 
1,, L t„  C 

1 R G 

tw  L  C 

= 

in which 
t.= time constant of LIR 
1,,= time constant of GIG 
tw= half time constant of damping of free oscillations 

in the resonant circuit. 
Fig. 8 shows the pattern of all these relations and 

others on the chart, involving five points of intersection. 
Since the bandwidth does not involve the frequency of 
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Note. On the scales of inductance and capacitance, both decimal points must be shifted by even 

numbers of places, or both by odd numbers of places, to interchange the scales on this chart 

with the actual values in henries (Mh, h, ph, µgh) and farads (f, A PIA PILO). This rule must be 

followed if both inductance and capacitance appear in the same computation. 
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Fig. 6—Enlargement of one square. 
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resonance, the bandwidth may be determined sepa-
rately. 
The intersection of R and L determines /. while that 

of G and C determines f,. The sum of these is the 
nominal bandwidth f„,, which also determines the half 
time constant of damping, 1„, on the time-constant scale. 
The total effect of R and G may be regarded as con-

centrated in an equivalent series resistance R' or shunt 
resistance R", such that 

1 
R' w L or R" = - - • 

co,„C 

These formulas are closely associated with the ratio of 
reactance to resistance 

fo  X0  R" Q =  = = 
f,„  R'  X0 

VII. LOW-PASS AND HIGH-PASS FILTERS 

Low-pass and high-pass filters of the constant-k type 
are shown in Fig. 9. The half section is the logical (but 
not usual) basis for filter design formulas, and is used 
in this treatment. 

(a) 

(12)  2 C 

The equivalent series or shunt resistance, R' or I?", 
is determined by the intersection of f with L or C, 
respectively. This pattern of Fig. 8 gives a simple con-
version between equivalent series and shunt resistance 
if either is given, together with L and C. 

Fig. 8—Bandwidth of a resonant circuit. 

The remaining point in Fig. 8 is the resonance point 
like Fig. 2. If either the series R or the shunt G is ab-
sent, this pattern simplifies by the disappearance of 
the dotted lines, because either f„ or f„ disappears and 
the other merges intof. 

It may happen that the pattern of Fig. 8 for a given 
problem is divided between the two frequency ranges 
on the chart. This is true of circuits resonant in the 
neighborhood of 1 Mc. If many problems are to be en-
countered in such a region, a third scale may be added 
in red ink (or may be imagined) which is the mean of the 
two ranges marked on Fig. 7. 

(c) 

2 L 

(e) 

(h) 

(f) 
Fig. 9—Low-pass and high-pass filters to be solved by Fig. 4: (a) and 
(b) half sections; (c) and (d) mid-series sections; (e) and (f) mid-
shunt sections. 

On this basis, the low-pass and high-pass formulas 
are the same as (6) above, R being the nominal or "mid-
band" image impedance. Therefore, these filters are 
designed directly by the pattern of Fig. 4. 
In a low-pass filter, the time constant te is the delay 

per half section, based on the "mid-band" phase slope 
at frequencies much less than the cutoff frequency. 
Either of these half-section filters with R on both sides 

is simply a critically damped resona,nt circuit whose fre-
quency of resonance is ft. Critical damping can be ob-
tained by resistance on only one side of the half section 
if the value is changed to 2R in series or R/2 in shunt. 

VIII. BAND-PASS FILTERS 

Band-pass filters of the constant-k type are shown in 
Fig. 10. If the cutoff frequencies are fl and f2, the de-
sign formulas may be expressed as follows 

CO2 - 

1 
=  =   
L1 RC2 

1  1 
(01(02 = —  = 

C1L1 (•-• 2L2 

(13) 

(14) 

These two expressions have in common L1 and C2. In 

(13) they are involved with R and the bandwidth /2 —fi. 
and in (14) with C1, LI, and the mean frequency N/f,f2. 
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These relations are respectively analogous to (11) and 
(4) above, from which follows the pattern of Fig. 11. 
The three points of intersection are determined by R, 
f2, and ft in the usual practical problem, but the design 
is determined by any set of quantities sufficient to lo-
cate the three points. The pattern is shown for cases in 
which the bandwidth is less or greater than the mean 

frequency. 
A band-rejection filter is computed by the same pro-

cedure, by merely interchanging the series and parallel 

arms in the half section of Fig. 10(a). 

Li CI 

_ 

Li C1 

I L 2 

(a) 

C Li 

"-o v 

(c) 

Fig In -Rand-pass tilters. (a) Half section. (ii) 
section. (c) Mid-shunt section. 

IX. TRANSMISSION LINES 

The transmission line of Fig. 12 has two character-
istics of interest here, its wave impedance and its time 

of delay. 
The wave impedance is 

IL 
R = —C (15) 

in which L and C are uniformly distributed inductance 
and capacitance of any length of the line. This equation 

is solved by the pattern of Fig. 4. 
The time of delay is 

IC = 

2 

(a) 

(b) 

I 2  f - f 2 I 

Fig. II—Solution of band-pass filters. 

<> 
,> L, C 

(16)  Fig. 12—Transmission line, to be solved by Fig. 4. 

in which L and Care the total values for a certain length 
of line. This formula also is solved in Fig. 4. 
Both of these formulas apply also to any number of 

sections of low-pass filter, L and C being the total series 

inductance and shunt capacitance. 
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Inductance Chart for Solenoid Coil* 
HAROLD A. WHEELERt, FELLOW, IRE 

Summary—A simple chart presents the relation between in-
ductance, over-all dimensions, and density of winding for a solenoid 
coil. Any one unknown may be determined if the other quantities are 
given. 

I. SOLENOID COIL 

IT1 HE CHART to be described presents the rela-1 tions among the dimensions and inductance of a 
  solenoid coil. It presents them in such a form 
that any sufficient group of values may be given and the 
remaining values may be explicitly read from the chart. 
The chart is plotted on logarithmic scales covering a 
number of decades sufficient for nearly all applications 
of solenoid coils. The decimal point is placed so there is 
no ambiguity. The scale of winding density is self-com-
puting for close windings of various wire gauges and 
types of insulation. 
Fig. 2 (opposite page) is this chart, including a small 

diagram which shows the pattern of intersecting lines 
used for each computation. Fig. 1 shows a cross section 
of a solenoid coil with all dimensions noted, as follows: 

Dimensions in Inches 

a = mean radius of coil 
2a =mean diameter of coil 
b= axial length of coil 
c= depth of multilayer coil 
d= diameter of wire 
e=1/m=b/n= pitch of winding 
m = 1/e = n/b= density of winding 
n=b/e=mb= number of turns. 

The chart is based on the usual current-sheet formula 
which is accurate for many turns of fine wire, close-
wound in a single layer. It is also accurate at low fre-
quencies for one turn or many turns of thin ribbon, 
close-wound in a single layer. The wire is made of non-
magnetic material. 
The following corrections are needed for special cases. 

The low-frequency cases apply if the current density in 
the wire is uniform. The high-frequency cases apply if 
the current flows in the surface of the wire, according to 
the skin effect. 

II. COIL OF ONE TURN 

n = 1, m = l/b,  b < a. 

This case may be computed, with an error less than 
1/20 the value of inductance, by assigning the proper 

value to the axial length b; it is otherwise undetermined 
for one turn. Note that the two points of intersection on 

* Decimal classification: R217.1 I X R382X R084. Original manu-
script received by the institute, February 13,1950. 
This paper was prepared while the writer was associated with 

Hazeltine Service Corp., Little Neck, L. I., N. Y. It was first printed 
in August, 1942, in Hazeltine Report I343W. 

Wheeler Laboratories, Great Neck, L. I., N. Y. 

the chart are separated by one cycle on the horizontal 
scale. 
At low frequencies, for solid wire: 

1  5 
b = c =(—exp —)d = 1.74 d; d = 0.574 b. (1) 

2 4 

At low frequencies, for tubular wire of mean di-
ameter = d; at high frequencies, for solid or tubular 
wire of outside diameter =d: 

1 3 
b = c =(—exp —)d = 2.24 d; d = 0.446 b. (2) 

2  2 

At high frequencies, for ribbon of width =d: 

1  3 
b = e = (— exp --)d = 1.12 d; d = 0.893 b. (3) 

4  2 

III. COIL OF FEW TURNS 

The accuracy of L is greatest if the ratio of pitch over 
wire diameter e/d has the value given in the preceding 
rules 

IV. MULTILAYER COIL OF MANY TURNS 

For b, substitute b+c: 

m =  n = m(b  c). 
b-F c 

The accuracy of L is within 1/20 if c<a/2. 
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end 
Fig. 1—Dimensions of solenoid coil. 
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Transmission-Line Impedance Curves* 
HAROLD A. W HEELERt, FELLOW, IRE 

Summary—A universal family of curves gives on one plot the 
wave resistance, inductance, and capacitance of transmission lines 
of one or two or four wires. Each curve represents one field pattern. 
An expanded scale includes the region of very low impedance, usu-
ally neglected. The seven field patterns plotted include inner con-
ductors of circular cross section, in or near shields such as a nearby 
plane, a corner, parallel planes, a trough, and a coaxial square or 
circle. 

I. INTRODUCTION 

IN A TRANSMISSION LINE, the same field pat-terns are involved in the wave resistance (R) and 
the inductance and capacitance per unit of length 

(L, C). Also, every field pattern of a two-wire line (bal-
anced pair) may be bisected by a plane so as to occur 
about a one-wire line. Hence, one curve can present 
all these properties of one or two wires. A family of such 
curves is given to present the properties of one or two or 
four wires in various shields formed of one or more 
planes or of circular cross sections. On semilogarithmic 
co-ordinates, all the curves approach parallel straight 
lines for high-impedance transmission lines. 

II. THE FAMILY OF CURVES 

Figs. 1 and 2 (see pages 1402 and 1403) present a 
family of seven curves plotted on two different scales. 
Fig. 1 is plotted on the usual semilogarithmic co-ordi-
nates, so that a coaxial line of circular inner and outer 
cross sections is plotted as a straight line. Fig. 2 is plot-
ted on a special scale which expands the region of low 
impedance and causes each curve to have a certain finite 
value of its slope at the origin. 
Each curve corresponds to a shield cross section which 

has all of its surfaces tangent to a circular cross section. 
The diameter D thereof is denoted the "maximum wire 
diameter," because it is the wire diameter that would 
touch the shield. The inner conductor is a wire having a 
circular cross section of a lesser diameter d. 
Table I is a list of the seven field patterns, (a) to (g), 

with their description for one, two, or four wires. On 

* Decimal classification: R244.2XR084. Original manuscript re-
ceived by the Institute, February 13, 1950. 
This paper was prepared while the writer was associated with 

Hazeltine Service Corp., Little Neck, L. I., N. Y. It was first printed 
in July, 1942, in Hazeltine Report 1336W. 
t Wheeler Laboratories, Great Neck, L. I., N. Y. 

Fig. 1, they are diagrammed for one or two wires, in the 
same order as the curves from top to bottom. 
Fig. 1 and Table I have a column of the factors s 

which are a measure of how much space outside the 
"maximum wire diameter" is still inside the shield. A 
high-impedance line in any of the various shields has the 
same impedance as if the shield had a circular cross 
section of a diameter sD exceeding the "maximum wire 
diameter" by this factor. Beside each factor s is the 
number of ohms (in parentheses) by which this factor 
increases the wave resistance of one wire. 
The curves are based on a perfect conductor, so the 

current travels on the outer surface of the inner diame-
ter d and on the inner surface of the outer diameter D. 
For imperfect conductors, the capacitance is the same, 
but .corrections will be given for the inductance and 
wave resistance. 
Also, the curves are based on free space, which is the 

same as air for the precision of this treatment. If the line 
is filled with an insulating material having a dielectric 
constant k, the capacitance is multiplied by k and the 
wave resistance is divided by Vk. 

III. THE GENERAL FORMULAS 

If the diameter ratio D/d is so large that the field 
pattern is substantially circular near the wire, the prop-
erties of the line are given by the following simple 
logarithmic formulas: 

n  R = R0 log sD/d 

m  2r 

I. =  /10 

2w 

n log sD/d 

ni 2r 
C = to 

n log sD/d 

in which 

R= characteristic resistance (ohms) 
L= inductance per unit length (ph per meter) 
C= capacitance per unit length (ppf per meter) 

Ro ar= 60 ohms 
1.10/2r =0.2 ph per meter 
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€0(27r) = 1,000/18 = 55.5 ttuf per meter 
n = number of wires in series 
m = number of wires in parallel 
s= shield factor (defined above) 

D/d= diameter ratio (defined above) 
log =natural logarithm = 2.303 logo. 
If the diameter ratio is only slightly greater than 

unity, exact formulas are known for only two of the 
cases, (a) and (g). This region is left blank in Fig. 1, but 
in Fig. 2 is enlarged and plotted. The latter is based on 
interpolation formulas derived by the writer, which are 
asymptotic for diameter ratios near unity and near in-
finity; they are close approximations for all ratios. 

IV. THE CURRENT DISTRIBUTION IN 
THE CONDUCTORS 

The following corrections for current distribution are 
valid if the diameter ratio is substantially greater than 
unity in the straight regions of the curves in Fig. 1. 
If the depth of penetration (5, as determined by the 

skin effect, is less than one-quarter the thickness of a 
nonmagnetic conductor, the inductance and, hence, the 
wave resistance are subject to a simple correction. In 
computing the inductance, use the values 
d= (outside diameter of inner conductor) -5 
D= (inside diameter of outer conductor) +5. 

No such correction is needed for the capacitance. There-
fore the wave resistance can be computed by applying 
5/2, instead of 5, as a correction to each diameter. 
If the depth of penetration is much greater than one-

quarter the thickness of a nonmagnetic conductor, the 
current distribution is substantially uniform. For a thin-
walled tubular conductor, use the mean diameters in 

computing the inductance 
d= (outside diameter of inner conductor) - (thick-
ness) 

D= (inside diameter of outer conductor) + (thick-

ness). 
In computing the wave resistance, use one-half of each 

correction. 
In the case of a nonmagnetic solid wire with uniform 

current distribution, the effective diameter for comput-
ing the inductance is 
d=0.779 (wire diameter) 

and for computing the wave resistance, 
d= 0.882 (wire diameter). 

The amount of increase of inductance from this cause is 
indicated by a marker (*) on the scale. That of the wave 
resistance is one-half as high on the graphs, and is indi-
cated by an extra horizontal line crossing the R scale 
near the bottom. These corrections are especially im-
portant if a line is to be tested at low frequencies and 

used at high frequencies 

V. BIEILAR CONDUCTORS 

Case (a) for two wires is an example how equal cur-
rents in opposite directions cause the same field pattern 
as if a shield plane were interposed between the two 
conductors. Likewise, case (c) for one or two wires gives 
the effect of a grid of parallel wires with currents alter-
nately in one direction and in the opposite direction. 
The so-called Ayrton-Perry noninductive resistor is 

an example of such a grid of wires. Two wires connected 

in parallel (n =1, m =2) are wound "noninductively" in 
a single layer. Their inductance is one-half that of one 
wire on the graphs for case (c) with the added correc-

tion (*). 
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TABLE I 

LIST OF FIELD PATTERNS 

Factor s  (Ohms)  One Wire 
Two Wires 

(Balanced Pair) 
Four Wires 

(Balanced Quad) 

(a) 2 (41.5)  Near a plane 
(b) 1.414= N/Y  (20.8)  In a corner 
(c) 1.273=4/r  (14.5)  Between two planes 
(d) 1.2  =6/5  (10.9)  In a semicircular tube 
(e) 1 .170 = (4/r) tanh (ir/2) (9.4)  In a channel 
(f) 1.079  (4.5)  In a square tube 
(g) 1  (0) In a circular tube 

In open space 
Near a plane 
Between two planes 
In a circular tube 
In a channel 
In a rectangular tube 
In two circular tubes 

In open space 

Between two planes 
In a square tube 
In four circular tubes 

Note-Since the four wires are connected in series-parallel, they take the same scales as one wire on the graphs. 
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The Simplification of Television Receivers* 
W. B. W HALLEYt, ASSOCIATE, IRE 

Summary—The minimum number of functions required in a TV 
receiver is analyzed with the purpose of reducing the required com-
ponents and tubes while maintaining high quality of performance 
and all normally desirable features such as AGC and horizontal 
AFC. One of the approaches to this end has been a study of the 
feasibility of combining different functions in a common tube. A 
receiver incorporating some of the results of this study is described. 
Measured data taken on this receiver are presented and its general 
features are discussed. 

HIS PAPER, as the title indicates, describes an 
investigation into the general means of simplifying 
television receivers so as to reduce the costs of pro-

duction and servicing. An account is given of several ap-
proaches to the problem which were found valuable in 
attaining the objectives. 

REASONS FOR SIMPLIFICATION 

There are many reasons for considering the possibil-
ities of simplifying television receivers. Some are, of 
course, obvious since a reduction in the number of com-
ponent s has a cumulative effect in reducing the number 
of leads and connections, permits the use of a smaller 
chassis and cabinet, and requires less power and conse-
quently smaller power transformers, filter capacitors, 
and choke. 
In addition, however, there can be an improvement in 

reliability and ease of servicing as the number of com-
ponents and related connections is reduced. This paper 
may, therefore, be regarded as describing an inevitable 
trend in the industry. 

GENERAL PROCEDURE 

The first step in this program was to analyze the 
operation of a television receiver from the standpoint of 
the minimum number of necessary functions, and then 
to plan the simplest possible circuit to perform each 
function, at the same time keeping in mind the possi-
bility of combining two functions in the same circuit. 
In parallel with the analysis, a survey of the circuits 

of contemporary television receivers was made and 
trends in simplification noted. 
It should be emphasized that the study program and 

the experimental work were predicated on designs hav-
ing full bandwidth (4 Mc), good sensitivity, magnetic-
type deflection circuits with horizontal automatic-fre-
quency control, automatic gain control with moderate 
speed of response controlled from the video back-level 
voltage, good brightness such as that given by a 121-
inch picture tube operating at 10,000 volts, low hum 
level, and good sound quality. 

* Decimal classification: R583.5. Original manuscript received by 
the Institute, January 9, 1950; revised manuscript received, July 5, 
1950. 
This paper is reprinted from The Sylvania Technologist, January, 

1950. 
t Sylvania Electric Products Inc., Bayside, L. I., N. Y. 

It was also realized that, while considering the design 
changes in one section of the recciver, it was of major 
importance to relate such changes to the combination of 
circuits making up the whole receiver. 
Experiments were then performed to test the new 

simplified circuits for the individual and combined func-
tions, followed by the construction of a sample receiver 
incorporating several of the ideas evolved. 
It may be advisable at this point to review briefly the 

functions of a television receiver in order that the dis-
cussion to follow may have better coherence. The vari-
ous functions will be noted in a sequence which follows, 
as closely as possible, the path of the signal through the 
the receiver. Some general remarks as to the simplifica-
tion and combination will be included. 

1. Channel Selection and Radio-Frequency Amplification 

Much work has been in progress on tuners, and there 
are available two or three types having reasonably good 
image rejection and noise figure, yet requiring only two 
tubes. It is probable that the circuit suggested by Walt-
man, N1acnee, and Gadsden' would give a better signal-
to-noise ratio than presently available tuners and yet 
still require a total of only two tubes. 

2. Amplification at Intermediate Frequency 

Intermediate-frequency amplifiers can operate with 
the fewest components if a basic design is chosen having 
one main unit to handle the sound by the intercarrier 
method. Stagger-tuned intermediate-frequency ampli-
fier circuits have been quite popular during the past few 
years but are difficult to design for optimum adjacent-
channel selectivity combined with good gain per stage. 
Measurements have shown that a modified bandpass-
filter-coupled amplifier can give better adjacent-channel 
selectivity than stagger-tuned amplifiers and a suffi-
cient increase in gain per stage to provide quite good 
operation with only three stages. 

3. Video Detection 

Video detectors are almost invariably of the single-
diode type and are, therefore, about as simple as can be 
devised. We have found that a crystal diode, such as 
type 1N34, has some operating features which are a dis-
tinct improvement over available tube diodes. The crys-
tal diode has low capacitance, linear output to low 
signal voltages, and is very easily wired into the circuit. 
It may be noted in passing that the high distortion 
which occurs in a sound AM receiver diode detector at 
modulations over 80 per cent is not a problem in a tele-
vision receiver demodulator. This is due to the fact that 
the dc and ac loads are alike. 

I H. Wallman, A. B. Macnee, and C. P. Gadsden, "A low-noise 
amplifier," PROC. I.R.E., vol. 36, pp. 700-708; June, 1948. 
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would produce a controlled voltage referred in ampli-
tude to the black level of the signal. 

7. Sound Intermediate-Frequency Amplification 

The sound system which appears to give the greatest 
ease in tuning with a reasonably small number of com-
ponents is the intercarrier system. With this type of 
operation it is usually permissible to employ only one 
stage of amplification at the frequency of 4.5 Mc. Aside 
from the adequacy of the single stage, there is greater 
ease in tuning the receiver since the fine tuning control 
is used only for obtaining the best picture quality and 
has little effect upon the sound. As has often been 
pointed out, there is the added freedom from the effect 
of local oscillator drift, oscillator tube microphonism, 

and hum. 
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Fig. 1—Block diagram of a typical post-war good-quality 
receiver. Note—No AGC. 

4. Video Amplification 

The video signal for the picture tube could be sup-
plied directly from the video detector if a high-level-
output intermediate-frequency amplifier is chosen. This 
would also take care of the dc level. However, better 
gain-bandwidth figures are obtained in practice in a 
video amplifier than in an intermediate-frequency am-
plifier, and a large tube would have to be used in the 
final stage of the intermediate-frequency amplifier in 
order to supply 50 or more volts root-mean-square to 
the diode. Hence, a video amplifier having only one 
stage seems advisable. It is possible to design the videci 
amplifier so that it takes care of the dc level control by 
the choice of a dc coupled circuit, provided that the 
reference dc point is stable during changes in am-
plitude of the received signal. 
Maintenance of the dc level is most important, other-

wise the background of the picture would change in in-
tensity with change in the scene. 

5. Direct-Current Level Control 

Direct-current level control by the method of dc 
coupling the video amplifier eliminates the need of an 
extra diode and makes it possible to incorporate some 
noise limiting if the polarity of the video detector is 
suitably chosen. 

6. Gain Control 

It was realized that an automatic gain control circuit 
of good quality would be of major importance in receiver 
operation. A satisfactory automatic gain control (AGC) 
would lessen the need for adjusting the contrast control 
during tuning, would further stabilize the amplitude of 
pulses, and would avoid the overdrive and underdrive 
output settings of the manually operated receiver which 
can so often occur during switching of signals of widely 
different voltage levels. It was also known that simple 
types of automatic volume control circuits were inade-
quate since they responded directly to noise and inter-
ference voltages and also tended to upset the dc level 
control. Hence, the objective became a circuit which 

8. Discriminator 

The sound discriminator may be of various types. 
However, the ratio detector provides a relatively high 
audio-frequency output for the 25-kc FM deviation 
occurring in television sound operation and is reason-

ably stable in toning. • 

9. Audio Amplifier 

Preliminary analysis of the audio amplifier indicated 
that more than one stage is advisable. The usual pro-
cedure has been to use two separate tubes for this func-
tion. It appeared possible to combine this function with 
other portions of the receiver. As will be shown later, 
this has been tried out and a high degree of success has 
been obtained. 

10. Synchronizing Pulse Amplification and Separation 

Various types of synchronizing pulse amplifiers and 
separation circuits can be devised. The one chosen in 
this experimental work has no particular novelty except 
some reduction in the number of resistors. It seems that 
a double-triode tube should be sufficient for good syn-
chronizing signal separation, especially if the input sig-
nal is obtained from the AGC peak voltage diode. This 
will be described at a later point. 

VERY DEF ,. moo Dirt 

SYNC 
AMP 

STAG 
AMP 

Fig. 2—Block diagram of a simplified receiver. 
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11. Horizontal Deflection 

Horizontal deflection, preferably with automatic fre-
quency control (AFC), is one function which lent itself 
to a considerable degree of simplification. Receivers 
have been constructed with four to eight tube sections 
to perform this operation. Clark2 has called attention to 
the fact that there are three principal AFC circuits in 
use. These are the saw-tooth type, the sine-wave type, 
and the pulse-time type. The last one appears to re-
quire the smallest number of elements of those presently 
in use. Sufficient work has been done during the progress 
of this study to indicate that horizontal deflection with 
stable AFC might be obtained with a total of only two 
tubes. 

12. Vertical Deflection 

The status of vert ical deflection has already attained 
considerable simplicity. Use of one double triode now 
appears sufficient for vertical deflection, including both 
saw-tooth generation and amplification. 

13. High-Voltage Supply 

Various sources of high voltage for a television re-
ceiver may be employed, for example, (a) a 60-cycle 
transformer, (b) a radio-frequency high-voltage supply, 
or (c) the horizontal-deflection amplifier pulse. Source 
(c) is most attractive for a number of reasons such as 
the following: 
A. Very little shielding is required since the pulse is 

automatically in synchronism with the picture hori-
zontal deflection. 
B. There is a useful degree of automatic regulation of 

picture size as the line voltage varies. 
C. The circuit is simple since it requires only the 

addition of a rectifier tube, filter resistor, and capacitor. 
D. Finally, there is automatic protection of the pic-

ture tube if horizontal deflection fails. 

14. Low-Voltage Supply 

It should be pointed out that even the low-voltage 
power supply to a television receiver can be simplified. 
One item to be stressed is that, almost without excep-
tion, the rectifier choke has been placed in the positive 
side of low-voltage power supplies in television receivers. 
Tests show that there is no logical objection to putting 
the filter choke in the negative side, for example, from 
the center tap of the power transformer to ground. With 
this connection, the voltage drop across the choke and 
focus coil, if there is an electromagnetic focus coil, may 
be used for the negative dc supply, avoiding the use of a 
separate rectifier tube or the wasted voltage drop in an 
additional resistor which might be used in the return 
lead from the power transformer. 

DUAL FUNCTIONS 

Next comes the possibility of combining two func-
tions in the same tube. Some of these possibilities have 

2 E. L. Clark, "Automatic frequency phase control of television 
sweep circuits," PROC. I.R.E., vol. 37, pp. 497-500; May, 1949. 

already been mentioned, such as the use of one double 
triode for the whole vertical deflection. 
Thought was given to other possible combinations of 

functions, such as adapting a portion of the intermedi-
ate-frequency amplifier to serve also as the first sound 
amplifier, then using the AGC tube to serve also as part 
of the synchronizing circuit and, finally, to using the 
AGC tube to function also as the first audio amplifier. 
The characteristics of various standard tubes were 

studied to see if one double-purpose tube could operate 
as the combined video amplifier and the final audio out-
put stage. 
The experimental part of the program was begun with 

measurements of the type 28D7 tube for its possible use 
in a combined audio-output stage and the whole video 
amplifier. These measurements showed that the tube 
had excellent characteristics as a video amplifier, oper-
ating with the cathode tied to ground and the control 
grid directly connected to a negatively polarized diode 
second detector. When dc coupled from the anode filter 
to the cathode of the picture tube, the voltage gain is 20 
with a bandwidth of 4 Mc. 
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Fig. 3 Schematic of combined AGC and first audio amplifier 
using one half of a t ype-7N 7 tube. 

While one section of the tube is amplifying the video 
signal, the other section of the tube easily supplies 3 
watts of audio power. These operating conditions are 
with a screen grid voltage of 33 and a total screen cur-
rent of only 0.4 ma. Combining the video amplifier and 
audio output in a single tube means one less socket with 
correspondingly fewer pin connections. 
One might be curious as to possible cross talk inside 

the tube envelope between the video and the audio sig-
nals. Careful measurements of a number of tubes show 
that the cross talk is quite low, averaging 70 db down. 
We were interested in the possibility of combining the 

last intermediate-frequency amplifier and first audio 
stages. Measurements showed that this combination in 
the one tube has only one major objection—a high noise 
component in the received signal, particularly automo-
bile ignition noise, will be superimposed upon the sound. 
A new AGC circuit was developed for operating from 

the black-level voltage of the video signal with a negli-
gibly small power consumption from the negative bias 
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supply. Thought was given to the possibility of also sup-
plying some sync amplification. The first two items were 
attained bv a new circuit ‘vhich was developed during 
the experimental work and which is shown in Fig. 3. 
However, instead of combining the AGC with the sync 
amplifier, it was found to be, in general, preferable to 
make it serve the dual purpose of AGC and first audio 
amplifiers. In this way, one half of a type-7N7 double 
triode operates as a stable automatic-gain-control am-
plifier and, at the same time, as the first stage of the 
audio amplifier. The other hall of the double tube can 
be used as part of the horizontal-deflection system. 
Enough work has been done on a combined hori-

zontal-deflection and automatic-frequency-control cir-
cuit to show the possibilit v of performing this combined 
function with fewer than 3 tubes. This work, however, 

has not yet been completed. 
simplification of the low-voltage power supply has 

resulted in one model which provides, from only one 
rectifier and a single filter choke, the main positive dc 
voltage and two negative voltages, one for the AGC 
amplifier divider, the other for biasing the final audio 
stage. The total filter capacitance is approximately one 
half that of conventional television receivers and the 
hum voltage is lower than that of any other television 
receiver that we have measured. 
Additional items considered included the possible re-

duction in the number of resistors and capacitors in the 
synchronizing separation circuits. One result was a low-
pass filter for the vertical integrating network having a 
total of two resistors and two capacitors which gave a 
steeper pulse output than older, more complex networks. 
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tions which have been removed or combined with other 
functions in one of the simplified receivers. The fact that 
both stages of the audio amplifier have dotted outlines 
is due to their combination with other functions and not 
to the elimination of the audio amplifier. It should be 
noted that this receiver does not have automatic gain 

control. 

room 

Fig. 4—Audio-frequency response curve of first audio and AGC. 

DESCRIPTION OF SAN1PLE RECEIVER 

Having briefly described some of the experiments per-
formed to date, a short description will be given of a 
completed sample receiver incorporating some of the 
features described. 
Fig. 1 is the block diagram of a type of circuit which 

was very popular in 1948. In this diagram, the rec-
tangles with heavy boundaries represent the rectifiers 
and the rectangles with dotted outlines are of those sec-

40 
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.4 

Fig. 5 -Video gain characteristic of 28D7 tube, one section 
only. Zero-signal bias =0. screen voltage =33. 

Fig. 2 shows the basic block diagram of a simplified 
receiver. The tuner uses a total of only two tubes, yet it 

has good image selectivity and a reasonably high signal-
to-noise ratio. The intermediate-frequency amplifier has 
three stages of simple bandpass-filter coupling giving a 
voltage gain of 1,500. A tube similar to type 28D7 em-

ploying a 6.3-volt heater is used for the video amplifier 
and second stage of audio. For best operation a type-
1N34 crystal is used as the second detector, although 
this could be replaced with one half of a type-6AL5 tube 
with some deterioration in operation. The intercarrier 

intermediate-frequency amplifier feeds the double-
diode section of a type-7X7 or a 6T8 tube, while the tri-
ode section of this same tube produces the vertical saw-
tooth signal which is then amplified by one section of 
a 7N7, the other section of this latter tube providing the 
horizontal discharge for the horizontal-deflection ampli-
fier stage. One section of another double triode operates 
as the combined AGC amplifier and first audio stage 
while the other section provides horizontal automatic 
frequency control. The synchronizing amplifier, as has 
been mentioned before, is one of several possible, cir-
cuits using a double triode, the design of this particular 
circuit being influenced by the plan for a minimum num-

ber of components. 
Fig. 3 shows the detailed schematic of the combined 

AGC first audio unit. 
Fig. 4 shows the audio-frequency response curve of 
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the combined first audio and AGC amplifier. It will be 
noted that the frequency response is adequate for sound 
reproduction of reasonably high quality. 
Fig. 5 shows the gain characteristic of one section of 

a type-28D7 tube used as a video amplifier. 
Fig. 6 shows the over-all schematic for one of these 

• S MC AlartillER 

I 

RATIO IIITECION 

Fig. 6—Schematic of a complete simplified receiver. 

SING 

receivers having 6 fewer tubes than the average good 
television receiver employing magnetic deflection. As 
mentioned previously, the two crystals could be re-
placed by one double-diode tube, although the improved 
operation obtained with the crystals and the simplicity 
in wiring would thereby be sacrificed. 

Universal Design Curves for Intermediate-Frequency 
Amplifiers with Particular Reference to Phase and 
Amplitude Distortion and Their Compensation* 

W. HACKETT t 

Summary —The accurate assessment of distortion in intermedi-
ate-frequency amplifiers and the possibilities of compensation as-

sume importance for the development of frequency-modulated very-

* Decimal classification: R363.I3. Original manuscript received 
by the Institute, July 7, 1949; revised manuscript received, August 
8, 1950. 
t British Telecommunications Research Ltd., Taplow, Bucks., 

England. 

high-frequency multi-channel equipment with its concomitant wide 
bandwidths. The present purpose is to furnish graphical data for the 
evaluation of phase and amplitude distortion arising from various 
types of coupling network including compensating combinations, to 
demonstrate a graphical procedure for accurate design, and to sum-
marize the analysis on which the graphical treatment is based. 
Sets of nomograms and curves provide for the assessment of per-

formance as represented by gain times bandwidth, and for the inter-
pretation of equation parameters in terms of circuit parameters. 
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I. INTRODUCTION 

OR LOW HARMONIC DISTORTION in fre-
quency modulation systems, small amplitude and 
phase distortion, particularly the latter, are essen-

tial. The use of tuned circuits as the coupling networks 
in intermediate-frequency amplifiers gives rise to both 
types of distortion. The purpose of the present study is 
to provide data in graphical form to facilitate the design 
of intermediate-frequency amplifiers of sufficiently low 

distortion. 
For wide bandwidths, small distortion requires rela-

tively low Q circuits which will usually be achieved by 
the shunt connection of resistance. Attention has, there-
fore, been confined throughout to parallel-loaded tuned 
circuits. At the same time it has been assumed that the 
carrier frequency is located at the point of phase sym-
metry, which for parallel-loaded circuits occurs at a fre-
quency slightly different from the resonant frequency 
and requires some detuning. 
For coupling networks comprising either single- or 

coupled-tuned circuits, a rigorous treatment leads to 
complicated equations for phase and amplitude distor-
tion. Simple approximate equations are given which 
can be shown to represent phase distortion to a high 
degree of accuracy and amplitude distortion to a rather 
lower degree of accuracy for a single-tuned circuit. It is 
then shown that, under certain conditions, one stage 
comprising a pair of coupled-tuned circuits is substan-
tially equivalent in respect of distortion to two stages of 
single-tuned circuits in which the resonant frequencies 
are staggered above and below the carrier frequency. 
This equivalence leads to the derivation of relatively 
simple, approximate equations for the distortion arising 
from coupled-tuned circuits in terms of equation pa-
rameters which differ somewhat from those adopted for 
series-loaded circuits or circuits of high Q.'-3  
It is known that, over a certain range of parameters, 

coupled circuits exhibit amplitude and phase distortion 
of opposite sign to those obtaining with single-tuned 
circuits. This fact may be utilized to achieve a consid-
erable measure of compensation by the cascade connec-
tion of stages embodying single- and coupled- or stag-
. gered-tuned circuits when the circuit parameters are 
suitably chosen. The requirement is therefore to present 
. the data for the two characteristic types of distortion 
in such a form as to assist the optimum choice of pa-
' rameters and permit the quantitative assessment of 
I distortion in compensating combinations. 

II. LIST OF SYMBOLS 

A =[—jk 2irf„2(C,C2)1/2 ] if( - k2) (equation (10)) 
C= capacitance of tuned circuits in farads 

' K. R. Shirley. "Radio Receiver Design," Chapman and Hall, 
I London, England, Part I: p. 301, Part  p. 377; 1947. 

2 R. T. Beatty, "Two-element band-pass filters," Wireless Eng., 
vol. 9, p. 546; October, 1932. 

3 R. T. Beatty, "Radio data charts- (41 h e(lition, revised by J. M. 
Sowerby), Iliffe, London, England, p. 41; 1945. 

Ce =equivalent capacitance per stage of unit network 
in farads 

D.= amplitude distortion per unit network in decibels 
Dp= phase distortion per unit network 
f = frequency in cps 
Jo = carrier frequency in cps 
f„ = lower and upper values of f corresponding to 
given amplitude distortion for single-tuned circuits 

as rigorously derived 
fr =resonant frequency of tuned circuit in cps 

Afr=error in fr 
F.= equivalent gain factor per stage of unit network 
g= mutual conductance of tube in amperes per volt 
G= stage gain 
G.= mean or equivalent gain per stage of unit net-

work 
J= 
k = coefficient of coupling 
kc= coefficient of critical coupling 
K1„..Q.[(1_k)-1/2+(1 44)-111 for coupled-tuned cir-

cuits, 
= Q2 +  Qi for staggered-tuned circuits 

K2 = (2,[(1 —k)-412 —(1±k)—'12] for coupled-tuned cir-

cuits, 
= Q2  Q1 for staggered-tuned circuits 

na= number of stages per unit network 
n„ =number of unit networks 
Q= magnification factor of tuned circuit at resonant 

frequency 
= Fe(f—fo)/fo 

Z= transfer impedance of coupling network of one 

stage 
Ze =equivalent transfer impedance per stage of unit 

network 

X = 
AX =error in X corresponding to error if 
X0= value of X corresponding to peak values of D. 

(Fig. 2) 
X, = value of X corresponding to peak values of D„ 

(Fig. 1) 
cl>= phase shift associated with unit network 
c1/0= value of 4, at f = f.. 

TABLE 1 

_ 

Suffixes 

1, 2 

Refer to 

Individual equivalent and/or actual tuned circuits 
involved in coupled or staggered circuit networks. 

Coupled-tuned circuits. 

Single-tuned circuits. 

Staggered-tuned circuits. 

Compensating combination comprising single- and 
coupled-tuned circuits. 

Compensating combination comprising single- and 
staggered-tuned circuits. 
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III. DEFINITIONS 

Unit Network 

It is found convenient to define and express distortion 
in terms of the "unit network," which is defined as the 
smallest repeatable combination of stages n, in the 
amplifier. 

Performance Parameter P 

Assuming a constant current source such as a pentode, 
the ratio of output to input voltage of an amplifier stage 
is given by gZ, where g is the mutual conductance of 
the tube and Z is the transfer impedance of the coupling 
network. The stage gain G at the carrier frequency fo 
is then given by 

If the n, stages of a unit network have transfer im-
• • Z„,, then the mean or equivalent 

gain per stage G. at the carrier frequency is given by 

G. = 

pedances Z1, Z2 • 

where 

fl. 

ze = llzni, n.. 

It can be shown that G. is of the form 

G. =   F. 
2rfoCe 

(1) 

where 

C.= equivalent capacitance per stage 
Fe= equivalent gain factor per stage 

and both C. and F, depend on the type of unit network. 
If the performance parameter P is defined as equivalent 
gain per stage times fractional half bandwidth, then 

— fo\ =  gx 
P = G,   (2a) 

Jo 27rfoC, 

where 

x = Fe/J. — Jo\ 
fo ) 

(2b) 

Amplitude Distortion 

The amplitude distortion associated with a unit net-
work D. may be defined as the ratio of the modulus of 
the output voltage at frequency f to that at carrier fre-
quencyfo, expressed as an attenuation in decibels, and is 
given by 

D. = 20n, [logio I Zelf—fo 10 g10 I Z el ]• (3) 

Phase Distortion 

The phase distortion associated with a unit network 
D, may be defined as the difference between the actual 

phase shift 0 at frequency f and that which would ob-
tain if the phase-shift frequency gradient were constant 
at the carrier frequency value, i.e., 

IV. 

/4\ 
D, = — 0. — (f — Jo) -f)f.fo  • 

FORMULAS FOR PHASE AND AMPLITUDE 
DISTORTION 

(4) 

A. Single-Tuned Circuit 

The transfer impedance Z. for a parallel-loaded tuned 
circuit is given by 

z. = 

where 

1 

2/rf,„C, — + j  — 
Qa ( ire jij 

fr.= resonant frequency 
Q.= circuit Q 
C.= capacitance of tuned circuit. 

The derived phase-frequency characteristic shows a 
point of inflection, which is a point of skew symmetry, 
at a frequency slightly lower than!,,. Assuming that the 
circuit is so tuned as to locate the carrier frequency fo 
at the point of phase symmetry, it can be shown that 
the phase distortion per stage in radians is given to a 
very close approximation by 

= 2Q, JO) arc tan [ 2Q, ( f f° )] 
fo  o 

which may be expressed in the form 

where 

and 

X 
D„ =  — arc 

X 
tan (— 

J) 

X = Kir f°-\ 
Jo 

J = K1/2CO3 

and is a scale-adjusting factor used in Section IVD for 
the determination of the conditions for compensation. 
The curve of D„ is skew symmetrical about X = 0, i.e., 
f =fo, and is positive for positive values of X. 
The amplitude distortion per stage D., is then given 

approximately by 

D., = 10 logio [l + {2Q,  f °)}  21 (7a) 
Jo 

which may be expressed in the form 

D.. = 10 log10 [1 + X 2 • ( 7 b) 
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Whereas D,„ as given by (7) is symmetrical about 
k =0, i.e., f=fo, a rigorous analysis, while giving sub-
itantially the same bandwidth for the same distortion, 
requires the band to be displaced towards the higher 
frequencies. The approximate symmetrical equation will 
usually be sufficiently accurate for general design pur-
poses, but corrections may be applied as a refinement 
if required. If for a particular value of distortion the 
‘symmetrical curve gives a fractional bandwidth of 
2(f —f0)/fo, and the true upper and lower frequencies as 
rigorously derived are f„ and ft, respectively, then the 
ttrue fractional bandwidth is given by 

f. —  fr.[2 (1— Jo)] 
Jo  fo  Jo 

(8) 

; and the deviation of its midpoint from the carrier fre-

J quency is given by 

(f.   f 0/2 — fo = fra [1 (f _ fO'2 1'2 — 
Jo  fo  Jo 

f„  fo 1 — foy 
(9) 

Jo 2  fo 

where f.. is given by (29) of Table III and is an inverse 

function of Q,. 
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Fig. 1 -Phase distortion for simple unit networks and derived 
compensating combinations. 

B. Coupled-Tuned Circuits 

It can be shown that the transfer impedance Z, asso-
ciated with a pair of coupled circuits, which are tuned 
to the same frequency f„ and are of equal Q, can be 

expressed in the form 

where 
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Q, = Q value of coupled circuits 

k = coupling coefficient 

CI, C2 =  capacitances of coupled circuits. 

Comparison with (5) indicates that Z. is equivalent 
to A times the product of the impedances of two single 
resonant circuits, which have the same product of ca-
pacitance into shunt resistance and are tuned respec-
tively tofn and f,.2.4-5  Factor A is an inverse function of 
frequency and includes a phase shift of — 90°. 
The phase-frequency characteristic of coupled circuits 

shows a point of inflection which is a point of skew sym-
metry at a frequency slightly greater than the resonant 
frequency. If the resonant frequency is so adjusted 
that the point of phase symmetry is coincident with the 
carrier frequency fo, derivation from (6) gives approx-
imately for the phase distortion D„ of coupled circuits 

50 

32 

3.1 I 

ZJ 

40 

50 

5 

150 - 

0,  05 

IL'  .0 • C., 

2 

Kew' 

5, ••• • 

.f—f.,) 
Fig. 3—Nomogram for performance parameter 1'. P.---(;,.( 

fo gx 
 . For C, see 'Fable 11 and Fig. 4. For x see Fable 11 and 
2rfoC. 

Fig. 5. 

'This equivalence has been pointed out by I. A. Guilleinait' 
"Communication Networks," John Wiley and Sons, New York. 
N. Y., vol. 1, P. 324; 1946, for the case of identical cotipled-tuned 
circuits. As shown above, the condition of identity is unnecessary, 
provided that the Q values are equal. 

The resonant frequencies 1i and jd .are equal respec tive ly to 
the two natural resonant frequencies associated with coupled circuits 
of negligible damping. See G. W. 0. Howe, "Analysis of frequency in 
oscillatory circuits," Elec. World, vol. 68, pp. 368-370; August 19, 
1916. See also G. W. 0. Howe, "Bandpass filters in radio receivers," 
Experimental Wireless, vol. 8, pp. 233-237; May, 1931. 

2X 
Dp, =  + K22  arc tan (X + K2) — arc tan (X — K2) 

1  

2X ( 2X \ 
arc tan 

1 + K22 1 + K2 2 X2) 

where 

X = K1( 7 1 
Jo 

= (),1(1 —  "  +  1:2 ] 

fz 20 for small values 

K2 = Q 1( 1 — (1 + k)- "2j 

Qck for small values of k 

k/k, for large values of Q,  (1 fc) 

k— coefficient of coupling 
k,= coefficient of critical coupling. 
D. is skew symmetrical about X = 0, i.e., f =fo, and is ' 

negative for positive values of X over a certain range 
depending on the value of K 2 > 1/ 0, beyond which it 
becomes positive. The position X„ of the peaks is given 
by 

of k 

x p =  ( 3 K  22 1)112. (12) 

A rigorous analysis gives curves for amplitude dis-
tortion which are symmetrical about fo, f in the de-
nominator of factor A of (10a) correcting for the in-
herent asymmetry associated with the equivalent single-
tuned circuits. Thus, by adopting the approximate sym-
metrical equation (7) for single-tuned circuits and re-
garding f in factor A as constant, Do, for coupled circuits 
can be shown to be given to a very close approximatio 

D, = 10 log, [(1 + lc? — x2)2 + 4v1 
— 20 log10 [1 + K22.1• 

(13) 

Critical coupling corresponds to K 2 = 1, above which 
the characteristic exhibits the fSiniliar double hump, 
the peak values of which occur at Xo given by 

X. = + (K22 — 1)1/2. (14) 

Equations (11) and (13) show that phase distortion 
D„, and amplitude distortion D., can each be repi-e-
sented completely in terms of the two parameters X 
and K2, and therefore by a single family of curves 
plotted against X for different values of K 2 as illustrated 
by the full-line curves of Figs. 1 and 2. This is not pos-
sible, except for high values of Q, where the more usual 
parameters'-' Q(f—fo)/fo and k/k, are used. 

C. Staggered-Tuned Circuits 

For two stages of single resonant circuits tuned t 
frequencies fri and 1r2 respectively, and having Q values 
G and Q2 at these frequencies, the product of the trans-
fer impedances is given by 
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Z.1 X  Ze2 =  Z.. 2 (15) 

where Zai and Z 12 are of the form of (10b) and (10c), 
respectively. If the circuits have the same product of 
capacitance into shunt resistance so that 

Q1 Q2 
= 

fri fr2 

and are so tuned that the carrier frequency coincides 
with the point of skew symmetry of the resultant phase-
shift characteristic, then the phase distortion Dr., for 
two stages of staggered circuits is given as for one stage 

of coupled-tuned circuits by (11) where 

K1 = Q2 +  Qi  (17a) 

IC2 = Q2 — Q.  (17b) 

(16) 

In this case, owing to the absence of a factor A with 
its correcting factor f, there will in practice be some 
asymmetry in the amplitude characteristic. For general 
design purposes, however, it is convenient to assume 
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Fig. 4—Nomograms for equivalent capacitance C. for simple 
and compensating unit networks. 

symmetry so that amplitude distortion D81g for two 
stages of staggered circuits may be represented ap-
proximately by the same equation (13) as for a single 
stage of coupled-tuned circuits. 
It is evident that the replacement of one stage of 

coupled-tuned circuits by two stages of staggered-tuned 
circuits offers the possibility of higher gain for the same 
distortion while at the same time affording greater facility 

of adjustment. 

D. Compensating Combinations 

The difference in sign of the phase and amplitude dis-
tortion associated with single- and coupled- or stag-
gered-tuned circuits can be utilized to give a consider-
able measure of compensation over a range of X, pro-
vided that certain relations obtain between the parame-
ters J and K 2. Curves for phase and amplitude distor-
tion are presented in Figs. 1 and 2 respectively in such a 
form as to reveal the appropriate relations. The broken 
line curves represent distortion arising from a single-
tuned circuit, D. and D.., as a function of X for differ-
ent values of J. The full line curves, on the other hand, 
show the mirror image of the distortion associated with 
a unit network of the coupled or staggered circuit type, 
i.e. (—Dr.) or ( —D„.1) in Fig. 1 and (—D.1) or (—Dos() 
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in Fig. 2, as a function of X for different values of K2.' 
Since both phase and amplitude distortion arising from 
a number of unit networks add algebraically, the differ-
ence between any land any K 2 curve gives the resultant 
distortion Dp,,,, Daslc, pp*let o r  D as/st  for the cor-
responding compensating unit network. 
It is to be noted that equal increments of J cor-

respond to equal increments of it for the same distor-
tion, which permits linear interpolation for intermediate 
values of J. Since J=K1/2Q., K1 92Q, for coupled cir-
cuits and K1= (Q2 -f-Q2) for staggered circuits, J repre-
sents approximately the ratio of the Q of coupled cir-
cuits or the mean Q of staggered circuits to that for the 
single-tuned circuit. 
It is apparent from Fig. 2 that maximum compensa-

tion for amplitude distortion requires a value of J of 
the order of 2, which may not necessarily represent 
the optimum value for compensation of phase distor-
tion, and some compromise may be required. For spe-
cial purpose where both phase and amplitude distortion 
are required to be very small, a better compromise may 
be possibly achieved by the use of more complicated 
compensating combinations involving three or more 
simple unit networks, e.g., one of the single-tuned cir-
cuit type and two of the coupled- or staggered-tuned 
circuit types. Mathematical treatment is difficult but 
design can conveniently be carried out by trial and 
error, using the curves of Figs. 1 and 2. It may be found 
convenient to use different equation parameters (K1 
and K2) for unit networks of similar type; the values 

Intersection and close proximity preclude the separate delinea-
tion of the D . curves for K 2 = 1. 4 to 2.4 at low values of X. They all 
fall within the cross-hatched area and are of the same general form 
as the curve for .K2=2.6, which follows the lower boundary. 
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of D, and D. corresponding to a given frequency devi-. 
ation must then be derived for different values of 
X = K1(f=f0)/fo in the two cases. 

V. EVALUATION OF PERFORMANCE PARAMETER P 

To compare the merits of different circuit arrange-
ments it is necessary to interpret it in terms of perform-
ance parameter P, i.e., equivalent gain per stage at car-
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ier frequency times fractional semibandwidth, which 
8 given by (2) and may be evaluated by the nomogram 
Fig. 3, using a set-square index.' 
This formula involves C,, the equivalent capacitance 

3er stage and x, the equivalent gain factor per stage 
imes fractional half bamk id t h. Both factors are given 
i'or specific unit networks by the equations of Table II 
md may be evaluated from the nomograms of Figs. 4 
Ind 5 respectively. For more complicated combinations, 
C. and x are given by the geometric mean of the 
values of C. and x associated with the component 

stages. 

7 I I j Allcock and J. R. Jones. "The Nomogram," Pitman, Lon-
ion, England, chap. 4; 1046. 

VI. CONVERSION FROM EQUATION PARAMETERS 
TO CIRCUIT PARAMETERS 

The required circuit parameters are resonant fre-
quencies, Q values, and for coupled circuits, coef-
ficient of coupling. They are given for the three basic 
unit networks by the conversion equations of Table III 
and may be evaluated from the nomograms of Fig. 6 

and curves of Fig. 7. 
Error in the tuning of the resonant circuits will give 

rise to asymmetry in the distortion characteristics of 
Figs. 1 and 2. A positive error Af, in the resonant fre-
quency of single- or coupled-tuned circuits or in the 
mean resonant frequency of staggered-tuned circuits will 
cause a shift to the right by an amount AMIKI.lf,/fo. 

TABLE II 

FQ174TtoNs rok Ev FAcrmts INvoLvFn IN l'ERFoRmANct: PARAtirrilt F. 44 V ARI M's UNIT NFTWORKS 
_ 

Network 

Single-tuncd Circuit 

Coupled-tuned circuits 

Staggered-tuned circuits 

Number of 

Stages 

Pl. 

1 

Compensating com-

binations comprising 

Single-tuned circuit, 

Coupled-tuned circuits 

i's 

Eci.ressi,m 

2) 

- for 1 
2 

k: x 

1 - K:, 2 

1 X 

+ K2,1"1 2 

1 

C.  C, 1(CiC21'' 

L K2 1 1/2 .!  4 

(l  K2i)i  2 

Number 

(18) 

'21) 

(22) 

(23) 

(24) 

(25) 

Single-tuned circuit, 

Staggered-tuned circuits 

(26) 

X./.S 

1 " X 

[ J O +  K22)J  2 
(27) 

1 Equations (20), (22), (24), and (26) may be evaluated from Fig. 4 and (21), (23), (25), and (27) from Fig. 5. 
2 The gain factor included in x.is strictly that at the resonant and not the carrier frequency, but the difference is negligible for practical 

purposes. 
3 This equation is correct to within 1 per cent for Ki for other values of ICI there will be slight errors. 
This equation involves the limitations of footnote 2 above. 

6 This equation involves the limitations of footnotes 2 and 3 above. 
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VII. COMPUTING PROCEDURE ILLUSTRATED BY 
NUMERICAL EXAMPLES 

The computing procedure for the design of inter-
mediate-frequency amplifiers for minimum distortion, 
when the bandwidth and over-all gain are specified, is 
outlined in Table IV and illustrated by two numerical 
examples for compensating unit networks of the 
coupled and staggered circuit types respectively. 
The alternative case, when the maximum distortion is 

specified and it is required to design for maximum gain 
times bandwidth, can equally well be treated by a re-
vised order of steps. 

VIII. CONCLUSIONS 

To meet the desiderata of wide bandwidths and low 
phase distortion, parallel loading of resonant circuits 

December 

used as coupling networks has been assumed, together 
with the requisite detuning to locate the point of phase , 
symmetry at the carrier frequency. 
Simple approximate equations are given for the dis-

tortion associated with a single-tuned circuit, and cor-
rections, which may be applied as a refinement, are 
indicated. For a unit network comprising one stage 
of coupled-tuned circuits of equal Q or its distortion 
equivalent of two stages of staggered-tuned circuits, 
the adoption of novel parameters leads to relatively sim-
ple equations for phase and amplitude distortion, each 
of which may then be represented by a single family of 
curves. Such representation permits advantage to be 
taken of the difference in sign of the distortion associ-
ated with single- and coupled- or staggered-tuned cir-
cuits over a certain range of parameters, to design com-
pensating combinations. 

TABLE III 

EQUATIONS FOR CONVERSION FROM EQUATION TO CIRCUI r PAR:k W:I-FRS FOR VARIOUS COUPLINtr; Ni  rwoiocs 

=  
fo 

Coupling Network Circuit Parameter 

Single-tuned circuit 

Jo 

(28) 

Conversion Formula 

Q. 

Coupled-tuned circuits Jo
Jo 
—  

Expression Number 

2 

tr 

12 

— 1 

r,.. — To 
(1.01 

2Q 
I )1 2 

K1 [ (-1  -  — 1 

3K22 — 1 
2Kt2  for  K,  15 

_2KIK2 

KO -1- K22 

K12 — K22 

2(K12 + K22)112  

Staggered-single-tuned circuits fo — 
Jo 

K2  1 

—  for Kt > 4 

K2 I 
+  for  K, >  4 

n, 

Q2 

— K2 

2 

ICI -I- K2 

2 

(29) 

301 

ti) 

131a. 

(321 

(33) 

(341 

(351 

(36) 

t 37) 

Note—Equations (29), (30), (31a), and (32) through (35) may be evaluated from the nomograms of Fig. 6. For ICI <15 and (fo—f.,)/fo 
>0.01 use should be made of (31) which may be evaluated from the curves of Fig. 7. 
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Sets of nomograms and curves provide for the evalu-
ation of the performance parameter (equivalent gain 
per stage times fractional semibandwidth) in terms of 
the tube mutual conductance, equivalent shunt capaci-
tance, carrier frequency, and equation parameters, and 
for the conversion from equation to circuit parameters 
(resonant frequencies, Q values, coupling coefficient) 
for the various unit networks. The procedure for using 
the graphical data is indicated and illustrated by two 
numerical examples. 
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TABLE IV 

COMPUTATION OF DISTORTION AND CIRCUIT PARAMETERS FOR TYPICAL COMPENSATED UNIT 
NETWORKS TO GIVE SPECIFIED OVER-ALL GAIN AND BANDWIDTH 

Specified over-all gain = 106 

Specified bandwidth  = + 1 Mc 

Specified carrier frequency = 

Assumed g 

if - fo 1 

fo  30  

30 Mc 

5 mA/V wfo  I  = 2.65 X 10-". 
2 

Equation  I  Fig. Compensating Combinations 

1 1 Unit 
' network 

Coupling circuit 
Number of stages n. 

Single + f Coupled 
1 f 1 1 

Singlel, f Staggered 
1 f -1- 1 2 

15 
13.5 
16.5 

Associated capacitances C. pF 
CI pF 
C2 pF 

15 
7.5 
12.5 

_ 
2 Equivalent capacitance C. pF (24) 

(26) 
4 
4 

12 
14.95 

3 Number of unit networks n„ 
Total number of stages n„ • n. 

2 
4 

1 
3 

105/3 
4 Equivalent gain per stage G. 

10514  

5 P --= G a -fo) go 
0.5925 0.718 

6 x (2a) 3 0.265 0.40 

7 Selected values of 1 .1 
K2 

1, 2 1.4 
1.6 

1.25 
1.20 

8 x (25) 
(27) 

5 
5 

0.94 
1.16 

9 D, (per unit network) degrees 
D. (per unit network) db 
n.D, degrees 

db 

1 
2 

-0.2 
0.85 
-0.4 
1.7 

0.2 
3.1 
0.2 
3.1 

34.8 
10  ICI (28) 28.20 

11  Single-tuned circuit (fn-fo)/fo 
Q. 

(29) 
(30) 

6 
6 

1.22X10-3 
10.1 

6.5 X10-4 
13.9 

1 Coupled-tuned circuit 

1 

(.fo-f..)/fo 
k 
Q. 

(31 a) 
(32) 
(33) 

6 
6 
6 

4.2  X10-6   
0.113 
14.1 

1 Staggered-tuned circuit K2/K, 
1/21(12 

6 3.42X10-2 
4.1 X10-6 

0 - Al) /f0 
- 10) go 

8: 
(34 ) 
(35) 
(36) 
(37) 

3.38X10-1  
3.46X10 
16.8 
18.0 
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Marginal Checking as an Aid to Computer Ruli Thility 
NORMAN H. TAYLORL SENIOR MEMBER, IRE 

Summary —Deteriorating components, particularly crystals and 
vacuum tubes, cause reduction of safety margins and are a principal 
source of error in digital computing and pulse communication. 
Marginal checking varies voltages in logical circuit groups, induc-

ing inferior parts to cause failure, while a test program or pulse trans-
mission detects and localizes potential failure. In a digital computer, 
this can be automatically accomplished with the computer itself 
acting as the detector. 
In one trial on a 400-tube prototype system the application of 

this type of preventive maintenance for half an hour per day im-
proved reliability 50 to 1. Results of preliminary tests on a fu:1 com-
puter are discussed. 

I. INTRODUCTION 

 LECTRONIC digital computers will be used to 
-4 solve real-time problems and must be reliable. 

 1  For example, when the modern computer be-
comes the nerve center of an all-weather air traffic con-
trol system, the plane pilot must know the system is op-
erating, and will continue to operate, without error. 
Such reliability can be guaranteed only by detecting 
imminent failures and preventing their occurrence. 
In order to obtain "computer reliability," a much 

higher degree of performance is required than in or-
dinary means of communication. The basic difference is 
the high concentration of information used in a com-
puter compared with the concentration of information 
in speech, television, or radar. Interruptions in circuits 
of the latter type can occur at frequent intervals, with 
little loss of intelligence. An occasional intermittent 
tube does not void the sense from a radio, ignition noise 
does not completely void television, nor does an arcing 
magnetron nullify the plot on a radar screen. 
This criterion is not good enough in computer appli-

cations. The usual method of transmitting intelligence 
in a computer is to supply high-frequency pulses to par-
ticular circuits at specified times. A single pulse oc-
curring at the wrong time can invalidate the usefulness 
of the whole effort. This single-error limitation is due 
to the presence of a memory in a computer. Memory 
remembers the errors as well as the information to be 
processed, and once an error becomes imbedded in the 
memory it can be propagated into all subsequent cal-
culation. 
The necessary reliability can be approached by com-

bining good design with the best available components, 
and utilizing marginal checking as an additional aid. 
Marginal checking differs from ordinary checking by 

not only answering the question, "Are all circuits func-
tioning?" but also, "How much longer will the circuits 

Decimal classification: 621.375.2. Original manuscript received 
by the Institute, April 6, 1950; revised manuscript received, July 28, 
1950. 
t Massachusetts Institute of Technology, Cambridge, Mass. 

function?" Good equipment starts with wide safety 
margins, but age and wear reduce these safety margins, 
leading toeventual failure. Marginal checkingassuresade-
qua te safety by testing the system frequently enough so 
that only slight deterioration can occur between tests. 

II. THE MARGINAL CHECKING SYSTEM 

A. Magnilude of the Problem 

Nlost of the large-scale digital machines under devel-
opment utilize many thousands of vacuum tubes, 
crystals, resistors, condensers, and coils. The vacuum 
tube is the least reliable component of this group, and 
the crystal rectifier, though better than the tube, is still 
a weak link in the chain of reliability. Failures in the re-
sistors, condensers, and coils are not frequent, and 
these elements do not threaten computer reliability to 
such an extent. 
What may be expected of a system using present-day 

vacuum tubes and crystals? A few assumptions will 
serve to indicate the problem. If a typical computer 
has 5,000 cathodes and 10,000 crystals, supp)se the 
tubes will last on an average of 5,000 hours, and the 
crystals, 10,000 hours. Every 30 minutes one of these 
aging comp:ments may cause a failure. Furthermore, 
some of these failures will not be steady but will cause 
marginal operation and thus be very difficult to locate. 
In a typical 8-hour day this may cause 16 shutdowns. 
Even if a trouble-location technique is well developed, 
so that the perio:I of shutdown is short, the efficiency of 
the machine will be very low. One might ask if a periodic 
replacement program could be followed which would 
eliminate many of these component failures. Unfortu-
nately, early failure in groups of new tubes is quite high, 
so that wholesale replacement on simply a time basis 
would increase the failure rate. 

B. Features of Marginal Checking 

The preventive maintenance techniques called mar-
ginal checking use performance margins to establish life 
expectancy of components, so that those with low mar-
gins can be removed during a testing period. 
Three features of this marginal checking scheme make 

it very practical for use in large electronic systems: 
(1) The checking system can detect imminent fail-

ures before they become real failures and cause com-
putational error. 

(2) This detection can isolate the failing com-
ponent to a specific tube, crystal, or resistor. 
(3) Such isolation can be so rapid that it con-

sumes only a small percentage of total machine time. 
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1. Conversion to Real Failures: The conversion of im-
minent failures to real failures during test periods is the 
important key in this marginal checking system. Such 
checking is possible in computers and also in many other 
pulse systems due to the on-off nature of the circuitry 

used. 
In a computer, information passes from one place to 

another as the presence or absence of a pulse on a trans-
mission line. It is not necessary that the pulse be of 
any particular amplitude to get this information to its 
destination but only that the pulse be large enough to 
affect the detector. If the presence of a pulse means a 1 
and the absence a 0, then a pulse which is too small to 
affect the detector has the same effect as no pulse at all 

and so a 0 is recorded. 
a. A Simple Computer Channel 
Fig. 1 gives a typical basic block diagram often en-

countered in pulse systems. Gate tube A, when open, 
allows pulses to pass along a channel to a flip-flop. If the 
pulses are large enough and the flip-flop in proper con-
dition, each pulse will cause a reversal of the flip-flop 

from a 1 to 0 or vice versa. 

t1C) ,:fiTOR 1010ICAEOft 
,GHT LIGHT 

OPEN 

Fig. 1—A typical computer channel. 

Two sorts of trouble may develop. First, the gate 
tube may deteriorate and cause the pulse amplitude to 
be reduced to a point where the flip-flop will not switch 
or, second, the flip-flop may refuse to switch because 

one of its components has deteriorated. 
b. Checking the Gate Circuit 
The margin of performance in the gate tube (A) can 

be checked by lowering the voltage on the screen of the 
tube by inserting a negative voltage in series with the 
screen lead as shown in Fig. 2 (a schematic for gate 
tube circuit). The pulses emerging from the tube will be 
lower than they were before the deviation. 
If both the flip-flop and gate as shown in Fig. 1 have 

adequate margins then this marginal checking of the 
gate circuit will make no difference. This can be de-
tected by another gate tube (B) which opens and closes 
according to the action of the flip-flop. If a sensing pulse 
is applied to gate tube B in Fig. 1, it will pass through 
to indicate that the flip-flop has switched and opened 
the channel. In the diagram shown this should occur 
for every other pulse passing through gate tube A. 
A low margin in gate tube A will interrupt this se-

quence and no check pulse will emerge from gate tube 

Fig. 2—Marginal checking of gate circuit. 

B. From such a test it can be determined whether or not 
the gate circuit is nearing an unsafe condition. The 
circuit shown in Fig. 2 has a nominal screen voltage of 
90 volts. A typical margin would be minus 20 volts from 

this value. 
c. Checking the Flip-Flop 
This first check assumed that the flip-flop was per-

forming normally and acting as a detector for the ar-
rival of pulses. To check this assumption the following 

test can be made on the flip-flop circuit. 
Fig. 3 is a simplified schematic of a flip-flop. One tube 

must have the ability, when conducting, to hold the 
other tube in a nonconducting state. The circuit is com-
pletely symmetrical. Tube deterioration shows up as a 
reduction in plate current in one tube with a consequent 
reduction of bias available to the opposite tube. The 
large cathode resistor allows considerable aging before 
the condition becomes intolerable but eventually tube 
deterioration will become so extreme that instability 
will occur and the flip-flop will favor one side. Then, 
whenever it is ordered to change sides by an incoming 
pulse the circuit will either fail to switch or fail to hold 
its new position after switching takes place. 

ZERO OUTPUT . --) 
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Fig. 3—Marginal checking of flip-flop circuit. 
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This unfavorable condition can be detected before it 
leads to failure by feeding the two screen circuits of the 
flip-flop separately, as shown in Fig. 3, and selectively 
raising the screen voltage of the normally off tube about 
30 volts (nominal value 120 volts). Raising its screen 
voltage also raises its number 1 grid cutoff voltage. The 
normally on tube must have a safe margin of plate cur-
rent available if it is able to hold the tube being checked 
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off under these extreme conditions. If the on tube is 
weak it will fail to hold off the opposite tube and a spuri-
ous switching operation will result. The detection of this 
condition can be automatic by using the sensing pulses 
and gate circuits shown in Fig. 1. 
d. Testing Crystals in a Clamp Circuit 
A third type of conversion which will pick up aging 

crystals is of considerable interest. Fig. 4 shows a 
clamping circuit which couples the plate of a flip-flop to 
a gate tube. Proper operation of this circuit depends 
on the back resistance of the crystal staying at a high 
value so that proper clamping action will be available 
during the period between the voltage pedestals used 
for clamping. If the crystal deteriorates, the voltage at 
the grid of the gate circuit will appear as shown at the 
right of the diagram. Serious deterioration will result 
in the opening of the gate circuit when it should be 
closed. 
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Fig. 4 —Marginal checking of clamp crystal rectifiers. 

To convert this imminent failure to a real one, a 
change in the timing of the clamping period is used. A 
good crystal will operate when a much longer period is 
allowed, but a deteriorating unit will not hold the bias 
that long and a failure will result. Values of 16 micro-
seconds and 64 microseconds have been used effec-
tively in this circuit. If a sensing pulse to the gate tube 
under control of this clamp circuit is inserted near the 
end of this longer wait period it will be rejected by a 
good crystal and passed by a deteriorating one. This 
scheme can then be automatized. 
2. Localizing Failures: Once an imminent failure has 

been converted to a real failure by any one of the meth-
ods noted above, the problem of detecting the fault and 
localizing it to a particular source can be very time-
consuming if it is not approached in an orderly manner. 
Fault isolation can be solved if the computer is divided 
for marginal checking into small logical sections. To 
simplify the trouble-location scheme, sections should be 
chosen so that at a given time only one fault can exist. 
The logical design of a computer separates it into 

many channels, all starting at the pulse source and dis-
persing throughout the system to a destination. 

Fig. 5 shows two of these typical channels separated 
into four sections. The vertical lines indicate how these 
channels may be broken for purposes of marginal check-
ing and isolation of faults. In each case a pulse starts 
from the distributor along its channel and arrives at its 
destination with enough energy to change the condi-
tion of a flip-flop circuit in the destination section. If 
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Fig. 5 —Computer marginal checking. 
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each section is subjected to voltage variation .tild the 
sequence still functions, the channel can be said to have 
adequate margins. 

The addition of a checking section to these channels 
allows the checking routine to be carried out automati-
cally by the computer. An error-sensing pulse checks 
that the information arriving at the checking section via 
the channel under test is the same as that arriving by a 
separate checking channel. If the two pieces of informa-
tion disagree, an alarm is sounded and immediately 
the pulse distributor is stopped. 
Knowing the- stopping point of the distributor, the 

channel at fault is isolated. In addition, knowledge of 
the section under voltage variation isolates the tube in 
the channel. The operator can usually find such troubles 
in a few minutes during such a test routine. 
These channels are not used simultaneously but in a 

time sequence so tubes of the same type, but in different 
channels, may be grouped in the same section for 
voltage variation and no loss in isolation results. 

3. Automatic Marginal Checking: The whole sequence 
of sending pulses through each of the channels has been 
automatized in the IVhirlwind Computer system spon-
sored by the Office of Naval Research, at the Massachu-
setts Institute of Technology. Some 200 sections are 
used. The computer program sends the pulses through 
each of the channels in a fraction of a second. Successive 
sections are selected by telephone switching apparatus 
and subjected to voltage variation at 5-second intervals. 
In this way the whole system can be completely 
checked in about 15 minutes. 

' The Whirlwind Computer is an electronic digital machine capa-
ble of performing at very high speed; i.e., 13.000 multiplications per 
second. 



!At present it appears that establishment of adequate margins once each day will be an excellent guarantee 
that the next 24-hour period will be completely free from 

t. error. 
/ It is evident that the basic principles of marginal 
I checking discussed in this paper are simple; but the sys-
) tem must be carefully designed to reap advantages of 
I the checking in an economical way. Too many checking 
circuits complicate the equipment; not enough will fail 
to give unique indications and will not isolate defective 

components. 

III. CONCLUSION 

The most significant information about marginal 
checking is its performance record. Over a period of 
eight months, a 5-binary-digit prototype arithmetic 

element at M IT has been running a test problem over 
and over 24 hours a day. This test system contains about 
400 vacuum tubes and 1,000 crystals, and marginal 
checking is done manually for a period of  hour a day 
and deteriorating components are removed. This equip-
ment has made several runs of three weeks without 
computational error which represents 2.5 X10" correct 
solutions of the problem, and about 1013 correct flip-
flop reversals in 25 flip-flop circuits. The average run 
without error has been eleven days, which represents 
approximately a 50-to-1 improvement in the results ob-
tained before marginal checking was installed. A run of 
forty-five days without error was made in early 1950. 
During this forty-five-day period, 12 tubes, 7 crystals", 
and 4 resistors were located during marginal checking 
periods and replaced because of low margins. 
When one begins to work with larger systems, there is 

reason to believe that, with marginal checking, errors 
will not increase in proportion to the extra equipment 
involved. A high percentage of the remaining errors are 
caused by power failure, lightning, and external dis-
turbances independent of the number of vacuum tubes 

in the system. 
A measure of the success of marginal checking in im-

proving the performance of the Whirlwind Computer is 

shown in Table I. 
At present, 3,900 tubes and 11,000 crystals have been 

running for about 3,300 hours. 32 registers of test 

TABLE I 

TUBE AND CRYSTAL FAILURES* 

Tubes  Crystals 
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storage, made up of toggle switches and flip-flops, allow 
the solution of several problems which thoroughly test 

the computer. 
During these installation tests, 187 tubes have been 

removed, 109 of which have been located by marginal-
checking techniques. The majority of tube failures with 
deteriorating characteristics have been due to the forma-
tion of an apparent resistance on the cathode sleeve or in 
the cathode coating. This defect has been called inter-

face resistance. 
Obvious tube faults have been due to gas, broken pins, 

internal short circuits, and open welds. Many of these 
have been located by the built-in checking system of 
the computer without the aid of marginal checking. 
Of the 272 crystal failures, 223 were located by the 

marginal-checking technique. The most serious fault has 
been a drifting of back resistance to a lower value by a 
factor of 2 to 10 with the continued application of 
voltage. The cause of this is not well understood but 1 
to 10 per cent of new crystals exhibit this tendency after 
voltage has been applied for a period of 30 to 60 sec-
onds. A few obvious faults have been due to completely 

open or short-circuited crystals. 
About a dozen tubes and a few crystals have been 

intermittent. The on-off intermittent is the most diffi-
cult fault to locate in electronic circuits. Marginal check-
ing does not aid in isolating this type of failure and this 
represents one limitation in the system. Complete failure 
such as filament burnout also cannot be predicted. 
However, in 3,300 hours of operation, only two tubes 
have exhibited such failure. 
Some of the by-products of marginal checking have 

proved invaluable in testing the Whirlwind system. 
Many low performance margins have been found which 
were due to design weaknesses and not to deteriorating 

components. 
Refinements have been made in the design to reduce 

noise level and improve timing of pulse sequences and 
frequency response. These improvements have all been 
possible earlier in the program than usual, due in a large 

measure to marginal checking. 

Number in use   

Total failures   
Obvious faults   
Deterioration of operating characteristics. 

Failures located by marginal checking  

" Note—Majority of tubes and crystals were 
3,300 hours. 

3,900 

187 
76 
111 

109 

11,000 

272 
7 

265 

223 

in operation for 
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A Digital Electronic Correlator* 
HENRY E. SINGLETONt, sEmoR MEMBER, IRE 

Summary—The relation between correlation functions and the 
general theory of communication is presented, and this relation leads 
to a technique for electronic computation of correlation functions and 
to the design of a machine for carrying out the computation. Because 
of the requirements of great accuracy and long storage, the machine 
makes use of binary digital techniques for storage, multiplication, 
and integration. Descriptions of the more unusual circuits in the 
machine are given, and Circuit diagrams are included. A number of 
experimental results obtained by the machine are presented. 

11 HE APPLICATION of statistical methods to 
communication problems is still only a few years 
old, but already the power of the statistical ap-

proach is becoming generally appreciated.' -6 An ade-
quate body of statistical data is not yet available, how-
ever, and this lack prevents the full strength of the sta-
tistical technique from being brought to bear on a large 
number of communications problems. The branch of 
statistical theory which is applicable here, and which, 
indeed, must be considerably extended if it is to be of 
greatest use, is the theory of random processes. The 
theory of random processes enters because communica-
tion equipment must operate for an ensemble of pos-
sible signals, none of which can be specified in advance, 
but which instead are characterized by a set of prob-
ability distribution functions. The fundamental sta-
tistical parameters which are required for the solution 
of general communication problems are accordingly the 
set of functions which characterize the ensemble, 
namely, the probability distributions 

P.(y1,11; y2, 12; • • • ; y., 1.), 7/ = I, 2, • • • 

where P.dyidy2 • • • dy  is the probability that a 
member of the ensemble has values in the ranges 
(yl, yr-I-dyi), (y2, y2+dy2), • • • , (y., y.-F•dy.) at times 
Li, 12, • • • r In• Since Pi can be found from P; for j>i, 
it follows that the P. describe the process in successively 
greater detail as n increases.' In applications of the 

* Decimal classification: 621.375.2. Original manuscript received 
by the Institute, March 21, 1950; revised manuscript received, July 
11, 1950. Presented, 1950 National IRE Convention, March 8, 1950, 
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United States Signal Corps, the Air Materiel Command, and the 
Office of Naval Research. 
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theory it is usual to assume that the probability distribu-
tions are invariant under a shift of the origin of time, 
i.e., that the process is stationary. 
Although a knowledge of all the probability distribu-

tions P„ is required in order to treat more general com-
munication problems, many problems can be handled 
through the use of the second probability distribution 
P2(yi, 11; y2, 12). Since for stationary ensembles the dis-
tribution P2 depends not on the absolute values of  and 
12 but on the difference /2—ti, it is convenient to ab-
breviate P2(yi, Li, Y2r t2) as P(y,, y2; r) where r = /2 — it. 
The experimental evaluation of P(3/1, y2; r) for even a 
single stationary ensemble is a lengthy task,' because it 
requires the evaluation of P for each point in the three-
dimensional space yi, y2, T. It is therefore fortunate and 
of considerable engineering interest that a certain class 
of communication problems' can be treated in terms of 
the moment of the distribution P 

M(T) = F IG yiy2P(yi, y2; r)dyidy2.  (1) 
- 

The three-dimensional probability distribution under-
goes a smoothing due to the process of integration, and 
the result is a one-dimensional rather than a three-di-
mensional function. Furthermore, the moment M(r), 
which may be regarded as the average value of the 
product yiy2 (for a specified r), can be evaluated with-
out recourse to the probability distribution P. In fact, 
if j(1) is a member of the ensemble, the average of prod-
ucts of pairs of values of f(t) which are separated by 
time r is the correlation function 

= 11111 —1 f  (O W/ 4_ ),7 
2T \- (2) 

For a stationary process it follows from the ergodic 
theorem that M(r) =cb(r). 

THEORY OF COMPUTATION 

Since according to the above results only one member 
f(t) of the ensemble is required to compute OW, a con-
venient approximate method of evaluating OM experi-
mentally is to average a large number of products of 
pairs of samples of f(t) 

1 N 
- E a,,b„(r), 
N (3) 

W. B. Davenport, Jr., "A study of speech probability distribu-
tions," MIT Doctor of Science Thesis in Electrical Engineering; 
June, 1950. 

3 Notably the design of optimum linear systems, footnote refer-
ences 1 and 2. 
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where N is a large number and a, and bn are samples of 

f(t) which are separated by the interval r. 
Physically, the above discussion means that the com-

putation may proceed as follows: a sample al of the in-
put time series is obtained and stored; after a time 7 has 
elapsed, a sample b1 is taken and stored; the two samples 
al and b1 are multiplied together; the product is stored, 
'and the samples al and bi are discarded. The sampling 
and multiplying process is carried out repetitively, and 
each time a product is obtained it is added to the cumu-
lative sum of the products previously obtained. After N 
such products have been obtained, the sum is recorded 
and the device storing the products is reset to zero. 
The sum recorded represents the value of N4(r) for the 
value of 7 under consideration. Proceeding in this way, 
as many points on the correlation function may be ob-
tained as desired. The procedure just described is used 
in the present machine. Although an average might be 
obtained in a shorter period of time by delaying the 
entire wave form, such a procedure would require the 

use of more complex equipment. 

By this means, possible sources of error are limited to 
the sampling circuits and to the circuits for translating 
the samples into binary numbers. Errors from these 
sources are first minimized by careful selection and de-
sign of the circuits used. Remaining errors are further 
reduced by a special feedback drift-compensating cir-
cuit. Descriptions of the circuit techniques used are 
given below, and together with the general description 
of the machine, form the body of the paper. 

GENERAL DESCRIPTION 

A functional block diagram of the correlator is shown 
in Fig. 1. This is a straightforward translation of (3) 
into functional components. In order to avoid using a 
separate number generator for each of the two channels, 
a selector gate is used to route the A and B box cars 

GENERAL DESIGN SPECIFICATIONS 

An earlier experimental correlator° at the Research • 

Laboratory of Electronics, Massachusetts Institute of 
Technology, demonstrated the feasibility of high-speed 
electronic computation of correlation functions. Re-
sults on this earlier correlator pointed out the need for 

great accuracy in the computing circuits and in the spec-
ification of the delay r, as well as a need for a very 
large range of possible values of r. Although the pre-
liminary machine served an exceedingly useful purpose, 
it was limited in the range of delay available, and hence 
unable to handle many of the problems susceptible to 
treatment by correlation functions. The present re-
search was initiated in order to provide the laboratory 
with a highly flexible, general-purpose correlator; one 
which would meet the requirements of the numerous 
applications which had been proposed, and which would 
take advantage, in its design, of experience gained on 
the first correlator. The following general design speci-
fications for the present machine were arrived at: 

1. Wide-band input circuits (dc to 12 Mc/sec). 
2. Wide range of delays (0 sec to 0.1 sec). 
3. Minimum increments in r to be less than 0.1 µsec. 
4. Value of 7 to be known to within 0.01 µsec. 
5. Machine to be completely automatic. 
6. Accuracy and long term stability to be as good as 

possible. 

The requirement for great accuracy and stability, 
and especially for very long storage, strongly indicated 
the use of digital techniques. The binary system is 
therefore used for storing, multiplying, and integrating. 

9 T. P. Cheatham, Jr., "The experimental evaluation of correla-
tion functions and their use in the statistical theory of communica-
tions," MIT Doctor of Science Thesis in Electrical Engineering; 
1949. 
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Fig. 1—Functional block diagram of correlator. 

(or samples) successively to a single number generator 
If the inputs f1(t) and f2(t) are different, their cross 
correlation is obtained. If an autocorrelation function 
is required, the two inputs are connected together. The 
box-car generators are so called because their outputs 
consist of wide flat-topped pulses developed from the 
original narrow samples. Typical wave forms at the 
numbered points on Fig. 1 are shown in Fig. 2. The value 
of r is controlled by fixing the time interval between 
pulses 3 and 4. Operation of the computer is as follows: 

Fig. 2—Wave forms at numbered points of Fig. 1. 

L._. 
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Box cars 5 and 6 are obtained from signals 1 and 2 at 
the time of occurrence of timing pulses 3 and 4. The 
selector gate normally passes the larger of the two box 
cars to the number generator, except during occurrence 
of gate 7 when box car 5 is passed, and during occur-
rence of gate 9 when box car 6 is passed. Gates 7 and 9 
are also fed to the number generator, and during their 
occurrence the output of the selector gate is coded into 
binary form. The purpose of delaying pulse 4 to produce 
pulse 8 is to insure that gates 7 and 9 do not overlap for 
small or zero values of T. Thus the number generator 
has time to code the first box car, gate the resulting 
binary digits into storage in the number register, and 
reset itself before it receives the signal (gate 9) to code 
the second box car. After the A and B numbers are 
stored in the number register, they are multiplied to-
gether in the multiplier and added to the previously 
accumulated products in the integrator. When a pre-
determined number of products (of the order of 106) 
has been accumulated, a number stop gating pulse of 
approximately four seconds duration goes out on the 
number stop line from the timing equipment to the 
number generator, and stops the gating of the A num-
bers into storage. By this means the A number section 
of the register remains reset to zero. The output of the 
multiplier therefore becomes zero also, and the number 
accumulated in the integrator is recorded. This is the 
value of Cr) for the particular value of 7 being used. 
The integrator is then reset to zero, and the value of r 
is changed in the timing equipment by changing the 
separation of the A and B timing pulses. The operations 
of recording ck(r), resetting the integrator, and changing 
r are completed in about two seconds. When the num-
ber stop gating pulse ends, the machine begins the com-
putation of 4) for the new value of r. 

CIRCUIT FEATURES 

We now proceed to a somewhat more detailed discus-
sion of those parts of the machine which are especially 
important in meeting the design specifications listed 
above. 

Timing Equipment 

Fig. 3 is a block diagram of the portion of the timing 
equipment which is used in obtaining the A and B timing 
pulses. These timing pulses must be accurately spaced, 
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Fig. 3—Block diagram of timing equipment. 
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since it is their separation which defines r. A 1-Mc 
crystal oscillator is used as a reference. The output of 
the oscillator drives a pulse generator which in turn 
feeds a cascade of bistable multivibrators. A square 
wave is taken from one of the latter stages in the cas-
cade to govern the repetition rate at which A and B 
timing pulses are produced, and therefore the rate at 
which multiplications are carried out. This rate may be 
as great as approximately 1,000 per second for small 
values of r, but must be decreased as the value of 7 
increases. Normally the rate is set low enough to include 
the maximum value of 7 used in any one correlation 
function, and is not changed throughout the computa-
tion. By means of the pulse generator, a pulse obtained 
from one edge of the square wave triggers the phan-
tastrons, and these trigger gating pulse generators whose 
outputs are set to have a duration equal to the steps in 
r which are to be used in the problem under considera-
tion. The gate pulse generators turn on the gates during 
the occurrence of one of a train of pulses obtained from 
an earlier stage in the divider cascade. This latter pulse 
train has a repetition period equal to the desired steps 
in T. Numbered wave forms are shown in Fig. 4. The 
steps in r which are available by this method range from 
1 µsec to 21° µsec. Smaller steps in 7 are obtainable by 
making use of the trailing edges of the phantastron 

0 1 

 H  

®_111111111111111_L_L i 

0 
Fig. 4—Wave forms at numbered points of Fig. 3. 

outputs directly. By this means, increments in r as low 
as 0.02 µsec can be obtained. The phantastron plate 
catching voltage is under control of a stepping relay 
which produces 110 different voltages in succession. A 
particular value of r corresponds to each position of the 
stepping relay, and the relay changes after each value of 
rts(r) is recorded. The maximum range of 7 is 110 X 2" 
µsec, or about 0.1 sec. 

Sampling and Coding Circuits 

In order to produce a binary digital representation of 
the amplitude of the input signal at the time of sam-
pling, the corresponding box car is first converted to a 
pulse having a duration proportional to the box-car 
amplitude. The duration-modulated pulse is then used 
to gate a train of timing pips to a binary counter. The 
counter is reset to zero prior to the occurrence of each 
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duration-modulated pulse, so that the condition of the 
counter at the end of the duration-modulated pulse is a 
binary representation of the box-car amplitude." It is 
evident that the only important errors produced by the 
correlator must lie in these circuits, that is, in the box-
car generator and in the duration-modulated pulse gen-
erator. The duration-modulated pulse is obtained by 
intersecting the box car with a saw-tooth wave form, 
and marking the instant of equality of the two voltages. 
Thus the critical portions of the duration-modulated 
pulse generator are the saw-tooth wave-form generator 
and the comparison circuit used to indicate equality be-
tween the saw-tooth and the box car. The box-car gen-
erators, saw-tooth generator, and comparison circuit 
are therefore discussed next. A block diagram showing 
the interconnection of these circuits is given in Fig. 5. 
The operation indicated by the diagram can be followed 
with the aid of Fig. 6, which shows wave forms for num-
bered points on the diagram. 
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Fig. 5 —Block diagram of numbervenerator 
and associated circuits. 
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Fig. 6—Wave forms at numbered points of Fig. 5. 

Box-Car Generator 

A block diagram of one of the box-car generators is 
shown in Fig. 7. There are two of these circuits, one for 
each channel. The input timing pulse is reshaped for 
uniformity in a blocking pulse generator, which pro-
duces a very sharp sampling pulse a little less than 0.1 
µsec. in duration. The sampling pulse is applied to the 
suppressor grid of a 6AS6 gate tube normally biassed 

Y. W. Lee, "Experimental Determination of System Functions 
by the Method of Correlations," Quart. Progress Rep., Res. Lab. of 
Electronics, MIT, p. 60; January 15, 1950. 
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Fig. 7 -Block diagram of box-car generator. 

below plate current cutoff, and the input time series is 
applied to the control grid. The need for a very narrow 
sampling pulse and a wide, flat-topped output pulse im-
poses conflicting requirements on the box-car generator. 
The wide output pulse is obtained by storing charge on 
a condenser. In .some cases use is not made of the stored 
sample until about 600 µsec have passed. In order that 
the charge not decay appreciably during this interval, a 
large condenser (0.01 µf) is used. Discharging through a 
leakage resistance of say 40 megohms, the time con-
stant is 400 milliseconds, and this is satisfactory. Charg-
ing through a resistance of 500 ohms, however, which is 
the order of magnitude that can be easily obtained, the 
charging time constant is 5 µsec. and a 0.1-µsec pulse is 
not wide enough. The conflicting requirements are met 
by widening the original 0.1-µsec sample in successive 
stages, as shown in Fig. 7. 

Saw-Tooth Generator 

A schematic diagram of the saw-tooth generator is 
shown in Fig. 8. This is a Miller feedback circuit using 
three stages of gain, and gives extremely good linearity. 
Generation of the saw tooth takes place during the pres-
ence of a gating pulse on the normally cut-off suppressor 
of the first stage of the amplifier. Temperature drift af-
fecting the saw-tooth slope is compensated by returning 
the resistor of the RC combination which determines the 
slope to a variable voltage under control of the first or 
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6456 
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12417 
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Fig. 8—Saw -tooth generator. 

• 

2C51 



1426 PROCEEDINGS OF THE I.R.E.  December 

principal digit in the B channel of the output of the 
number generator. The output of the number generator 
ranges from 0 to 1,023. If the first digit is one, the output 
is equal to or greater than 512. If the first digit is zero, 
the output is less than 512. The voltage applied to the 
slope control resistor is proportional to the relative fre-
quency of occurrence of one in the first digit, and is of 
the proper polarity to decrease the size of the number if 
the relative frequency is greater than 50 per cent. Thus 
the average value of the output of the number gen-
erator is held very closely to 512. Use of this drift com-
pensation circuit has reduced errors due to long term 
drifts in the correlator to negligible importance. 
The manner in which the slope control voltage is ob-

tained is shown in Fig. 9. A reset pulse is applied to the 
flip-flop just before the B number is gated into storage. 

SMOOTwiNG 
TIME CONSTANT 

FLIP-FLOP 

FIRST DIGIT 

OF B NUMBER 

FROM FIG 5, 

RESET 

PULSE 

SLOPE 
CONTROL 
vOL TAG( 

C 
AMPLIFIER 

SAWTOOTM 
TIME 
CONSTANT 

,,'• 

SAW/TOOTH 

SATING PULSE 

Fig. 9—Drift-compensating circuit. 

SAY/TOOTH 
OUTPUT 

When the B number is gated into storage, the flip-flop 
is triggered if the first digit of the B number is one; 
otherwise the flip-flop remains in the reset condition. 
The output of the flip-flop is therefore essentially a 
rectangular wave whose polarity is dependent on the 
current value of the first digit of the B number. This 
rectangular wave is smoothed in an RC circuit whose time 
constant is long compared to the sampling period. The 
resulting voltage is amplified in the dc amplifier and used 
to control the slope of the saw-tooth generator. 

Comparison Circuit 

A schematic diagram of the comparison circuit is 
shown in Fig. 10. The saw tooth is applied to the grid 
of VI and the box-car to the grid of V2. As the saw tooth 
passes through a narrow range of voltage in the neigh-
borhood of the box-car voltage, the plate current of V1 
shifts to V2. No triggering is involved, since no re-

SAINTOOTT, 
INPUT 

BOX-CAP 
INPUT 

Fig. 10—Comparison circuit. 

TIME MODULATED 

PVLSE OUT PUT 

generation is present. Because of the pentode V3 in the 
common cathode circuit of V1 and V2, the plate current 
of V2 after the shift is equal to the plate current of VI 
before the shift. This causes the voltage swings across 
the plate resistor of V1 and V2 to be equal, and allows 
fixed grid biasses to be used in V4 and V5. The grids of 
V4 and V5 are driven in push-pull. A narrow slice is 
taken near the midpoint of the grid swing, and appears 
in amplified form at the plate of V4. The resulting essen-
tially rectangular wave form is applied to a regenerative 
amplifier, or trigger circuit, which derives a sharp pulse 
from the leading edge of the rectangle. This sharp pulse 
is used to reset a flip-flop (not shown on Fig. 10, see 
Fig. 5) previously triggered by the leading edge of the 
saw-tooth gate. The wave form at the plate of the 
flip-flop is the required duration-modulated pulse. It is 
used, as has been indicated, to gate the timing pulse gen-
erator which drives the binary counter in the number 
generator. 

High-Speed Counter 

Very little need be said about the binary counter in 
the number generator. Since 10 digits are used, a maxi-
mum of 1,023 pulses may be counted. In order not to 
take too long in the counting, a 5-Mc repetition rate is 
used for the pulses to be counted, thus requiring at most 
200 µsec. The first stage of the counter is shown in Fig. 
11. The circuit was tested for several weeks at 10 Mc 
before being incorporated into the equipment. The es-

oi 

Fig. II —H igh - speed counter. 

sential feature of the circuit, which allows it to operate 
ate the unusually high speed, is that crystal diodes 
from the grids to a tap on the cathode resistor are used 
to discharge the coupling capacitors C through the low 
input impedance of the opposite tube. This permits the 
use of large coupling capacitors (100 AO in this case) 
and still permits the coupling capacitors to discharge 
quickly after each triggering to a voltage from which 
the flip-flop can again be triggered. 

Register and Multiplier 

After each of the numbers for the two input channels 
is generated, it is gated into storage in the number 
register (see Fig. 12). The register consists of two sets 
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B NUMBER 

of ten flip-flops each, one set for each of the two num-
bers to be multiplied, and includes means for shifting 
the A numbers to the left and the B numbers to the 
right. Although ten digits are stored in each register, 
for simplicity only four stages of each are shown in Fig. 
12. Assuming that a number is in one of the registers, 
shifting may be accomplished by applying a shift pulse 
which rests all of the flip-flops to zero. Associated with 
each flip-flop is a monostable delay multivibrator. Any 
flip-flop in state one has its state changed by the reset, 
and produces a pulse which triggers its associated delay 
multivibrator. The trailing edge of the delay multivi-
brator is used to set the next flip-flop to one. Thus each 
symbol of the stored numbers is moved one stage to the 
left (in the upper register) or to the right (in the lower 
register). The shifting operation is made use of during 
the process of multiplication, in a manner to be de-
scribed below. 

lo ll 
1 1 0 1 

I 0 I I 
0000 
1 0 1 1 

1011 

1 000 11 11 

Fig. 12—Block diagram of part of number register. 

We first note the numerical example of binary multi-
plication which is also shown in Fig. 12. The multiplica-
tion is carried out in a manner analogous to decimal 
multiplication, as follows: (1) each digit of the upper 
number is multiplied by the digit occupying column 
four of the lower number, and the result is written in the 
highest empty spaces directly under the upper number; 
(2) the upper number is shifted one space to the left 
and the lower number one space to the right; (3) steps 
(1) and (2) are repeated until all digits have been used; 
(4) the partial products obtained with each step (1) are 
summed to give the complete product. 
In the machine the process is exactly similar. The 

value of each partial product is present between shift 
pulses in the state of the rectifier coincidence circuits 
shown in Fig. 12. The connection from the register flip-
flops to each coincidence circuit is such that if the two 
corresponding flip-flops are in state one, the output 
voltage of the coincidence circuit is zero; otherwise it is a 
large negative voltage. Each coincidence circuit output 
voltage is used to control the suppressor grid of a 6AS6 
gate tube."Application of a positive exploring pulse to 
the control grid of the gate tube therefore results in a 

pulse at the gate tube plate only if the two correspond-
ing flip-flops are in state one. The first partial product 
is present in the state of the coincidence circuits as soon 
as both numbers are stored. This partial product is read 
off into the accumulator, or integrator, by applying ex-
ploring pulses to the control grids of the gate tubes in 
time sequence. Trigger pulses occur at the plates of 
some of the gate tubes and these are used to trigger ap-
propriate stages in the integrator. As soon as all the co-
incidence circuits have been read, a shift pulse is sent to 
the register, and the reading process is repeated. This 
sequence of operations continues until only zeros re-
main in the register. The shift pulses are then stopped. 
We observe that the sequence of outputs of a given coin-
cidence circuit corresponds to the numbers in a particu-
lar column of the sum of partial products in the numer-
ical example of binary multiplication noted earlier. 
Hence the output of a given 6AS6 gate tube is always 
used to trigger the same stage in the integrator. The 
two ten-digit binary numbers are multiplied together in 
250 µsec, once they are both present in the register. 

Integrator and Recorder 

As has been indicated, the integrator comprises a cas-
cade of scale-of-two circuits, or flip-flops. A multiple 
pen Esterline-Angus Recorder is connected to the last 
ten stages of the integrator, and the condition of these 
stages is read into the recorder at the end of each inte-
gration period. The integrator is then reset preliminary 
to beginning a calculation with the next value of T. A 
switch is provided for skipping one or more of the inter-
mediate stages in the integrator, in order that the ten 
stages recorded may always represent the most signifi-
cant part of the result. At the same time that the digits 
are recorded, they are decoded in a voltage adding cir-
cuit, and the result is recorded on a General Electric 
Recording Microammeter. The decoded recording is 
useful in test runs for immediate observation of results, 
but is not as accurate as the digit recording. 

Sample Results 

Fig. 13 shows the correlation function of a sine wave 
as evaluated and plotted by the machine. The steps in 
r are four microseconds. 

Fig. 13 —Autocorrelation of sinusoid. 
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Fig. 14 shows the correlation function of a limited 

wave produced by passing wide-band (3 Mc) noise 

through an RC integrator (5-µsec time constant), and 
then limiting the output of the integrator to produce a 

rectangular wave. 

Fig. 14 —Autocorrelation of clipped noise. 

Fig. 15 shows the correlation function of a rectangular 

wave with independent rando m zero crossings. " 

Fig. 16 shows the convolution integral 

1. e- IT- ff I /T2e- e/ Ti do. 

obtained by taking the cross correlation of the output 

and input of an RC circuit (Ti =50-µsec time constant). 
The input circuit was obtained by passing wide-band 

" Obtained from equipment designed by C. A. Stutt. 

Fig. 15 —Autocorrelation of random square wave. 

\ \:\ \I\ \ \ \ \ \ \ \ \ I.\ \ 

;, : 1 CI ,0..... 1.c .cis 4 4pollunljp,i,c. ; ATI!ITA1 01\\1111111111111'1111t1111111111  

\ 1 , . 
: 1,1 .1 . 

11/1111E; 1 i .4.7trz:.y,,,,,..  

/ 
-/  I / ' ' 
-/  / / / i . i i I 

. 

Fig. 16 —Convolution of exponentials. 

(3 Mc) noise through an RC (T2= 5-µsec time constant ) 
integrator." 
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Some Aspects of Split-Anode Magnetron Operation* 
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Summary —Tests of split-anode magnetrons used with butterfly 
resonators have shown that resonators and tubes at present available 
are not suitable for use in wide-band butterfly magnetron oscillators, 
but that such oscillators might have desirable characteristics in some 

applications if the tubes and resonators were designed for the pur-

pose. 
Oscillographic studies appear to indicate that negative slope of 

portions of the anode current-voltage characteristics can be explained 

* Decimal classification: R355.912.1. Original manuscript received 
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24, 1950. 
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on the basis of back-heating and that negative slope is absent when 
the current is varied rapidly. 

A comparison of various methods of anode-current stabilization 
showed that smoothest operation is obtained if the magnetic field is 
produced by an electromagnet excited by the direct anode current. 

I. INTRODUCTION 

CO NSI DERABLE material is available in  the 

literature on the  pulsed operation of cavity 

magnetrons. The treat ment of continuous-wave 

(cw) operation of split-anode magnetrons, however, is 
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less extensive, and the purpose of this paper is to 
discuss some of the characteristics of these tubes and 
their associated circuits. 

II. DESCRIPTION OF TUBES AND CIRCUITS 

The magnetrons used were General Electric Company 
5J29, 5J30, and 5J32 split-anode magnetrons. The 5J30, 
shown in Fig. 1(a), has no internal loop and therefore 
may readily be operated at frequencies as low as a 
few megacycles per second with an external quarter-
wave line. The 5J29, shown in Fig. 1(b), contains an 
internal loop between the two anode segments. The 

5 —I ?Co S.132 

(a)  (b) 

Fig. 1—Split-anode magnetrons. 

loop increases the maximum frequency that may be 
obtained but reduces the tuning range. The double-
ended 5J32, shown in Fig. 1(c), was used principally 
in butterfly-tuned oscillators discussed in Section III. 
The general form of one oscillator circuit used in this 
work is shown in Fig. 2(b). Fig. 2(a) shows the manner 
in which the magnetic field was applied, and Fig. 2(c) 
the way in which cooling-water connections were made 
to the anode leads of the tubes. 

Fig. 2—Magnetron oscillator assembly. 

Not only must the anodes of split-anode magnetrons 
be water-cooled, but the filament leads and the entire 
envelope must be air-cooled. Uniform cooling of the 
envelope is important. The internal loop of the 5J29 
allows the cooling water to enter through one anode 
lead and leave through the other. In the 5J30 and 
5J32, however, the water must enter both anodes 
through small concentric tubes contained within the 
tubular lines and leave through the lines, as shown 
in Fig. 2. The inner tubes must extend into the anodes 
in order to provide proper cooling. 

III. BUTTERFLY-TUNED OSCILLATORS 

If the standard type of butterfly tuner could be 
adapted to serve as a resonator for a split-anode mag-
netron, several advantages over parallel-line oscillators 
could be achieved: (1) the physical size of the oscillators 
could be greatly reduced; (2) the tuning mechanism 
would be much simpler; (3) the position of the load-
coupling point could be made independent of tuning; 
and (4) the tendency toward resonance-mode jumping 
would be greatly reduced. 
The materials• available for the construction of such 

an oscillator are not what might be desired. First, the 
butterfly tuners available are all low-power receiver 
units whose voltage ratings are far below the magnetron 
requirements. Second, the magnetrons available have 
all been built for use in parallel-line systems and thus 
are not ideally suited for connection to the butterfly 
tuner. The primary difficulty turns out to be the length 
of line between the electrodes and the butterfly. The 
butterfly tends to act as a capacitive short circuit on a 
short section of line made up mainly of the tube leads. 
The frequency range is therefore much smaller than 
that of the butterfly resonator itself. 
Several oscillators working on this principle were 

built and fair operational results were obtained. One of 
the butterfly tuners used is shown in Fig. 3. The load 
was coupled, in general, directly to the short section 
of parallel line connecting the tube and the tuner. 
Arcing inside the tuner due to insufficient spacing 

was a frequent occurrence. In an endeavor to increase 

Fig. 3—Butterfly-tuned magnetron oscillator. 
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the spacing of available types, some units were dis-
mantled and reassembled with different stacking ar-
rangements. As might have been predicted, these units 
were not ideal resonators, having many spurious modes. 
One of the oscillators built, which used a 5J30 tube, 
had a frequency range from 127 to 385 Mc and a 
maximum power output of approximately 500 watts 
at 385 Mc. 
The butterfly tuner could be more successfully used 

in conjunction with split-anode magnetrons if the 
current types of butterfly tuners and magnetrons were 
modified for the purpose. A tube could be built with 
much shorter leads and the butterfly spacing might be 
changed. Since small size is desirable, however, the 
ideal solution might well be to include the butterfly 
tuner within the magnetron envelope. The disadvantage 
of such a structure would be the increased complexity 
of tuning 

IV. A MPLITUDE- MODULATION CHARACTERISTICS 

Fig. 4 shows typical characteristics of average anode 
voltage versus average anode current for a split-anode 
magnetron at fixed magnetic flux density and several 
values of filament current. These characteristics u ere 
obtained with the magnetron oscillating, but each 
point on the curves was taken with fixed values of 
direct anode current and voltage. Characteristics ob-
tained in this manner will be termed "static current-
voltage characteristics," in contrast with characteristics 
obtained with periodically varying average current 
and voltage, which will be termed "dynamic current-
voltage characteristics." 
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Fig. 4—Typical characteristics of average anode voltage versus 
average anode current for a split-anode magnetron at fixed mag-
netic flux density. 

An interesting feature of the characteristics of Fig. 4 
is the negative slope observed in certain ranges of 
filament current. This negative slope would be expected 
to result in unstable operation when the tube is ampli-
tude-modulated by variation of anode current. Ex-
perience in the use of split-anode magnetrons at the 
Radio Research Laboratory during the war, however, 
showed that stable amplitude modulation could be 
obtained. These facts suggest that the static current-

voltage characteristics do not hold under dynamic 
conditions, and led to the oscillographic determination 
of dynamic characteristics. 
The circuit used in the determination of dynamic 

characteristics is shown in Fig. 5. By means of this 

%CO 

0 a 

2503 volts 

at 643.5 am. 
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Fig. 5—Circuit used in the determination of the dynamic 
characteristics of split-anode magnetrons. 

circuit the current could be varied periodically about 
an operating value at any frequency within the range 
from 500 cps to 5,000 cps. The voltage across the re-
sistor R„ which is proportional to the instantaneous mag-
netron current, was impressed across the x-deflection 
plates of an oscillograph tube, and the applied modula-
tion voltage was applied across the y-deflection plates. 
The instantaneous anode voltage was found by sub-
tracting the instantaneous voltage across Ri from the 
instantaneous applied voltage, i.e., subtracting the x-
deflection from the y-deflection. In this manner dynamic 
curves of alternating anode voltage versus alternating 
anode current were obtained. 
In the study of dynamic characteristics, most of the 

data were obtained with the butterfly-tuned oscillator 
of Fig. 3 because of its compactness, ease of tuning, and 
relative freedom from mode jumping. Comparison with 
a parallel-line resonator showed that the dynamic 
characteristics are not noticeably dependent upon the 
type of resonator used. 
In order to avoid modulation resulting from an 

alternating component of magnetic flux, the magnetron 
filaments were operated on direct current. 
With the equipment used, it was not possible to 

modulate over a sufficient range of current to obtain 
the entire dynamic characteristics, and the various por-
tions of the curves could not be obtained separately and 
combined because of the change of filament tempera-
ture with average anode current as the result of back-
heating. For the limited current swings obtainable, how-
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ever, the dynamic curves, unlike the static curves, al-
ways show a positive slope and show little or no curva-
ture. Because of the small curvature, the slope of the 
dynamic curves at various operating points may be 
assumed to be equal to the ratio of the rms value of the 
alternating component of anode voltage to the rms 
value of the alternating component of plate current. 
The curves of Fig. 6, showing rms anode current versus 
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Fig. 6—Dynamic modulation characteristics of a split-anode magne-
tron for four values of filament current. 

rms anode voltage at four values of filament current, 
indicate that this assumption is justified over a limited 
range of operation, and it is therefore unnecessary to 
use oscilloscopic techniques except to check the line-
arity. Curves of detected output versus modulating 
voltage were essentially linear. Although the entire 
dynamic characteristics could not be obtained experi-
mentally, the decrease in slope of the dynamic charac-
teristics with increase of filament temperature at both 
constant anode current and constant anode voltage 
indicates that the complete family of dynamic charac-
teristics is of the general form shown in Fig. 7. 

Abode Cerroot 

Fig. 7—Static characteristic curve predicted from 
dynamic characteristics. 

The difference between static and dynamic charac-
teristics can be explained on the basis of back-heating. 
Under dynamic conditions the average anode current 
remains constant throughout the cycle and therefore 
back-heating and filament temperature remain con-
stant. The static characteristics, on the other hand, are • 
obtained by varying the average anode current at 
constant filament current. As the average anode current 
is increased, increased back-heating raises the filament 
temperature. (The increase in temperature is clearly 
visible in these tubes.) Since the exact form of the 
dynamic characteristics and the manner in which fila-
ment temperature depends upon anode current are not 
known, the shape of a static characteristic cannot be 
predicted exactly from a family of dynamic characteris-
tics. The assumption that filament temperature in-
creases with anode current because of back-heating 
under static conditions results in a predicted static 
characteristic of the general form of the dashed curve 
in Fig. 7. Whether the slope of any portion of the 
predicted curve is negative or positive depends upon 
the slope and spacing of the constant-filament-tem-
perature (dynSmic) curves and upon the manner in 
which filament temperature varies with average anode 
current, but the theory shows that the static charac-
teristics might be expected to have negative slope in 
at least a portion of the operating region. It also sug-
gests that negative slope, which may result in unstable 
operation (see Section V), could be prevented if the 
effect of back-heating upon filament temperature could 
be made small in comparison with the effect of filament 
heating current. This is probably the explanation of the 
fact that only the 33-ampere curve of Fig. 4 shows 
negative slope. 
The marked differences between the static and 

dynamic characteristics of split-anode magnetrons indi-
cated clearly that the modulation resistance of these 
tubes in amplitude modulation cannot be determined 
from static current-voltage characteristics. The modu-
lation resistance may be readily determined, however, 
from measured values of modulation-frequency anode 
current and voltage in a circuit of the form of Fig. 5. 

V. LIMITATION OF ANODE CURRENT 

The 33-ampere curve of Fig. 4 shows that if the anode 
voltage is gradually raised, the anode current will in-
crease in a stable manner until the voltage reaches the 
value corresponding to the peak in the curve. Beyond 
this value of voltage, however, the voltage required 
across the tube decreases as the anode current increases, 
and therefore, if the voltage supply has good regula-
tion and the anode-circuit resistance is low, the current 
will rise abruptly to a value of 400 to 500 ma. Under 
some operating conditions the anode current may 
suddenly rise to values that are sufficiently high to 
cause damage or destruction of the tube. Abrupt changes 
in current are obviously objectionable in the amplitude 
modulation of the tube. 
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The simplest method of stabilizing the circuit against 
abrupt increases of current is to use resistance in series 
with the anode. The manner in which stabilization oc-
curs can be readily seen by the use of a "load line" in 
the current-voltage diagram, in a manner analogous to 
that used in the analysis of amplifier tubes. Through 
a point of the voltage axis corresponding to the anode 
supply voltage, a line is drawn with negative slope equal 
in magnitude to the anode circuit resistance, as shown 
in Fig. 8. If the resistance is high enough so that the 
magnitude of the slope of this load line exceeds the 

6.n .o  Tel W s 

Msgnoi rot 
nurscler,s• 

Soots :.rrset 

Fig. 8—Limitation of anode current by series resist-int c 

highest magnitude of the negative slope of the tube 
characteristic, only one intersection is obtained. There 
can then be only one stable value of current, and an 
abrupt increase of anode current at constant anode 
supply voltage cannot occur. The objection to this 
solution of the problem lies in the power hiss in the 
series resistance. 
A more common method of stabilization is the use of 

a power pentode, or of a parallel combination of two 
or more pentodes, in series with the magnetron cathode. 
In the operating range of power pentodes the plate 
current varies comparatively little with plate voltage, 
but is determined principally by the control-grid vikage. 

its.So -,rrott 

Fig. 9 --I int i ta t ion of anode current by series pen todes . 

The anode diagram of Fig. 9, in which the load line of 
Fig. 8 is replaced by the family of pentode plate charac-
teristics (pentode plate voltages are indicated as a 
voltage drop relative to the supply voltage), shows the 
manner in which stabilization is obtained. In addition 
to the lower power loss and lower plate supply voltage 
required, the pentode method of stabilization has the 
advantage that current modulation of the magnetron 
can be produced by applying a relatively small modu-

lating voltage to the pentode grids. 
A third method of stabilization is the use of a circuit 

in which the filament current is automatically reduced 
as the anode current increases. The objection to this 
method of stabilization is the thermal inertia of the 
filament and increased low-frequency pulsing. 
A fourth method of stabilization consists of the use 

of an electromagnet, excited by the anode current, to 
provide the magnetic flux for the magnetron. Fig. 10 
illustrates the mechanism of stabilization. Increase of 

; 

SJ. 

.7.• 

Fig. 10 1.imit-ition  anode Lurrent by means of an cicdtr,-
magnet t Nt  the magnetron anode current. 

anode current is accompanied 1,:% a proportional in-
crease of flux ,lensitv. The static path of operation  

t h er ef or e O f the form shott n by tht, dashed curve. The 
slope of the static characteristic is etiectivel\ increased, 
and negative slope is avoided. This method of stabilita-
tion has been used previously on cavity magnetrons. 

VI. SLIM •,-NIAoNI.T STABILIZATION 

Fig. 11 sht_ms static current-voltage characteristics 
for a 5J29 tube operated x%ith series field excitation. 
The four curves correspond to four values of number 
of turns on the electromagnet. An advantage of the 
use of this type of stabilization is that oscillation is 
obtained at much 1(.w er values of anode voltage than 
with constant flux; and that the amplitude of oscilla-
tion can be increased smoothly over a wide range by 
increasing the anode voltage. 
The breaks in the characteristics of Fig. 11 for the 

smaller number of magnet turns indicate pulsing 
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Fig. 11—Static current-voltage characteristic for a split-anode 
magnetron with series field excitation. 

(periodic variation of amplitude), due to improper 
loading. In general, the tendency toward low-frequency 
pulsing is very much lower with series-magnet excita-
tion than with permanent-magnet excitation. 
It is apparent from Fig. 11 that the steepness of the 

static characteristics with series excitation increases 
with the number of turns on the electromagnet. This 
suggests that operation at essentially constant current 
should be possible if the rate of change of flux with 
anode current can be made sufficiently great. This result 
was accomplished by the circuit of Fig. 12. In this cir-

i 

• --  250 elms 
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• - 50B 

- CAe3CO2 volts 

07 - 0.150 volt. 

- C.-1500 volt• 

Z. - 270 volts 

L - 15•06,41. field 
1. 

02= 

—4" 

Fig. 12—Cit.( nit for constant -current operation of a 
split-anode magnetron. 

cuit the magnet current is controlled by a number of 
304-TH power tubes in parallel, which are in turn 
controlled, through the 6SK7 amplifier stage, by the 
voltage drop across the resistor R1 in the cathode cir-
cuit of the magnetron. In this manner the change of 
magnet current is made much greater than the change 
of magnetron anode current, and the operating anode 
current is made essentially independent of operating 

voltage. 
Fig. 13 compares static current-voltage curves for a 

5J30 operated with fixed magnetic field, with series-
excited magnetic field, with amplifier-controlled mag-
netic field (circuit of Fig. 12), and with constant mag-
netic field and series pentodes. Fig. 14 shows correspond-
ing curves of power output versus anode current. 

3xo 

w e 

Aar.1/...r 

/ 

Control 

. 

No Corer.'  

c 
ll 

Soria. Control 

— 
...-. 

\ 
Pentode Control 

. nr.  all 
100 

Anode Clarrent IttllInoperv. 

Fig. 13—Comparison of static current-voltage curves for 
different methods of operation. 
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Fig. 14—Curves of power versus current for different 
methods of operation. 
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Effects of Space Charge on Frequency 
Characteristics of Magnetrons* 

H. W . WELCH, JR•t, ASSOCIATE, IRE 

Summary—Properties of the magnetron space-charge swarm 
which affect the propagation of electromagnetic waves are defined 

in terms of an effective dielectric constant. The space charge is 

found to be doubly refractive in nature, the velocity of propagation 
depending on the direction of propagation of the wave, polarization 
of the wave, and frequency. Effects of synchronism of the rotating 
space-charge swarm are discussed qualitatively. Experimental re-
sults which check parts of the theory are presented. The relation-
ship of the space charge to the circuit is discussed in terms of the 
nonoscillating and the oscillating magnetron. 

INTRODUCTION 

irHE COMPLETE DISCUSSION of space-charge 
effects on frequency characteristics of continuous-

  wave magnetrons requires attention to a varied 
subject matter. Much of this subject matter has been 
treated in reports of government agencies and in the 
journals, and is generally understood. There are, how-
ever, several points at which present knowledge becomes 
inadequate background for an understanding of the 
mechanism of magnetron operation. This is particularly 
the case when one is to predict quantitatively the be-
havior of magnetron space-charge clouds under the in-
fluence of radio-frequency fields. 
The circuital aspects of magnetron frequency char-

acteristics are generally treated by establishment of an 
equivalent circuit and interpretation of that equivalent 
circuit in terms of experimentally measurable quantities. 
The most conveniently measurable quantities are reso-
nance wavelength, loaded Q, and minimum standing-
wave ratio. The relationships between these quantities 
and other unmeasurable quantities in the equivalent 
circuit are fairly well defined and understood. This 
theory can be extended to explain semiquantitatively 
effects of the output circuit and load on magnetron fre-
quency characteristics such as frequency pulling and 
long-line effect. 
Frequency characteristics of an operating magnetron 

must be obtained from the following types of experi-
mentally obtained information: Rieke diagrams, relat-
ing frequency of oscillation and power output to load 
characteristics; frequency pushing measurements, relat-
ing frequency and plate current for constant loading; 
and modulation characteristics determined by spectral 
measurements of various types. Interpretation of these 

* Decimal classification: R138.1 XR355.912.1. Original manu-
script received by the Institute, October 10, 1949; revised manuscript 
received, May 25, 1950. 
This paper is based on work done for the Signal Corps of the 

United States Army, under Contracts W36-039 sc-32245 and 36-039 
sc-35561. 
t Engineering Research Institute, University of Michigan, Ann 

Arbor, Mich. 

types of data depends on knowledge of the physics of 
space-charge effects in the oscillating magnetron and, at 
this point, is almost entirely qualitative. 
Another type of data, resulting from measurements 

made on magnetrons in which electrons are circulating 
but not reaching the anode, is very useful as an aid to 
the understanding of space-charge behavior. The method 
of measurement is the same as that used for cold im• 
pedance tests on microwave tubes and resonant cavities. 
In order to differentiate, the term "hot impedance test" 
is used, implying that the magnetron is "hot" and ca-
pable of drawing plate current if the conditions of anode 
voltage and magnetic field are proper adjusted. 
In order to provide theoretical interpretation of the 

experimental results, it is necessary to study two types 
of properties of the space charge. These are the follow-
ing: 

Type 1—Properties having to do with the distribu-
tion of angular velocity, field, potential and charge 
density, and definition of the space-charge boundary 
in the magnetron interaction space. 
Type 2—Properties having to do with the propa-

gation of electromagnetic waves in the space-charge 
distribution defined by the results of the study of 
properties of Type 1. 

The results of the study of properties of Type 1 
will be presented when needed but not derived in this 
paper. The primary purpose will be the detailed discus-
sion of properties of Type 2 and interpretation of the 
various effects of space charge on magnetron frequency 
characteristics. It will be pointed out that these effects 
result from three more-or-less separate phenomena 
which may occur together or separately. The picture 
is still incomplete experimentally, because of very large 
quantities of data which are necessary to survey the 
entire range of the variable parameters, and, theo-
retically, because of the complexity of parts of the neces-
sary mathematical development. Another important 
factor is that, in most conventional magnetrons, the 
total effect of space charge on frequency is a shift of less 
than one or two per cent. A detailed study therefore re-
quires a number of measurements accurate within at 
least 0.1 per cent. 
The need for the study of space-charge effects on fre-

quency characteristics lies in two directions. In the first 
place, it becomes possible for experimental results to 
provide a check on the basic theories of the magnetron 
space charge. In the second place, understanding of the 
use of the magnetron space charge in electronic fre-
quency control or modulation is increased. 
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The various conditions under which data may be 
taken give a wide range of possibilities for interpreta-
tion. In certain cases quantitative agreement between 
theory and experiment are obtained. The present paper 
is not meant to be a complete and final analysis of the 
problem of magnetron space-charge and frequency char-
acteristics. It is intended to relate as many as possible of 
the known facts and theories in such a way that they 
can be used as a guide for further research and develop-
ment. Gaps in both experimental data and theory will 
be pointed out with the hope that someone will have the 
necessary information, or the time to acquire the neces-
sary information, to till t hem in. 

FORMATION OF THE  l M.NFTRON SPACE CHARGE 

The static cylindrical magnetron space-charge dis-
tribution,  hich is often called the Hull or Brillouin 
solution, may be thought of as a swarm of electrons re-
volving around the cathode. This swarm is characterized 
by the condition that no radial current exists and by the 
following angular velocity distribution: 

= -m 

(  rc2) 
  1 — — 

r2 
(1) 

where 

B= axially directed magnetic field 
r, = cathode radius 
r = radius which locates electron 
c =absolute value of electronic charge 
m = electronic mass. 

However, assuming no energy exchange with the sur-
roundings, this distribution of angular velocity must 
exist in the static magnetron regardles of the radial 
velocity, initial or otherwise. If no radial velocity is 
present, then the corresponding potential distribution 
represents minimum energy of the electrons. 

Be  re2\2 
( —) r2(1  (2) 

2  2m  r2) 

where 

E = electric potential. 

If current is passed radi. ,Ily through the cloud, addi-
tional energy must be supplied which would add to the 
potential of the electrons given by (21. If the anode 
potential E. is insufficient to supply the minimum 
energy at the anode (given by substituting the anode 
radius r„ into (2)), then the swarm of electrons must 
be bounded between cathode and anode. In order to cal-
culate effects of the space charge under these condi-
tions, the position of this boundary and the space-
charge distribution within should be known. The posi-
tion of the boundary is readily calculated because the 
potential and field at the swarm boundary are known. 
If no electrons are crossing the boundary, the potential 
at the boundary must be given by (2). The field is, 

therefore, 

OE 1 e  r.4 
— —  = — — B2r( r4—  — 1). 
dr  4 m 

(3) 

By Gauss's theorem the total space charge per unit 

length within a radius r will be 

= 

OE ) 
2wreo(— 

ir 

= — 
re4 

wt,) - - B2ri — 
2  ni  r4 

where 

1) 

r = total space charge per unit length 
to = (1/36r) X10-4 farads per meter. 

For a cylindrical diode 

— r  r. 
  log — 
) 17to 

(4) 

(5) 

where 

= the anode potential 
E = potential at some point in charge free space r 
r = charge 1)er unit length inside r. 

If e let 

r = rll= boundary of space-charge swarm 
E = Eu = potential at ry from (2) 
r = value defined by (4) for r = rn, 

and substitute from (2) and (4) into (5), we have 

re4 r„ 
= Bs —  r,i7E2 — log - — 

Stu  r114 
27,   ) 

±  (1 —   . (6) 
rH2 

This equation shows us that for a given magnetron, if 
E. ,/ B= is kept constant, the radius of the space-charge 
swarm remains constant (under static conditions). 
It is important to note that in the derivation of (4) 

and (6) it was unnecessary to specify the distribution of 
space charge and potential inside the swarm. It is known 
that a number of solutions for these distributions are 
possible in which electrons stream back and forth be-
tween the cathode and the outer boundary of the space-
charge swarm. Corresponding to each of these double-
stream or multiple-stream solutions, as they are called, 
there would be a different potential and space-charge 
distribution within the swarm. All of these solutions 
have been obtained for the plane magnetron.' However, 
for the cylindrical magnetron the complete solution is 
not yet available. If it assumed that the solution is not 
multiple stream (i.e., that all of the electrons in the 
swarm are traveling in circles around the cathode), the 

resulting space-charge distribution is 

J. C. Slater, "Microwave Electronics," D. Van Nostrand Co., 
New York, N. Y., p. 336; 1950. 



1436  PROCEEDINGS OF THE I.R.E. December 

P =  — B2 I r4 )• 
2  no 

1  e  r,' 

This is obtained by applying Poisson's equation to (3), 
and therefore corresponds to minimum energy in the 
electrons. This distribution will be used in the follow-
ing discussion. 

(7) 

PROPAGATION OF THE ELECTROMAGNETIC WAVE IN 
THE MAGNETRON SPACE CHARGE 

The radio-frequelicy properties of the space charge 
have been analyzed previously in two important ar-
ticles." However, many points of particular interest 
to the problem of frequency characteristics have not 
been emphasized. In order to establish the relationship 
of the following treatment to the two previous treat-
ments, the major differences will be pointed out. All 
three methods are alike in that the space-charge distri-
bution given by (7) is the starting point, and, as was 
pointed out in the last section, there is no ambiguity in 
the use of (6) to determine the boundary of the space-
charge swarm. 
The fundamental equation of motion of an electron 

in space, in vector form, is 

dv 
—  = — + 2. X /1) 
dt  On 

where 

v= velocity of the electron 

F= electric field 

- = magnetic field. 

lt is assumed that 

- 0 

—0 —0  —0 
V = V0 + VI 

(8) 

F = F0-1- F1 

B = Bo ± B1 

—+ —+  --o  --o  —+ 
where Bo, vo, and Fo are static values and B1, vi, and Fi 
are impressed radio-frequency values. Substituting into 
(8) and keeping the terms involving radio-frequency 
values, we have 

av, —4  —0  —0  —)  —4 

(VO • V)V1 (VI V)V0  (Vi' IV)V1 at 

e  —)  --4 

= — vi X Bo + ro X B1) (9) 
on 

where we are following the motion of a particular elec-

tron. The left side is the total derivative dv/dt tinder 

2 J. P. Blewett and S. Ramo, "High frequency behavior of a space 
charge rotating in magnetic field," Phys. Rev., vol. 57, pp. 635-641; 
April, 1940. 

3 W. E. Lamb, Jr., and M. Phillips, "Space charge frequency de-
pendence of magnetron cavity," Jour. A ppl. Phys., vol. 18, pp. 230-
238; February, 1947. 

these conditions. It is generally agreed that the term 

vo X/31 is negligible compared to other terms. In the 
—o 

paper by Blewett and Ramo the term viXBo is also 
neglected. Actually the effect of the magnetic field is 
quite important, as will be shown in the following, and 
as was also pointed out by Lamb and Phillips. 
In the paper by Lamb and Phillips it was assumed 

that vi was a small perturbation and therefore the term 
—o 

(v1 • V)vi could be neglected. Their results apply par-
ticularly to frequencies near the cyclotron frequency 

= 1 Bone) 

and are limited to very small sheaths of electrons sur-
rounding the cathode. Damping is treated in a qualita-
tive sense. Their results will be discussed further at the 
end of this section. 
In the present approach, a simplified problem is 

treated in order to obtain more generally applicable re-
sults. These results will indicate an approximate be-
havior to be expected in a magnetron which seems to 
check closely enough with experimental observations to 
justify the method of treatment. It is assumed that the 
space-charge swarm is moving with a uniform velocity 

—0  —0 
VO SO that the term vi • Vvo is dropped in (9). Actually 

Vo = wr = 
Be r02\ 
— r(/  — — 2m  2), 

from (1). Also, the wave is assumed to be propagated 
—)  —0 

perpendicular to vo so that the product vo • Vvi vanishes. 
The force equation under these conditions becomes 
simply 

= (Ft ± VI X 13)_ t, 

where the subscripts "1" only serve to indicate radio-
frequency values and tt ill be dropped in the remainder 
of the discussion. 
Ordinarily in treatment of electrodynamics of a mov-

ing medium the effect of the motion does not become 
appreciable until the velocity is an appreciable fraction 
of the velocity of light. In the case of the magnetron, 
however, the effect of the motion may become impor-
tant when the angular velocity of the edge of the swarm 
approaches synchronism with the angular velocity of 
the radio-frequency wave in the interaction space. Un-
der these conditions the electrons can contribute energy 
to the radio-frequency wave and begin to slow down and 
form spokes extending toward the anode. These spokes 
assume a certain phase relationship to the radio-frequen-
cy wave which changes with plate voltage and affects 
frequency in a way not covered by the treatment in this 
section. Thus the results of this section should only be 
considered valid for 
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where 

co„=27rEn (synchronous angular velocity) 
f= frequency of the radio frequency impressed on 
the magnetron structure 

n = mode number = number of anodes in ir mode. 

Since we are considering the space charge as an at-
mosphere of determined density and boundary, it is 
immaterial what system of co-ordinates is used for the 
force equation. We are considering properties of space-
charge atmosphere as they affect propagation, so it will 

(a) 
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Fig. 1—(a) Orientation of field vectors assumed for development 
of equation (22); space-charge swarm moving with uniform veloc-
ity. (b) Orientation of field vectors in magnetron space charge. 
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be simpler to treat a plane wave. The results will then be 
interpreted in the case of the particular geometry of the 
magnetron. We will assume first a configuration as 
shown in Fig. 1(a). Magnetic field is oriented in the z 
direction; a plane wave is propagated in the x direction. 
Fig. 1(b) shows, in comparison, the actual case in a mag-
netron. The force equations and Maxwell's equations 

yield the following: 

= 0 
fll 

— F, — co,t = 0 
ft 

—F, = 0 

oF, 

at 

OF, 
+ 4  + PP = 

X  Of  

-011,  OF, 
-  — to — — 
Ox  at 

all, 
- - = 
at 

OF,  all, 
- + = 0 
Ox  at 

— OF, 
- + Mn = 0 
Ox  at 

co, = B — 

(12) 

(13 ) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

B is z-directed steady 
magnetic field. 

A solution of the type A es(kst-vg) is assumed for each 
of the quantities x, y, z, F,, F,, F,, H,, H,, and H,. 
(cof=27rf). A different constant A, of course, is used in 
each case. Substituting in (12) through (20) and differ-
entiating, a set of simultaneous equations is obtained. 
The determinant of the coefficients in these equations is 
the following 

z F,  F,  F,  11„  H, 

--- 442 

T- i4a7Cole 

0 

p 

0 

0 

+ kap,. 
— 
0 

0 
+p 

0 
0 
0 

0 elm 
O 0 

0 0 
O ± eo  0 
O  0 
±p  0 
O  0 
0 0 

WI' 

0 
Clm 

±40 
0 

+kiwi 
0 

0 
0 
e/ 
0 
0 
±40 
0 

— k/w/ 

o 0 
0 0 
0 0 
0  0 
0  +k/wi 

— k/w1 0 
0 ±Ho 
±p0  0 

By Cramer's rule, in order for a solution other than 
a trivial solution to exist this determinant must be iden-
tically equal to zero.' It is convenient to solve for 
kveotiowf 2= c!/ where c= velocity of light and v= phase 
velocity of the wave. c/v is the effective index of refrac-

' See any advanced calculus text for discussion of this rule. 
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tion of the medium and c2/v2 therefore the effective rela-  Equations (22) and (25) are plotted in Figs. 2(a) and 
tive dielectric constant Er. The result is  2(b) with the assumption that j11 =1. This is approx-

imately true only for values of ?Yr less than 1/3. The 
p e (W1 2 . _  — 1/ 2wc2(1 11-- 1)  curves as plotted will, however, represent the picture 

= 
Pe  wo m 21  with sufficient accuracy to support discussion. 

1 —  ( 5 eom  e  )  The meaning of each of the various values of effective 
w/ 2 (42 _ w, 2 p  dielectric constant is not obvious from the development 

Ph  presented here. However, further examination of the 

From (7) the space-charge density in a magnetron a f polarizations of the waves and of a physical picture 
the boundary of a swarm of radius r is  show the following to be true. 

In Fig. 2(a) the solid curve from (23) corresponds to 
= — 1/2(4,2[1 + (--141 an electromagnetic wave polarized with the E vector 

tm o (7a)  perpendicular to the static magnetic field. The wave 

Letting  cannot be entirely transverse because there must be a 
component of E in the direction of propagation. The 

1 + = M  actual situation in an ideal multianode magnetron , 

the complete result for effective dielectric constant of 
the magnetron-type space charge may be written 

3,1 04 2 wf 2 1/2(M + 1 1)042 
e, = 1    (22) 

2 0.112 

For the ( —) sign 

wf2 042 ( 1 —M )2  

w ,2 Al 

_  
Al 642 co,'  2 

= 1 
2 cof2  („„f2  Al 

  (1 + 
2 2 

For the (-I-) sign 

(23) 

Al 
=  1 -  • (24) 

2 Wf2 

The result of (24) is exactly the same as the result which 
is obtained when no steady magnetic field is assumed 
present and is the result obtained in the paper by Blew-
ett and Ramo, due to the neglect of the cross product 
of the radio-frequency velocity and the static magnetic 
field in the force equation. 
Another case should be mentioned, which, although 

it does not occur in the conventional magnetron, is of 
importance in some structures which use the magnetron-
type space charge to vary reactance for electronic fre-
quency modulation. In this case the direction of wave 
propagation is assumed parallel to the direction of the 
magnetic field. This case is treated by the same method 
as the one just treated with the result 

M co, 1 
Er = 1 — — —   

2 cof ._ f 
— + 
We 

(25) 6 

5 It should be noted that the (±) sign in this result is not a re-
sult of the assumption of a ( ±) sign in the assumed solution but re-
sults from the quadratic nature of the solution of the determinant. 

6 In this case the c ±) sign is a result of the assumption that it 
exists in the exponential solution. 
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Fig. 2—Dielectric constant of magnetron space charge as function 
of uy/we=B,/B. (a) Direction of propagation transverse to di-
rection of magnetic field. (b) Direction of propagation same as 
direction of magnetic field. 
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should be approximated by this case as examination of 
Fig. 1(b) will show. If end effects are neglected, the 
electric fields are entirely in the xy plane perpendicular 
to the static magnetic field. However, propagation is 

not always perpendicular to vo. 
In Fig. 2(a) the dotted curve from (24) corresponds 

to an electromagnetic wave polarized with the E vector 
parallel to the static magnetic field. In this case the 
presence of the magnetic field does not have any effect, 
as was pointed out previously. 
In Fig. 2(b) the solid curve from (25) with ± sign 

corresponds to an electromagnetic wave with left-hand 

circular polarization. 
In Fig. 2(b) the dotted curve from (25) with — sign 

corresponds to an electromagnetic wave with right-
hand circular polarization. 
The effective dielectric constant, which is really a 

measure of phase velocity of the wave, depends on 
polarization, relationship of direction of propagation to 
direction of magnetic field, and value of wilco,. The prop-
erties of these regions and the effect to be expected in a 
magnetron-type structure may be summarized as fol-

lows: 
er <O. In this case the phase velocity is imaginary; a 

wave will not propagate within the space charge; there-
fore, a space-charge boundary acts as a reflecting sur-
face. The capacitance between cathode and anodes is 
increased by the presence of the space charge. 
0 <er <1. In this case the phase velocity of the wave 

exceeds the velocity of light. The capacitance between 
cathode and anodes is decreased by the presence of 

space charge. 
er> 1. In this case the phase velocity of the wave is 

less than the velocity of light. The capacitance between 
cathode and anodes is increased by the presence of the 

space charge. 
The total range of values covered by the graphs of 

Fig. 2 represents a considerable variation of conditions 
which might be imposed on the magnetron-type struc-
ture. Data exist only in limited regions; some of this 
will be presented in the next section. 
It will be interesting at this point to compare these 

results with the results of Lamb and Phillips. In their 
paper the behavior near the cyclotron resonance is 
described from an impedance point of view for very 
small sheaths of electrons surrounding the cathode. 
This result is the following: 

Fo  in2s  (0,2 
Z ei —   (26) H rezeocof  (4, 2 

where 

Folll=the ratio of the electric field vector to the 
magnetic field vector 

s= thickness of the electron sheath around the 
cathode. 

It is assumed that 

ns  CJe2 —  CO/2 

—  <    
0,12 re 

and n  O. 

This restriction on the magnitude of s/r, is a severe lim-
itation in the practical case of an oscillating magnetron 
or frequency-modulation structure. In either of these 
cases, sir, can be an appreciable fraction of ra/rc. An 
effective cathode radius may be calculated which, when 
used as a boundary condition, obtains the same effect 
on resonant frequency of the anode block as the condi-

tion of (26). Thus 

2ns  co/2 \ n 
rceff = re (1 +  (27) 

re coe2 — cof2)  2 

This result predicts a resonance at the cyclotron fre-
quency which is qualitatively described by a positive 
wavelength shift (capacitance increase) for cof/coc<1 
and a negative wavelength shift (capacitance decrease) 
for cof/coc>1. This effect and the type of effects pre-
dicted by (23) might be simultaneously possible in an 
actual magnetron, since the assumptions involved in 
neither development can be held except in extreme 
cases. A qualitative picture of the behavior of the elec-
trons near the cyclotron resonance is given in Fig. 3. 
In all cases the angular frequency impressed on the 
anode is assumed to be the cyclotron frequency. co is 
the angular velocity of the outermost electrons. If 

(4)<< CJc/n 

4 er ".°41a N 

(a) 

(b) 

(c) 

Fig. 3—Qualitative picture of cyclotron resonance. 
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(...K<o.),./n (corresponding to small s), as in Fig. 3(a), 
the perturbed electron will execute several cycles in 
passing a set of anodes. In this case the resonance effect 
should occur very near the cyclotron frequency. The 
effect of the steady-state angular velocity is not impor-
tant. If = coc/n, as in Fig. 3(b), the electron executes 
a single cycle in just the time it takes it to move, due 
to the steady-state velocity, from one set of anodes to 
the next. In the same time, the direction of the field 
between the next set of anodes has changed to be in 
phase with the eloctron oscillation. In the case of Fig. 
3(c), the electron does not execute a single cycle in tran-
sit between two anodes and arrives between the next 
set out of phase with the field. Essentially these obser-
vations mean that the magnetic field for the cyclotron 
resonance should be a function of voltage. This ILI-
been observed experimentally and is presented in Fig. 
10. To our knowledge more extensive data on the cyclo-
tron resonance which might serve to clarify the picture 
do not exist. 

SPACE CHARGE AND THE EQUIVALENT CIRCUIT 

The details of an equivalent circuit for a microwave 
device such as a magnetron naturally change with the 
structure of the magnetron. Effects of end hats, straps 
supporting structures, and the like may or may not be 
important enough to be included in the circuit. The 
equivalent circuit is usually based on the assumption 
that the various possible modes of oscillation are suf-
ficiently separated in frequency to be considered indi-
vidually. This permits the representation of the reso-
nant circuit of the magnetron as a simple parallel reso-
nant circuit. When this assumption is not valid, the 
resonance is made complex and, in general, must be 
treated as a special case. However, if the assumption is 
not justified, some sort of device is usually necessary 
to induce mode separation before the magnetron is prac-
tically usable. Thus, in most practical cases the simpli-
fied approach is adequate. 
The most important concept in connection with 

equivalent circuits of magnetrons relative to the 
present problem is the concept of electron-transit ad-
mittance. It is the susceptive portion of this admittance 
which affects frequency characteristics of the magne-
tron. If an equivalent circuit may be established in 
which the function of the electron-transit susceptance is 
properly understood, the picture is greatly simplified. 
This has been done with satisfactory results for triodes, 
tetrodes and klystrons, but the picture in the case of 
magnetrons is still obscure. The circuit in Fig. 4(a) is 
suggested as equivalent in the case of a nonoscillating 
magnetron. In this circuit, the electron-transit ad-
mittance is represented by ye which may be defined as 
the admittance of the electrons as seen from terminals 
representing the two sets of anodes. The nature of this 
admittance changes for various conditions of anode 
voltage, magnetic field, and radio-frequency voltage 
between anode segments. The primary purpose of this 

paper is to present the over-all picture of these changes. 
The picture for an oscillating magnetron is more com-
plex. However, a convenient picture is obtained by re-
placing the admittance ye by a current generator it, 
=y,er (see Fig. 4(b)). The admittance ye may now be 
thought of as the equivalent admittance of a current 
generator. The value of this admittance is a function 
of plate current and loading. Variation in the susceptive 
portion of this admittance with current is the cause of 
frequency pushing. This will be discussed in a following 
section. 

(a) 

Ig. Yee, 

(b) 

Fig. 4 —Equivalent circuits; arrow indicates direction of power 
• flow. (a) Equivalent circuit for nonoscillating magnetron. (h) 
Equivalent circuit for oscillating magnetron. 

Experimental investigation of the nature of the quan-
tity ye must be made by a meter located in the line be-
tween the output terminals 0 and 0' and the load YL. 
In the case of the nonoscillating magnetron (Fig. 4(a)) 
an external signal must be fed into the circuit at the 
points A and A'. Measurements of standing-wave ratio 
and position of minimum, coupled with a knowledge of 
properties of the circuit and the controllable parameters 
in the circuit, yield an experimental result for ye as a 
function of the variable parameters. This type of meas-
urement we call a hot impedance test, in analogy with 
the established term, cold impedance test. When anode 
voltage is increased to the point of supporting oscilla-
tion, these measurements can no longer be made and 
the circuit in Fig. 4(b) applies. Standing-wave ratio and 
position of the minimum measurements now apply to 
the load. No external source is present. The load is 
therefore used as a variable and the effect on resonant 
wavelength, power output, and the like is recorded in 
the Rieke diagram. Variation of frequency with the 
plate current (frequency pushing) can be measured 
quite simply in connection with over-all performance 
data taken for constant loading. 

In the case of the nonoscillating tube, a radio-fre-
quency voltage may be considered applied across the 
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capacitive portion of the magnetron circuit, at the 
boundary between the resonant circuit structure and the 
interaction space. This is represented by T—T' in Fig. 
4(a). The radio-frequency voltage causes a current ir 
to flow into the tank circuit. If there are electrons pres-
ent in the interaction space they may be represented 
by an admittance ye through which a current ie will 
flow. The currents ie and ir are independent of each 
other if the radio-frequency voltage is assumed unaf-
fected by their magnitudes. If the admittance of the 
tank circuit is known, the admittance ye could pre-
sumably be measured. This admittance should be de-
pendent upon the values of magnetic field, anode volt-

age, radio-frequency voltage, and geometry of the in-
teraction space. 
In the case of the oscillating magnetron as repre-

sented in Fig. 4(b), the current ir, developed in the 
tank circuit, is induced by spokes of synchronous space 
charge rotating in the interaction space. This current 
results in a radio-frequency voltage at the terminals 
T—T'. The current cannot exist until the oscillations be-
come regenerative. The synchronous space-charge 
spokes cannot exist until radio-frequency voltages are 
present, i.e., until oscillation starts. The rotating 
spokes of synchronous space charge may be thought of 
as a current generator. There is a phase difference be-
tween the generated current and the radio-frequency 
voltage which causes the oscillations to build up at a 
lower frequency than the natural resonance frequency of 
the tank circuit. This phase difference and the equiva-
lent negative conductance of the electrons are repre-
sented in ye, the admittance equivalent to the generator 
representing the electrons. The value of this admit-
tance must be such that the net susceptance and con-
ductance of the circuit are cancelled at the frequency of 
oscillation. When the admittance characteristic of the 
tank circuit is known as a function of frequency near 
resonance, the value of ye can be calculated. 
These two interpretations of y. should be kept in 

mind while reading the following sections. We will find 
that in the first case for the nonoscillating magnetron, 
the space-charge effects on frequency are primarily a 
function of the dimensions and density of the hub of 
the space-charge wheel. (See Fig. 13 for pictorial repre-
sentation of the space charge.) In the second case of 
the oscillating magnetron, the effect on frequency is due 
to the phase relation of the spokes of synchronous space 
charge to the radio-frequency voltage. The two effects 
may cause frequency shifts in opposite directions. Quan-
titative agreement between experiment and theory for 
the first case is shown in the Appendix. In the second 
case, only qualitative discussion is thus far possible. 

SPACE-CHARGE EFFECTS IN THE NONOSCILLATING 
MAGNETRON 

In order to measure effects of space charge in the 
nonoscillating magnetron, hot impedance measure-
ments must be made from the output terminals. The 

measurements which have been taken are of four types 

as follows: 
1. Impedance measurements at constant magnetic 

field and radio-frequency voltage, anode potential as 

variable parameter. 
2. Impedance measurements at constant magnetic 

field and anode potential, radio-frequency voltage as 

variable parameter. 
3. Resonant wavelength measurements at low radio-

frequency voltage for different magnetic fields, anode 

potential as variable parameter. 
4. Resonant wavelength measurements at low radio-

frequency voltage and constant space-charge swarm 
radius, magnetic field as variable parameter. 
A schematic drawing of the experimental setup is 

shown in Fig. 5. In order to obtain high radio-fre-
quency voltage, one magnetron is used to drive another. 
Radio-frequency voltage is varied by means of at-
tenuating reflectors placed in a slotted section between 

MAGNETRON OR 

SNIT PROBE AND DETECTOR 

vARIABLE 
SIGNAL GENERATOR  AT TENUATOP 

UNIVERSAL IMPEDANCE 
MATCNINO LOAD 

PRONE TO. MEASUREMENT 
Cr/ RI VOLTAGE LOCATED 
AT vOLTAGE MINIMUM 

L. 
MAC -T.0k 
UNDER 

M KS T RAT PON 

Fig. 5—Experimental apparatus for hot 
impedance heating. 

the impedance matching load and the magnetron under 
investigation. Radio-frequency voltage is measured by 
a probe placed at a voltage minimum (at cold resonance) 
approximately three wavelengths from the magnetron 
coupling loop (LM in the diagram). This probe leads to 
a crystal detector and microammeter. The probe is 
calibrated against power measurements into a matched 
load and radio-frequency voltage calculated from the 
known line impedance of 52 ohms. The impedance 
matching load is quite useful for measurements of this 
type or in any application where a high-Q circuit is to 
be driven by a magnetron. It consists of two loads 
separated by X/4. The driving magnetron is thus under 
no circumstances subject to standing-wave ratios 
greater than three to one. 
In the impedance measurements, Qo, Xo and Go are 

measured and plotted against the variable parameter, 
Qo is the unloaded Q of the magnetron, Xo is the resonant 
wavelength, and Go is the input conductance at reso-
nance. Go= Yo/cro, where ao is the minimum standing-
wave ratio and Yo is the characteristic admittance of the 

line 
The results of hot impedance measurements made 

under various conditions are shown in Figs. 6 through 
12. The results shown in Fig. 6 offer a comparison be-
tween frequency effects in the nonoscillating magnetron 
and in the oscillating magnetron. The increasing reso-
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Fig. 6—Change of magnetron resonant wavelength with plate 
voltage. Comparison of frequency pushing and hot impedance 
test results. 

nant wavelength up to the voltage for which synchro-
nism begins (450 volts) is due to the capacitance between 
anodes increasing as a cloud of electrons of negative 
dielectric constant expands within the anode structure. 
This is what may be called a passive effect of the elec-
trons. Above this point synchronous reactance causes a 
sharp rise in wavelength, and when oscillation starts 
the direction of wavelength shift reverses. The original 
cold resonant wavelength is not reached. This reversal 
effect is called frequency pushing, and may be called an 
active effect of the electrons. Frequency pushing and 
synchronous reactance will be discussed qualitatively in 
the next section. The passive effects in the preoscillating 
region can be discussed more quantitatively. This is 
done in the Appendix in terms of the data on tubes 
built in the Michigan laboratory. 

In Fig. 7 the variation of Xo, Qo and Go is plotted 
against plate voltage for two values of radio-frequency 
voltage impressed upon the anode structure. The gen-
eral form of the curves is seen to be the same, with a 
reduction in Q as the radio-frequency voltage is raised. 
The Qo curves are relatively flat up to about 700 volts. 
This indicates that there is no change in the conductive 
characteristics of the space charge in this region. At 
about 700 volts, the Qo begins to rise sharply. At the 
point of oscillation it would, ideally, go to infinity as 
the conductance goes to zero. This point occurs at about 

900 volts. This behavior means that in the region be- -

tween 700 and 900 volts space charge is contributing 
energy to the radio-frequency field and therefore syn-
chronous bunches of space charge have been formed. 
When the Qo curve intersects with the cold Qo line the 
space charge is contributing just enough negative con-
ductance to compensate for losses which may be present 
within the space charge due to bombardment of the 
cathode and collisions with large ions. The further in-
crease in Qo represents compensation for copper losses 
in the resonant circuit. The reduction of the Qo in the 
flat portion of the curve is due to increase in losses due 
to back bombardment as radio-frequency voltage is 
raised. The data in Fig. 8 show how the Qo varies with 
radio-frequency voltage for a value of anode voltage in 
the flat portion of the curve of Fig. 7. The losses are 
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• Fig. 8 \c, and G, of hot magnetron as function of radio-fre-
quency voltage for constant plate voltage. 

going up rather rapidly with the increasing radio-fre-
quency voltage. This is probably due to an increase in 
the energy spent in back bombardment of the cathode. 
The complexity of the space-charge frequency char-

acteristics in the nonoscillating magnetron when a 
wide range of variables is considered is clearly illus-
trated by the four sets of data in Fig. 9. These data 
were taken by an absorption method in which resonance 
was observed on an oscilloscope pattern. Q measurements 
could not be made. The radio-frequency voltage was 
supplied from a klystron signal source. TI.e curves are 
similar to those just discussed except that E/B2 is used 
as the independent variable. The radius of the space-
charge swarm, in the absence of radio frequency, is 
proportional to this quantity. In the presence of radio 
frequency there are three critical conditions involving 
magnetic field and voltage; these are expressed by (28), 
(29), and (30) which follow. The critical values are 
noted on the curves of Fig. 9. 

6),  

where 

Be 

In 

(28) 

27rc 
we = — 

X, 

c = velocity of light. 

This equation defines the cyclotron resonance. X, is 
the critical wavelength for the particular magnetic field 
13c at which the period of natural rotation of an indi-
vidual electron in the magnetic field is equal to the 
period of the radio-frequency cycle. As was pointed out 
in the discussion of Fig. 3 the resonance in the mag-
netron space charge should also be a function of voltage. 
This is borne out in the results shown in Figs. 9(b) 
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Fig. 9—Hot impedance test on QK59 no. 2483. 
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and 9(c) where the cyclotron resonance shows up as a 
perturbation of the resonant wavelength for two dif-
ferent voltages at slightly different magnetic fields. 

where 

Earl  B.  r2/r 2 [ 
—  = —   2 
Eo Bo  B.  r..2 )  Bo 

_  _ . 
• Bo ( r„1 

Ea = — Wn 2ra 2 

2e 

Bo = 
2m 

c  (1 — rc2/ra2) 

(con defined in (11)). 

Equation (29) relates the anode voltage (Ea h) and 
magnetic field (Bn) for which outer electrons in the 
space-charge swarm reach a velocity synchronous with 
the angular velocity of the radio-frequency wave 
traveling around the interaction space. For higher volt-
ages than E„„ the electrons are trying to move faster 
than synchronism and can gi've energy to the radio-
frequency field. This condition shows up as a contribu-
tion of negative conductance and positive susceptance 
to the system, thus causing a rather sharp increase in Q 
and resonant wavelength. 

1 

Eah  B 
1. 

E.0  BO 

This equation defines the anode voltage at which syn-
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Fig. 10—Summary data on QK59 no. 2483 illustrating 
equations (28), (29), and (30). 

(30) 

chronous electrons can reach the anode with no radially ". 
directed velocities (Ilartree voltage). This voltage is 
approximately the voltage at which oscillations begin. 

V1/ 330"  re2 1.02 

r, / B„ 

roV 

(29) 
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For wi/co,<(...,/,'nu.)„ the outer electrons in the su arm are 
tending to travel with greater than synchronous 
I velocities and can contribute synchronous reactance 
t which masks the effect of changing dielectric constant. 
The curve for E/B2-= 2, r11/r,= 1.08 is replotted in 
Fig. 12 with the effective dielectric constant as given by 
(23). The expected wavelength shift (with amplitude 

; arbitrarily adjusted to equal the observed shift) is 
shown by the dotted line. Agreement seems to be good 
except in the region between cof /co, = 0.575 and the ob-
served cyclotron resonance. This may be due to the 
fact that the electrons are approaching synchronous 

velocities. 
The over-all qualitative picture presented by these 

data is fairly clear, while attention to particular points 
may be misleading because of experimental inaccuracies 
or insufficient theoretical understanding. Some of the 
important conclusions are summarized below, and 
quantitative results for some particular cases are given 
in the Appendix. 

Fig. 12—Effective dielectric constant for magnetron space charge 
compared with wavelength shift for twit,  1.08. • 

The three types of effects on frequency are clearly rep-

resented by the data. 
1. Passive effects due to wave-propagating properties 

are illustrated as wavelength shift at subsynchronous 
voltages in Fig. 9.and to the right of the lines cof/n = co„ 
in Fig. 11. The subsynchronous data in Fig. 9(a) illus-
trate increasing wavelength for e, < 0 and in Fig. 9(d) 
decreasing wavelength for 0 < e, <1. The curves in Fig. 
12 which pertain to these effects have been discussed in 

the last paragraph. 
2. Synchronous reactance is demonstrated by the 

relatively sharp increase in wavelength above syn-
chronous voltage and to the left of the line coi/n =44 in 
Fig. 11. The case for E/B2= 5 is particularly interesting 
in this connection. The decrease in wavelength showing 
up in the other curves between 13,1B =1.05 and 
13,IB= 1.35 is apparently cancelled by the effects of 
synchronism. This shows up even more clearly upon 
careful examination of data of the type shown in Fig. 9 
from which this curve was taken. Synchronous reactance 
will be discussed more completely in the next section. 
3. The cyclotron resonance shows up quite obviously 

in Figs. 9(b), and 9(c), and is, as would be expected, 
dependent upon anode voltage. It is not clear from the 
data whether this point is intimately related to the 
other two effects. It does appear in Fig. 11 that a sharp 
increase in wavelength with increasing magnetic field 
should be associated with the cyclotron resonance. 
The most probable sources of error are the following: 
Magnetic field for the entire series of measurements 

may be off by 75 to 100 gauss. It is fairly certain that 
the calibration was not changed during the series of 
measurements, because it was possible to recheck 
critical points at the cyclotron resonance and starting 
voltage. 
Dimensions of the magnetron, particularly r4/r, may 

be in error by 10 to 20 per cent. Another tube which was 
taken apart had a cathode larger in this proportion. The 
dimensions used were taken from data in the tube speci-

fications. 
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Wavelength measurements were made with a Mico 
wavemeter. The estimated error is ± 0.002 cm. The di-
rection of wavelength shift could always be observed by 
watching the oscilloscope screen. Determination of the 
exact resonant wavelength near the cyclotron resonance 
was difficult because of the distortion of the scope 
pattern. 

SPACE-CHARGE EFFECTS IN THE 
OSCILLATING MAGNETRON 

Evidence of spate-charge effects in. the oscillating 
magnetron is given in the results of frequency-pushing 
measurements and in Rieke diagrams. Space-charge 
effects on frequency in the conventional oscillating tube 
are of small magnitude, of the order of 1 per cent. Fre-
quency pushing is ordinarily defined as variation of 
oscillatory frequency with plate current, in contrast 
with the term frequency pulling, which is, ideally, varia-
tion of frequency at constant standing-wave ratio in 
the Rieke diagram. 
More generally it is convenient to think of frequency 

variation over a performance chart (set of volt ampere 
characteristics at varying magnetic fields and constant 
load) and frequency variation with variation in load 
impedance at constant current and magnetic field as is 
experienced in the Rieke diagram. Variation of fre-
quency over the performance chart is entirely due to 
space-charge effects. Variation of frequency in the 
Rieke diagram is primarily due to changes in the sus-
ceptive portion of the load impedance. However, con-
tours of constant frequency in the Rieke load-im-
pedance diagram should follow contours of constant 
susceptance. The fact that this is not the case may he 
attributed to space-charge effects. 

DIRECTION 
OF MOTION 

STATIC MAGNETRON 
SPACE CHARGE 

SYNCHRONOUS 
SPACE CHARGE 

Fig. 13—Pictorial representation of space charge 
within interaction space. 

Fig. 13 presents a qualitative picture of the space-
charge swarm with spokes at an instant when the 
anodes are at their maximum  or — radio-frequency 
potential. The spokes form on the static magnetron 
space-charge swarm bounded by the synchronous radius 

- 
(which can be calculated from (31)). In the nonoscil-
lating magnetron with imposed radio-frequency, as 
described in the last section, the spokes can form with-
out reaching all the way out to the anode. The maxi-
mum radius reached in the spoke is determined by the 
anode potential, and the spoke will form in the region of 
the maximum positive potential, 90 electrical degrees 
ahead of the maximum decelerating field. Thus the 
current induced by the rotating spokes will lead the 
radio-frequency voltage by approximately 90 degrees. 
As the anode potential is increased the spoke will ex-
tend farther toward the anode, maintaining the same 
phase position but increasing the amount of susceptance 
contributed by the space charge. This accounts for the 
sharp rise in resonant wavelength before oscillation 
starts, exhibited in the curves of Figs. 6 through 9. 
When oscillation starts, the spokes must reach out of 
the anodes and there is a transport of electrons through 
the spokes sufficient to supply the dc anode current 
necessary to provide input power. The generated fre-
quency is usually lower than the frequency of the tank ; 
circuit by a margin of the order of 1/Q. The impedance 
of the tank circuit is almost a pure inductance and the 1 
power delivered from the electron swarm is small. In 
order for more power to be delivered from the spokes to 
the circuit the angle 0 must be reduced so that the 
induced current leads the voltage less than 90 degrees. 
As the voltage is raised further, the phase angle is re-
duced further, thereby decreasing the positive suscep-
tance contributed by the spokes and decreasing the 
resonant wavelength. Fig. 6 illustrates this effect. The 
dotted lines in Fig. 9 also indicate the direction of wave-
length shift after oscillation was observed. 
The fact that the resonant wavelength does not come 

back to the cold resonance value may be due to the 
presence of the hub of subsynchronous space charge. 
It is important to realize that variation in frequency 
over the performance chart may depend upon the 
"passive" effects of the hub of the space-charge wheel as 
well as the "active" effects of the- spokes. Therefore, a 
complete analysis of pushing data would be more com-

plex than the relatively simple interpretation just given. 
The difference in the physical significance of the 

quantity 3'. in the preoscillating and oscillating mag-
netron as discussed in connection with Fig. 4 is apparent 
in the above discussion. In the former case, expansion of 
the hub and synchronous spokes have the major effect, 
with some complication introduced by the cyclotron 
resonance. In the latter case, the effect of the hub is 
probably a constant correction, whereas the phasing of 
the spokes with respect to the radio-frequency wave in 
the interaction space makes a major contribution. 
Space-charge effects in the Rieke diagram are inti-

mately .related to frequency pushing. The rotating 
swarm is thought of as a current generator, the fre-
quency.of which is a function of power output. Power 
output in turn is a function of the load on the generator. 
The experimental evidence of Rieke diagrams indicates 
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the electronic susceptance to be a function of the load 
conductance on the magnetron. Variation of the con-
ductive portion of the magnetron load without change iin the susceptive portion varies the form of the reso-
nance curve without changing its position on the fre-
quency axis. The rotating swarm of electrons must 
i adjust itself to meet the conditions of negative con-
i ductance and phase relationship to the radio-frequency 
, voltage imposed by the resonant circuit. In addition, 
the changing radio-frequency voltage caused by varia-
tion in load will react on the electron swarm. This com-
bination of causes must have a very complex, but not 
very large, effect upon the frequency of oscillation. 
Further complication results from the fact that a par-
ticular value of load conductance (a particular form of 
the resonance curve) allows maximum efficiency of 
energy transference from the electron swarm to the 
radio-frequency field. This is the condition of optimum 
. shunt impedance. The characteristics of the optimum 
condition are understood for conventional oscillators 
employing triode or tetrode vacuum tubes, but still not 
satisfactorily explained in the case of the magnetron 

oscillator. 

CONCLUSIONS 

The present paper is not meant to be a complete and 
final analysis of the problem of the magnetron space-
charge and frequency characteristics. It is intended to 
relate as many as possible of the known facts and 
theories in such a way that it can be used as a guide for 
further research and development. We have presented 
in some detail the ideas and data originating in the 
University of Michigan laboratory and have tried to 
provide enough discussion and criticism of other ideas 
to make the development consistent. 
Some important conclusions have been mentioned 

in the discussion of the experimental results and theory. 

These are the following: 
1. Frequency pushing with increasing voltage is 

primarily due to a decrease in wavelength caused by 
the active phasing effect of the electrons in the spokes 
of the space-charge wheel acting as a current generator 

in the magnetron. 
2. The increase in the extent of space-charge spokes 

as voltage is increased under hot impedance test con-
ditions may also contribute an increasing positive sus-
ceptance without change in the phase angle of the 
spoke relative to the wave of radio-frequency potential. 
3. Frequency shifts caused by the subsynchronous 

swarm as voltage is increased under hot impedance test 
conditions are primarily of two types. In one case, the 
dielectric constant of the hub of the space-charge wheel 
is negative and the resonant wavelength increases as 
the hub expands. In the other case, the dielectric con-
stant of the hub of the space-charge wheel is positive, 
but less than unity, and the wavelength decreases as 
the hub expands. These effects may be called passive 

effects. 

4. For a particular value of magnetic field, under hot 
impedance test conditions, the natural resonance of the 
individual electrons in the space charge causes perturba-
tion of the resonant wavelength. This is the cyclotron 

resonance (wf= we). 
5. Frequency pulling is primarily an effect of cir-

cuitry. Deviations from the values predicted on the 
basis of circuitry are due to interrelation of the equiva-
lent susceptance and conductance of the space-charge 
cloud acting as a current generator in the magnetron. 
They are therefore related to frequency pushing. 
It would be desirable to amplify experience by carry-

ing out experiments designed to determine the exact 
value of y., the electronic admittance, under various 
conditions in both the nonoscillating and the oscillating 
cases. Possibly, if enough data were available on dif-
ferent magnetrons, generalizations could be made which 
would give more insight into the actual behavior in the 
oscillating magnetron. It is important to realize that, 
although the frequency shifts due to space-charge effects 
are small compared to the resonance frequency (of the 
order of one pe cent), an understanding of the under-
lying causes of these shifts is equivalent to an under-
standing of the basic electronic principles of magnetron 

operation. 
Frequency shifts of the type mentioned in 3 and 4 

above may be used in a reactance tube to produce fre-
quency modulation. The problem of designing a tube of 
this type has been undertaken in the University of 
Michigan laboratory. Details of this development will 
be presented when data are available on operating tubes. 
Quantitative results and a simple formula, placing 
limitation on the design of such tubes with multianode 
structures, are given in the Appendix. 

APPENDIX 

The theory and experimental results given in this 
paper can be used as a basis for design in devices using 
the magnetron-type space charge to furnish electronic 
control of frequency. Frequency shifts of the order of 
8 per cent of 500 Mc have been obtained using split-
anode magnetrons.' The space charge may be used 
within a multianode structure attached to the resonant 
circuit of the magnetron. The theory which has been 
developed can be used as a basis for convenient design 
criteria by which anode structure and interaction space 
designs can be determined which obtain maximum bene-
fit of the space charge and do not permit oscillation. 
In the first place, if we wish to make use of the prop-

erties of a space charge of negative dielectric constant, 
we have the condition 

cof < 0.36(.4.  (32) 

This is obtained from Fig. 2. If we wish to place the 

These results were obtained by P. 14. Peters at the General 
Electric Research Laboratories. 
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further restriction that magnetron does not oscillate, 
we have the well-known condition 

B < Bo.  (33) 

If (32) and (33) are combined so that the structure 
will not oscillate and the space charge will cause total 
reflection, we obtain the following: 

Be 
cof < 0.36w, = 0.36 —  < 0.36 X B0 — 

111 

2wf 
= 0.36X 

fl re' 
1 — — - 

To' 

which results in the simple criterion 

or 

re2 0. 72 

n 

ro 1 
— < 
re V 1 — 0.72/n 

(34) 

This last equation gives the following values of ra/r, 
for various values of n: 

n = 1 

2 

3 

4 

5 

6 

rd/re < 1.88 

1.25 

1.15 

I .10 

1.08 

1.06. 

Spacing requirements imposed a limitation on the value 
of ro/r, which can be used and, therefore, on n. For 
example, if the cathode diameter is of the order of  to 
1 centimeter, ra/r, <1.15 begins to be impractical. 
Therefore, _V= 2n = 6 is the largest practical number of 
anodes. To be on the safe side, N=4 or even N=2 
should be used if possible. 
If it is desired to make use of the space charge with 

a positive dielectric constant less than unity the follow-
ing criterion may be used: 

wf > l.3óW.  (35) 

w should not be too much in excess of wc; otherwise e, 
differs so little from unity that the change in susceptance 
due to the space charge will not be appreciable. At most, 
the presence of space charge of these characteristics 
can do no more than cancel the effect of the cathode. 
The value of wf/w, might arbitrarily be limited to less 
than two for this case. If this is done, we have as before 

re2 4 
1 < — 

ra2 Pi 

or 

To 
— < / 
re V 1 — 4/n 

' 1 
(36) 

This imposes no serious restriction on r„/r, and is 
actually satisfied in most conventional continuous-wave 
magnetrons operating at wavelengths greater than 6 
centimeters. 
The relative merits of these two types of behavior 

under conditions of high radio-frequency voltage are not 
yet experimentally determined. On paper the use of 
space charge of negative dielectric constant can pro-
duce an infinite change in X0, whereas the space charge 
of positive dielectric constant can only cancel the effect 
of the cathode. This latter, of course, can be two to five 
per cent. The linearity of frequency change and losses 
under the influence of high radio-frequency voltage 
might give preference to the latter method. This re-
mains to be seen. The following illustrative cases give 
quantitative comparison of experimentally observed 
results with the theory. 
The total capacitance in the resonant circuit of any 

magnetron must include the capacitance between anode 
and cathode. The latter is the portion which is varied 
by the presence of the space charge. Let 

Ca= total anode-to-anode capacitance including ef-
. fect of cathode 
C. = total anode-to-cathode capacitance 
C, = change in anode-to-cathode capacitance caused 

by presence of space-charge swarm. 

For a given AC, it can be shown that the resonant 
:ivelength shift is given approximately by 

C, AC, 

X0 Ca C, 
(37) 

Here a is a proportionality factor which is equal to 
in a lumped-constant circuit since, in this case, wave-
length is proportional to the square root of the capaci-
tance. In distributed-constant circuits, as is usually the 
case in a magnetron, a is less than  and must be calcu-
lated for the particular case. 
C,/C0 is ordinarily four or five per cent. By particular 

design it can be made 20 per cent or more. 
The method of calculation of ACe/Cc varies with the 

geometry and the effective dielectric constant of the 
space charge. The following two examples are typical. 
If 0 <er <1 and the space between anode and cathode 

is just filled by the space-charge swarm (thus having 
maximum effect), 

—ce  Er — 1 (38) 

where, since e„ is less than unity, the wavelength shift 
is always negative and the maximum value of shift 
corresponds to ACc/C,= —1. In this case the effect of 
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the cathode is cancelled. Table I gives two sample 
calculations for this case. Cr is calculated from (23 ). 
In the case of negative e„ total reflection should occur 

from the space charge. The cathode diameter is there-
fore effectively increased by the presence of the space 
charge. The capacitance between anode and cathode will 

be a function of the following form: 

C, = 
in ro/re 

where K is a function of ra/r, because of fringing effects 
around the anodes. The percentage change in effective 
capacitance to the cathode is therefore the following, if 
we consider rH (radius of the space-charge cloud) as a 
reflecting surface: 

(39) 

AC, 

C, 

Ij  K, 

ln r./ru  In ro/r, 

K, 

in ro/r, 

AC,  K11 log rajr, 
1. 

C.  ice log ro/ru 
(40) 

Using this result in (37), the following result were ob-
tained in two different tubes constructed in the Uni-
versity of Michigan laboratory. In the second case, a 
negative dielectric constant is actually not predicted 
by the theory, but the direction of wavelength shift 
indicates that the space charge is reflecting. This sort of 
discrepancy may be due to errors in determination of 
magnetic field or to the oversimplified nature of the 

theory. 
In the optimum design of a modulator tube, a should 

be made as large as possible. The second case of Table II 
illustrates this point. Although a capacitance change of 
123 per cent is obtained, due to the small value of a, the 
wavelength shift is less than one per cent. 
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TABLE I 

COMPARISON OF THEORY AND RESULTS FOR 0 <4 <1 IN THE SPACE-CHARGE SWARM 

E.  B  X 
volts  gauss  cm 

r./r, rffire /(..4  Ce/C. 
- 1 

a (AC.,/C,) 

AXo 

x 

Calculated  Observed 

190  210  16.85  1.66 1.66 3 0.045 
450  450 17.6 

0.5  -0.07 
1.66  1.66  1.35  0.045  0.5  -1 -2.25 per cent* 

-0.16 per cent  -0.18 per cent 
-1 per cent 

Note from the solid curve in Fig. 2(a) that 4 is a very critical function of magnetic field in this region so that a 1-per cent error in de-
termined field could produce almost a 100-per cent error in the calculated wavelength shift. 

TABLE II 

COMPARISON OF THEORY AND RESULTS FOR 4<0 IN THE SPACE-CHARGE SWARM 

E. 
volts  gauss cm 

r./r.  wuce, cc/c. a 

AX0 

xo 

Calculated  Observed 

1,400  1,700  16.9  1.66  1.11  0.35 
1,400 1,400  13.2  1.33  1.17 0.58 

0.045  0.5  +0.25  +0.55 per cent  +0.65 per cent 
0.05  0.125*  +1.23  +0.77 per cent +0.76 per cent 

These data were taken on a double-anode modulator tube with a distributed constant circuit-hence the low value of co. 
were taken on an interdigital magnetron in which the capacitance was essentially concentrated in the anodes. 

All other data 
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Comparison of Tropospheric Reception at 44.1 Mc 
with 92.1 Mc Over the 167- Mile Path of Alpine, 

New Jersey, to Needham, Massachusetts* 
GREENLEAF W. PICKARDt, 

TN A PREVIOUS paper,' the authors 
ji rendered an account of field intensity 
measurements of W2XMN at 42.8 Mc 

made at the Cosmic "Ierrestrial Research 
Laboratory at Needham, Mass., during 
1945 and a part of 1946, and exhibited cer-
tain relations found with meteorological 
conditions. On Ja•tuary 24, 1947, the fre-
quency of W2XM X was changed front 42.8 
Mc to 44.1 Mc, and in the summer of that 
year a higher frequency was transmitted 
front the same tower at Alpine as station 
W2XEA at a frequency of 92.1 NV with 
substantially equal power on both ft-, quen-
cies. This gave an oppor,unity for making 
comparative measurements on both the 
higher and lower frequencies over the same 
path of Alpine, N. J., to Needham, Nlass., 
167 miles in length, or 270 kilometers. 

Records of 1V2XEA began on August 
15, :947 on the same schedule as W2XNIN 
1660-2300 Eastern Daylight Standard Time 
in summer and Eastern Standard Time in 
winter. The general picture of Alpine recep-
tion from these two stations as received at 
Needham is that the fields vary widely front 
second to second, and even from minute to 
minute. However, when reduced to micro-
volts/meter, the two fields received at Need-
ham show similar variations with respect to 
daily and monthly values. The average field 
of the higher frequency 1192.1 Mc) exhibits 
somewhat higher values than the fields of 
the lower frequency station. 
The authors find variations in both of 

these fields closely correlatable with atmos-
pheric refraction throughout the interval as 
determined front calculation of surface re-
fraction utilizing meteorological data ob-
tained at Boston. Meteorological data at 
New York or Hartford proved less satisfac-
tory for correlation purposes. The inference 
is that variation in reception appears to be 
more influenced by surface conditions at the 

• Decimal classih,ation: k1122. Osiinal manu-
script received by the Institute. June 7. 1949; abstract 
received. August 8. 1950. 

Abstract based on an extension of a paper orig-
inally presented at the International Council of 
Scientific Unions. Oslo, Norway, August 16-18, 1948. 

Cosmic Terrestriid Research Laboratory. Need-
ham. Mass. 

G. W. Pickard and IL T. Stetson. •A study of 
tropospheric reception at 42.8 Mc, and meteorological 
conditions.  PROC. I.R.E.. vol. 35. pp. 1445-1451; 
December. 1947. 

FELLO W, IRE, AND HARLAN T. 

receiving end than at the other points ex-
amined along the path. 
The data for W2X.MN 44.1 Mc comprise 

a total of 2,112 hours and W2X.EA 2,154 
hours. Because of the importance of over-
the-horizon transmission, a percentage dis-
tribution with respect to time and decibels 
has been determined. The authors believe 
the close comparison of both lower and 
higher frequencies uith atmospheric refrac-
tion suggest a common mode of propagation 
and that refractive bending in the lower at-
mosphere is a major factor for both frequen-
cies. 

Considering other modes of propagation, 
it would appear that duct transmission 
should be relatively infrequent for the longer 
st a ves of the lower frequency, but if signifi-

STETSONt, ASSOCIATE, IRE 

cant on the higher frequency paths, ; 
greater difference would be apparent in th. 
field intensity data gathered. Since botl 
frequencies, however, respond similarly t( 
meteorological changes, there seems to be 
little evidence from these observations that 
duct transmission is a dominant factor ir 
tropospheric reception at the frequencies ob-
served unless the assumption of a value of 
7 kilometers for a critical duct uidth at 7 
meters is to be questioned. 
In the interest of space, plotted values of 

relative fields in log microvolts 'meter arE 
exhibited in weekly means on the accom-
panying diagram for both W2XN1N and 
W2XEA together with the calculated sur-
face refraction over the interval from Au-
gust. 1947, to December, 1948. 
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Fig. 1 —WtekE means of measured field intensities of W2XN1N and ‘VEKEA at Needham, 
Mass , compared uith corresponding atmospheric surface refraction at Boston, Mass. 
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mained at Yale as a 
research  assistant, 

R. L. UNGVARY  engaged in classified 
project work for the Office of Naval Re-
search, until June, 1949. In July, 1949, he 
joined the engineering staff of the Raytheon 
Manufacturing Company and is currently 
engaged in development of airborne radar 
equipment. 
Mr. Ungvary is an associate of the 

American Institute of Electrical Engineers 
and a member of Sigma Xi. 

H. William Welch, Jr., (A'47) was born 
in Beardstown, Ill., on October 21, 1920. He 
received the B.A. degree in physics and was 

elected to Phi Beta 
Kappa at De Pauw 
University in 1942. 
After a summer with 
the Eastman Kodak 
Company test labo-
ratories, he spent a 
year at the Univer-
sity of Wisconsin in 
graduate study, re-
search, and teaching. 
In 1943 he went to 
the Harvard Univer-
sity Radio Research 

Laboratory as a research associate, where he 
became involved in magnetron research and 
development. After spending the first six 
months of 1946 as a part-time instructor of 
physics at Purdue University he went to 
the University of Michigan Engineering 
Research Institute as a research physicist. 
He is presently concerned with problems of 
microwave-tube electronics in the Depart-
ment of Electrical Engineering Electron 
Tube Laboratory. 

Mr. Welch received the M.S. degree in 
physics at the University of Michigan in 
1948. He is a member of Sigma Xi and the 
American Physical Society. 

H. W. WELCH, JR. 

Wilfrid B. Whalley (A'37) was born in 
Liverpool, England, in 1908. He moved to 
Canada in 1919. He received the B.A.Sc. de-

gree from the Univer- t 
sky of Toronto in  , 
1932, following which I 
he was on the staff of r 
the department of 
electrical engineering 
for four years and, in I 
1935, he received the 
M.A.Sc. degree. 
In 1936 Mr. Whal- I 

ley was a develop-
ment engineer at the 
Radio Valve Com-
pany  in  Toronto. 

From 1937 to 1940 he was with the RCA 
Manufacturing Company in Harrison, N. J., 
following which he transferred to war work , 
on radar systems and cathode-ray tubes in I 
Canada. In 1943, Mr. Whalley returned to 
RCA to engage in research on radar and tele- • 
vision transmitting tubes and circuits. He 
was appointed assistant professor of engi-_. 
neering physics at Cornell University in 
1947. At present, he is concerned with tele-
vision research and development at the 
physics laboratories of Sylvania Electric 
Products Inc. 
Mr. Whalley is a member of Sigma Xi, 

American Association of University Profes-
sors, and the American Physical Society. 

W. B. WHALLEY 

Harold A. Wheeler (A'27-M'28-F'35) 
was born in St. Paul, Minn., on May 10, 
1903. He received the B.S. degree in physics 

from George Wash-
ington University in 
1925. From 1925 to 
1928 he pursued post-
graduate studies in 
the physics depart-
ment of The Johns 
Hopkins University, 
and lectured there 
during  1926  and 
1927. He was em-
ployed as a labora-
tory assistant in the 
radio section of the 

National Bureau of Standards in 1921, leav-
ing in 1923 to assist Professor Hazeltine and 
later to join the Hazeltine Corporation in 
1924. He was in charge of their Bayside 
laboratory from 1930 to 1937, and advanced 
to the position of vice-president and chief 
consulting engineer of Hazeltine Electronics 
Corporation. 
In 1946 Mr. Wheeler opened his own con-

sulting office in Great Neck, L. I., N. Y. He 
is now also president of Wheeler Labora-
tories, Inc., an engineering organization en-
gaged in consultation and the construction 
of special equipment. Mr. Wheeler is a 
Fellow of the American Institute of Elec-
trical Engineers and a member of Sigma Xi. 
He received the Morris Liebmann Memorial 
Prize in 1940, and was a member of the 
Board of Directors of the IRE in 1934, and 
from 1940 to 1945. 



ICorrespondence 
Reflected Ray Suppression* 

In line-of-sight microwave communica-
tions, destructive interference between the 
direct and the ground-reflected rays may in-
terrupt the service. Although the receiver is 
sited originally to be in an interference maxi-
mum, subsequent atmospheric changes may 
shift the spatial interference pattern of the 
source and its image, putting the receiver in 
a minimum. Diversity reception can be used 
to alleviate this difficulty. The present note 
proposes as an alternative remedy that a 
small screen be set on the ground at the 
"reflection point" in the path in such a way 
that the reflected ray at the receiver will 
disappear almost entirely in theory, and in 
practice to an extent which depends mostly 
on the smoothness of the ground plane. The 
direct wave itself will be only slightly modi-
fied. The screen blocks a small part of the 
reradiation from the ground to the receiver, 
the design being such that the remainder of 
the reflected radiation cancels itself to zero 
at the receiver. Model experiments over an 
800-foot transmission path have shown that 
the scheme is successful. 
The foundation for this scheme rests on 

the fact that the wave field from a point 
source to a point receiver under free-space 
conditions becomes zero if part of a Fresnel 
zone is blocked off in such a way that the 
remaining diffracted contribution of the 
zone is unchanged in phase and halved in 
amplitude. One way to explain the reflection 
elimination is to use the "method of images." 
This makes the reflection problem into a 
free-space transmission problem. The ground 
plane is removed, there is the source and its 
image and the screen and its image,' and one 
receiver. To eliminate the image source an 
opaque quarter-circle whose radius equals 
the radius of the first Fresnel zone may be 
erected on the ground. One of the straight 
edges is on the ground and the other is ver-
tical and exactly centered in the path. The 
plane of the screen is perpendicular to the 
path. It is put at the place where the central 
ray to the image would intersect the ground 
plane. It may be said that one half of the 
first Fresnel zone to the image source is 
blocked by a half-circle; the remaining con-
tribution from this zone is unchanged in 
phase, and thus the image source is elim-
inated at the focal point (the receiver). 
There is a large area around this point 
where the image is nearly eliminated. It may 
be noted that a sector of a circle is only one 
of a large variety of screens which can elim-
inate a source, or an image source. 
In the experiments, a 4,500-Mc trans-

mitter was placed 800 feet from the receiver 
and 14.3 feet above the ground; the an-
tennas at each end were 4- by 6-inch horns. 
The receiver could be elevated up and down 
a 50-foot tower. Numerous tests were made 
using various shapes and placements of 
screens. Fig. 1 shows an example of the re-
sults obtained. Two triangular screens 

• Received by the Institute. March 30. 1950. 
1 The use of an image screen in this explanation 

was suggested by my colleague. J. H. Chisholm. 
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whose edges were 7.3, 6.6, and 5.4 feet were 
used for this trial. The figure shows an orig-
inal recorder tape; time progresses upward 
on the tape. First, with the path unob-
structed, the receiver makes a descent from 
4 meters to zero meters (see the height mark-
ers on the extreme right). The interference 
of the reflected ray creates a well-defined 
pattern. Then the receiver makes an ascent 

Fig. 1—Signal-strength-versus-height rec-
ord showing reflected wave suppression. 
Height markers on right; zero mark is 
about 7 feet above the ground. (The 
break in the record marks an equipment 
difficulty.) 

with the two triangular screens eliminating 
the reflected ray. The correct position for the 
screens moves along the path as the receiver 
elevates, therefore the ascent was stopped 
every half-meter in order to reset the 
screens. The influence of the reflected wave is 
mostly eliminated at the receiver and the 
remaining direct wave has the correct 
strength, 6 decibels weaker than in the 
former interference maxima. 
The experiments confirm the theory and 

indicate that trouble with a strong reflected 
wave can be eliminated by erecting small 
screens in the path, or when possible by 
taking advantage of an obstacle already 
present. In many cases it may be sufficient 
to reduce the apparent reflection coef-
ficient to the order of six or seven tenths in 
order to render the reflected wave rather 
harmless; and to accomplish this much re-
duction only a very small screen is needed. 

HOWARD E. BUSSEY 
Tropospheric Propagation Research Section 

Central Radio Propagation Laboratory 
Washington 25, D. C. 

A Note on the Synthesis of Resis-

tor-Capacitor Networks* 

In their paper on the synthesis of R-C 
lattice networks,I Professors Bower and 
Ordung present a method for realizing maxi-
mum gain in a prescribed voltage transfer 
ratio. The method, in the case when the 
load is negligible, consists of placing one 
of the roots of an arbitrary polynomial 
Fi(p) so that one of the equality signs in 

hk,00  
— 1 6 k,(a)  (10) 

holds at the largest minimum of the pre-
scribed transfer ratio I A WI plotted for 
negative real p.2 The remainder of the roots 
of F1(p) are then placed arbitrarily within 
prescribed intervals. 
By careful placement of the remainder 

of the roots of Fl(p), it is possible to achieve 
a design having a maximum gain factor 
with a minimum number of ekmenes. Such a 
design is obtained by making one or the 
other of the equality signs in (10) hold at 
each of the roots of Ft(p). This can always 
be done, once h has been chosen for maxi-
mum gain or less. The result is that Z. and 
Z. (see (7) and (9)) each have different 
poles, the total number n being equal to the 
degree of Fi(p). Thus the degenerate lattice 
designed on this basis will contain n ca-
pacitors, rather than the 2n-1 which result 
when the remainder of the roots is placed 
arbitrarily. Since h is generally chosen on 
the basis of the maximum gain requirement 
alone, and since 

• Received by the Institute. May 1. 1950. 
1 J. L. Bower and P. F. Ordung. The synthesis of 

resistor-capacitor networks." PROC. I.R.E.. vol. .38. 
p. 263; March. 1650. 

1 All equation numbers refer to the aforement ioned 
paper. 
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hk,„00 

hop 
=  

it is evident that all of the roots of F1(p) 
should be placed at points in their prescribed 
intervals where I Al =1/h. In some intervals, 
there is an optional choice between two 
such values of p. 
As an example of the method, consider 

the transfer ratio 

+ 42p + 3600 

Alp) 

2.4 

0 

-2.4 

A = 
+ 5)(P + 300 ) 

Fig. 1-A (p) for example of unloaded lattice. 

A plot of A (p) is shown in Fig. 1. It is 
evident that for maximum gain, h = 1/2.4 
and the critical root of Fl(p) is at p =0. The 
other root of Fl(p) can be placed a t p= -9.7 
or p= - 218 where IA I =--2.4 =1/h. Both 
values should be tried in order to achieve 
the most reasonable spread of element 
values. For the larger value 

F1(p) = P(P + 218). 

One then obtains 

- Z = 1 p2 + 42p + 3600 8 4 
2.4 p(p + 218) 

= 1 r1 + 16.5  192  1 
2.4  p  p + 218J 

Z + = (P + 5)(P + 300) .  
P(P + 21 8) 
6.87  80.2 

, 
p  p+ 218 

from which 

6.87 
4 = 0.708 +---

P 
80.2  Z8 = 0.292 + 
p+ 218 

The resulting lattice is shown in Fig. 2. 

0.292 

0.708 
6.87 

0.368 

Fig. 2-Lattice network, F1(p) --p(p+218). 

This lattice is easily reduced to three-
terminal form, and the final network (Fig. 
3) contains only two capacitors. 

6.38 

TO 292 
Fig. 3-Reduced network, Fi (p) = p(p +218). 

For Fi(p)=p(p+9.7) one obtains 

155 
4 = 0.708 + - 

P 
141  

4 = 0.292 + 
P + 0.2 

The final reduced network is shown in Fig. 4. 

29 
0.000325 

0.292  0.00645 0.00649 0.292 
I 

/ 0.208 
Fig. 4-Reduced network, F1(p) = p(p +9.7). 

CHARLES BELOVE 
Yale University 

New Haven, Conn. 

Relation of Nyquist Diagram to 
Pole-Zero Plots in the Complex Fre-
quency Plane* 

Although the relation of the familiar Ny-
quist diagram to pole-zero plots is undoubt-
edly well known to those whose daily work 
takes them on frequent excursions into the . 
complex frequency plane, it is neither im-
mediately obvious nor commonly mentioned. 

E, 
AMPLFER or GAIN A E2 

rt-coato, PATH RE % MING 

A P P ACT 50P15 E,E THE OlIT PVT Kt , PG( 

Fig. 1- Closed-loop system. 

The closed-loop system of Fig. 1 has a 
gain, with feedback, of A/1 -AO. The Ny-
quist criterion for stability states that the 
system is stable if a polar plot of Ai3 does not 
enclose the point (1, 0). On the other hand, 
the system is known to be stable if the COM-
plex gain E2/E, does not have a pole in the 
right half of the complex frequency plane 
p=o+jw. In other words, stability is insured 
if the amplifier with feedback does not give 
infinite gain to signals of the form Ee'es"s for 
any positive value of tr. The equivalence of 
these two statements is easily shown by an 
example. 

• Received by the Institute. June 12. 1950. 

Fig. 2- High-frequency equivalent circuit 
of resistance-coupled amplifier stage. 

Consider an amplifier made up of four 
identical resistance-coupled stages each hav-
ing the equivalent circuit of Fig. 2. Let the 
feedback network be a simple resistance volt-
age divider so that 1 is a (negative) constant 
fraction. The gain of the amplifier, and also 
the gain around the closed loop 

A midband 

(1 + pRC)4 

have fourth order poles at p= -(I/RC) 
(Fig. 3). Contours of constant magnitude of 

Fig. 3-Pole-zero plot of loop gain A. 

Aft are concentric circles about the point 
p = -(1/RC); contours of constant phase 
shift around the closed loop are radial lines. 
At the two points indicated in Fig. 3 the 
magnitude of Afi is assumed to be unity and 
the phase shift of A is 45° per stage or a total 
phase shift in the amplifier of 180°. 
Consider now the overall gain with feed-

back, A/1-A. It will have poles for the 
values of p for which Aft-1. The system is 
stable if these poles all fall in the left half of 
the complex frequenOt plane; unstable if any 
fall in the right half plane. (Fig. 4.) 

I. 

Fig. 4.-Poles of over-all gain (with feedback) 
l/1 -A$ corresponding to points Aft= 1 
in Fig. 3. 

It remains to relate these plots to the Ny-
quist plot of loop gain AO of Fig. 5. This is a 
simple matter-the gain is a rational func-
tion of the complex frequency p and the Ny-
quist plot of Fig. 5 is a conformal mapping of 
the positive (fio) axis of Fig. 4. The first 
quadrant of the complex frequency plane 
maps into the shaded area of Fig. 5. Thus the 
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Fig. 5—Nyquist polar plot of A. 

statements for a stable system that the point 
(1, 0) must lie outside the Nyquist plot, and 
that the over-all gain must have no poles in 
the right half of the complex frequency plane 
are completely equivalent. 

W. W. HARMAN 
University of Florida 

Gainesville, Fla. 

Elliptically Polarized Waves* 

In the paper "Antennas for Circular Po-
larization," by Sichak and NIilazzo,' an ex-
pression is derived for the voltage induced in 
an arbitrarily elliptically polarized receiving 
antenna by an elliptically polarized wave. 
The derivation is based on the fact that the 
elliptically polarized waves may be assumed 
to be made up of two linearly polarized com-
ponents. This expression is equation (2) of 
the above paper. 

2r2ri  
I' = K [I -T-

(rs2 ± 1)(ri2 + 1) 

(.22 - 1)(r12 - 1) 1/2 
+  cos 2a I , (1) 
(2 + 1)(ri2 + 1) 

where K is a constant, ri is the axial ratio of 
the receiving antenna, r2 is the axial ratio of 
the transmitting antenna, and a is the angle 
between the major axes of the two ellipses of 
polarization. The ( -) sign is used if the senses 
of rotation of the two antennas are opposite 
and the ( +) sign is used if the senses are the 
same. 
An alternate method of approach, and 

one which is perhaps simpler and more phys-
ically apparent, is to assume that an ellip-
tically polarized wave is made up of two cir-
cularly polarized components of opposite 
sense of rotation, and of the proper relative 
phase and magnitude. The sense of rotation 
of the resultant wave is the same as the sense 
of the larger component. Then 

12 = 
1R1+L1? 1/22 +1.21 

i - r2 IR2 —  
(2) 

v. here RI, La, R2, L2, are the right- and left-
handed amplitude components of the receiv-
ing and transmitting antennas, respectively. 
Also 

+ I  
for right-handed waves, 

L,  - I 

- I  

,i+1 

R2 r2 + 1 

r2 - 1 

for left-handed waves, and 

for right-handed waves, 

* Received by the institute, May 21, 1950. 
1 W. Sichak and S. Milazzo. 'Antenna for circular 

polarization.' Puoc. I.R.E.. vol. 36, pp. 997-1002; 
August. 1948. 

- 1  
for left-handed waves. 

If the major axes of the ellipses of polar-
ization of the transmitting and receiving an-
tennas are at angles 7 and ft, respectively, 
then the resultant fields may be represented 
as 

Es = Rsei(2r-n) + L2 

El= R1+ LiCi(21-29) . 

The voltage induced at the receiver termi-
nals of an antenna, compared to that which 
would be induced if both antennas were cor-
rectly linearly or circularly polarized, is 

VR 
—  =I R2Elei(27-27)  LILiei(2r-213) 1 
V ci 

(4) 

= I R2Rici2a  L2Lil  (5) 

Where a =ft - -y. Expanding, 

VB 
—vo = [R22R22+Li2L22+2R2R2L2L2 cos 2a1 112  (6) 

Usually it is more convenient to express 
(6) in terms of the axial ratios. Using the re-
lations (3) and realizing that R2+L2= 1, 
(normalizing the power in the wave), we 
may substitute in (6) and get for the power 
received relative to the maximum power 

PR I V RN2 
PO S v. / 

(1 +r2)2(1 ± ri)2+ (1 -r2)2(1 Tri)2 

4(1 +r22) (1 +r22) 

+  (11+r2) (1 - r2) (1+ri) (1 - ri)  
2 (l+r22) (I +r22)  cos 2a 

1  2r2r2  
_ 
2 (1+r22)(1+r22) 

(1 -1.22)(1 - r22) 
+ 2(1+r22)(14-r22) cos 2a.  (7) 

The (-1-) sign is used when the two antennas 
have the same sense of rotation and the ( -) 
when the sense of rotation is opposite. This 
result (7) is the same as Sichak and Milazzo's 
(1). This is made obvious by squaring both 
sides of the latter expression, and dividing 
both sides by 2K2, since Po= 2K2. 
This derivation has as an interesting and 

useful by-product, equation (6). This latter 
form may be conveniently used for many 
cases, particularly where it is easier to deal 
with right- and left-handed components, 
rather than axial ratios. For instance, con-
sider two antennas linearly polarized in the 
same direction. Here RI = R2= LI = 1.2 = 0.707 
and a 0. Therefore YR/ Vo= [0.25 +0.25 
+O.501112 z I. If on the other hand the two 
antennas are orthogonal, a =90°, and VR/ Vo 
=0. Similarly if two right-handed circularly 
polarized antennas are used R1=R2 1, 

LI= L2=0 and YR/ Vo=, I, as is also the case 
for two left-handed antennas. If, however, 
one left- and one right-handed antenna are 
used, RI =L2=0, and R2=Li =1, or Ri =Ls 
=1 and R2 = LI =0, and VR/ Vo =O. 
The case for optimum power transfer is 

readily determined from (6) or (7). The con-
ditions are a = 0, and either the polarization 
parameters RI = R2 and LI =L2 in (6), or 
the sense of rotation of the two antennas is 
the same and 2.2 r2 in (7). 

LEONARD HAT KIN 
Signal Corps Engineering Laboratories 

Fort Monmouth, N. J. 

An Achromatic Microwave Antenna* 

Several years ago the writers were inter-
ested in the design of an achromatic micro-
wave antenna for wide angle scanning. The 
use of constrained transmission through a 
metal plate lens seemed promising because 
thereby Abbe's sine condition can be satis-
fied and the design is simpler than for non-
constrained transmission. It is recognized 
that Abbe's sine condition is only an approx-
imate requirement 'and that, therefore, the 
angle of scan attainable with this lens prob-
ably will not approach that recently dis-
closed in the literature.' The achromatic fea-
ture should, however, be interesting. 
Figs. 1 and 2 show two such antennas 
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Fig. 1—Lens antenna for 
pencil-shaped beam. 

A 

4 

Fig. 2—Lens antenna for fan-shaped beam. 

having, respectively, a pencil-shaped and a 
fan-shaped beam. Note that the first is dou-
bly constrained. Fig. 3 shows a section AA 
through either antenna perpendicular to the 
metal plates. The electric field is polarized to 
be perpendicular to this section. Surface (X1, 
Y) is a sphere or cylinder whose center is at 
F and whose radius is a. In order to satisfy 
Abbe's sine condition for minimum coma, 
the antenna feed is located at F (i.e., the fo-
cal length is a). A phase shift invariant with 
frequency, but varying from point to point 
such that the spherical aberration vanishes, 
is assumed to exist at surface (XI, Y). This 

• Received by the institute, May 25. 1950. 
1J. Ruse, 'Wide-angle metal-plate optIcs. • PROC. 

I.R.E., vol. 38, pp. 53-59; January, 1950. 



1456  PROCEEDINGS' OF THE I.R.E. December 7, 
condition can be approximated by properly 
modifying this ideal surface to eliminate the 
spherical aberration, and by utilizing steps 
to bring the modified surface back to the vi-
cinity of the ideal surface, wherever the de-
viation becomes excessive. Surface (X, Y) is 
chosen to minimize the chromatic aberra-
tion. 
The dotted line represents the path of a 

ray going from F to (X1, Y) to (X, Y) to a 
plane perpendicular to and cutting the axis 
at the vertex of the surface (X, Y). 

Fig. 3-Cross section (AA) 
through either antenna. 

In order that the lens shall be achromatic, 
the difference measured in wavelengths, be-
tween the dotted and the axial paths, should 
not change with frequency. While this can 
not be done exactly, it can be accomplished 
for two Irequencies. If these two frequencies 
are located near the edges of the frequency 
band in which the lens is to operate, the lens 
can be made approximately achromatic over 
the whole band. That is, 

a  x +  - x 
±  -I- xot  iti(0) 

Xi 

a  I  a x 
- - - - - =  + 

Xi  Xei  X1 

,;,(0) -  - 
X„  X2 

where 
igy) is the surface phase shift at points (X1, 

Y) or (X, Y) 
o(o) is the surface phase shift at point (0, 0) 
Xi is the free-space wavelength corre-
sponding to one frequency 

X2 is the free-space wavelength corre-
sponding to the other frequency 

X, is the wavelength in the lens at Xi 
X, is the wavelength in the lens at X2. 
Collecting terms, (1) can be written 

or 

XL 
X = 

1/xi - 1/X2 

1/X„, - 

XL 
(2) 

niff - 12212 

where 121 and n2, the indices of refraction, 
correspond to the frequenciesfi andf2, which 
in turn correspond to Xi and X2 respectively. 
This is the equation of the desired curve. 

It will be noted that when double constraint 

is employed, the phase or stepping correction 
can be applied to either surface (Xi, Y) or 
(X, Y). 

N. I. KORMAN 
J. R. FoRD 

Radio Corporation of America 
RCA Victor Division 

Camden, N. J. 

Stratosphe:ic-Ionospheric 
Relationships* 

An attempt has been made to deter-
mine whether any correlation existed be-
tween pressures and temperatures, as found 
at the tropopause or in the lower strato-
sphere, and electron densities found in the 
several ionospheric regions. The original 
impetus for this investigation arose from 
the various reported correlations between 
surface meteorological factors and iono-
spheric parameters. On the whole, previous 
studiesi-" had attempted a direct correla-
tion generally between the barometric pres-
sure at the earth's surface and critical fre-
quencies of the ionospheric layers. However, 
as surface pressure is highly dependent 
upon the mass of relatively shallow air 
masses (of depth mainly less than 3-4 kin in 
the case of polar air) which in many in-
stances rarely affect higher level meteoro-
logical conditions, a new datum level for 
the study was adopted. 
There does not seem to be a one-to-one 

correspondence between barometric pres-
sure variations at the ground and, for ex-
ample, those at the tropopause. In the 
atmosphere,  high-frequency  wave com-
ponents (cyclone waves) are found which 
generally do not extend to 9-11 km. In other 
cases, however, it is not known with cer-
tainty whether or not the high-frequency 
components do extend to the tropopause. In 
any event, it would seem that those atmos-
pheric disturbances which affect the strato-
sphere may also be present in sufficient 
strength to affect the ionized regions alsO. 

CORRELATION BET WEEN 

A correlation might then be attempted be-
tween meteorological parameters in the 
stratosphere (where the magnitude of the 
high-frequency wave components, found at 
the surface, is reduced) and ionospheric con-
ditions in the various ionized layers. 
An investigation of this type was made 

between ionospheric layer critical frequency 
and (a) temperature and pressure at the 
tropopause and (b) temperature and pres-
sure at an altitude of 13 km. In under-
taking the study, radiosonde and iono-
spheric data for Washington, D. C., were 
examined for the period January 1, 1946, to 
December 31, 1947. The criterion adopted 
for the definition of "tropopause" was that 
advocated by Flohn and Penndorf." Thus a 
tropopause was considered to be that point 
above which the lapse rate first falls below 
2°K/km providing this or a lesser lapse 
rate continues through an altitude range of 
1.5 km or more. Instances where no well 
defined tropopause existed were not included 
in the analysis. Ionospheric data were ob-
tained from the CRPL" series. Only the 
critical frequency of the ordinary ray was 
considered. As radiosonde data are available 
only at 0430 Greenwich Mean Time and 
1630 GMT, only two sets of data per day 
could be employed. 
The investigations reveal no correlation 

between either the temperature or pressure 
at the tropopause and the critical frequency 
of any of the ionospheric regions. Also, no 
correlation was evident between tempera-
tures at 13 km and the critical frequency of 
the ionospheric layers. 
Considering the pressure at 13 km and 

the critical frequency at the E and F2 re-
gions, some slight correlation was found in 
several instances. However, no correspond-
ence was found with sporadic E conditions. 
Results of the examination are given below 
in Table I. 

N. C. GERSON 
Air Force Cambridge Research Laboratories 

Cambridge 39, Mass. 

TABLE I 
PRESSURE AT 13 KM AND CRITICAL FREQUENCY 

Ionospheric Region Correlation 
Coefficient 

E layer, daylight 
F2 layer, daylight 
F2 layer, darkness 

0.53 
-0.37 
0.45 

Probable 
Error of 
Correlation 
Coefficient 

Standard 
Deviation 
of Critical 
Frequency 
(.1fc/s) 

Standard 
Deviation 
of Pressure 
(nib) 

0.05 
0.04 
0.05 

0.27 
2.22 
1.20 

6.4 
6.1 
5.9 
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C COLOR TELEVISION DISCUSSED 

c. AT ELECTRONICS CONFERENCE 

Chairman Wayne Coy of the Federal 
Communications  Commission gave the 
reasons back of the recent decisions regard-
ing color television in speaking at the open-
ing luncheon of the 1950 National Electronic 
Conference held on September 24-27, at the 
Edgewater Beach Hotel, Chicago, Ill. 
Total registration at the conference was 

2,350, well above the figure for the 1949 con-
ference. Some 60 exhibitors occupied all of 
the space used in previous conferences, and 
• overflowed into the main corridor of the 
hotel. 
"Twenty-Five Years of Progress," was 

• the theme. Many exhibits, including old as 
well as new equipment, were shown. The ex-
hibit of the IRE Chicago Section was pre-
sented in connection with its Silver Anni-
versary Celebration. 
All of the eighteen technical sessions 

during the conference were well attended. 
Proceedings of the Conference will be pub-
lished early in 1951. Most of the 60 technical 
papers presented have already gone to the 
editors. The volume may be ordered from 
the National Electronics Conference, Inc., 
852 E. 83 St., Chicago 19, Ill. 
Speakers at the meeting included Titus 

Le Clair, national president of the AIEE, 
who introduced E. A. McFaul, formerly of 
Northwestern University, who spoke on the 
subject, "Is The Engineer Slipping?" 
'f he major social event was the Old 

Timers Dinner in the hotel ballroom at 
which the IRE Chicago Section was host to 
many outstanding figures in the electronics 
industry who had been active and prominent 
in the field for twenty-five years or more. 
\V. L. Everitt, Dean of Engineering, Uni-
versity of Illinois, introduced the honored 
guests. 
The sponsor of the Wednesday luncheon 

was The Institute of Radio Engineers. Ray-
mond F. Guy, IRE president and manager 
of radio and allocation engineering of the 
National Broadcasting Company, intro-
duced John V. L. Hogan, who spoke on the 
subject, "What's Behind IRE?" Mr. Hogan 
prominent inventor in the radio and elec-
tronics field, was one of the organization's 
founders. He recounted its early history and 
outlined plans for the future. 
The 1951 National Electronics Con-

ference is scheduled for October 22, 23, and 
24 and will be held at the Edgewater Beach 
Hotel, Chicago, Ill. 

PETER MOLE IS ELECTED NEW 
PRESIDENT OF SMPTE GROUP 

Peter Mole, president of the Mole-
Richardson Co., Hollywood, Calif., was 
elected president of the Society of Motion 
Picture and Television Engineers at a meet-
ing of the Board of Governors which pre-
ceded the opening of the organization's 68th 
semiannual convention at Lake Placid. 

DISCUSS COLOR TELEVISION 
From left to right; Nathan Cohn, President of NEC and Wayne Coy, FCC Chairman at 

National Electronics Conference. 

Others who will assume office on January 
1 are: Herbert Barnett, General Precision 
Laboratories, Pleasantville, N. Y., as execu-
tive vice-president; and John G. Frayne of 
the Westrex Corp., Hollywood, Calif., as 
editorial vice-president. Re-elected to office 
were William C. Kunzmann as convention 
vice-president and Robert M. Corbin as 
secretary. 
Other officers of The SMPTE include 

Fred T. Bowditch, engineering vice-presi-
dent; Ralph B. Austrian, financial vice-
president; and Frank Cahill, treasurer. 
The new Board of Governors of the 

SMPTE who will take office on January 1, 
include: William B. Lodge, CBS; Oscar F. 
Neu, Neumade Products Co.; Frank E. 
Carlson, GE, Nela Park; Malcolm G. 
Townsley, Bell and Howell; Thomas T. 
Moulton, 20th Century Fox, Hollywood; 
Norwood L. Simmons, Eastman Kodak; and 
Lloyd Thompson, Calvin Co. 

I RE/AIEE/RDB 

Joint Conference on 
Electron Tubes for Computers 

Haddon Hall Hotel 
Atlantic City, New Jersey 
December 11 and 12, 1950 

MONDAY, DECEMBER 11 
9:30 A.M. Computer Experience with 

Electron Tubes. 
1:30 p.m. Electron Tube Problems. 
8:00 P.M. Special Purpose Com-

puter Tubes. 

TUESDAY, DECEMBER 12 
9:00 A.M. Tube Manufacture and 

Crystal Diode Experi-
ence. 

1:00 P.M. Williams-Type Storage. 

MONMOUTH SUBSECTION SPONSORS 
PROGRAM OF COMMUNITY SERVICE 

The Monmouth Subsection of the New 
York Section of The Institute of Radio En-
gineers is sponsoring a number of interesting 
projects as a part of its Community Service 
program for the year 1950-1951. Included 
in its program are the following activities: 
professional assistance in civil defense 
planning and operating; reconditioning of 
donated television and radio receiving sets 
for installation in hospitals and welfare 
agencies for the use of patients and inmates; 
courses for laymen in popular electrical sub-
jects, such as "Electricity in the Home," as 
a part of existing adult education programs; 
participation in the career counseling pro-
gram of high schools and junior colleges, 
featuring vocational guidance in the field of 
radio electronics; liaison with other profes-
sional groups, such as doctors and lawyers, 
in matters of general interest to the com-
munity and of mutual interest to two or 
more professions; and newspaper columns or 
articles on the popular aspects of television 
and related subjects of general interest. 
Included on the local IRE Community 

Service Committee are G. L. Van Deusen 
of RCA Institute; S. D. Robertson and L. E. 
Hunt, Bell Telephone Laboratories; H. S. 
Bennett, Watson Laboratories; John L. 
Slattery and A. Enurian, Evans Signal 
Laboratories; George Trad and J. D. Winer. 

NOTICE 

Effective January 1, 1951, the Stu-
dent dues will be $5.00 per year. Pay-
ments at the old rate of $3.00 will be 
accepted through December 31, 1950. 
All payments received thereafter will 
be at the new rate. 
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25 Years of IRE in Canada 

1925  Canadian IRE Section Formed 

The IRE was introduced to Cana-
dian radio engineers on October 2, 
1925, in Toronto, when a Canadian 
Section was organized by C. L. Rich-
ardson, the first Chairman, who was 
elected along with Dugald Hepburn, 
Vice-Chairman, W. J. Hevey, Secre-
tary, C. C. Meredith, Assistant Sec-
retary, and G. F. Eaton, Treasurer. 
From this beginning with some 53 
members and guests present, IRE 
in Canada has grown constantly 

C. L. Richardson 
Chairman, Canadian Section 

M25-1926 

until there are now 958 Fellows and 
members of all grades. Sections and 
Subsections have been formed in 
six additional cities, and student 
branches at the rniversilies of Al-
berta and Toronto. NI uch credit for 
the advancement of IRE in Canadd 
goes to Ralph A. Ilackbusch, Fel-
low, 1937, who was Chairman of the 
Toronto Section, 1932-1933; Di-
rector, 1938; Vice-President, 1944; 
Director-At-Large, 1945 and 1946. 

950 Present Canadian Council IRE 

R. G. Anthes 
Education 

F. S. Howes (F'50) 
Past Chairman 

G. J. Irwin 
Regional Convention 

A. H. Sievert 
Publicity 

F. H. R. Pounsett (F'47) 
Regional Director 

Chairman Canadian Count il 
1949-1950 

C. A. Norris 
Vice Chairman and Membership 

R. C. Poulter 
Professional Status 

The Canadian Council of the IRE was formed in 
1945 to co-ordinate the activities of the various Cana-
dian Sections in National matters. This plan formed 
the basis of the organization now in effect in the eight 
IRE regions. Despite the obstacles of distance, the 
Canadian Council has performed its function well. 

J. C. R. Punchard 
Secretary 

C. G. Lloyd 
Papers and Silver Anniversary 
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Present Canadian Council 110-1, (coned.) 

J. C. Bernier 
Chairman, 1950-1951 

T. I. Millen  C. G. Lloyd 
Chairman, 1950-1951  Chairman, 1949-1950 

TORONTO SECTION, 1925 

A. B. Oxley 
Chairman, 1949-1950 

MONTREAL SECTION, 1937 

The Montreal section was organized by a group which 
had previously helped to organize the Canadian (now 
Toronto) Section twelve years earlier. A. M. Patience 

was the first Chairman. 

J. T. Henderson 
Chairman, 1950-1951 

A. W. Y. Desbrisay 
Chairman, 1949-1950 

OTTAWA SECTION, 1944 

Engineers and scientists in the Armed Forces Head-
quarters and the National Research Council formed the 
Ottawa IRE section, with F. P. Park as acting Chair-
man, followed by Col. W. A. Steele. 

F. P. Kelioe 
Chairman, 1950-1951 

G. W. Foster 
Chairman, 1949-1950 

LONDON, ONT. SECTION, 1944 

With Professor G. A. Woonton as the Chairman, the 
first London Section meeting achieved distinction by 
viewing its charter on a local television hook-up. From 
this beginning, it too has constantly grown. 

B. R. Tupper  A. H. Gregory, Chairman, 
Chairman, 1950-:951  Organizing Committee 

VANCOUVER SECTION, 1950 

The newest Canadian section has just been formed 
under the organizing hand of A. H. Gregory and the 
Chairmanship of B. R. Tupper. This fills a long ex-
pressed need for IRE on Canada's west coast. 

S. G. L. Horner  R. D. Cahoon 
Chairman, 1950-1951  Chairman, 1949-1950 

WINNIPEG SUBSECTION, 1945 

Formed as a subsection of the Toronto Section under 
W. A. Cole as chairman, this group now plans to apply 
for full Section status. This is an indication of its growth 
and activity in the years since its formation. 

L. R. Harris 
Chairman, 1950-1951 

A. H. Sievert 
Chairman, 1949-1950 

HAMILTON SUBSECTION, 1947 

Also a subsection of the Toronto section, this group 
was formed under the Chairmanship of T. S. Farley. It 
was then and has continued since as one of the most 

active IRE groups in Canada. 
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TECHNICAL COMMITTEE NOTES 

The Standards Committee, under the 
Chairmanship of J. G. Brainerd, held a 
meeting on September 14, 1950, at which 
reports on the activities of the various Sub-
committees of the Standards Committee 
were given by their respective Chairmen. 
The Technical Committee on Nuclear 
Science has been disbanded in view of the 
fact that work previously done by this Com-
mittee is now handled by the IRE Profes-
sional Group on Nuclear Science. . . . The 
Video Techniques Conxmittee held a meet-
ing on October 2, 1950, J. E. Keister, Chair-
man, presiding. . . . R. L. Garman, of Sub-
committee 23.2 Utilization; Including Video 
Recording, has prepared a paper on "Video 
Utilization; An Introduction and Definition 
of the Art" for publication in the PROCEED-
INGS. H. J. Schlafy, another member of this 
Subcommittee, is the author of a paper 
which will also be published in PROCEEDINGS 
OF THE I.R.E., entitled, "Comparative Fac-
tors of Picture Resolution in Television and 
Film Industries." A proposed Standards on 
Television: Methods of Measurement of 
Electronically Regulated Power Supplies, 
prepared by the Video Techniques Commit-
tee has been approved by the Standards Com-
mittee. Chairman Keister reported on the 
Joint IRE Committee for Television. The 
letters IRS stand for IRE, RTMA and 
SMI'TE. The Committee's Chairman is A. 
G. Jensen of the Bell Telephone Labora-
tories. The IRE members of this Committee 
are M. W. Baldwin, Jr., and R. L. Garman. 
... A meeting of the Circuits Committee 
was held on September 15, W. N. Tuttle, 
Chairman, presiding. Comprehensive re-
ports of the activities of the Subcommittees 
of the Circuits Committee were given by the 
respective Chairmen.... 
Please note that the Conference on 

Electron Tubes for Computers previously 
scheduled to be held in Washington, D. C., 
will be held in Haddon Hall on December 
11-12, 1950, Atlantic City, N. J.... A 
meeting of the Antennas and Waveguides 
Committee was held on September 12, 
under the Chairmanship of A. G. Fox.... 
Work is progressing towards the publica-
tion of the revision of the present IRE 
Master Index of Terms. . .. The IRE will 
participate in the Annual Convention of the 
Institute of Aeronautical Sciences which will 
be held in New 1 ork, N. Y., the last week in 
January, 1951.... A joint IRE/IAS Com-
mittee is organizing a full-day program of ap-
proximately eight papers to be devoted to 
"Electronics in Aviation." As soon as details 
for this event are formulated they will be 
announced.... The Navigation Aids Com-
mittee held a meeting on September 22, 
under the Chairmanship of P. C. Sandretto. 
... The Joint Technical Advisory Com-
mittee, under the Chairmanship of J. V. L. 
Hogan, held a meeting on September 14. 
The JTAC has prepared a supplementary 
statement which was submitted to the 
Federal Communications Commission in 
October. ... E.  K.  Gannett, Technical 
Editor of PROCEEDINGS OF THE I.R.E., has 
been appointed to serve as IRE Representa-
tive on the Subcommittee on Abbreviations 
of the ASA Sectional Committee ZIO. 

IRE BOARD OF DIRECTORS 
ANNOUNCES 1951 AWARDS 

The Board of Directors of The Institute 
of Radio Engineers, upon the recommenda-
tion of the Awards Committee, has named 
the recipients of the annual awards for 1951. 
Presentation of the awards will be made by 
the President at the annual banquet, a fea-
ture of the 1951 IRE National Convention 
to be held on March 19-22 at the Waldorf-
Astoria Hotel and Grand Central Palace in 
New York, N. Y. 
The awards will be presented to the 

following: Medal of Honor, V. K. Zworykin; 
Morris Liebmann Memorial Prize, R. B. 
Dome; Browder J. Thompson Prize, A. B. 
11,1acNee; Harry Diamond Memorial Award, 
M. J. E. Golay; Editor's Award, 1V. W. 
Harman. 
Fellows, highest membership grade in 

IRE, will also be announced at that time. 

Calendar of 

COMING EVENTS 

IRE-AIEE Conference on Electron 
Tubes for Computers, Atlantic 
City, N. J., December 11-12 

AAAS Annual Meeting, Cleveland, 
Ohio, December 26-30 

AEEE-IRE-NBS  High  Frequency 
Measurements Conference, Ho-
tel Statler, Washington, D. C., 
January 10-12 

AIEE  Winter  General  Meeting, 
Hotel Statler, New York, N. Y. 
January 22-26 

1951 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central  Palace,  New  York; 
N. Y., March 19-22 

IRE Southwestern Conference, Dal-
las, Texas, April 20-21, 1951 

1951 Annual Meeting of the Engi-
neering  Institute  of  Canada, 
Mount Royal Hotel, Montreal, 
May 9-11 

1951 IRE Technical Conference on 
Airborne  Electronics,  Biltmore 
Hotel, Dayton, Ohio, May 23-25 

1951 IRE West Coast Convention, 
San Francisco, Calif., August 29-
31 

BELL SYSTEM WILL EXPAND ITS 
TELEVISION NETWORK CHANNELS 

The Long Lines Department of the 
American Telephone and Telegraph Com-
pany made a 50 per cent increase on Sep-
tember 30 in the number of cities connected 
in its television networks. 
This expansion, the largest since the 

eastern and midwestern TV networks were 
joined in January, 1949, will add 14 cities to 

the present 28-city networks and, for the 
first time, carry live network television a 
far south as Jacksonville, Fla., and as fa 
west as Omaha, Neb. 
The route extensions will give network 

service to 19 more television stations cover-
ing areas populated by about 12 million 
people. The present Bell System network 
serves 54 stations in areas populated by 
about 60 million people, according to esti-
mates in the industry. Latest estimates indi-
cate that on September 30 better than 80 per 
cent of the nation's seven and one-half mil-
lion television sets will be in range of live 
network broadcasts. 
Five of the new network cities are in the 

southeast: Greensboro and Charlotte, N. C.; 
Jacksonville; Atlanta, Ga.; and Birming-
ham, Ala. Two are in the central area: 
Indianapolis, Ind. and Louisville, Ky.; and 
seven in the west central area, including 
Rock Island, Ill., Davenport and Ames, Ia., 
Omaha, Kansas City, Mo., and Minneapolis 
and St. Paul, Minn. 

IRE VANCOUVER SECTION FORMED; 
TORONTO CELEBRATES 25T11 Y1AR 

At its September meeting the Board of 
Directors approved the establishment of the 
new Vancouver Section, as the fifty-seventh 
IRE Section, to include the Provinces of 
Saskatchewan, Alberta, British Columbia, 
and the Yukon Territory. The addition of 
the Vancouver Section brings to a total of 
five the number of Sections in Canada. 
The territory comprising the Vancouver 

Section was relinquished by the Toronto 
Section, which this month is celebrating the 
Silver Anniversary of its founding as the 
first IRE Section in Canada and one of the 
first seven Sections established by the In-
stitute. 

WESTERN UNION COMPANY 11.15 
DEVELOPED AMPLIFIER CABLE 

The Western Union Telegraph Com-
pany has recently revealed the development 
of the world's first submerged transatlan-
tic cable amplifier. As the result of the in-
vention the annual capacity of Western 
Union's cable system will be increased by 
more than one hundred million words and 
will have far-reaching effects in greatly 
reducing the frequency demands in the 
crowded global radio spectrum. The first 
amplifier will be inserted in a transatlantic 
cable 1,800 feet down, at the bottom of the 
ocean, northeast of Newfoundland in July, 
and at least double the speed of that cable. 
The 3-stage amplifier, developed under 

the direction of H. P. Con% ith (M'26--
SM'43), vice-president of Development and 
Research, will be equipped with three 
complete sets of vacuum tubes. An elec-
trically operated switch, controlled from a 
shore station, will change tubes in the event 
of tube failure. 
While in recent years a few submerged 

telephone repeaters have been laid in short 
cable, this is the first amplifier developed 
for the cables now spanning the Atlantic. 
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TELEVISION NEWS 

Color Television Inc., has petitioned the 
FCC for a "reopening of the record" and for 
a further "hearing" on color TV matters. 
CTI told the FCC it has "invented a wholly 
new method of transmitting and receiving 
signals capable of producing television pic-
tures in full color." "This new method," CT! 
said, "is unique and is believed to be superior 
to any other color television system hereto-
fore suggested to the Commission in connec-
tion with the development and promulgation 
of standards" for commercial color tele-
vision. Labelled "uniplex," the new system 
was said to be fully compatible with present 
black-and-white television. Detail is trans-
mitted in all colors, CTI said, with the 
resolution "corresponding with black and 
white." CTI said the "uniplex" receiver 
circuit requirements are no more critical 
than for black-and-white reception. It will 
accurately reproduce monochrome transmis-
sion, the petition said, and CTI receivers 
using the new system will function with any 
presently disclosed direct-view color tube, 
requiring fewer additional receiving tubes 
over black-and-white sets than any color 
TV system so far proposed, and without loss 
of fidelity. Conversion of standard black-
and-white sets to color, CTI said, is practi-
cal through the use of a small and inexpen-
sive unit plus a direct-view color tube. This 
small unit was not described. CTI stated 
that it would require about three dates to 
present testimony on the new system.... 
Television receiver production reached a 
new peak of 702,287 sets in August, bringing 
the industry total for eight months to 
4,146,602 TV sets in August, according to 
RTMA industry estimates. The industry's 
output through August was 1.1 million 
units higher than for the entire year, 1949. 
. Radio set production was estimated at 

1,203,447 units in August and 8,750,965 
during the eight-month period. The August 
report both for radio and TV covers only 
four weeks, or through August 25. RTNI 
estimates are for both members and non-
members. 

RADIO AND TELEVISION NEWS ABROAD 

The Netherlands plans to inaugurate 
television service for the public early next 
year, according to information received by 
the U. S. Department of Commerce. Present 
plans call for the establishment of six trans-
mitters the first of which is to be located at 
Lopik to serve The Hague, Amsterdam, and 
Rotterdam areas. The Dutch transmission 
will utilize 625 lines.... The market in 
Honduras for radios, tubes, and parts, al-
though small, is increasing, the Department 
of Commerce has reported. In the fiscal 
year ended June 30, 1949, the value of im-

The data on which these NOTES are based were 
selected by permission from Industry Reports. issues 
of September I, September 8. September IS, Septem-
ber 29, published by the Radio-Television Manufac-
turers Association, whose helpful attitude is gladly 
acknowledged. 

ports of radio equipment was $240,907, com-
pared with $182,471 in the corresponding 
period of 1948... Annual production of 
radio sets in Uruguay is estimated at 35,000 
to 40,000 units, according to a report to the 
U. S. Department of Commerce. Many of 
the components used in radio assembly are 
of U. S. origin, although variable condensers, 
as well as speakers and transformers, are 
now produced locally. The trend in the in-
dustry, is, however, toward self-sufficiency 
in all major components except capacitors 
and resistors. The United States' share of 
the market for radios declined from 76 per 
cent in 1948 to 34 per cent in 1949, while 
the share of Great Britain increased from 11 
per cent to 40 per cent. Holland and Den-
mark accounted for 19 per cent of the im-
ports in 1949. The United States' share of 
the radio parts market declined from 85 
per cent in 1948 to 57 per cent in 1949, 
while Great Britain's proportion increased 
from 4 to 33 per cent. These shifts are at-
tributed to the dollar shortage, and do not 
reflect any lack of demand for United States 
products, the Commerce Departm ent said. 

MUNITION BOARD ANNOUNCES 
SECURITY PROCEDURE CHECK 

The Munitions Board has established 
uniform policies, procedures, and standards 
to aid industry in clearing facilities and per-
sonnel to handle classified matter in dealing 
with the Army, Navy, or Air Force on 
military contracts. 
Regulations covering the uniform pro-

cedure have been issued to the armed serv-
ices. A central security file has been estab-
lished to maintain data on all individuals, 
organizations, facilities, factories, etc., that 
have been cleared by the military depart-
ments. 
The new regulations are designed to 

eliminate past duplications necessitated by 
requiring plants to fill out forms for some 
bureaus in the Navy, another for the Air 
Force, and still another for the Army. Now 
one form only will be required for all. 

STATISTICS 

A record production of television re-
ceivers was set in August by the radio-
television manufacturing industry, accord-
ing to estimates projected from RTMA mem-
ber-company production reports. RTMA 
estimates show a total of 702,287 TV re-
ceivers manufactured by the industry during 
a four-week period ending August 25. Radio 
set production was also at high level with 
1,203,447 being produced during the month. 
During the fourth week 187,891 TV sets are 
estimated by RTMA to have been manu-
factured. . . . Rectangular TV picture tubes 
accounted for 47 per cent of the July 
cathode-ray tube sales to set manufacturers, 
according to member company reports to 
RTMA. Due to the vacation shutdown of 
manufacturing plants, July sales of cathode-
ray tubes of 16 inches and larger in size, 
picture tubes 15 inches and less accounted 
for only 15 per cent of the July sales, while 
tubes 19 inches and larger amounted to 
slightly more than II per cent. 

COMMITTEES AGREE ON 50 MICROVOLTS 
AS GOAL IN FM RADIATION REDUCTION 

Members of the R6 Committee on FM 
Receivers and the R15 Committee on Radio 
Interference,  Receiver Section, of the 
RTMA Engineering Department, on Tues-
day, September 12, adopted a resolution 
recommending that by June 30, 1951, all 
FM receivers in production comply with a 
radiation limitation of 50 microvolts per 
meter at 100 feet. 
The committee also adopted a resolution 

recommending that standards also be 
adopted, following appropriate early study, 
for television receivers and radiation limits 
were suggested of 50 microvolts per meter 
at 100 feet on channels 2 through 6, and 150 
microvolts per meter at 100 feet on channels 
7 through 13. 
Curtis Plummer, FCC Chief Engineer, 

while not committing the Commission to the 
acceptance of any value, commended the in-
dustry for the progress that has been made 
by the committees and urged the immediate 
adoption of the recommended standard in 
the production of FM sets. 
Earlier the industry engineers brought 

out the lack of uniform standards for meas-
uring radiation, and it was agreed that FCC 
engineers will co-operate with industry engi-
neers in tests to be made in Philadelphia, 
Chicago, and Washington. An IRE com-
mittee is working on standards for such 
measurements. 

NEW FM SERVICE REQUESTED 
BY MULTIPLEX CORPORATION 

The Multiplex Development Corpora-
tion petitioned the FCC to change its rules 
governing FM broadcasting to permit 
"multicasting" by FM stations. The com-
pany has been conducting developmental 
broadcasts and experiments since June 5 
under a Commission developmental license. 
The plan would permit FM stations to uti-
lize their frequencies for a "supplementary" 
broadcast service. The company claims this 
is possible without interference occurring to 
other FM broadcasts. 
Public service uses of the new method 

were cited, including use of "multicasting" 
by civil defense authorities. The proposed 
method would also provide a service for 
transit radio and storecasting, the petition 
sa id. 

STATES CANNOT CENSOR TELEVISION FILMS 

The Third United States Court of Ap-
peals has held that state boards of censors 
have no right to censor motion-picture films 
to be used on television programs. The unan-
imous ruling stated that Congress, and 
not the individual states, can regulate tele-
vision broadcasts. 

RECORD FACTORY LAY-OFFS IN JULY 

The U. S. Department of Labor has re-
ported that the lay-off rate in July in the 
nations' factories declined to 6 per 1,000 em-
ployees, the lowest level in four years. The 
stepped-up rate of hiring which was reached 
in June was maintained in July, the De-
partment said. Factories hired workers at a 
rate of 46 for every 1,000 employees on the 
payroll. 
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KAHN RE-ELECTED PRESIDENT 
OF RADIO PARTS M EETING 

Jerome J. Kahn, president of Standard 
Transformer Corp., was re-elected president 
of the Radio Parts and Electronic Equip-
ment Shows, Inc., at the annual meeting at 
the  Greenbrier  Hotel,  White  Sulphur 
Springs, W. Va. 
Samuel J. Spector, of Insuline Corp. of 

American, was chosen vice-president; Lew 
Howard, Triad Transformer Mfg. Co., 
secretary; and Charles A. Hansen of Jensen 
Mfg. Co., treasurer. 
The board of directors voted to hold a 

three-day show May 21, 22, and 23 at the 
Hotel Stevens, Chicago, Ill., with booths 
in Exhibition Hall and display rooms on the 
fifth and sixth floors open from 10:30 to 
6 P.M. daily. 

ACCELERATE CRYSTAL PROCESSING 

The Signal Corps has begun an expedited 
crystal processing program because of the 
urgent requirements caused by the current 
international situation it has been an-
nounced. Approximately four million crys-
tals will be processed within the next ninety 
days, with the work load equally distributed 
between the New Cumberland General 
Depot, Pa., and the Decatur Signal Depot, 

UNITED STATES PLANS TO PURCHASE 
RADIOS FOR POSSIBLE USE ABROAD 

The Department of State has revealed 
that discussions have been held with four 
radio manufacturers on the purchase of 
200,000 small radios for possible use behind 
the Russian "iron curtain." The plan is 
aimed at increasing the number of listeners 
to the Voice of America program. 
A supplemental appropriations bill now 

before Congress contains $2,860,000 in 
funds for the purchase of such sets in addi-
tion to $41,288,000 for new VOA transmit-
ting stations. 
Manufacturers interested in the project, 

according to the State Department, are 
RCA International; General Electric In-
ternational; Pilot Radio Corp.; and Emerson 
Radio and Phonograph Corp. The first 
three concerns are understood to have sub-
mitted models, and Emerson was said to 
have made a price quotation. 
The type of set needed to cover the 

standard broadcast band and all the in-
ternational bands up through 22 Mc. Dis-
cussions so far have involved battery-
operated sets. 

TOP GOVERNMENT OFFICIALS 
REASSURE N AB ON ITS PLANS 

Two important Government officials, 
FFC Chairman Wayne Coy and John Steel-
man, assistant to the President, have as-
sured the nation's broadcasters through the 
National Association of Broadcasters that 
there were no plans presently contemplated 
to restrict their activities during the current 
emergency. 
Dr. Steelman emphasized that American 

radio and television broadcasters could ex-
pect no controls beyond those self-imposed 
ones that were employed during the war. 

PROCEEDINGS OF THE I.R.E. 

IRE People 

December ! 

R. G. E. Hutter (SN1'46), head of the 
electronics research section of the Physics 
Laboratory, Sylvania Electric Products Inc., 

Bayside, L. I., N. Y., 
has been appointed 
adjunct professor at 
the Brooklyn Poly-
technic  Institute, 
v. here he will  on-
duct classes in elec-
tron tube theory and 
electron optics. 
A native of Ber-

lin,  Germany, Dr. 
Flutter was a gradu-
ate student in phys-
ics and mathematics 

at the University of Berlin from 1930 to 
1936. From 1936 to 1938 he served as a re-
search physicist in the Telefunken trans-
mitter laboratories, and in 1938 and 1939 
was chief engineer of station KZIB in 
Manila, P. I. During 1940 and 1941 he was a 
graduate student in communication engi-
neering and physics at Stanford University 
serving, until he received the Ph.D. degree 
in 1944, as a research associate in the Uni-
versity's Division of Electron Optics. 
Since then Dr. flutter has been associ-

ated with the Physics Laboratories of Syl-
vania Electric. He is also a member of the 
American Physical Society and Sigma Xi. 
His course in electron tube theory will 

include an analysis of the basic operating 
conditions for microwaves. 

R. G. E. HurrER 

Merle A. Tuve (F'45), of the Carnegie 
Institution, Washington, D. C., has been 
awarded a Howard N. Potts Medal by the 
Franklin Institute for the proximity fuze 
which helped attain many decisive victories 
in World War II. 
The citation accompanying the award 

reads: "In recognition of the scientific in-
sight exhibited in the conception of the TV 
Proximity Fuse and of the administrative 
ability and practical good judgment shown 
in the supervision of its development and en-
gineering design." 
Dr. Tuve was born in Canton S. D. He 

was graduated from the University of 
Minnesota as an electrical engineer in 1922 
and received the M.A. degree the following 
year. In 1926 Johns Hopkins awarded him 
the Ph.D., and honorary D.Sc. degrees were 
given him by Case, Kenyon, and Williams 
Colleges in 1948 and 1949. Before joining 
the staff at Carnegie Institution in 1926, he 
was physics instructor both at Princeton 
University and at Johns Hopkins. 
Among the honors held by Dr Tuve are: 

Commander, Order of the British Empire; 
the AAAS prize in 1931; Presidential Medal 
for Merit, 1946; The Research Corporation 
award, 1947; the John Scott award, Phila-
delphia; and the Comstock Prize of the 
National Academy. He is a Fellow of the 
American Physical Society, and a member 
of the American Philosophical Society, Na-

tional Academy of Sciences, American 
Academy of Arts and Sciences, American 
Geophysical Union, Phi Beta Kappa, Tau 
Beta Pi, and Sigma Xi. 
Dr. Tuve is editor of the Journal of Geo-

physical Research and contributes papers to 
the Physical Review and other scientific 
journals regarding nuclear physics, geo-
physics, and biophysics. At present he is 
doing research relative to the crust of the 
earth and its early geological history. 

John E. Allen (A'23-SM'45), 
chief of tests for the Pennsylvania 
Water and Power Company and the 
Safe Harbor Water Corporation, and 
known nationally for his contribu-
tion to the progress of electrical 
engineering, died in August at Lan-
caster, Pa. Mr. Allen, who was 57 
years old, had been ill for about 
three months. 
He was best known for his work 

in developing the high-frequency 
fault locator. He was a joint recipi-
ent in 1935 of a first prize award by 
the Edison Electric Institute for this 
work. Another of his inventions was 
a high-speed frequency indicating 
meter which permitted instantane-
ous perception of alternating-cur-
rent frequency. 
Among his other research a( 

complishments were contributions 
to the reduction of the effects of 
lightning on transmission lines; the 
improvement of governors for hydro 
turbines; the measurement of radio 
field strength preliminary to the de-
sign of a space radio system; and th, 
design and construction of equip-
ment for carrier current and land 
wire telephone systems. 
He was also a member of thi 

AIEE in which organization he wa, 
a Fellow, and was a member of the 
National Association of Corrosion 
Engineers, the Instrument Society 
of America, and the American As-
sociation for the Advancement of 
Science. 

John T. Wilner (A'37-M'46-SN1'48), 
engineering director of radio stations WBAL 
and WBAL-TV, has been elected vice-
president in charge of engineering of Hearst 
Radio, Inc. He formerly was engineer-in-
charge of CBS television development. 
Mr. Wilner is one of the country's fore-

most authorities on television transmission 
techniques. He is the inventor and designer 
of numerous video circuit refinements, in-
cluding an electronic horizontal wipe. 
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0. W. PIKE 

IRE People 

0. W. Pike (A'26-M 29 -S I '43-
F'51), manager of engineering in the 
tube divisions of General Electric 

Co.'s elec-
tronics de-
partment, 
died on Oc-
tober 7 at El-
lis Hospital 
in Schenec-
tady, N. Y. 
He was 51 
years old. 
Mr. Pike be-
came associ-
ated  with 
General Elec-

tric Company in 1920. 
Mr. l'ike, who was graduated 

from the University of New Hamp-
shire with the B.S. degree in electri-
cal engineering, joined the company 
as a student engineer. In 1922 he 
was transferred to the research 
laboratory to do developing work on 
small transmitting tubes. He was 
placed in charge of development of 
low power tubes in 1924, and later 
on assumed responsibility for the 
development of gas and mercury 
vapor tubes. 
Mr. Pike was appointed design-

ing engineer when the vacuum-tube 
department was formed in 1930. He 
was then placed in charge of the de-
sign and development of both in-
dustrial and radio tubes, and when 
the tube division was created in 
1943 he was then named division 
engineer. 
He was chairman of the Joint 

Electronic Tube Engineering Coun-
cil when it was formed and con-
tinued as a member until his death. 
He was named to receive the 

1950 Radio Fall Meeting Plaque to 
have been given during the meeting 
on October 30-November 1, for his 
work in organizing JETEC. 

48. 

I. J. Melman (A'43) has been appointed 
head of the advanced development division 
of Air King Products Co., Inc., manufactur-
ers of radios, wire recorders, and television 
receivers. He will be in charge of advanced 
development as well as television research 
for Air King. 
Mr. Melman formerly was associated 

with Micamold Radio Corporation, and was 
senior instructor at the Air Forces Commu-
nications School at Scott Field and Yale Uni-
versity. From January, 1945, until his pres-
ent appointment he was a member of the 
technical staff of the RCA Industry Service 
Laboratories. 

Dundas P. Tucker, Captain, U. S. Navy 
(A'36-SM'46) has been appointed Director 
of the Navy Electronics Laboratory, located 
on Point Loma near San Diego, Calif. This 
Laboratory is responsible for a large portion 
of the research and development work of the 
Navy Bureau of Ships in radio, radar, 
acoustics, and allied fields. His previous as-
signment was Director of the Electronic 
Design and Development Division, Navy 
Bureau of Ships. 
Captain Tucker's electronics activities 

cover a span of more than thirty years. He 
received the B.S. degree from the U. S. 
Naval Academy in 1925, and the M.A. de-
gree from Harvard University in 1934. 
During World War II Captain Tucker 

was responsible for the radar and guided 
missiles program of the Navy Bureau of 
Ordnance. He was the originator of the 
Navy's "Bat," the first automatic guided 
missile to see regular service use. He was 
awarded the Legion of Merit for these war 
services. 

Hector R. Skifter (A'3I-M'36-SM'43), 
president of Airborne Instruments Labora-
tories, Inc., Mineola, L. I., N. Y., has been 
appointed chairman of the Committee on 
Navigation of the Department of Defense 
Research and Development. Norman L. 
Winter (A'47-M'47), assistant to the vice-
president and general sales manager, Sperry 
Gyroscope Co., Great Neck, L. I., N. Y., has 
been appointed a member of the committee. 
Dr. Skifter, who has been a member and 

vice-chairman of the committee since its 
formation in June, 1948, has been serving as 
acting chairman for the past six months. 
During World War I he was associate di-
rector, Airborne Instruments Laboratory of 
Columbia University, Division of Research. 
Dr. Winter has been associated with the 

Research and Development Board since its 
formation, serving as executive director of 
its Committee on Electronics from its forma-
tion in August, 1946, until May, 1949, and 
as a consultant since then, He served as a 
colonel in the Air Force during World War II 
and his last position was as Chief, Plans Sec-
tion, Electronic Subdivision, Engineering 
Division, Air Materiel Command. He has 
been with Sperry Gyroscope since he left the 
Committee on Electronics. 
Donald G. Fink (A'35-SM'45-F'47) is 

another member of the committee, while 
W. J. Merchant (SM'47) is executive direc-
tor of the Committee Secretariat which car-
ries on the work of the part-time committee. 

Vladimir K. Zworykin (M'30-F'48) has 
been awarded the 1950 Progress Medal of 
the Society of Motion Picture and Tele-
vision Engineers, the highest honor granted 
by the Society for significant scientific con-
tributions in a new field. His basic research 
and developments have helped make tele-
vision a present-day reality. 
Dr. Zworykin received the award at the 

JOHN H. HOWARD 

68th semiannual convention of the SMPTE 
at Lake Placid, N. Y. He is vice-president 
and technical consultant of the RCA Lab-
oratories Division, Radio Corporation of 
America. 

John H. Howard (SM'50) has been 
named a member of the staff of the Research 
Division of the Burroughs Adding Machine 

Company in Phila-
delphia, Pa.  Until 
recently he had been 
a consultant in the 
field  of  electronic 
control systems. 
Mr. Howard, who 

holds the B.S. degree 
in electrical engineer-
ing  from  Kansas 
State  College,  re-
ceived an appoint-
ment in 1935 as a re-
search associate at 

the Massachusetts Institute of Technology, 
where he received the M.S. degree in electri-
cal engineering in 1939. 
After completing three years of service 

with the U. S. Navy in 1946, he was Director 
of Development at Engineering Research 
Associates and was later associated with the 
Sperry Gyroscope Company. 
He is also a member of the AIEE, Sigma 

Xi, and Phi Kappa Phi. 

Charles E. Apgar, a pioneer radio 
operator, died recently at his home 
at Westfield, N. J., at the age of 85 
years. During the first World War 
Mr. Agpar aided the United States 
government in detecting subversive 
messages from a German radio sta-
tion located at Sayville, L. I., N. Y. 
He recorded code messages from 
the station which was said to be 
broadcasting information to German 
submarines on the movements of 
neutral ships, and caused the govern-
ment to seize the station. 
Mr. Apgar, who was born in 

Gladstone, N.J., attended Wesleyan 
University. He was associated with 
the New York Life Insurance Com-
pany, and was a salesman before he 
became an executive for the New 
York brokerage firm of Spencer 
Trask and Company. His hobby was 
astronomy and he wrote for the pub-
lication of the Royal Canadian 
Astronomical Society, and other 
periodicals. 
Mr. Apgar joined The Institute 

of Radio Engineers as an associate 
in 1913, but later resigned his mem-
bership. 



PRO( Th.D1 NG-S. OF FliE I .R.E. December l 

IRE People 

Norman E. Wunderlich (M'49) has been 
elected vice-president and general manager 
of the Link Radio Corporation, N. Y., and 
will be in charge of all company activities. 
Frederick T. Budelman (A'41) has been 
named vice-president in charge of engineer-
ing and research, and as assistant to Mr. 
Wunderlich. 
Since last July Mr. Wunderlich has been 

associated with Link Radio Corp., in the es-
tablishment of a Chicago office and service 
center, and in organizing a sales-engineering 
force throughout the Middle West. 
He has been active in the radio and 

electronic industry for over 30 years. Previ-
ously, he had been connected with the 
administrative, executive, and engineering 
management of Motorola, IT&T Corp., and 
Federal Telephone Radio Corp., and was a 
co-owner of the Rauland Corp., director of 
engineering and research for the Victor Talk-
ing Machine Co. and RCA Victor Co., vice-
president of Lear, Inc., and founder and 
owner of Wunderlich Radio Corp. 

Sam Norris (A'47) has been elected 
president of the Amperex Electronic Corp., 
Brooklyn, N. Y. Previously, he had been ex-
ecutive vice-president. 
He has been closely associated with the 

growth of Amperes, which for over twenty 
years has been a leading manufacturer of 
power and transmitting tubes and is a 
pioneer in the ultra-high-frequency field. Its 
newest developments include a new-type 
rotating anode X-ray tube, geiger counters, 
magnetrons, and power tubes. 
Mr. Norris was graduated from Cornell 

University with the B.A. degree in 1927. 

John H. Ganzenhuber (A'42), formerly 
manager of broadcast sales for Western 
Electric Co., has been appointed vice-presi-

dent in charge of 
the sales and prod-
uct development of 
Standard Electronics 
Corp., wholly owned 
subsidiary of Claude 
Neon, Inc. He will 
supervise Standard's 
national sales pro-
gram and be respon-
sible for equipment 
development.  His 
work will have par-
ticular emphasis on 

the television broadcast field. 
In addition to handling Western Elec-

tric's broadcast sales operations, Mr. Gan-
zenhuber took an active part in Western 
Electric's radar program for the Armed 
Forces during the war. Prior to this he was 
field sales engineer and district manager of 
broadcasting sales for Graybar Electric Co. 
for nine years. This latter organization will 

J. II. GANZENIMBER 

distribute Standard Electronics' entire line 
of television, AM, and FM broadcast equip-
ment. 
Mr. Ganzenhuber, who was born on 

September 19, 1909, was graduated from the 
University of Southern California in 1933 
with the B.S. E. E. ikgree. 

Adriano A. Pascucci (S:\l'48), director of 
the research laboratories, Radio Hispano-
Suiza, Barcelona, Spain, has been awarded, 
together with H. %V. Stawski, the first 
"Bosone's Prize" at the annual general 
Board of Directors' meeting of the Associa-
zione Elettrotecnia I taliana in :Milano, Italy, 
in April. The award will be given annually 
by the Associazione Elettrotecnia Italiana 
for outstanding achievements in the field of 
experimental research on dielectrics. 
Dr. Pascucci's and Dr. Stawski's con-

tributions to the knowledge of dielectric 
properties of ceramic materials include de-
velopment  and  experimental  tests  on 
ceramic titanates, and a system of frequency 
modulator realized with a titanate nonlinear 
capacitor, presented in October, 1947, at the 
international congress for the celebration of 
the 50th anniversary of Marconi's discovery 
of radio, which was held in Rome, Italy, from 
September 28 to October 5. 
In 1948 Dr. Pascucci joined the Radio 

Hispano-Suiza as research director, where he 
is now engaged in Industrial Television re-
search. He is also a member of the Acoustical 
Society of America, the American Institute 
of Physics, and the Associazione Elettro-
tecnica Italiana. 

William R. Spinal (A'40), former gen-
eral manager and vice-president of Ferranti 
Electric Inc., New York, N. Y., recently 
opened a new plant, known as the Highland 
Engineering Co., 32 Holman Blvd., Hicks-
ville, N. Y., for the manufacture of trans-
formers, inductors, rectifiers, power supplies, 
and the like for industrial and electionic 
fields. 
Mr. Spittal is a graduate of the Univer-

sity of Toronto, receiving the B.A.Sc. de-
gree in 1927 and the electrical engineering 
degree in 1933. 

-1• 

William S. Dawson (A'49), formerly 
with  Headquarters,  Airways  and  Air 
Communications Service, Washington, D. 
C., has arrived in Tokyo for assignment 
to Headquarters, 1808th AACS Wing. He 
has been assigned duties as Weather Com-
munications Advisor in his new organiza-
tion. 
He will make frequent field trips all 

over the Far East area, "trouble shooting" 
weather communications facilities. In Wash-
ington Major Dawson was Facsimile Proj-
ect Officer for the AACS. 

G. F. Callahan (A'39) has been appointed 
to a supervisory position in General Elia:-
trit's cathode-ray tube division. A nit ive of 

Elk Point, S. 1)., he 
was graduated from 
the  University  of 
Nebraska  in  1924 
with the B.S. degree 
in electrical engineer-
ing. 
In 1931 he joined 

the Ken-Rad Tulle 
and I.amp Corpora-
tion at Owensboro, 
Ky., where he worked 
on the design of re-
ceiving  tubes  and 

served for four years as the 1Vorks Manager 
of the Bowling Green plant. Prior to that he 
had been engaged in the design, develop-
ment, and manufacture of lamps and elec-
tronic tubes for several manufacturing con-
cerns. 
When GE acquired the Ken-Rad tube 

business, Callahan became active in the de-
velopment of new miniature and cathode-
ray receiving tubes. In 1948 he was ap-
pointed division engineer of the cathode-ray 
tube division with headquarters in Schenec-
tady. When the cathode-ray tube plant was 
built in Syracuse, he moved to Electronics 
Park in the same capacity as division engi-
neer. 

G. F. CALLAIIAN 

Milton A. Chaffee (M'49), field super-
visor for Airborne Instruments Laboratory, 
Mineola, L. I., N. Y., who as an electronic 
expert was assigned by the U. S. Air Force to 
the Berlin Airlift to help establish its famous 
record in 1949, has been sent to the Far East 
to aid the USAF. 
Mr. Chalice has been with the Airborne 

Instruments Laboratory since 1945. For-
merly he was associated with the Radiation 
Laboratory at MIT for three years. lie is 
a graduate of the.,University of California, 
u here he also did graduate work. 

New appointments at Bendix Radio 
Division, Bendix Aviation Corporation of 
Baltimore, Md., include that of R. B. Moon 
(A'42) who has been named assistant general 
sales manager. J. W. Hammond (A'39-
SM'45) has been transferred to the Friez 
Instrument Division of Bendix Aviation 
Corp. as director of sales, and R. L. Daniel 
(M'46) will continue as manager of aviation 
radio sales, the company has announced. 

S. M. Decker (A'45) has been appointed 
assistant chief engineer of the Television 
Department of Air King Products Co., Inc., 
Brooklyn, N. Y., manufacturers of radios, 
wire recorders, and television receivers. Mr. 
Decker has been a prominent member of the 
radio field since 1939, and formerly was as-
sistant chief engineer at Garod Radio Corp 
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Books 

Ionization Chambers and Counters by D. H. 
Wilkinson 
Published (1950) by Cambridge University Press. 

51 Madison Ave.. New York 10. N. Y. 255 pages 4-6-
Page index -Fix pages. 79 figures. 5$ X8$. $4.50. 

The advanced reader in the growing 
literature of nuclear science has available 
relatively few specialized books on the in-
struments of the field. Since the war many 
engineers have interested themselves in 
Geiger counters and ion chambers; thus this 
new book on the subject of these instruments 
will probably be eagerly sought, the more so 
because there are so few books of its type 
and because nuclear instrumentation is 
undergoing rapid development so that books 
in the field age quickly. 
Engineers will not find Wilkinson's book 

aimed in their direction. Basically, the ap-
proach is one of developing the principles of 
Geiger counters and ion chambers. Much at-
tention is given discussions which have a 
highly analytic texture so that the engineer 
will find he has to brush up on his physics to 
follow the arguments. The mathematics are 
quite straightforward and should present no 
difficulty. In spite of the theoretical nature 
of many pages in the book and the involved 
intricacies of the Geiger counter mecha-
nisms, the reader will find that considerable 
technology has been woven into the treat-
ment. This is most welcome especially as 
the author tends to strip away from Geiger 
counters the mystic ritual which so long at-
tended their construction. 
Professor Wilkinson has focused his 

treatment upon the principles of instru-
mentation, particularly upon the Geiger 
counter and ion chamber, to the exclusion of 
any description of the crystal counter and 
some of the more recent nuclear detection 
devices. None the less, the book is very 
complete and well organized with respect to 
the more conventional counting devices. 

R. E. LAPP 
Nuclear Science Service 

Washington. D. C. 

New Publications 
"Bibliography of Electron Microscopy," 

by C. Marton, S. Sass, M. Swerdlow, A. Van 
Bronkhorst, and H. Meryman, (87 pages, 25 
cents a copy) is available from the Superin-
tendent of Documents, U. S. Government 
Printing Office, Washington, 25, D. C. Re-
mittances from foreign countries should be 
in United States exchange and should in-
clude an additional sum of one-third of the 
publication price to cover mailing costs. 
The titles of the publications have been 

grouped in the following broad categories: 
Books, survey articles, instrumentation. 
electron optics, related instruments, and ap-
plications. Within each group the arrange-
ment is chronological, and within each year 
it is alphabetical by author. 
Each reference is consecutively num-

bered, and a special author index refers to 
these numbers. Only those papers having a 
direct bearing on electron microscopy and 
published before January I, 1950, have been 
included. Semiscientific, popular accounts, 
and patent literature have been omitted. 

Heaviside's Electric Circuit Theory by H. J. 
Josephs 
Published (1950) by John Wiley and Sons. Inc.. 

440 Fourth Ave.. New York 16, N lf 113 pages +2-
page index +viii pages. 15 figures. 4 X6$. $1.25. 

This book, one of the series of Methuen 
Monographs on Physical Subjects, although 
small physically (it will literally fit easily in 
the coat pocket) contains a worthwhile 
amount of material having to do with the 
methods introduced by Heaviside for solving 
the differential equations of electric circuits. 
It is by now becoming possible to take a 
reasonably dispassionate view of the field of 
the operational calculus without hindrance 
from the violent controversies that raged 
over it in its early days. 
Such a view leads one to the conclusions 

that Heaviside was unquestionably a genius, 
that he and pure mathematicians simply did 
not approach compatibility, and that his un-
orthodox and sometimes intuitive methods 
led to striking results and probably goaded 
the pure mathematicians on in directions 
they might not otherwise have travelled, 
with the result that today Heaviside's pro-
cedures may be justified by processes of ade-
quate mathematical rigor. 
It then becomes a matter of preference as 

to whether the present-day workers stay 
with Heaviside's formalism, taking on all 
the risks of trying to follow a genius in his 
thought processes, or uses the more hum-
drum procedure on the Laplace transform 
and associated complex variable theory. The 
reviewer must confess a preference for the 
latter approach, and with it the possibility 
of bias. 
The book is based on a series of out-of-

hours lectures delivered to engineers of the 
Post Office Research Station. It begins with 
a review of the classical solution of the differ-
ential equations in terms of given boundary 
values. From there Heaviside's expansion 
method is introduced and applied to various 
cases. A theorem only recently discovered 
among Heaviside's papers is then demon-
strated and used to obtain many further 
results. Apparently Heaviside himself did 
not use the theorem in this way. 
The theorem itself is by now a well-known 

one, having been rediscovered at various 
times. What was not so well known was the 
fact that Heaviside had been thinking along 
such lines. The book closes with a chapter 
outlining the connections between the Heav-
iside operational approach and the modern 
mathematical procedures. 
One minor objection that may be raised 

concerns the practice of writing the opera-
tional equation as an equation with an ordi-
nary equality sign. Either a special symbol 
or a functional notation would seem to offer 
less possibility of confusion and would have 
ample precedent. Such criticism should not 
however be allowed to hide the fact that the 
book fulfills its avowed aim in a most com-
mendable manner. 

4• 

S. N. VAN VOORHIS 
University of Rochester 

Koch  . N. V. 

Atomic Physics by Wolfgang Finkelnburg 
Published (1950) by McGraw-Hill Book Co. 

330 %V. 42 St. New York 18. N. Y. 475 pages +17-
page index -1-x pages. 226 figures. 91 X6$. $6.50. 

This book attempts to present a con-
nected account of the present state of our 
knowledge of the structure of matter from 
elementary particles up to the latest con-
cepts of the solid state, at a level suitable for 
seniors and graduate students in science or 
engineering. The author has stressed the 
meaning of experiments and theories, and 
the interrelations between such seemingly 
divergent fields as atomic, molecular, nu-
clear and solid-state physics, without plung-
ing the reader into a morass of mathematical 
or experimental details. 
Following two chapters in which the 

groundwork for the discussion is developed 
with the introduction of the fundamental 
notions of atomic theory and of the elemen-
tary particles, Professor Finkelnburg gives 
an unusually readable account of the de-
velopment of spectroscopy and the Bohr 
theory. In Chapter 4 he introduces quantum 
mechanics, pointing out just where the Bohr 
theory proved inadequate, and where the 
quantum theory scored its greatest succes-
ses. The final section of this chapter deals 
with the achievements, limitations and 
philosophical significance of quantum me-
chanics. The fifth chapter (98 pages) is de-
voted to nuclear physics, and the final two 
chapters are concerned with molecular 
physics and atomic physics of the liquid and 
solid state. 
Each chapter is provided with an ex-

tensive bibliography, but specific references 
to original papers and mathematical deriva-
tions are generally lacking. While these 
omissions would seriously impair the value 
of the book as a text or reference work, they 
do make it more readable. In the opinion of 
this reviewer the book should be an excellent 
one for an engineer or scientist who wishes 
to bring himself up to date on the whole sub-
ject of modern physical thinking. In this 
respect I believe it fills a long-felt want. 
The book appears to be unusually free 

of errors or misprints and only occasionally 
was I conscious of the fact that it is a transla-
tion from the German. The author has taken 
great pains to bring his material up to the 
minute and should be congratulated on a 
splendid job. 

J. B. HORNER KUPER 
Brookhaven National Laboratory 

Upton, L. 1.. N. V. 

Primary Batteries by George Wood Vinal 
Published (1950) by John Wiley and Sons. Inc.. 

440 Fourth Ave., New stork 16, N. V. 329 pages 
+6-page index +xl pages. 101 figures. 51 >01. $5.00. 

This is a new book, on a subject which 
has for long been in need of comprehensive 
treatment such as is incorporated in the 
twelve extended chapters of this work. In 
our recollection it is the only thorough treat-
ment of primary batteries in many years 
covering history, theory, materials, chemical 
reactions, manufacture and operating char-
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acteristics of standard cells, copper and cop-
per oxide cells, silver oxide and chloride 
batteries, lead cells having soluble reaction 
products, mercury oxide and vanadium dry 
cells, and fuzed-electrolyte cells. 
There are authoritative chapters on the 

operating characteristics of dry cells, and the 
effect of low temperature on dry cells and 
low-temperature types. Some primary bat-
teries have been developed that are capable 
of discharge at high rates comparable with or 
surpassing those of storage batteries. In-
creased capacity in relation to weight and 
size has become possible with the develop-
ment of new types. The temperature range 
through which they can operate has been 
extended in an effort to meet atmospheric 
conditions of the tropics and the artic. 
A main value of the text is in the descrip-

tion of new and unfamiliar types of primary 
batteries, and in modern explanation of the 
actions of older types made possible by the 
availability of the electron microscope, 
X-ray spectrograph, and the mass spectro-
graph for the purposes of research. 
A battery is described for radio sonde 

uses which has two sections for A and B 
circuits of a small radio transmitter which is 
elevated into the upper atmosphere to report 
meteorological conditions, the A section of 
two cells having a voltage of 3.6, the B sec-
tion of forty-nine cylindrical cells in honey-
comb formation having a voltage of ninety. 
Recent primary battery developments in-
clude the powerful silver oxide and chloride 
cells capable of discharge at high rates and 
having a flat voltage characteristic. 
There is a nostalgic note in the reference 

to copper sulphate, or bluestone batteries. 
It appears they began to disappear from 
telegraph and telephone offices and railroad 
signal service about thirty years ago when 
the cost of copper sulphate sky-rocketed. 
There are graying telegraph and telephone 
engineers who in pensive moments live over 
again the over-time (gratis) night hours they 
put in scraping crow-foot zinc electrodes and 
punching encumbrances away from over-
burdened copper elements. 

DONALD MCNICOL 
Consulting Communication Engineer 

25 Beaver St. 
New York, N. Y. 

The Principles of Television Reception by 
A. W. Keen 

Published (1949) by Sir Isaac Pitman and Sons. 
Ltd.. London. 304 pages +5-page index +10-page ap-
pendix +xv pages. 235 figures. 51 X9. 30/, 

This book was originally written for 
the engineers of a receiver manufacturer's 
servicing organization. It was designed to 
teach them the basic principles of television 
reception, including developments in color 
television, in a qualitative and theoretical 
fashion, i.e., without becoming involved in 
numerical and design details. It can also 
be recommended as a text for the general 
technical reader. Particular care has been 
taken to avoid mathematical complication, 
and the fundamental derivations have been 
placed in the appendix. 
The electrical circuit material is well pre-

sented, and a background chapter on basic 
signal and circuit theory prepares one for 
the later discussions. There is also a back-

ground chapter on receiver testing, which is 
hardly enough instruction for a service man, 
but gives a good outline of the general prin-
ciples in this aspect of the art. Another 
background chapter outlines the complete 
television process from the original scene on, 
and presents major British and American 
broadcast standards. The treatment be-
comes more sketchy when it comes to dis-
cussion of the visual performance of the 
receiver. 
The book covers much of American as 

well as British practice in receiver design. 
The major difference between the two prob-
lems, namely, the number of simultaneous 
channels in use, and the consequent im-
portance of image frequency response and 
local oscillator radiation in the American 
receiver, are covered rather briefly for the 
American reader. 
In contrast with the general trend of the 

book to start from basic principles, the 
chapter on antenna theory and the discus-
sion of colorimetry assume a higher degree 
of sophistication on the part of the reader. 
It is of course a severe task to compress a 
basic treatment of colorimetry into five 
pages, but the naive reader, if he also sees 
other material on this subject, will be 
puzzled by the scaling of the three chro-
maticity diagram coordinates into equal 
units of brightness. 
It is indicative of the rapid recent de-

velopment in color television (characterized 
with apparent British understatement as 
"on a limited scale") that though the book 
was concluded in 1947, the descriptions of 
the color systems are now fairly well out-of-
date. 

PIERRE MERTZ 
Bell Telephone Laboratories 

463 West St. 
New York 14, N. Y. 

Patent Practice and Management for In-
ventors and Executives by Robert Calvert 
Published (1950) by Scarsdale Press, Box 536. 

Scarsdale, N. V. 331 pages +15-page index +xi pages 
+14-page appendix. 6 X91. $s.00. 

Written by Robert Calvert, Ph.D., vari-
ously chemist, college professor, industrial 
research director, and patent attorney, the 
book has been prepared for inventors and 
executives, as its title implies. It is useful 
also for engineers engaged in industry. It in-
cludes information on applications, patents, 
their processing, and their handling to a de-
gree desirable for executives, supervising 
engineers, and independent inventors, and 
to a lesser degree to others employed in in-
dustry. The various subjects are covered in 
as great detail as the intended readers are 
likely to be able to absorb, but not in the full 
and thorough fashion of books written for a 
patent attorney. 
For the executive, there are chapters on 

license of patents, misuse of patents, utiliza-
tion of patents without license, sale, or suit, 
measure of liability for infringement, tax 
law involved in patents, and foreign patents, 
their advantages and disadvantages. 
For the engineering supervisor there are 

chapters covering the phases of patent pro-
curement necessary to understand how engi-
neers can best co-operate in the patent as-
pects of their work to secure protection of 

their technical advances. 
For the average engineer, besides the 

patent information, items of special interest 
occur in chapters on who is the inventor, 
special incentives for inventors and execu-
tives, and patent rights of employers and 
employees. 
For the independent inventor, who is his 

own business executive as well as design and 
research engineer, most of the book is perti-
nent to his interests. 
The book will not suffice to dispense %% ith 

a patent attorney. It will, however, answer 
many questions that come to mind when the 
patent attorney is not available, and supply 
valuable information that a patent attorney 
will not think of imparting unless asked. 
The book is well written and easily read-

able. It contains a glossary of patent terms, 
an appendix of license and other forms, as 
well as an index of cases and authorities in-
cluding authors, and a subject index that ap-
pears ample. 

R. A. HEISING 
Bell Telephone Laboratories 

Murray Hill. N. J. 

The Radio Manual by George E. Sterling 
and Robert B. Monroe 

Published (1950) by D. Van Nostrand Co., Inc.. 
250 Fourth Ave., New York 3, N. Y. 879 pages -4-v 
pages +11-page index. 821 figures. 8 X10. $12.00. 

This revised edition although still prima-
rily an operating manual has a wealth of 
background theory and fundamental data. 
The book is specifically directed at the com-
mercial radio operator. It contains complete 
and specific operating and maintenance in-
structions on present day Marine, Emer-
gency, AM & FM Broadcast and Television 
transmitters. Marine receivers and Lifeboat 
Equipment are thoroughly covered. The 
new chapter on Emergency Service Radio 
Equipment (Police, Fire, etc.) covers the 
complete systems including antennaes and 
operating procedures. The chapter on Ma-
rine Navigational Aids has been revised to 
include Radar and Loran, as well as ordinary 
direction find equipment. Chapters are also 
provided on Radio Frequency Measure-
ments and Broadcast Studio and Control 
Room Equipment...,Backing up the foregoing 
chapters on actual equipment are well writ-
ten chapters on elementary electrical and 
radio theory. These cover electricity and 
magnetism, motors and generators, batter-
ies, electron tubes, amplifiers and oscillators, 
amplitude and frequency modulation, radio 
wave propagation and antennas. The three 
final chapters cover the state, federal and 
international conventions and laws of radio. 
Particular attention is merited by the excel-
lent chapter on television prepared by Dr. 
T. T. Goldsmith. In 72 pages he covers the 
general theory and complete details of the 
overall system including test equipment and 
operating procedure. The arrangement of 
the chapters in conjunction with a complete 
index facilitates the location of material. The 
book is clearly printed and the illustrations 
are excellent. It forms a valuable reference 
volume for any engineering library and is 
particularly recommended for students and 
commercial operators. 

.1011N D. REID 
American Radio and Television Inc. 

North Little Rock, Ark. 
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High Speed Computing Devices by Staff of 
Engineering Research Associates, Inc. 

Published (1950) by McGraw Hill Book Co., 330 
W. 42 St.. New York 18. N. Y. 440 pages +11-page 
index +xiii pages +60 figures. 91 X61. $6.50. 

This volume, which represents the com-
bined efforts of a number of members of the 
staff of Engineering Research Associates, 
Inc., is a very welcome one, for it is the most 
up-to-date book on the subject of machine 
computation and contains a wealth of in-
formation not readily available elsewhere. 
According to the foreword, the book is based 
on a report submitted to the Office of Naval 
Research in fulfillment of a contract which 
called for "an investigation and report on 
the status of development of computing 
machine components." Reflecting this fact, 
the book presents essentially the results of a 
broad survey of the field of machine compu-
tation, with emphasis on high-speed com-
puting devices. 
The book is divided into three parts of 

about equal length. Part 1 begins with a 
general discussion of various types of com-
puting machines. Following this are given 
descriptions of some of the basic computing 
elements such as flip-flop counters, switching 
and gating circuits, converters, buffers, and 
adders. The material covered in the next 
three chapters is of an altogether different 
n iture. Chapter 5 is given over to a discus-
sion of programming of computational proc-
eises and the organization of standards com-
mands for the general-purpose machine. 
Chapter 6 presents a discussion of several 
counting systems: binary, decimal, bi-
quinary, etc., and outlines the basic arith-
n ietic operations in these systems. Chapter 7 
is concerned with the basic techniques of 
numerical analysis. One finds here a very 
good treatment of various interpolation 
formulas, methods of numerical integration 
and the principal methods of solution of 
ordinary differential equations. 
Part 2 is devoted to a discussion of vari-

ous types of computing systems. Included 
here are descriptions of desk calculators, 
punched-card computers, and large-scale 
digital computing systems. In particular, the 
EN1C and the UNIVAC, Mark I and II 
Calculators, the IBM Selective Sequence 
Calculator, Bell Telephone Laboratories' 
Relay Computers, and ERA Computer are 
described in some detail. Analog computers 
are treated briefly in Chapter 11, and only a 
few pages are devoted to electronic differen-
tial analyzers. 
The last part of the book contains much 

useful information about the basic arith-
metic components: adders, subtractors, ac-
cumulators, and multipliers. The usual 
storage devices- delay lines, magnetic tape, 
punched tape, and cathode-ray storage 
tubes are treated in varying degrees of de-
tail. The last chapters of the book are de-
voted in the main to a description of data 
conversion devices, from digital to analog, 
and vice versa, and to discussion of other 
auxiliary techniques and equipment. 
The book has many valuable features, as 

well as some weaknesses. A particularly 
noteworthy feature is the unusually com-
plete and up-to-date bibliography which is 
appended at the end of each chapter. Per-
haps the most noticeable weakness is the 
lack of continuity in the treatment of various 

topics and unevenness in emphasis. 
On the whole, the book constitutes a 

valuable addition to the literature of ma-
chine computation and is a "must" for all 
those who are concerned directly or indi-
rectly with the theory and practice of com-
puting devices. 

L. A. ZADEH 
Columbia University 
New York, N. Y. 

Electromagnetic Theory by Oliver Heaviside 
Published (1950) by Dover Publications. Inc.. 

1780 Broadway. New York 19. N. Y. 386 pages +xxx 
pages. 9 X12. $7.50. 

This work constitutes one of the most 
readable classics of modern applied science, 
in one volume, unabridged. It was published 
originally in three volumes between 1891 
and 1912. Heaviside intended to write a 
fourth volume, but circumstances inter-
vened, and in publishing volume 3, in 1912, 
he incorporated material intended for vol-
ume 4. 
This work incorporates treatment of 

more than 500 topics, including Maxwell's 
theory, eolotropic relations, electric stress in 
air, depth of the electrified layer on con-
ductors, waves from moving sources, waves 
in the ether, sound waves, Lagrange's equa-
tions, etc. Heaviside was the first to investi-
gate mathematically the problem of the co-
axial cable. The consolidated work may be 
regarded as a summary of Heaviside's ma-
tured views on these subjects, concluded by 
challenging paragraphs on "Limitations on 
Scientific Prediction." The extended Intro-
duction by Professor Ernst Weber is a 
critical and historical review of Heaviside's 
life and works. 
In his published Notes of 1885-1886, 

Heaviside discussed the use of the terms re-
sistivity, permeability, capacity, etc., and he 
expressed alarm as to "the frightful names 
that might have been given the electrical 
units by the Germans." The salty and in-
cisive language of Heaviside's writings is 
refreshing and inspirational. He enjoyed 
tilting with the Cambridge mathematicians 
because of their "distressing and soul-
destroying style in doing their work." Actu-
ally, Heaviside's unorthodox methods were 
so sketchily explained as to shock the con-
servative rigorists of the time. Heaviside's 
writings disclose that he had unbounded 
admiration for Maxwell's Theory unifying 
the known facts of electrostatics, electro-
kinetics, and electromagnetics—at the time 
of Maxwell's death in 1879, still speculative 
because no experimental evidence of wave 
propagation had been given. Thenceforth 
Heaviside asserted himself as a vigorous 
disciple of Maxwell. 
Heaviside, like Edison and a host of other 

men who achieved renown, in his youth be-
came a telegraph operator and took ad-
vantage of opportunities incidental to such 
employment to study and experiment. 
The publication of this work places 

Heaviside's writings within reach of all col-
leges and technical schools, as well as of 
earnest students who realize the direct value 
of personal libraries. 

DONALD MCNICOL 
Communication Engineer 

25 Beaver St. 
New York, N. Y. 

Wave Filters by L. C. Jackson 
Published (1950) by John Wiley and Sons. Inc.. 

440 Fourth Ave., New York 16, N. Y. 103 pages 
+2-page index +vii pages. 64 figures. 41 X61. $1.25. 

This book is a third edition of one of the 
handy pocket sized Methuen's monographs 
on physical subjects and was first published 
in 1944. 
The author's intention is to strike a 

happy medium between standard treatises 
on wave filters, and the brief treatments 
given in texts on general communication 
engineering. Unfortunately, the result is a 
rather uninspired collection of formulas for 
conventional filter types, with slightly more 
explanation than is found in the usual hand-
book treatment. No mention is made, either 
in the text or bibliography, of the modern 
filter design methods of Guillemin, Bode, 
Ralington, and others. 
Other filter types are discussed briefly, 

including coupled circuits, quartz crystals, 
coaxial lines, and mechanical and acoustic 
applications. 

C. W. CARNAHAN 
Sandia Corporation 
Albuquerque, N. M. 

Circuits in Electrical Engineering by Charles 
R. Vail 
Published (1950) by Prentice-Hall. Inc., 70 Fifth 

Avenue. N. Y. 497 pages +12-page index +xv pages. 
206 figures. 6 >OW $7.65. 

This book was written to cover the "de-
mands. .. made of electric circuits courses by 
the typical modern electrical engineering 
curriculum." "An introductory course in 
electrical engineering is not absolutely es-
sential to successful use of the book, A 
knowledge of mathematics through basic 
calculus is assumed." Whether the book is 
intended for the circuits courses of the whole 
curriculum or for only the first introductory 
course is not stated. This is important, since 
repetitive networks such as filters and trans-
mission lines are not mentioned, although an 
introduction to transient theory is included. 
The book evokes a curious combination 

of reactions from this reviewer. From many 
angles it is just another elementary text-
book. The tedious detail of many of the 
analyses (such as reactive power) would 
seem unnecessary for students of average 
ability. In fact, the student might well profit 
by doing the detailed development of such 
relationships for himself. The problems are 
humdrum and routine, so that no play of 
imagination is invited. 
Yet there are certain excellent features 

about the book. The drill is thorough, so 
that the student should certainly grasp the 
mechanics of the techniques discussed. The 
concept of the principle of duality in circuit 
theory is well discussed. And the balanced 
discussion of complicated networks from the 
loop and node points of view should prove 
extremely useful to the student in his later 
work. All of the treatment is given for the 
general case of any frequency including di-
rect current. 
In short, the point of view is excellent, 

the treatment pedestrian. 
KNOX M CIL WAIN 

Hazeltine Electronics Corp. 
Little Neck. L. I.. N. Y. 
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ACOUSTICS AND AUDIO FREQUENCIES 

016:534 2682 
References to Contemporary Papers on 

Acoustics—A. Taber Jones. (Jour. Acous. 
Soc. Amer., vol. 22, pp. 522-528; July, 1950.) 
Continuation of 2395. 

534.231  2683 
The Propagation of a Sound Pulse in the 

Presence of a Semi-Infinite Open-Ended 
Channel: Part 1—W. Chester. (Phil. Trans. 
A, vol. 242, pp. 527-556; September 5, 1950.) 
Two problems are discussed. In the first, a 
sound pulse originates inside a duct between 
two semi-infinite parallel planes and travels to 
and beyond the open end, where it undergoes 
partial reflection. In the second case, the pulse 
originates outside the duct and approaches the 
open end from an arbitrary direction. A suc-
cession of diffracted waves is created at the 
end of the duct, for which in the first case a 
general formula is derived by operational 
methods. A simple reciprocity relation is ap-
plied to deduce the form of the wave in the 
duct in the second case. Ultimately the re-
turning wave becomes sensibly plane and splits 
up into regions of length equal to the distance 
between the boundary planes, the form of the 
potential depending on the number of diffracted 
waves which contribute to each particular re-
gion. Explicit expressions are obtained for the 
potential in the first two regions at the head 
of the returning wave and for the third region 
when the pulse originates within the duct. The 
case of an initial velocity distribution given 
by the Heaviside unit pulse is treated in detail. 

534.232:534.321.9  2684 
The Relative Output from Magnetostriction 

Ultrasonic Generators —F. M. Leslie. (Jour. 
Acous. Soc. Amer., vol. 22, pp. 418-421; July, 
1950.) Equivalent transmission-line circuits 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1949, through January, 1950, may be obtained 
for 2s. 8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S. E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

are used to develop formulas for the resonance 
frequency and output of the simple bar oscil-
lator and the dumbbell type. Approximations 
in the latter case do not introduce any great 
discrepancy between calculated and measured 
values of resonance frequency. The formulas, 
though applicable directly to the symmetrical 
dumbbell oscillator, may be easily applied to 
the asymmetrical oscillator and to those in 
which the face area is less than the cross-section 
of the neck. 

534.232: 534.321.9: 621.3.087.6  2685 
Application of Supersonic Energy to High 

Speed Electronic Recording —H. J. Dana and 
J. L. Van Meter. (Proc. NEC (Chicago), vol. 
5, pp. 473-476; 1949.) See 1561 of August. 

534.24: 532.582.3  2686 
Sound Scattering from a Fluid Sphere — 

V. C. Anderson. (Jour. Acous. Soc. Amer., vol. 
22, pp. 426-431; July, 1950.) A mathematical 
solution is obtained for scattering from a 
sphere of size comparable with the wavelength, 
with acoustic properties near to those of 
the surrounding medium. The reflectivity for 
direct backward scattering is presented as a 
function of relative density and relative sound 
velocity. Comparison is made with the Ray-
leigh limiting case and with the case of a fixed 
rigid sphere. For diameters comparable with' 
the wavelength, scattering may show pro-
nounced maxima and minima. 

534.373:534.213.4  2687 
Classical Viscosity in Tubes and Cavities 

of Large Dimensions—B. P. Bogert. (Jour.. 
Acous. Soc. Amer., vol. 22, pp. 432-437; July, 
1950.) "A method for the calculation of viscous 
losses in acoustic wave guides and cavities is 
described, similar to that used by Carson, 
Mead, and Schelkunoff for electromagnetic 
waves. The loss in a plane wave in a round tube 
is discussed and the results agree with those 
previously obtained by others. The attenua-
tion for two higher modes in hard-wall guides 
is computed, as well as the decay constants for 
a cylindrical cavity for longitudinal and pure 
radial modes." 

534.414  2688 
Acoustic Resonators of Circular Cross-Sec-

tion and with Axial Symmetry —A. K. Nielsen. 
(Trans. Dan. Acad. Tech. Sci., no. 10, 70 pp; 
1949. In English.) The literature on this sub-
ject is critically reviewed. The usual approach 
to resonator theory is inadequate for two rea-
sons. Firstly, the velocity distribution in the 
coupling aperture is usually assumed constant 
in order to satisfy boundary conditions. This 
assumption actually violates the boundary 
condition at the sharp edges of the coupling 
aperture, where the velocity becomes infinite 
(neglecting losses). Secondly, the interaction 
between the wave emitted from the coupling 

aperture and that reflected from the cylindrical 
walls of the resonator has been neglected. An 
expression for the velocity distribution is de-
rived which satisfies the rise-to-infinity condi-
tion at the edge of the aperture and a formal 
solution of the wave equation is obtained, as-
suming the velocity distribution in the aper-
ture to be known. The results are used to cal-
culate the resonance frequency of a symmetrical 
resonator by the energy method. Formulas are 
also given for asymmetrical resonators. The 
end correction for a flanged organ pipe is 
found to be 0.8220r, a slightly better approxi-
mation than Rayleigh's value of 0.8242r. The 
effects of viscosity and heat conduction are 
also considered.  Experimental results for 
various resonators and flanged organ pipes 
agreed with the theoretical values to within 
1 per cent. 

534.417: 621.395.614 t  2689 
Crystal Microphone for Underwater Sounds 

— W. Guttner. (Z. Angew. Phys., vol. 2, pp. 
206-210; May, 1950.) The microphone consists 
of. 10 Rochelle-salt plates with 45° X-cut 
mounted between elastic supports so that the 
sound pressure acts only on the front mem-
brane. Its response characteristic is shown; 
this is largely independent of temperature 
change. The method of calibration is described 
The measured response of the receiver agrees 
well with values calculated from crystal data. 

534.442 2690 
Methods and Instruments for the Visual 

Analysis of Complex Audio Waveforms—H. 
It. Foster and E. E. Crump (Proc. NEC 
(Chicago), vol. 5, pp, 564-572; 1949.) 

534.442.2:621.392.52 2691 
A Continuously Variable Filter—C. G. M. 

Fant. (Jour. Acous. Soc. Amer., vol. 22, pp. 
449-453; July, 1950.) A heterodyne filter for 
the speech frequency range is described. Band-
pass filtering with continuously variable low-
and high-frequency cutoffs or band-elimina-
tion filtering with variable mid-frequency and 
fixed bandwidth are possible. Variable filtering 
is performed by ssb transmission with succes-
sive filtering and demodulation. The filter was 
designed for speech investigations and wave 
analysis in the range 40-2,000 cps. 

534.75:534.792 2692 
The Frequency Selectivity of the Ear as 

Determined by Masking Experiments—T. H. 
Schafer, R. S. Gales, C. A. Shewmaker, and 
P. 0. Thompson. (Jour. Acous. Soc. Amer., 
vol. 22, pp. 490-496; July, 1950.) 

534.78:621.314.26 2693 
Devices for Speech Analysis and Compres-

sion—F. Vilbig. (Proc. NEC (Chicago), vol. 5, 
pp. 573-581; 1949.) 
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•. )34.833.4 2694 
Acoustic  Materials—( Tech.  Buil.  Nal. 

Sur. Stand., vol. 34, pp. 96-102; July, 1950.) 
review of the essential theory of sound ab-
orption, the principles governing the use of 
bsorptive materials, the various types of such 
naterials, their physical properties and meth-
ods of measurement. 

;34.846.6  2695 
The Use of Three-Dimensional Models in 

Room  Acoustics —R.  W.  Muncey.  (Jour. 
4cous. Soc. Amer., vol. 22, pp. 510-511; July, 
1950.) The chief difficulty in the construction 
ind use of models for investigation of room 
icoustics is the provision of bounding surfaces 
o simulate the properties of those of the full-
size hall. Investigations of the use of small-
scale models has been commenced in the 
Building Research Laboratory, Victoria, Aus-
tralia. 

621.3.018.78:621.317.79t 2696 
An Intermodulation Analyzer for Audio 

Systems —Fine. (See 2840.) 

621.395.612.45 2697 
New "Unobtrusive" Ribbon Pressure Mi-

crophone —H. F. Olson and J. Preston. (Broad-
cast News, pp. 24-28; May and June, 1950. 
Audio Eng., vol. 34, pp. 18-20; July, 1950.) 
Theory and description of a microphone with 
uniform response from 50 cps to 15 kc. A small 
pickup horn applies sound pressure to the 
ribbon through a cylindrical tube and tapered 
connector, the back of the ribbon being coupled 
to the damping labyrinth by a similar connec-
tor. 

1 

621.395.623.7  2698 
Electroacoustic  Phase  Shift  in Loud-

speakers—C. A. Ewaskio and 0. K. Mawardi. 
(Jour. A cous. Soc. Amer., vol. 22, pp. 444-448; 
July, 1950.)  The  modulation phase-shift 
method of Nyquist and Brand was adapted 
for direct indication of envelope delay (the 
slope of the phase-shift curve) by using an 
electronic phase-meter. A continuous record 
was obtained of the delay for various loud-
speakers by means of an automatic level re-
corder suitably connected to the phase-meter. 
The results, together with pressure-amplitude 
response curves, may serve as a basis for as-
sessing the quality of a loudspeaker. 

621.395.625.3: 681.6  2699 
Duplication of Magnetic Tape Recordings 

by Contact Printing —Herr. (See 2804.) 

621.395.625.3 : 681.6 2700 
A New  Magnetic  Record  Duplicating 

Process—Camras. (See 2803.) 

681.85 2701 
A Variable Speed Turntable and its Use in 

the Calibration of Disk Reproducing Pickups — 
H. E. Haynes and H. E. Roys. (Proc. NEC 
(Chicago), vol. 5, pp. 556-563; 1949.) See 1578 
of August. 

681.85: 534.862.4  2702 
The Diamond as a Phonograph Stylus 

Material —E. J. Marcus and M. V. Marcus. 
(Audio Eng., vol. 34, pp. 25-27, 41; July, 1950.) 
The properties of natural diamonds, which 
make them pre-eminent for use as stylus points, 
are described, and a photographic comparison 
is made of the normal wear of commonly used 
stylus materials, showing the very great su-
periority of the diamond.  Natural small 
stones, owing to their greater structural 
strength, are better than chips cut from larger 
gem stones. A short account is given of the 
occurrence of the stones and of the methods 
of preparing them for use. 

534.321.9:15+6 2703 
Der Mtraschall und seine Anwendung in 

Wissenschaft und Technik (Ultrasonics and 
its Application in Science and Technology) 
[Book  Review]—L. Bergmann. Publishers: 
S. Hirzel Verlag, Zurich, 5th edn 1949, 748 
pp., 50 Swiss fr. (Jour. Acous. Soc. Amer., vol. 
22, p. 517; July, 1950.) "The author has ren-
dered a genuine service to all workers in ultra-
sonics and allied fields by bringing together so 
much valuable material in one place and 
organizing it so systematically and efficiently. 
No worker in the field can really afford to 
have this book very far away from his desk." 
Over 2,300 references are included. The 3rd 
edition was noted in 280 of 1946. 

534.833.4 2704 
Sound-Absorbing Materials [Book Review] 

—C. Zwikker and C. W. Kosten. Publishers: 
Elsevier Publishing Co., 1949, Amsterdam, 
Brussels,  and  New  York;  Cleaver-Hume 
Press, London, 1949, 174 pp., $3.00 (Research 
(London), vol. 3, pp. 281-282; June, 1950.) 
"A highly scientific study of the physical be-
havior of sound waves impinging on and 
penetrating into absorbent constructions of 
any type." 

534.84  2705 
Acoustical Designing in Architecture [Book 

Reviewl—V. 0. Knudsen and C. M. Harris. 
Publishers: J. Wiley and Sons, New York, 
1950, 404 pp., $7.50. (Paoc. I. R. E., vol. 38, 
p. 832; July, 1950.) A nonmathematical pres-
entation. A little space is devoted to discussion 
of sound-amplification systems and studio 
design. Tables of sound-absorption coefficients 
and sound-insulation data are brought together 
in the appendices. 

ANTENNAS AND TRANSMISSION 
LINES 

621.392.26t  2706 
Some Properties of Waveguides  with 

Periodic Structure —A: W. Lines, G. R. Nicoll, 
and A. M. Woodward. (Proc. I EE (London), 
Part III, vol. 97, pp. 263-276; July, 1950.) A 
general description of the frequency charac-
teristics cf waveguides with periodic structure 
is derived from a discussion of loaded trans-
mission lines. Analysis of an equivalent circuit 
is used to give a detailed confirmation of these 
characteristics. The periodic guide with sys-
tematically detuned resonators is then ex-
amined by these methods, all the general 
features being obtained by elementary reason-
ing. A more detailed treatment, based on 
Maxwell's equations, is required for specific 
design problems and this is employed in the 
design of a periodic waveguide with every 
third resonator detuned, for which a space 
harmonic exists with constant phase velocity 
over a wide frequency band. Possible ex-
perimental techniques for checking the the-
oretical frequency characteristics are discussed 
and the results obtained by one technique for 
the constant-phase-velocity guide are given. 

621.392.26 f: 621.3.09 2707 
Electromagnetic Waves in Circular Wave 

Guides Containing Two Coaxial Media—R. D. 
Teasdale and H. J. Higgins. (Proc. NEC 
(Chicago), vol. 5, pp. 427-441; 1949.) The gen-
eral problem is treated in detail. A conditional 
equation governing propagation in such wave-
guides is derived. The two conditions for 
which simple E or H waves can be propagated 
are determined and discussed. Curves relating 
phase velocity to design parameters are plotted 
for the Eo wave and examples are discussed 
for which the general solution reduces to par-
ticular solutions given by other authors. 

621.392.26 t : 621.3.09 2708 
On the Theory of Electromagnetic Radia-

tion in Metal Tubes —R. Honerjager. (Zeit. 
fur Phys., vol. 128, pp. 72-78; June 20, 1950.) 

The radiation field of an electric and magnetic 
dipole of given moment in an infinitely long 
straight metal tube of arbitrary cross-section 
is calculated for E and H waves, and also the 
total em power flux through the tube. 

621.396.67+621.396.611.1 2709 
A Combination Slot Antenna and Resonant 

Tank Circuit— N. L. Harvey. (Proc. NEC 
(Chicago), vol. 5, pp. 183-189; 1949.) An im-
pedance transforming and coupling network 
is usually required between the transmitter 
unit and the antenna. The coupling network 
can be eliminated by using the edges of the 
antenna slot as the resonant circuit of the trans-
mitter unit. Such an arrangement is especially 
suitable for wide-band applications. 

621.396.67 2710 
Impedance and Radiation Characteristics 

of Slotted-Cylinder Antennas —R. E. Beam 
and H. D. Ross, Jr. (Proc. NEC (Chicago), 
vol. 5, pp. 172-182; 1949.) Approximate the-
oretical expressions are developed for the input 
impedance and radiation patterns of a slotted-
cylinder antenna with a narrow slot of length 
equal to or greater than the free-space half 
wavelength, and fed at the midpoint of the 
slot. The antenna is considered as a slot-loaded 
cylindrical waveguide in calculating the cut-
off frequency and phase constant along the 
slot. Babinet's principle is applied to the de-
termination of the radiation resistance. Ex-
perimental results are in good agreement with 
theory. 

621.396.67  2711 
Slot Radiators —N. A. Begovich. (Paoc. 

I.R.E., vol. 38, pp. 803-806; July, 1950.) By 
an extension of Babinet's principle Booker has 
shown (1335 of 1947) that the field pattern 
of a slot antenna is identical with that of the 
corresponding wire antenna, but with the elec-
tric and magnetic fields interchanged. A rigor-
ous proof of this is now given, using the double-
current-sheet diffraction formula. Integration 
of Poynting's vector over both surfaces of the 
slot gives a driving impedance of 362.5 +P10.5. 
The real part of this is in excellent agreement 
with experimental measurements. The mutual 
impedance between slots, necessary for array 
calculations, is also determined. 

621.396  2712 
The Slot Radiator, a Magnetic Dipole for 

Centimetre Waves —H. Severin. (Zeit. ffir 
Phys., vol. 128, pp. 108-119; June 20, 1950.) 
The slot radiator is represented as a magnetic 
dipole and its mode of operation by the theory 
of diffraction of em waves at a small aperture 
in a perfectly conducting screen. Measured 
values of the radiation from and magnetic 
moment of small elliptical-slot radiators dis-
posed respectively parallel and perpendicular 
to the magnetic field of the incident wave are 
in good agreement with calculations, provided 
the linear dimensions of the apertures are 
<X/3. 

621.396.67 2713 
Correction of Spherical Aberration by a 

Phased Line Source —R. C. Spencer, C. J. 
Sletten, and J. E. Walsh. (Proc. NEC (Chi-
cago), vol. 5, pp. 320-333; 1949.) Theory of 
the spherical reflector with corrected line 
source is developed. Tests using feeds such as 
open waveguides, horns, polyrod, slotted and 
dipole line sources show that if the phasing is 
suitably adjusted, aberrationless scanning of 
a pencil beam over at least ± 30° in any direc-
tion can be achieved. 

621.396.67 2714 
The Electromagnetic Field in the Vicinity 

of a Linear Conductor —P. H. Nelson. (Proc. 
NEC (Chicago), vol. 5, pp. 315-319; 1949.) A 
study is made of the interference pattern in 
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the vicinity of a linear conductor, of infinite 
length and zero resistance, subjected to the 
action of a plane em wave with electric-field 
vector parallel to the conductor. The reradiated 
field is independent of the incident field except 
at the surface of the conductor, so that super-
position of the incident and radiated fields gives 
the interference pattern required. Experiments 
at a frequency of 3,000 Mc with some simple 
types of conductor gave results in close agree-
ment with theoretical calculations. 

621.396.67  2715 
End-Loaded and Expanding Helices as 

Broad-Band Circularly Polarized Radiators - 
P. NV. Swinger. (Proc. NEC (Chicago), vol. 
5, pp. 161-171; 1949.) The simplicity of the 
axial-mode helix makes it particularly suitable 
for the radiation of circularly polarized waves, 
but for applications requiring either modified 
radiation patterns or broad transmission bands 
it is often necessary to modify the simple 
helix. Two types, the short end-loaded helix 
and the expanding helix, are of particular 
value where extreme bandwidths are required. 
The theory of operation, impedance curves, 
polar diagrams, current and phase distribution 
are discussed and arrays are described provid-
ing (a) broad azimuth coverage, (b) sharp 
radiation patterns. 

621.396.67  2716 
Antifading Broadcast Antenna -H. Brueck-

mann. (Electronics, vol. 23, p. 228; August, 
1950.) Correction to article abstract in 1863 
of September. 

621.396.67:621.317.79  2717 
The Electronically Driven Ripple-Tank as 

an Aid to Phase-Front Visualization -Schooley. 
(See 2841.) 

621.396.67: 621.392.26 t  2718 
The Channel-Guide Antenna-W. Rotman. 

(Proc. NEC (Chicago), vol. 5, pp. 190-202; 
1949.) The general condition for radiation 
from the slot of a channel-guide antenna is de-
rived in terms of the near-field distribution 
o ern energy, which may be described as a 
form of single-mode transmission in the sup-
porting waveguide, characterized by a complex 
propagation constant. A method of computing 
the propagation constant gives results for 
different channel geometries which are in 
agreement with experiment. Practical methods 
of coupling channel-guide antennas to micro-
wave sources are considered. 

621.396.67:621.397.62  2719 
An Automatic Built-In Antenna for Tele-

vision Receivers-K. Schlesinger. (Proc. NEC 
(Chicago), vol. 5, pp. 292-302; 1949.) See 819 
of May. 

621.396.67.012  2720 
A Graphical Analysis of the Interference 

Patterns of an Elevated Ultra-High-Frequency 
Antenna under Conditions of Atmospheric 
Stratification-F. R. Abbot and C. J. Fisher. 
(Jour. App!. Phys., vol. 21, pp. 636-641; 
July, 1950.) 

621.396.67.029.64:535.42  2721 
Small-Surface Microwave Diffraction-A. 

Applebaum and P. C. Fritsch. (Proc. NEC 
(Chicago), vol. 5, pp. 442-449; 1949.) The 
diffraction of plane-polarized ern waves by 
reflection from small perfectly conducting 
surfaces (diameter of the order of X) is calcu-
lated for any angle of incidence by Schelkun-
off's "current-sheet" method. A correction for 
boundary effects is determined. Experimental 
results obtained with an unmodulated reflex 
klystron, Type 2K39, as the power source, 
are in good agreement with theory. 

621.396.673:621.397.61  2722 
1057-Foot  FM-TV  Antenna-(Broadrase 

News, no. 59, pp. 8-15; May and June, 1950.) 
Situated at Atlanta, Ga., a 1,000-ft tower sup-
ports an RCA Supergain television antenna 
(1865 of September). Above this is a FM 
antenna, a 4-section pylon, RCA Type BF-14D. 
The television antenna has a gain of 11.5, 
which, with a 5-kw transmitter, gives an effec-
tive radiated power of 52 kw. The FM antenna 
has a power gain of 6; provision is made for an 
additional four sections to double this gain. 
The earthing system consists of radial copper 
straps 50 ft. long spaced every five degrees, 
buried 6 in. deep and terminating in copper 
earthing rods. 

621.396.677  2723 
A Wide-Angle Microwave Radiator--S. S. 

I). Jones. (Proc. IEE (London), Part Ill, vol. 
97, pp. 255-258; July,  1950.)  If a glass 
sphere of unit radius could be produced with 

a refractive index s=• (2-1.2) where r is the 
radial distance from the centre, the sphere 
would act as a lens with a focus on the surface 
of the sphere. A microwave analogue has been 
constructed using spaced conducting sheets. 
The lens is free from aberrations as the feed 
is moved around the circumference and is 
therefore suitable for wide-angle scanning. The 
measured performance agrees well with theory. 

621.396.677:538.31:538.214  2724 
The Effective Permeability of an Array of 

Thin Conducting Disks -Estrin. (See 2765.) 

621.396.677.2  2725 
Theoretical Investigations on the Radiation 

Impedance of Transmitting Aerials  J. Patty. 
(Schweiz. Arch. Angew. Hiss. Tech., vol. 16, 
pp. 138-147; May, 1950.) The theory of 
Hallen is extended to antenna arrays, in par-
ticular to symmetrical dipole arrays for metre 
waves. The two special problems considered 
are the interaction of parallel dipoles with 
parallel feed and the effect of the spacing be-
tween the two elements of a dipole. The com-
plex general formula is. simplified for the 
resonance case treated here. The values of 
expressions from which the radiation resistance 
can be found are given in a table referring to 
12 different arrays of similar dipoles. 

CIRCUITS AND CIRCUIT ELE MENTS 

621.314.2.018.424.029.3  2726 
Audio-Frequency Transformer with Range 

Extended Below One Cycle Per Second -D. 
W. Kuester. (Proc. NEC (Chicago), vol. 5, pp. 
255-257; 1949.) Discussion of design problems 
and description of a transformer for connection 
between a 72-11 line and a 10-kfl grid circuit, 
with a flat response curve from 0.2 cps to 20 kc. 

621.314.263  2727 
The Magnetic-Cross Valve and its Applica-

tion to Subfrequency Power Generation-H. 
J. McCreary. (Proc. NEC (Chicago), vol. 5, 
pp. 450-466; 1949.) Basic theory and character-
istics are discussed, showing how subharmonics 
may be obtained by a process of magnetic 
energy transference without moving parts or 
mutual inductance. Results of experimental 
analysis are used to show how a single flux 
vector may vary cyclically, but with different 
periods along two axes, resulting in the pro-
duction of sub-harmonics. Details are given of 
the performance of a "Power Ringer" employing 
the device; this converts 60 cps power to 20 
cps and has been in use in a telephone exchange 
for 4 years without attention. 

621.314.3 t  2728 
The Magnetic Amplifier -J. S. W. Graham. 

(Strowger Jour., vol. 7, pp. 104-119; July, 
1950.) Fundamental principles are outlined 
and power control, amplification ratio, con-
tinuously variable control, feedback, time lag 
core materials, and general design features are 

considered in detail. Application to rhythm 
("rhythniatic") ripple control Is described, wit 
test results. 

621.314.3 t  272 
The Problem of the Magnetic Amplifi 

and Some Approaches to Its Solution -M 
Liwschitz-Garik, E. J. Smith, and E. Weber 
(Proc. NEC (Chicago), vol. 5, pp. 235-254 
1949.) Various possible methods of steady 
state analysis are considered and the questio 
of the best representation of the magnetizatio 
characteristic of a core under conditions o 
asymmetrical magnetization is discussed. Ex-
perimental results are given illustrating the 
effect of dc bias on the ac magnetizatio 
curve. Results for half-wave and full-way 
magnetic amplifiers are computed by a point 
by-point procedure and by a method based on 
the representation of the magnetization curve 
by three linear elements. The latter method 
yields satisfactory results in much the shorte 
time. 

621.314.3 t  2730 
An Extension of a Theory of Magnetic 

Amplifiers -R. T. Beyer and Ming-Vi Wei. 
(Jour. Frank. Inst., vol. 250, pp. 25-37; July, 
1950.) The theory previously given (2730 of 
1949) is extended to the case of large dc inputs 
and the presence of harmonics in the primary 
current, the ac impedance of the secondary 
being assumed infinite. Experimental evidence 
supports the calculations, which show a non-
linear relation between dc input and second-
harmonic output, the latter passing through a 
maximum as the ac is increased. The influence 
of a third-harmonic component in the primary 
current is also investigated; for small input 
currents it may be neglected without serious 
error. 

621.314.3 t: 681.142  2731 
Magnetic Amplifier Studies on the Analog 

Computer -E. L. Harder, \V. H. Hamilton, 
D. F. Aldrich, J. T. Carleton, and F. N. 
McClure. (Proc. NEC (Chicago), vol. 5, pp. 
222-234; 1949.) A description is given of an 
electrical analogue to magnetic circuits and its 
application to the study of such circuits. 
Methods of applying the analogue to specific 
design problems are discussed. The nonlinear 
characteristics of iron are reproduced by using 
a multiple-diode nonlinear-resistance circuit, 
whose characteristic simulates the true B/H 
curve by means of 20 successive linear elements. 

621.316.842 +621.316.86  2732 
Wideband Power Resistors -H. L. Krauss 

and P. F. Ordung. (Electronics, vol. 23, pp. 
186-194; August, 1950.) A 30-w carbon-film 
resistor 10 in. long and 1 1, in. in diameter 
provided a satisfactory reactance-free 500-11 
termination up to 50 Mc when mounted in 
free space, but not when near an earthed plane, 
owing to stray capacitance. A terminated wire-
wound resistor with 8 turns/in. on a former 1 
in. in diameter, with carbon resistors con-
necting it to the earthed plane at suitable in-
tervals so as to satisfy the distortionless trans-
mission-line equation R/G=. L/C, gave very 
satisfactory results up to 50 Mc. 

621.318.572  2733 
Electronic Decade Counter with Direct 

Indication by means of Neon Lamps -A. 
Peuteman. (Comp!. Rend. Acad. Sci., Paris, 
vol. 230, pp. 2160-2162; June 19, 1950.) See 
also 660 of 1949 (Naslin and Peuteman). 

621.318.572:621.3.015.7  2734 
A Pulse Length Sorter and Counter -R. J. 

Parent and R. W. Schumann. (Proc. NEC 
(Chicago), vol. 5, pp. 72-92; 1949.) Pulses of 
random length and spacing, which occur at a 
rate of up to 102 per minute, can be sorted 
according to duration into 15 ranges. Sorting 
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s achieved by biased circuits fed from a step-
'cave circuit driven by a multivibrator, which 
s gated by the random pulses to be measured. 
(*he number of pulses in each range is counted 
)y binary scaling chains following each bias 
:ircuit. Circuits are described in detail, with 
.he aid of diagrams and waveforms. 

521.319.42  2735 
The Influence of Operating Conditions on 

:he Construction of Electrical Capacitors—A. 
E. Bennett and K. A. Gough. (Proc. IEE 
:London), Part Ill, vol. 97, pp. 231-241; 
July, 1950.) 

621.392 2736 
The Design of Wide-Band Phase-Splitting 

Networks —W. Saraga. (Paoc. I.R.E., vol. 
38, pp. 754-770; July, 1950.) A general investi-
gation of phase-splitting networks, dealing with 
network analysis, network synthesis, and per-
formance-curve approximation problems. Ex-
plicit formulas for any number of design para-
meters and for any required degree of ap-
proximation are stated for Taylor and Tcheby-
cheff approximations. Clear design instructions 
for both simple and difficult network specifica-
tions are obtained. Novel methods are de-
veloped for obtaining dissipation compensa-
tion, for network synthesis, and for represent-
ing the approximating curves as iterated func-
tions of two variables, with fractional index of 
iteration. 

621.392.5 2737 
Frequency Analysis of Variable Networks— 

L. A. Zadeh. (Paoc. I.R.E., vol. 38, p. 725; 
July, 1950.) Corrections to paper abstracted 
in 1617 of August. 

621.392.5:621.3.015.7f  2738 
The Determination of the Impulsive Re-

sponse of Variable Networks—L. A. Zadeh. 
(Jour. Appl. Phys., vol. 21, pp. 642-645; July, 
1950.) "Starting with the differential equation 
relating the output and the input of a linear 
varying-parameter network, it is shown that 
the impulsive response of the system is related 
to a Green's function associated with the sys-
tem through a linear operator which is the 
adjoint of the right-hand operator in the given 
differential equation. A perturbation procedure 
[2835 of 1948 (Gray and Schelkunoff)] for the 
determination of the impulsive response of a 
slowly varying network is outlined. Use of the 
method is illustrated by a simple example in-
volving a bandwidth-modulated RC half-
section." 

621.392.52 2739 
Continuously Adjustable Electronic Filter 

Networks —G. E. Tisdale. (Pa m. I.R.E., vol. 
38, pp. 796-798; July, 1950.) The use of passive 
RC networks is discussed in terms of standard 
network theory. Frequency response is largely 
determined by these passive networks, while 

• valves serve to isolate the various RC sections, 
to raise the output level, and to provide nega-
tive feedback. Design procedure is indicated 

• and applied to adjustable low-pass and high-
pass filters. 

621.39232 2740 
A Crystal Filter of Variable Selectivity with 

Stable Resonance Frequency and Constant 
Gain —W. Kautter. (Rev. Telegr., (Buenos 
Aires), vol. 37, pp. 137-142; March, 1949.) 
Basically, the filter consists of two intermedi-
ate-frequency amplifier units coupled by the 
crystal. The bandwidth is altered by detuning 
the two circuits in opposite directions: the 
resulting resonance shift is <6 ./24, where 
b, is the maximum bandwidth, and thus 
falls within tolerable limits. The crystal dy-
namic resistance does not affect the operation 
of the filter, at least to a first approximation. 
The gain is constant and equal to that of a 
conventional intermediate-frequency stage over 

the whole band. Neutralization of the crystal 
dynamic capacitance, and the type of coupling 
required between crystal and circuits, are dis-
cussed. Crystals that are free from spurious 
responses near the working frequency are es-
sential. 

621.392.52:621.3.015.3  2741 
Transient Response of Filters —M. S. 

Corrington. (Proc. NEC (Chicago), vol. 5, 
pp. 519-549; 1949.) Reprint. See 60 of Febru-
ary. 

621.392.52 : 621.392.26 t  2742 
Low- Q Microwave Filters—J. Reed. (Pa m. 

I.R.E., vol. 38, pp. 793-796; July, 1950.) 
An analysis of waveguide bandpass filters of 
the type previously investigated by Pritchard 
(1000 of 1948), Fano and Lawson (695 of 1948) 
and Mumford (1320 of 1949), in which each 
stage comprises two spaced inductive irises and 
successive stages are separated by X/4 sections 
of optimum length s+Xg/4, where s is the iris 
spacing. Variation with frequency of the iris 
susceptance has a substantial effect on the 
loaded Q, especially for low values of Q. The 
theory was checked by experiments in which 
pairs of brass rods were substituted for irises 

621.392.52: 621.392.26t  2743 
Design Relations for the Wide-Band Wave-

guide Filter—S. B. Cohn. (Paoc. I.R.E., vol. 
38, pp. 799-803; July, 1950.) Simplified for-
mulas are derived and presented graphically 
for the design of nonuniform waveguide struc-
tures of the type previously considered (2469 
of 1949). A numerical example is worked out. 
Measurements were made on specially con-
structed waveguide sections, and the calculated 
values of cut-off and infinite-attenuation fre-
quency were found reliable to within 2 per cent. 

621.392.52.029.4  2744 
Continuously Adjustable Low- and High-

Pass Filters for Audio Frequencies—A. Peter-
son. (Proc. NEC (Chicago), vol. 5, pp. 550-
555; 1949.) Audio-frequency filter circuits are 
described in which the cut-off frequency is 
continuously variable over a 3:1 range with 
little change in the pass-band response. Each 
filter section uses two capacitors, a low-Q 
inductor, and a twin-triode reactance circuit 
with control by a single potentiometer. Beyond 
cut-off the attenuation is about 18 db per oc-
tave. 

621.396.611.3  2745 
An Analysis of Triple-Tuned Coupled Cir-

cuits—N. W. Mather. (Pa m. I.R.E., vol. 
38, pp. 813-822; July, 1950.) Circuits having 
high Q are considered, the couplings being 
loose and the response symmetrical about a 
reference frequency. Universal response curves 
are derived and contour plots for the product 
of gain and bandwidth are given. Compared 
with double-tuned circuits the triple-tuned 
circuit has the advantages of more uniform 
response inside the pass band, greater rejection 
outside it, and a larger value for the product 
of gain and bandwidth. 

621.396.611.4  2746 
Coupling between Two Degenerate Modes 

through Slots Cut in the Wall of a Cavity— 
Han C. Hu. (Proc. NEC (Chicago), vol. 5, 
pp. 467-472; 1949.) An analytical and graphical 
presentation of slot patterns is given. Experi-
mental results obtained with a test cavity, and 
oscillograms showing transmission and ab-
sorption characteristics for T.Eu2 and TEus 
degeneracy, are used to indicate a way of 
achieving a precise degree of coupling. 

621.396.615.14: 621.385.029.63/.64  2747 
The Helix as Resonator for Generating 

Ultra High Frequencies —van Iperen. (See 
2944.) 

621.396.645  2748 
A 60-db Nonlinear Amplifier—J. A. Car-

ruthers. Caned. Jour. Res., vol. 28, pp. 287-
292; May, 1950.) The amplifier described has 
been used to drive an Esterline Angus 0-1-mA 
recording galvanometer as part of the appara-
tus for automatically recording the radiation 
patterns of microwave antennas. By using auto-
matic value control, the amplifier output is 
made approximately proportional to the loga-
rithm of the input, thus enabling a 60-db varia-
tion of input signal to be plotted. The speed 
of response is limited by the galvanometer 
movement, but is adequate for obtaining a 
pattern through 100° of azimuth in about two 
minutes. Plotting is accurate to within 1 db if 
care is taken to check calibration frequently. 

621.396.645  2749 
Cathode-Follower Amplifiers —F.  Nava-

scues. (Rev. Telecontun. (Madrid), vol. 5, pp. 
9-29; December, 1949.) Study of cathode-
follower circuits for audio-frequency, low-
frequency and high-frequency amplifiers, at-
tenuators and impedance-matching units. 

621.396.645  2750 
Distributed Amplifiers: Practical Consid-

erations and Experimental Results —W. H. 
Horton, J. H. Jasberg, and J. D. Noe. (Paoc. 
1.R.E., vol. 38, pp. 748-753; July, 1950.) 
Experimental results are presented corrob-
orating the predictions made in an earlier 
(3375 of 1948). The causes of deviation from 
the idealized case are (a) attenuation due to 
coil losses, (b) attenuation due to grid losses, 
(c) grid- and anode-lead inductance, (d) capaci-
tance distributed throughout the transmission-
line coil windings. These effects can be cor-
rected by using paired-anode circuits, negative-
mutual circuits, or bridged-T circuits. The 
pass bands dealt with are of the order of 200-
300 Mc. 

621.396.645:621.396.822  2751 
Noise Suppression in Triode Amplifiers — 

A. van der Ziel. (Coned. Jour. Res., vol. 28, 
pp. 189-198; June, 1950.) A survey is given 
of recent work on noise suppression in triode 
amplifier stages. A theory is developed, in 
which the noise factor is expressed in terms of 
four complex quantities go, g, io and it, go and 
gt are the complex transconductances in the 
cathode lead and in the anode lead, respec-
tively; Is and 11 are the Fourier components 
of the noise currents flowing in these leads, 
respectively. These quantities are complex 
owing to transit time effects. The theory is 
developed under the assumption that io and 
h are completely correlated. Experiments 
indicate that no complete noise suppression is 
possible if there is no feedback; according to 
the above theory this means that the real 
part of go-stio/it is positive. Knol and Versnel 
showed recently that complete noise suppres-
sion can always be obtained under the above 
assumption of complete correlation if a suitable 
amount of external feedback is applied. With 
the help of the above theory it is shown, how-
ever, that the available power gain under 
those circumstances is less than unity. 

621.396.645.018.424: 621.397.61 : 621.3.088.7 
2752 

The Compensation for Phase Errors in 
Wide-Band Video Amplifiers—A. E. Brain. 
(Proc. IEE (London), Part III, vol. 97, pp. 
243-251; July, 1950.) The transient response 
of multistage amplifiers may be improved by 
the insertion of several sections of bridged-T 
or lattice networks. A method is outlined for 
evaluating the phase characteristic of an 
amplifier with an arbitrary amplitude charac-
teristic. Application of three suitable phase-
correction circuits to a 16-stage amplifier re-
duced the Hee time by about 33 per cent and 
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the overshoot from over 20 per cent to less 
than 9 per cent. 

621.396.645.094  2753 
On the Problem of Distortionless Amplifi-

fication of D.C. Pulses with an A.C. Amplifier — 
R. Gauger. (Zeit. Angew. Phys., vol. 2, pp. 
179-188; April  1950.) For investigation of 
transients in a circuit a "transfer function" is 
found useful. This is defined as the ratio of 
output to input voltage as a function of time 
when a step voltage is applied to the circuit; 
it Is therefore dependent on the circuit time-
constant. The transfer function is calculated 
for amplifiers with and without distortion cor-
rection and with up to 4 stages. The influence 
of the RC combinations in cathode and screen-
grid circuits is considered. By use of CR or 
LR correcting networks the transfer function 
of a RC-coupled amplifier can be made prac-
tically independent of time up to half the 
original time constant. For pulses of duration 
less than this such an amplifier is suitable. The 
compensated amplifier has a lower minimum 
operating frequency and gives very little phase 
change at low frequencies. Distortion-free 
amplification can be achieved for square waves 
of fundamental frequency at least twice as 
high as the limiting frequency of the non-
compensated amplifier. 

621.396.645.35:621.317.755  2754 
D.C. Amplifier Techniques in Oscillography 

— Maron. (See 2838.) 

621.396.822:519.283  2755 
Statistical Prediction of Noise —Y. W. Lee, 

and C. A. Stutt. (Proc. NEC (Chicago), vol. 
5, pp. 342-365; 1949.) Pertinent results in 
Wiener's theory of prediction (2465) above and 
their application to the prediction of filtered 
noise are discussed. Calculations leading to the 
required network for prediction of such noise 
are given in detail. Results in the form of a 
simultaneous display of predictor input and 
output waveforms show that the theory pro-
vides a useful approach to certain communica-
tion problems. 

681.142  2756 
Feedback in Electrical Analogue [imped-

ance] Chains and Networks —P. Grivet and Y. 
Rocard. (Rev. Sci., (l'aris), vol. 87, p. 85; 
April and June, 1949.) The introduction of 
reaction into such circuits extends their mathe-
matical application. 

621.314.3 t  2757 
The Transductor Amplifier [Book Review] 

—U. Krabbe. Publishers: Ejnar Munkesgaard, 
Copenhagen, 1949, 176 pp., Dan. kr. 22. Ob-
tainable from Bonniers, 605 Madison Ave, 
New York 22, at $5.50. (Electronics, vol. 23, 
p. 132; August, 1950.) "An excellent treatise on 
saturable-core reactors and their applications. 
The author, a competent  mathematician, 
has shown rare ability in expressing equations 
in words prior to resorting to formulas... 
It .....ill constitute an invaluable addition to 
any engineering library." 

621.318.42  2758 
The Theory and Design of Inductance 

Coils. [Book Reviewl —Publishers: Macdonald, 
London, 180 pp., 18s. (Electrician, vol. 145, 
p. 425; August 18, 1950.) "The object of this 
book is to explain, in general terms, the 
underlying theory on which the design of in-
ductance coils is based, and then to show how 
the theory can be simplified by the use of 
certain approximations and to what extent 
they are justified . .. It is very well produced, 
carries a small, but useful, bibliography and 
should be a valuable reference work." 

GENERAL PHYSICS 

535.222  2759 
A Measurement of the Velocity of Light — 

R. A. Houstoun. (Proc. Roy. Soc. A, vol. 63, Part 
1, pp. 95-104; 1949-1950.) Full paper. Short 
account abstracted in 1896 of September. 

535.314  2760 
Improvement of the  Optical  Schlieren 

Method by Minimum Ray Indication —H. 
Wolter. (Ann. Phys. Lpz., vol. 7, pp. 182-
192; April 1, 1950.) 

537.311.33: 621.314.634  2761 
Experimental  Examination  of  Rectifier 

Theory as Applied to the Selenium Rectifier — 
Ilenkels. (See 2798.) 

537.312.8: [539.23 + 669-426  2762 
The Conductivity of Thin Wires in a 

Magnetic Field. —R. G. Chambers. (Proc. 
Roy. Soc. A, vol. 202, pp. 378-394; August 7, 
1950.) A thin metal wire or film has a lower 
electrical conductivity than the bulk ma-
terial if the thickness is comparable with the 
electronic mean free path. This problem is 
examined from the kinetic-theory standpoint 
and the conclusions are applied to the ease of a 
thin wire in an axial magnetic field. Experi-
mental results are given which agree with the 
theoretical predictions. 

537.525: [537.542.2 + 536.49  2763 
The Role of Cathode Temperature in the 

Glow Discharge -11. Jacobs and J. Martin. 
(Jour. Appl. Phys., vol. 21, pp. 681-685; July, 
1950.) A study of the effect of the temperature 
of oxide-coated cathodes on cold-cathode glow 
discharges in neon, argon and neon/argon and 
Hg-vapor/argon mixtures. 

537.562:538.561  2764 
Unstable Oscillations in an Electron Gas — 

K. G. Malmfors. (Ark. Fyr., vol. 1, Part 6, 
pp. 569-578; March 15, 1950. In English.) An 
analytical treatment of the problem of electron 
beams in a magnetic field. At high densities an 
appreciable part of the electron current is 
collected by negative electrodes and noise 
level is high, indicating the existence of an 
energy-interchange mechanism other than or 
dinary collision; unstable oscillations exist at 
all frequencies. Such effects may afford a 
possible explanation of solar and galactic noise. 

538.31: 538.214: 621.396.677  4765 
The Effective Permeability of an Array of 

Thin Conducting Disks —G. Estrin. (Jour. 
Appl. Phys., vol. 21, pp. 667-670; July, 1950.) 
"When an alternating magnetic field is parallel 
to the disk faces, the field is undisturbed and 
the relative permeability coefficient is unity. 
When the alternating magnetic field is normal 
to the disk faces, circulating currents are in-
duced on them. The boundary-value problem 
of determining the current distribution on a 
single perfectly conducting disk is carried out 
in detail for the case where the disk diameter 
is small compared to the wave-length. This 
current distribution is found to be repre-
sentable by a magnetic dipole. If the disks in 
an array are far enough apart to neglect inter-
action, a simple summation of the dipole 
moments shows the array to have a diamag-
netic susceptibility in the direction normal to 
the disk faces. Combining this result with an 
expression for the dielectric coefficient, which 
was developed earlier by Kock [2176 of 1948] 
the constants of the anisotropic array are 
completely specified." 

538.52/.53  2766 
Self and Mutual Inductance of a Spherical 

Metal Shell and of an Endless Solenoid —A. 
Colombani. (Compt. Rend. Acad. Sci., (Paris, 
vol. 230, pp. 2158-2160; June 19, 1950.) Simple 
formulas, which may be of practical impor-
tance in high-frequency work, are derived. 

538.566:535.421  2767 
Rigorous Theory of the Diffraction of Plane 

Electromagnetic Waves at a Perfectly Con 
ducting Circular Disk and at the Circular Aper-
ture in a Perfectly Conducting Plane Screen — 
J. Meixner and W. Andrejewski. (Ann. Phys. 
Lpz., vol. 7, pp. 157-168; April 1, 1950.) A 
rigorous solution which satisfies the radiation 
and boundary conditions and facilities numeri-
cal calculation is obtained by representing the 
cm field by means of the Hertzian vector po-
tential and developing the expression for the 
wave in the form of spheroidal functions. The  . 
field and the induced-current distribution in  . 
the diffracting disk are fully investigated for 
the particular case of relatively long waves. 
The complementary problem of diffraction a ( 
a circular aperture in a screen of infinite extent ' 
may be treated similarly, by virtue of the 
validity of the generalized Babinet principle. 

538.566:537.562  2768 , 
Electro-Magneto-Ionic Waves —V. A. Bai-

ley and K. Landecker. (Nature (London), , 
vol. 166, pp. 259-261; August 12, 1950.) 
Experiments have been made, using gas-dis-
charge tubes subjected to magnetic fields to , 
test the theory that discrete frequency bands 
exist in which em waves can grow in an 
ionized medium, developing strong em noise 
from initially small random perturbations...-
Various gases, pressures and electrode arrange-
ments were used. For fields  100 gauss applied 
along the tube the expected bands always 
appeared; some observed noise intensities are 
shown graphically. From the positions of the 
bands conclusions are drawn regarding the 
details of wave propagation. Observations were 
also made on a thyratron with magnetic field 
applied transversely. The experiments demon-
strate the value of the theory and supply a 
rough model of a sunspot emitter of enhanced 
solar noise. See also 1665 of July (Bailey and 
Roberts), 2785 and 3406 of 1949 (Bailey). 

548.232:538.221  2769 
Oriented Crystals: their Growth and Their 

Effects on Magnetic Properties —W. Morrill. 
(Gen. Elec. Rev , vol. 53, pp. 16-21; August, 
1950.) Practical use of the anisotropic proper-
ties of metals is well advanced and the con-
trolled growth of oriented crystals has pro-
duced exceptional magnetic properties in 
certain commercial materials. Study of crystal 
orientation and growth is proceeding in many 
laboratories and it is hoped that eventually any 
degree of preferred crystal orientation in any 
magnetic material will be commercially prac-
ticable. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENOMENA 

523.2/.8: 538.12  2770 
The Hydromagnetic Equations—NV.  M. 

Elsasser. (Phys. Rev., vol. 79, p. 183; July 1, 
1950.) Using "Maxwellian" electrodynamics 
equations analogous to the hydrodynamic equa-
tions are derived for the currents and associated 
magnetic fields carried by cosmic fluids. These 
phenomena are of interest for solar, stellar and 
sunspot magnetism, geomagnetism, magnetic 
fields in stellar atmospheres and in interstellar 
space and the related problem of galactic radio 
noise. 

523.841.2:538.12  2771 
Stellar Magnetic Fields —H. W. Babock. 

(Nature (London), vol.  166, pp. 249-251: 
August 12, 1950.) An account of observations 
of the magnetic fields of certain variable stars. 
The star HD 125248 appears to be a magnetic 
dipole oscillator, with a fundamental frequency 
1.25 microcycles/sec, radiating about loll kw 
on both fundamental and secondary harmonic. 

537.562:538.566  2772 
Electro-Magneto-Ionic Waves. —Bailey and 

Landecker. (See 2768.) 



I: 551.51:535.3261:621.396.11  2773 
. Determination of Modified Index-of-Re-
' fraction over the Guff of Mexico from Radio 
• Data—A. W. Straiton and A. H. LaGrone. 
(Jour. A ppl. Phys., vol. 21, pp. 661-666; July, 
1950.) Measurements of signal strength and 
phase of 3.2-cm waves for a 26.5-mile over-sea 
path were made during June and July, 1949. 
The radio data are analysed, using Macfarlanes 
theory (3487 of 1948) to give the modified 
refractive-index curves, which are compared 
with those deduced from meteorological obser-
vations. 

2 

551.510.535+523.5 2774 
A Comparison of Meteor Activity with 

Occurrence of Sporadic E Reflections —V. C. 
Pineo. (Science, vol. 112, pp. 50-51; July 14, 
1950.) Previously presented evidence (ibid., 
vol. 110, p. 280; 1949.) that the echo from a 
meteor trail differs in character from a sporadic-
E reflection is supported by a statistical study 
of continuous observations made at  the 
National Bureau of Standards from November, 
1, 1948 to April 30, 1949. Sporadic-E is re-
garded as long-duration abnormality, as dis-
tinct from ionization bursts, and extreme care 
was taken to ensure that only reflections of 
true sporadic-E type were counted. Monthly 
average values of (a) hourly rate of meteor re-
flections, and (b) percentage of time of occur-
rence of sporadic-E reflections, show charac-
teristic maxima at about 0600 EST and midday 
respectively. A scatter diagram gives no indi-
cation of correlation between the two quanti-
ties. Day-to-day curves for the month of Janu-
ary show no similarity. The data thus indicate 
that sporadic-E reflections are unrelated to 
meteor phenomena, at least to those detectable 
on 27.2 Mc. 

551.510.535 2775 
Data on the F2 Layer of the Ionosphere 

(analyzed) according to the Parabola Model— 
E. Theissen. (Naturewiss. vol. 37, pp. 334-335; 
July, 1950.) Diurnal, seasonal and long-term 
ionospheric variations observed at two Ger-
man stations are examined. 

551.594.51 2776 
On the Origin of Ten Centimeter Radia-

tion from the Polar Aurora —P. A. Forsyth, 
W. Petrie, and B. W. Currie. (Canad. Jour. 
Res., vol. 28, pp. 324-335; May, 1950.) Short-
lived bursts of 10-cm radiation from auroral 
displays have been received by radar equip-
ment. The sources of continuous radiation from 
a partially ionized medium are briefly dis-
cussed. From a knowledge of the constants of 
the equipment used it is deduced that the 
power density at the receiver is at least 
2X 10--,0 and it seems that the most 

I. likely source of this radiation is a plasma oscil-
lation of the ionized volume associated with 
the auroral display. If this is so, the electron 
density in localized regions must be of the 
order of 101,/cmi. 

I 521.030:537.5  2777 
Cosmical Electrodynamics [Book Review)-

1 H. Alfven. Publishers: Clarendon Press, Ox-
I ford and Oxford University Press, London, 
I 1950, 238 pp., 25s. (Nature (London), vol. 166, 
p. 243; August 12, 1950.) "A short general 
survey is followed by three chapters discussing 

1 the motion of charged particles in a magnetic 
field, electric discharges, and the magneto-

1 hydrodynamic waves which Alfven himself 
first discovered. The ideas developed in these 
three chapters are then applied in a further 
three chapters to solar physics (sunspots, 
chromospheric and  coronal  temperatures, 
prominences, etc.), magnetic storms and 

0 auroras, and cosmic radiation." 

1 
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LOCATION AND AIDS TO 
NAVIGATION 

621.396.9  2778 
Thunderstorm Tracks by Radar —R. F. 

Jones. (Weather (London), vol. 5, pp. 224-
225; June, 1950.) Radar photographs taken 
near Dunstable of thunderstorms at Evesham 
and Birmingham on July 13, 1949 are shown 
and discussed. 

621.396.9:531.761  2779 
Theoretical Limit to Time-Difference Meas-

urements —Richman. (See 2824.) 

621.396.933  2780 
Traffic-Handling Capacity of Paired-Pulse 

Coding for 100-Channel Distance-Measuring 
Equipment (DME) —C.  J.  Hirsch. (Proc. 
NEC (Chicago), vol. 5, pp. 366-386; 1949.) 
See 1918 of September. 

621.396.933  2781 
Radio Aids to Navigation at the Ministro 

Pistarini Airport [Buenos Airesj —P. N. Guzzi. 
(Rev. Telegr. (Buenos Aires), vol. 37, pp. 307-
312; June, 1949.) The aids provided, chosen to 
conform  to ICAO recommendations,  will 
include GCA and an instrument landing sys-
tem. 

621.396.933  2782 
Instrumental Landing System for Aircraft-

A. N. Bhattacharyya. (Indian Jour. Phys.,.. 
vol. 23, pp. 13-18; January, 1949.) General 
discussion of a system using the interference 
of ultra-high-frequency waves radiated from 
two antennas excited in the same phase with 
a common frequency. 

621.396.933 2783 
Microwave Radio Blind-Landing Systems 

for Aircraft—A. N. Bhattacharyya. (Indian 
Jour. Phys., vol. 23, pp. 88-92; February, 
1949.) Two sharply defined beams rotating in 
a plane inclined to the earth's surface at the 
glide angle are produced respectively by two 
horn antennas rotating in opposite directions. 
The beams are synchronized to intersect in the 
vertical plane midway between the antennas 
thus defining a glide path. Operating frequency 
is of the order of 20 kl%fc. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.788.12  2784 
A Rotary McLeod Gauge —M. Axelbank. 

(Rev. Sci. Instr., vol. 21, pp. 511-513; June, 
1950.) The new model described is improved in 
respect of portability, robustness and ease of 
operation. 

531.788.7  2785 
Extension of the Low-Pressure Range of 

the Ionization Gauge —R. T. Beyard and D. 
Alpert. (Rev. Sci. Instr., vol. 21, pp. 571-572; 
June, 1950.) The new model described has been 
used to measure pressures of the order of 10- 10 
mm Hg. 

538.221:546.56.723.722  2786 
Magnetic Properties and Structure of the 

Quadratic Phase of Ferrite of Copper —L. 
%Veil, F. Bertaut, and L. Bochirol. (Jour. 
Phys. Radium, vol. 11, pp. 208-212; May, 
1950.) 

538.221:621.317.411.029.5 2787 
Determination of the Apparent Perme-

ability and Q Factor of a Magnetic Powder at 
High Frequency —A. Colombani. (Jour. Phys. 
Radium, vol. 11, pp. 201-207; May, 1950.) 
The resultant internal and external fields are 
first calculated for an isolated particle in a 
high-frequency magnetic field. The results are 
applied to a uniform distribution of particles 
within a medium. From the complex .perme-

ability found, the Q factor and flux reduction 
factor are easily deduced. Calculated values, 
dependent on frequency, conductance and 
grain size, are in good agreement with ex-
perimental results. See also 1172 of June. 

538.221:669.231.15  2788 
Magnetic  Properties  of  Platinum-Iron 

Alloys: Part 2—A. Kussmann and G. von 
Rittberg. (Ann. Phys., Lpz., vol. 7, pp. 
173-101; April 1, 1950.) For alloys containing 
50 to 63 per cent Pt by weight, magnetostric-
tion effects are the highest yet observed in 
ferromagnetic materials. Optimum properties 
for permanent magnets are obtained when the 
Pt content is 70 per cent. Magnetostriction in 
this case is very small. 

538.221:669.231.74 2789 
Ferromagnetic Platinum-Manganese Al-

loys —M. Auwarter and A. Kussmann. (Ann. 
Phys., Lin., vol. 7, pp. 169-172; April 1, 
1950.) The ferromagnetic properties exhibited 
by Pt-Mn alloys containing 6 to 16 per cent 
Mn by weight are attributed to the ordered 
arrangement of the atoms in the mixed crystals 
as Pt3Mn. Magnetic-saturation and thermal-
expansion curves, lattice constants and transi-
tion temperatures are given. 

538.652:669.018.58 2790 
Evaluation of the Magnetostrictive Proper-

ties of Hiperco —H. Sussman and S. L. Ehrlich. 
(Jour. Acous. Soc. Amer., vol. 22, pp. 499-
506; July, 1950.) A description of tests made to 
evaluate the suitability of the alloy as a ma-
terial for transducers. The performance criteria 
are established, and the properties and per-
formance of hiperco, nickel and permendur are 
compared. For remanence operation hiperco 
is satisfactory for hydrophone use, but it is 
inferior to the other materials for high-power 
underwater projection.  Its performance is 
improved by polarizing above remanence. 

546.217:621.317.335.3.029.64 2791 
The Permittivity of Air at a Wavelength of 

10 Centimeters—Phillips. (See 2827.) 

546.471.61:537.311+537.323+538.632  2792 
Electronic Processes in Zinc Fluoride and 

in the Manganese-Activated Zinc Fluoride 
Phosphor—J. H. Crawford, Jr, and F. E. 
Williams. (Jour. Chem. Phys., vol. 18, pp. 775-
780; June, 1950.) Measurements of the tem-
perature dependence of electrical conductivity 
and thermal emf for ZnF2 and ZnF2-Mn, and 
of the Hall coefficient and rectifying power at 
25°C for ZnF2. 
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(London), Part 111, vol. 97, pp. 253-254; 
July, 1950.) Some results obtained by Pim 
(2246 of 1949) show breakdown voltages which 
increase as the gap width is reduced. An ex-
planation is here given as to why the spark, 
under such conditions, does not simply transfer 
to a point of greater gap width. 

621.3.087.45  2797 
Closed-Cycle  Recording  Oscillographs — 

B. Ciscel and R. Ruhland. (Proc. NEC, vol. 5, 
pp. 4-10; 1949.) Review of available equip-
tnent and description of an 8-channel pen re-
corder, with servo-moter pen drive, for use in 
flight tests. 

621.314.634:537.311.33  2798 
Experimental  Examination  of  Rectifier 

Theory as Applied to the Selenium Rectifier — 
H. W. HenkeIs. (Proc. NEC (Chicago), vol. 5, 
pp. 23 -39; 1949.) Recent work at the Uni-
versity of Pennsylvania on the correlation of 
rectifier theory with experiment is examined. 
The variables in Schottky's theory are treated 
individually. The electrical properties of single 
crystals, as well as microcrystalline specimens, 
are examined in their relation to the Se rectifier. 
To explain bulk properties, a model of micro-
crystalline selenium must possess layers if high 
resistance at crystal grain boundaries, and 
surface layers on the crystallites of quite low 
resistance. 

621.315.592 t: 539.23  2799 
Concerning the Theory of Photoconductiv-

ity  in  Infra-red-Sensitive  Semiconducting 
Films--E. S. Rittner. (Science, vol. 111, pp. 
685-688; June 23, 1950) Critical discussion of 
various theories, with a more general explana-
tion of the effects observed in such films which 
avoids the difficulty of the exact balancing of 
impurities. 

621.315.612.4:546.431.82  2800 
The  Dielectric  Properties  of  Barium 

Titanate —R. E. Averbukh and M. S. Kosman. 
(Zh. Eksp. Teor. Fiz., vol. 19, pp. 965-970; 
November, 1949.) The dependence of the di-
electric constant of BaTiO3 on temperature and 
on field strength is investigated by a new bal-
listic method. The expression for the constant 
consists of two terms which vary differently. 

621.315.612.6:537.311  2801 
Electrical  Conduction in  Glass —P.  L. 

Kirby. (Brit. Jour. Appt. Phys., vol. I, pp. 
193-202; August, 1950.) The mechanism of 
electrical conduction in glass is discussed in the 
light of modern theories of its atomic structure. 
Variation of conductivity with composition is 
explained by reference to the valency require-
ments of the network atoms, and the tempera-
ture variation of conductivity is examined. The 
relative magnitudes of the dielectric absorption 
current and the true conduction current are 
considered, and the total loss angle is calcu-
lated for various temperatures to illustrate the 
transition from a dielectric to an ionic conduc-
tor. 

621.315.616.7  2802 
A New Dry-Type Insulation for Instrument 

Transformers. —R. A. Pfuntner, R. E. Franck, 
and F. R. D'Entremont. (Elec. Eng., vol. 69, 
pp. 594-599; July, 1950.) Butyl, a rubber-like 
material, can be moulded completely round 
core and coils; its dielectric properties are excel-
lent over a wide range of temperature and 
humidity and it is chemically stable. 

621.395.625.3:681.6  2803 
A New Magnetic Record Duplicating Proc-

ess —M. Camras. (Proc. NEC (Chicago), vol. 
5, pp. 258-261; 1949) A rapid contact-printing 
process in which the blank is held against a 
master tape while the two are subjected to a 

high-frequency magnetic field. See also 2804 
below (Herr). 

621.395.625.3:681.6  2804 
Duplication of Magnetic Tape Recordings 

by Contact Printing —R. Herr. (Proc. NEC 
(Chicago), vol. 5, pp. 262-268; 1949.) Discus-
sion of a method identical in principle with that 
noted in 2803 above, and brief description of 
practical equipment. The met hod is not limited 
to tape records, but can be applied to records 
on disks, drums, etc. It does not seem applica-
ble to the duplication of records on wire. 

621.946.148.12  2805 
High-Voltage and Electrolytic Drilling of 

Diamond Dies —( Machinery (London) vol. 76, 
No. 1961, pp. 743-744; May 25, 1950.) Short 
account of method noted in 3944 of 1947. 

666.1.037.5:539.319  2806 
Stresses in Glass/ Metal Seals: Part I — 

The Cylindrical Seal  F. W. Martin. (Jour. 
Amer. Ceram. Soc., vol. 33, pp. 224- 229; 
July 1, 1950.) Consideration of viscous flow 
during cooling of a beaded wire seal following 
annealing treatment leads to a modification of 
the theory of Hull and Burger (1184 of 1935); 
good agreement is then obtained Letween theo-
retical and experimental values of stress in 
beaded wire seals. Cylindrical seals with the 
metal outside are also considered. The expan-
sion necessary for the best match depends on 
the geometry of the seal. In general, metal 
glass seals should be annealed at a temperature 
above that used for the glass alone. 

537.228.1:548.0  2807 
Piezoelectric Crystals and their Application 

to Ultrasonics [Book Review] -W. P. Mason. 
Publishers: D. Van Nostranci, New York, 
508 OP, $7.50. (Jour. Acous. Soc. Amer., vol. 
22, pp. 519-520; July, 1950.) 

MATHE MATICS 

519.242: 621.396.1  2808 
An Extension of Wiener's Theory of Pre-

diction —L. A. Zadeh and J. R. Ragazzini. 
(Jour. A ppt. Phys., vol. 21, pp. 645-655; July, 
1950.) The signal (message) component of the 
given time series Is assumed to consist of two 
parts, (a) a non-random function of time which 
is representable as a polynomial of degree not 
greater than a specified number n and about 
which no information other than n is available; 
and (b) a stationary random function of time 
which is described statistically by a given cor-
relation function. (In %Viener's theory, the sig-
nal may not contain a non-random part except 
when such a part is a known function of tim e.) 

The impulsive response of the predictor or, 
in other words, the weighting function used in 
the process of prediction is required to vanish 
outside of a specified time interval 0 St 5 T. 
(In Wiener's theory T is assumed to be infinite.) 

The theory developed in this paper is ap-
plicable to a broader and more practical class of 
problems than that covered in Wiener's theory. 
As in Wiener's theory, the determination of the 
optimum predictor reduces to the solution of an 
integral equation which, however, is a modified 
form of the Wiener-Hopf equation. A simple 
method of solution of the equation is de-
veloped. This method can also be applied with 
advantage to the solution of the particular case 
considered by Wiener. The use of the theory is 
illustrated by several examples of practical in-
terest." See also 2465 above. 

681.142  2809 
Linear Electronic Analog Computer De-

sign —C. A. Mende), and C. D. Morrill. (Proc. 
NEC (Chicago), vol. 5, pp. 48-63; 1949.) Dis-
cussion of problems of design and a description 
of a complete computer with power supplies, 
housed in a single 6 ft. X 19 in. cabinet. 

681.142  2810 
Feedback  in  Electrical  Analogue  [im-

pedance] Chains and Networks  P. Grivet and 
V. Rocard. (Rev. Sci., (Paris) vol. 87, p. 85; 
April-June, 1949.) The introduction of feed-
back in such circuits extends their mathe-
matical application. 

681.142  2811 
An Electronic Integral-Transform Corn. it 1. 

puter and the Practical Solution of Integral  
Equations -11. Wallman. (Jour. Frank. Inst., 
vol. 250, pp. 45-61; July, 1950.) Description of 
the principle and discussion of the applicat ions 
of a proposed instrument performing computa-
tions in about 0.1 sec and presenting results 
graphically on a cathode-ray tube screen. 

681.142:512.25  2812 
A Computer for Solving Secular Equa-

tions-J. F. Storm. (Proc. NEC (Chicago), 
vol. 5, pp. 98-106; 1949.) A manually operated 
analogue computer for obtaining the real roots 
of a 3-by-3 set of secular equations. Modifica-
tions required for automatic operation are dis-
cussed. 

681.142:621.31431'  2813 
Magnetic Amplifier Studies on the Analog 

Computer —Ilarder, Hamilton, Aldrich, Catle-
ton, and McClure. (See 2731.) 

681.142:621.389  2814 
The Photoformer in Anacom Calculations — 

if. W. Schultz, J. F. Calvert, and E. L. Buell 
(Proc. NEC (Chicago), vol. 5, pp. 40-47; 
1949.) Description of a device for generating a 
wide variety of functions by making a cathode-
ray beam follow the edge of an appropriate 
mask, with discussion of its use as a nonlinear 
element in an analogue computer. 

517.31/.36+ 517.71(083.81)  2815 
Integraltafel. Erster Teil: Unbestimmte 

Integrale [Book Reviewl — W. Grobner and N. 
lofreiter. Publishers: Springer-Verlag, ViC1111a, 
1949, 166 pp. $5.40. (Quart. App!. Math., vol. 7, 
p. 474; January, 1950.) "This table of indefi-
nite integrals appears to be more complete than 
others generally available. There are three 
sections. . . entitled Rational Integrands .  
and Transcendental Integrands  ." Part 1, 
on definite integrals, is in preparation. 

517.512.2+517.942.82  2816 

Fourier  Methods  [Book  Review] -1'. 
Franklin, Publishers: McGraw-Hill Book Co., 
New York, 1949, 289 pp., $4.00. (Jour. Frank. 

vol. 249, pp. 258-259; March, 19.50.) 
This is a book written for students. "The author 
broadly interprets Fourier methods as any 
analysis or synthesis of functions by a linear 
process applied to sines, cosines, or to complex 
exponentials . . . Wel has successfully treated 
the subject of Fourier series and transforms and 
Laplace transforms in an introductory manner 
which . . . is adequate for many practical prob-
lems." 

517.564.2(083.5)  2817 
Tables of Inverse Hyperbolic Functions 

(Book  Review) —Computation  Laboratory, 
Harvard University. Publishers: Harvard Uni-
versity Press, Cambridge, Mass., 1949, 290 pp., 
$10.00. (Quart. Appl. Math., vol. 7, p. 475; 
January, 1950.) First and second differences 
are given, and the functions are tabulated to 9 
decimal places. 

517.564.3(083.5)  2818 
Tables of Bessel Functions of Fractional 

Order: Vol. 2 [Book Review) —Computation 
Laboratory, National Bureau of Standards. 
Publishers: Columbia University Press, New 
York, 1949, 365 pp., $10.00. (Quart. Appi. 
Math., vol. 7, p. 475; January, 1950.) ly(x) is 
tabulated for y=  /, ±*, ±I,,  ±  x ranging 
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• 
from 0 to 13 for the negative values of r and 
from 0 to 25 for the positive values of sr. 
e" lr(x) is tabulated for the same values of y 
and for x ranging from 25 to 30,000. Functions 
are tabulated to 10 decimal places or 10 signifi-
cant figures. Auxiliary tables facilitate interpo-
lation in the x and v directions. 

517.564.3(083.5)  2819 
Tables of the Bessel Functions of the First 

Kind of Orders Fifty-Two through Sixty-
Three [Book Review]  Computation Labora-
tot  Hai yard University. Publishers: Harvard 
I to el •ao y Press, Canibt law, Mass., 1949, 544 

oo  ()Hari. Appl. ALith., vol. 7, p. 479; 
v, 1050.)  ix),...Juix) are 

tahulat , d to 10 decimal places for values of 
lancing 110111 0 to 100 in steps of 0.01 

517.7  2820 
Anwendung der elliptischen Funktionen in 

Physik  und  Technik  [Book  Review] -F. 
014'1 Iwtting,r and W. Magnus. Publishers: 
Siting  Beitio, 1940, 126 po., paper cover, 
15 60 1):Xl, hound, 18.3(1 I) NI. k Nainrwiss, vol. 
37, p 237; Ntiv, 20.60.1 hicludvs  s,ries of ex-
amples of two-dimensional problems in electro-
statics and livdromechanics, particularly field 
calculations, and current lion in channels (it 
rectangular it tillifit teal cross section, and 
TchebYchell .11.1.1. A 1111 .111011,  III  filter circuit 
theota . 

517.9  2821 
Partial Differential Equations in Physics 

[Book Review]  llllll •rte1,1. Publishers; 
w Vork, 1949, 335 pp., 

$5.80.  icorce, vol  .Ill • p. 414; April 21, 
1050.) A translation by F. C,. straus of the 
sixth N*01111111.1  01  1-,,, ,,iertehrs  "Lectures on 
Theoretical Physics. - " rt., last chapter deals 

of rat Ito waves and serves 
;Is an illustration of many oh the general meth-
ods do•velopeol in earlier chapters. The chief 
merit of the book lies in its skilful handling of 
complex probli ins, by the use of a minimum of 
mathematical formalism and a maximum of 
physical intuition." 

518.12  2812 
Numerical Calculus [Book Review] -W. E. 

Milne. Publishers: Princeton University Press, 
Princeton, N.J., 1940, 33 pp., $3.75. (Quart. 
A ppl. Math., vol. 7, p. 478-479; January, 
19:;0.1 An elementary presentation, covering 
approximations, interpolation, finite differ-
ences, numerical integration and curve fitting. 

MEASUREMENTS AND TEST GEAR 

531.761:62E387.42 0  2823 
A Direct-Reading Device for Measuring 

Dead Time and Recovery Time of Geiger 
Counters - Epprecht. t Ste 28(u4.) 

531.761:62E396.9  2824 
Theoretical  Limit  to  Time-Difference 

Measurements-D.  Richman. (Proc. NEC 
(Chicago), vol. 5, pp. 203-210; 1949.) Theo-
retical relations are derived between the ac-
curacy with which a signal may be located in 
time; and the various factors which determine 
the accuracy. These are (a) signal noise ratio, 
(b) modulation bandwidth, (c) signal duration, 
(d) signal frequency. The relations can be used 
to compute the signal noise ratio required in 
systems of prescribed bandwidth, signal dura-
tion, and accuracy. 

621.3.089.6:62E396.615.085.41  2825 
Automatic  Calibration  of  Oscillator 

Scales -W. J. Means and T. Slonczewski. 
(Proc. NEC (Chicago), vol. 5, pp. 217-221; 
1949.) Long frequency scales used in hetero-
dyne oscillators are calibrated by recording 
photographically on a strip of motion-picture 
film the image of a master scale which continu-

ously indicates the instantaneous frequency of 
the oscillator. 

621.317.31/.32:621.396.645  2826 
Notes on Voltage, Current and Charge 

Measurements by Means of Valve Ampli-
fiers -W. Boer. (Ann. l'hys., I.ps., vol. 7, pp. 
193-208; April I, 1950.) Two parameters are 
defined by means of which different types of 
apparatus can be compared: (a) electrical re-
solving power, which is a measure of the least 
difference detectable between two currents of 
1-sec duration; (b) pulse sensitivity. Estimates 
are made of the disturbing effect of tluct nations 
originating in batteries, resistors and valves, 
and noise effects in grounded-grid and free-grid 
valves are considered. Practical measurement 
limits for voltage, current and charge are de-
duced. Some fifty references are given. 

621.317.335.3.029.64 I:546.217  2827 
The Permittivity of Air at • Wavelength of 

10 Centimeters  W. E. Phillips. (Piton:. IRE., 
vol. 38, pp. 786 790; July, 1950.) Measure-
ments of the permittivity of air ;IS a function of 
water-vapor content, at at mospllef if 1/11•5.811(C 

Ana temperature, support the results of pre\ l• 

oils workers regarding the important eli,, t 
at lllll spheric water-vapor content on the re-
fraction of ultra-high-frequency waves. MeaS-
urentents on dry air and water vapor at re-
duced pressure are also recorded. Permittivity 
is  ll i ll ed by comparing the wavelengtlis 
standing waves in a cylindrk-al cavil y resonator 
hi•n evacuated to a pressure of 0.01 mm JIg 
intl when containing the air sample under test. 
'The following values for permittivity were k,b-

tained: dry air at 759.09 min I Ig and 25.5"C, 
1.0005548; dry air at reduced pressure and 
22°C, I..000303. at 555.48 mm hg :mil 1.(100129. 
at 180.08 min hg; moist air, 1 000806 at 
752.45 rum 11g, 22°C and 100 per co•nt humid-
ity, falling to 1.000668 at 756.45 rim 11g. 19'C 
and 55.7 per cent humidity. 

621.317.361  2828 
On the Problem of Unequivocal Frequency 

Measurement  by  Comparison with  Fixed 
Standard Frequencies-IL M. Schmidt. kZeit. 
..Inge:e. Phys., vol. 2, pp. 219-223; May, 1950.) 
In the method diselISSC1I the unknown fre-
quency .1, is heterodyned with (a) a suitable 
harmonic .sf of t he standard I requency J., and 
b) a second standard-frequency source fo a itfi a 
known phase displacement co. The phase dif-
ference of the difference frequencies produced 
is fn4t, according as f is higher or lower than 
offs. The number is is given by the ratio of the 
phase angle for the difference frequencies to 
that for the fundamentals. 

621.317.361:621.396.611.21  2829 
Crystal Resonators as Frequency Sub-

standards -F. J. M.  Laver.  (Proc.  IEE 
• London), Part Ill, vol. 97, p. 252; July, 1950.) 
Discussion on 1453 of July. 

621.317.42  2830 
Notes on the Theory and Practice of Mag-

netic  Field-Strength  Comparators  of  the 
Forster Type -M. \\ urm. (Zest. :Inge:v. Phys., 
vol. 2, pp. 210-219; May, 1950.) Discussion of 
the principle of and design improvements for 
the premagnetized coil-type meter. See also 
1470 of 1941 (FOrster). 

621.317.714.011.6  2831 
The Measurement of the Time Constant of 

a Critically Damped Meter-S. F. Pearce. 
(Jour. Sci. Instr., vol. 27, pp. 202-203; July, 
1950.) The performance of critically damped 
meters, such as are required as the final indi-
cating instrument in a receiver used for the 
measurement of radio interference, is analyzed 
and a simple method is described for measure-
ment of the time constant. 

621.317.714.029.62  2832 
Electrodynamic Ammeter for Very High 

Frequencies-( Tech. Bull. A al. Bur. Stand., 
vol. 34, pp. 103-104; July, 1950.) Short descrip-
tion of an instrument developed at the National 
Bureau of Standards by M. Solow. It consists 
essentially of a coaxial transmission line with a 
copper wire ring about 1 cm in diameter 
suspended between the inner and outer con-
ductors by a quartz fibre. When current flows 
in the line a torque is exerted on the ring and 
its value is indicated optically. The instrument 
is calibrated by measurements at both 300 Mc 
and 150 Mc. 

621.317.729 : 621.396.677  2833 
Electrolytic-Tank Measurements for Mi-

crowave Metallic Delay-Lens Media -S. B. 
Cohn. (Jour. .1 pp!. Phys., vol. 21, pp. 674-680; 
July, 1950.) The low-frequency index of re-
traction of a delay-lens medium can be calcu-
lated from electrolyte-tank measurements on 
single elements The proximity between adja-
cent elements is taken into account. Apparatus 
and met hod are described and results are tabu-
la(ed for three t %lies of delay-lens structure. 

621.317.73  2834 
Admittance  Analyzer-- W.  B.  Bernard. 

,,Ele,troni..s, vol. 23, pp. 107-109; August. 
1950.) The a,linittance to be measured is con-
nected across a tuned circuit which is then re-
tuned; the change of capacitance to restore 
resonance gives the unknown susceptance, 
.01d  the  conductance  is calculated  from 

- 1), It. where E is the voltage across 
the retuned circuit and a k  •n resistance R in 
series wit fu it, and e is the voltage across the 
retuned circuit alone. Resistance range was 
found to he 10 :too 1 MI:at frequencies up to 
1 Mc. At higher frequencies the upper limit is 
If MU, there f is in Mc. A detailed circuit 
diagram is given of an instrument which has 
proved very suitable Pr inienna measurements 
on site. 

621.317.73.029.62.63  2835 
Discontinuities in  Concentric-Line  Im-

pedance-Measuring Apparatus -M.  Oliver. 
Proc. 1EE (Lotul.mi, Part III, vol. 97, p. 
242; July, 1950.) Di,iission on 1188 of June. 

621.317.73.083.5  2836 
Correction Factors for Slotted Measuring 

Lines at Very High Frequencies-R. G. kled-
hurst and S. D. Pool. (Proc. 1EE (London), 
Part III, vol. 97, pp. 223-230; July, 1950.) 
Errors due to mechanical irregularities usually 
have a repeatable effect. A correction factor 
varying with the position along the line can be 
derived. The initial determination is lengthy 
hut the result is a multiplying factor that can 
he tabulated. 

621.317.733 621.392.43.029.62  2837 
A V.H.F. Match Meter-P. G. Sulzer. 

(T1 Eng., vol. 1, pp. 4-6; July, 1950.) The 
meter includes two bridges, and when con-
nected between a low-power radio-frequency 
source (10-250 Mc) and an antenna or trans-
mission line it indicates the magnitude of the 
reflection coefficient. One bridge is used for un-
balanced systems, the other for balanced sys-
tems, the reference impedances being respec-
tively 52 fl and 300 a The voltmeters reading 
the input and null voltages consist of crystal 
diodes with a switched dc microammeter. 
Calibration is effected either by comparison 
with a voltmeter of known accuracy or by con-
necting selected high-frequency resistors across 
the test terminals. 

621.317.755: 62E396.645.35  2838 
D.C. Amplifier Techniques in Oscillog-

raphy -M. 3.1aron. (Proc. NEC (Chicago), 
vol. 5, pp. 11-16; 1949.) Design problems are 
discussed, and a description is given of a dc 
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amplifier, developed as a signal amplifier for a 
cro. Auxiliary circuits, including time bases, 
are described. Typical applications of the dc 
amplifier in oscillography are outlined. 

621.317.763.029.64:621.396.611.4  2839 
A 10-cm Mechanically Swept Spectrome-

(er -P. Andrev.s. (Proc. 1EE (1.01U10:1 , Part 
III, vol. 97, pp. 200-261; July, 1950.) Discus-
sion on 2855 of 1949. An instrument for the 
same frequency, but with an electronic sweep 
system, is described by P. Bramham. 

621.317.79:621.3.018.78t  2840 
An Intermodulation Analyzer for Audio 

Systems -R.. S. Fine. (Audio Eng., vol. 34, 
pp. 11-13, 43; July, 1950.) A description, with 
detailed circuit diagram, of an instrument for 
measurement of intermodulation distortion. It 
is particularly usetul tor assessing the quality 
ot amplifiers and phonograph pickups 

621.317.79:621.396.67  2841 
The Electronically Driven Ripple-Tank as 

an Aid to Phase-Front Visualization 
Schooley. (Proc. NEC (Chicago), vol. 5, pp. 
303-314; 1949.) A detailed account 01 c.,u1 ,-
inent noted in 1979 of September, u it fi  I-
'M'S photographs of typical p 

621.317.799t:621.397.5  2842 
Inexpensive  Picture  Generator--J. 

Popkan-Clurenen. Eiectronic,, vol. 24, pp. 102 
Augur., 19m.f.) Light irom th , raster ut a 

television P..iver is transmitt.,1 through •• 
transparent t. st pa w rn and pi keel up by 

photocell \lii0St! output is amp.ifiud 
and _orrected tor cathode-ray tube ptio,ph ,A 
decay. Video phase-splitting altos% s pusiuve or 
negative transparencies to be used. Blanking 
puke, are .idled in a rinser 
clapped and provides the comp, .nilt- ‘1.1,0 (,,L • 
pattern signals, w lieu ate suitable for t.- ding 
the video section ut a Plc% 
synchronizing arrangements are available. A 
separate ses eel. circuit it providing raster and 
blanking pulses is described. %sit!, detailed dia-
grams. 

621.396.662.029.04  2843 
Microwave Attenuators for Powers up to 

1000 Watts-H. J. Carol ,did L. N. 1 orgoss 
I.R lu., vol. 3s, pp. 777-789, July, 

19504 A broad-band attenuator is iles.cribcd 
which reduces input In. rs by a fix. d rate, to a 
loss level measurable by a ki10111.•it r. 11,4 ,10.-
vItle is a cl  tlitce units. 

aii,f1L4.1(..! 
transv• rsely into the phan posse:-

carr)ing cossial lin. ; this operate  on a t a-
patAtan, .•-livi.I. I pro, iple;  a metallized-
glass ,  att.. lat.!' .348 ut  19491  Or 
matching ,a) to th.  -1 line  I  ual... ,ng 
its attenuation nil r.  Ii.  u.  , and 
(c) a tapered-di. a • irk: coaxial load in the main 
line. Tu., sets ot equipment  ,e. i the band 
1-1U k:11c. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.321.9:539.32  2844 
Ultrasonic Measurement Techniques Ap-

plicable to Small Solid Specimens -11.  J. 
MeSkimin. (Jour. :torus. Soc. Amer., vol. 22, 
pp. 413-418; July, 1950.) A description tat 
techniques for the measurement it velocity oi 
propagation and attenuation by phase-com-
parison methods, using either longitudinal or 
transverse waves. One is a resonance (ech-
nique, using a pulse input aml displaying tin' 
addition of in-phase multiple reflections from 
within the specimen. A more precise technique. 
using circuit-wave oscillations gated by J1c 
pulses, depend. on the cancellation ot any 

order of multiple reflection by a delayed signal 
derived from the input. The phase shifts at 
reflecting interfaces may be independently de-
termined. Derivations of the principal formulas 
used are given and the precautions necessary 
in the use of polystyrene seals and fused-silica 

supporting rods are described. 

534.321.9: 620.179.1  2845 
Ultrasonics and Their Use for Non-De-

structive Testing of Materials -N. G. Neu-

weiler,  (Laus...inne), vol. 4, pp. 37-
44 and 60-66; January-February, and Mardi-
April, 1950.) Illustrated description of the 
principles, operation and applications of a flaw 

detector. 

534.321.9 : 621.398: 535.88  2846 
Supersonic Control of a Lantern-Slide Pro-

jector- -S. G. Lutz and G. Rand. (Proc. NEC 

JChicagoj, vol. 5, pp. 477-481; 1949.) Equip-
ment is described which enables a lecturer to 
operate the slide-changing device on a pro-
jector by means of a small ultrasonic whistle 
concealed in a pocket. 

535.214.4: 535.61 -15  2847 
The Diaphragm Radiometer--P. E. Weber 

()plik, vol. 0, pp. 152-161; March, 19511 . A 
description is given of an infra-red radiation re-
ceiver whose operation is Lased on the kinetic 
effect in gases. Thermally modulated radiation 
is incident on a diaphragm forming one closure 
of a gas chamber, and the resulting oscillations 
of the diaphragm produce capacitance varia-
tions in one arm of a tuned higt.d-re,pp ncv 
bridge.  Using  a modulate 'n  y 
100 cps, radiated (tatter as low as 1.2  10 7 
w' cm' can be measured, the nigh-trequency 
voltage delivered being then 10 'v. Greater 
sensitivity can be attained by exposing the 
diaphragm to sound of a frequency which is a 
multiple of the modulation frequency. 

621.3.087.6: 534.232 : 534.321.9  2848 
Application of Supersonic Energy to High 

Speed Electronic Recording -Dana and Van 
NI.  r. 'Proc. NEC' •C hicags , vol. 5, pp. 473 - 
470; 1049.. See 1501 of August. 

62L316.72:537.533  2849 
Automatic Regulation of Thermionic Emus-

SiOD - W. Steckelmacher and S. van der Meer. 
-I Old/ . S(.1.  I ., vol. 27, pp. 1s9-191; July, 
1950.) Continuous control for large changes of 
emission conditions, such as occur in continu-
ously  pumped  X-ray  tubes ..r  ionization 
vacuum gauges, is effected by using the change 
Iff  emission current to develop a correction 

voltage which is applied, after amplification, 
to a pair of valves ss hose anode currents govern 
the heating current for the electr. ,n source. A 
phase-shitt fl••i%k ork in the feedback chain pre-

vents the oscillations %%filch sometimes occur 
when controlling massive filaments 

621.317.083.7  2850 
Matrix Telemetering System  N. R. II, 5: 

E;e,:sonrcs. vol. 23. pp. 82 85, August, 195ii 
31oPT M channels are superimposed on a 1025-
Mc carrier with peak toner ot 4 kw. A 10-kc 
oscillator in the transmitting (airborne, unit 
operates a 32-state counter defining 100-us 
time intervals for each channel, and transmits a 
synchronizing pulse to an oscillator counter 
unit in the receiver. 1 he signals in the various 
channels are displayed as time-po•siti..ned-dots 
on a blacked-out cat !lode-E., V rut.' ir.ice and are 
recorded on continuously running film. 

621.317.39  2851 
Some Electrical Methods of Measuring 

Mechanical  Quantities -F.  J.  Woo,lco, k. 
Proc. 1EE (London). Part I, vol. 97, pp 1.0,-
149, Discussion, pp. 149-154; July, 1950  Full 
paper, including 87 references. Summary 
in 2306 of November. 

621.317.39:531.717.1  2852' 
Thickness Gage for Moving Material -S. 

V.  Hart and I. W. Rozian. (Proc.  NEC 
(Chicago), vol. 5, pp. 83-87; 1949.) An instru-
ment which records the thickness of any non-
magnetic material within the range 0.0001-1.0 
in. and detects deviations of <1 microinch 
from a standard. The material is inserted be-
tween primary and secondary of a split trans-
former, the output of which is balanced in a 
bridge circuit against that or a similar unit 
holding a standard slat. Magnetic materials 
can be handled by using a pair of differential 
ransformers. 

021.317.755:621.317.39  2853 
Multiple-Channel  Cathode-Ray  Instru-

mentation of Non-Electrical Quantities -J. N. 
Van scoyoc and G. F. Warlike.  Po.c. NEC 
,Chicago., vol. 5, pp. 68-97; 19494 Descrip-
tion ot a 24-channel mobile unit using single-
beam cathode-ray tubes whose screen patterns 
are photographed on continuously  moving 
tilm. 

621.365.551  2854 
Heating  by  Means  of  High-Frequency 

Fields: Part 2--Capacitive Heating - M. 
and E.. C. Witsenburg. t.PnOsps Tech.  , 
vol.  11, pp. 232-240; February,  1950. ) A 
formula is derived for the amount of heat gen-
erated in unit time in a homogeneous dielectric. 
Selective heating call be produced %%lien rwc, 
different dielectrics k e.g. wood and gla. 
associated.  Industrial applications are 
curs" I Part 1: 1995 oh September. 

021.384.6  2855 
Principle of an Ion Source for Intense 

Beams -t_  Cassignol. I A aii.irr 
1((o, pp. 233-234; August 5, 1950.) "I  ;Tinci-
plr used is similar to that of Alf ven - • r, ,_ho-
trun 0205 ot 1948), but field moditicatf ,ns are 
introduced tur concentrating positive ions in-
stead 01 electrons. The ext.' acting ele, fr.  is a 
short cylinder coaxial with the  ier.:t. 
tube, and is provided veith a sin:united...mi.:I 

and maintained negative. An inliorm.gene-
cis magnetic held assists in b., using the 1011a 
ii r,, the slit. Observations on this and on a 
iii' .r type 01 source support the theoretical 
assumptions. 

621.384.611.11:015.849  2856 
Experiments with a 0- MeV Betatron -K. 

Guii•I and W. Paul. , A ueleurir,_, vol. 7, pp. 30-
45, July, 1950., An account is given ul the de-
velopment and construction of a betatron in 
the  electromedical  laboratory  of  Siemens-
Reiniger- Wer  Erlanip.n,  Germany.  Pre-
liniinary ph) sical-hrid biological VX1/triMtiltS 
%%all  equipment are described, including 
cancer treatment in human beings. 

621.384.611.2 ,  2857 
Extraction of the Electron Beam from a 

30- MeV Synchrotron -J. D. Lawson, H. E. 
V‘alf..r•l „1II.i .1 If. Aiarn.  Nu‘ure (London , 
vol. 100, pp. 234 -235; AugAst 5, 1950.  Elec-
trons ot energy up to 20 M.,-s' hays( been ex-
tracte.1 bruin the Hansen synchrotron by use 
ot a small shunt ,  carrying a pul.e..1 current 
ot up to 6,000 A p. ak, toned so that ti..- current 
is a maximum 'when rice electrons e titter the 
shunt. No difficulty is awn. ipated in ,pplying 
the met hod to 30-Islev electrons. 

621.387.4 t  2858 
Scintillation Type Alpha-Particle Detec-

tor -A. s Goldin, L. R. Rohrer, and R. L. 
Rrt. 8c,. In,ir.,\.(0. 21, pp. 554-557; 

June, 1950. 

621.387.4 t  2859 
The Theory and Properties of Low Voltage 

Radiation Counters  J  Simpson, 
Nci. Instr., vol. 21, pp 535 508; June, 19504 
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621.387.4t:548.0  2860 
t  Crystal Counters—R. Hofstadter. (Prtoc. 
I I.R.E., vol. 38, pp. 726-740; July, 1950.) The 
I! author's previous survey of this subject (2506 
I and 2507 of 1949) is extended to cover later de-
r velopments such as counters using S or Ge 
crystals. 

. 621.387.424t  2861 
Geiger Counter for Civilian-Defense Use — 

! IL D. LeVine, H. J. DiGiovanni, and M. R. 
Coe. (Nucleonics, vol. 6, pp. 56-59; June, 
1950.) Description of a simple and relatively 
cheap counter. The necessary high-voltage sup-
ply is obtained from a vibrator operated by a 
3-v flashlight battery. 

621.387.424t  2862 
A Method of Measuring Spurious Counts 

in Geiger-Minler Counters —D. Willard and 
C. G. Montgomery. (Rev. Sci. Instr., vol. 21, 
pp. 520-521; June, 1950.) 

621.387.424t 2863 
The Velocity of Propagation of the Dis-

. charge in Geiger- Miiller Counters—H. Saltz-
mann and C. G. Montgomery. (Rev. Sci. Instr., 
vol. 21, pp. 548-549; June, 1950.1 

621.387.424 t: 531.761 2864 
A Direct-Reading Device for Measuring 

Dead Time and Recovery Time of Geiger 
Counters—G. \V.  Epprecht.  (Hely.  Phys. 
Ada, vol. 23, pp. 291-298; April 20, 1950. In 
German.) An RC discharge circuit is used to 
measure the shortest time interval between 
successive pulses. Some results obtained with 
the apparatus are shown. 

621.396.9:526.9 2865 
Electronic Contour Mapping —R. C. Ray-

mond. (Proc. NEC (Chicago), vol. 5, pp. 211-
216; 1949.) A stabilized aircraft with a pencil-
beam radar set makes several thousand obser-
vations per second on the terrain over which it 
flies. The data are used to print a contour map. 
Calculations indicate that with efficient equip-
ment contour maps covering 1,000 square miles 
could be printed in under an hour. 

621.398 2866 
The Landis & Gyr Audio-Frequency Tele-

control System —(Bull. Tech. Sui,se Romande, 
vol. 76, pp. 146-148 and 162-164; June 3 and 
17, 1950.) Description of a system particularly 
suitable for use on power lines and operating 
on a frequency of 475 or 725 cps. A shorter ac-
count was noted in 1744 of August. 

681.142:621.385.832  2867 
Coordinate Tubes for Use with Electro-

static Storage Tubes—R. S. Julian and A. L. 
Samuel. (Proc. NEC (Chicago), vol. 5, pp. 
107-122; 1949.) The system uses two master 
tubes which separately control the horizontal 
and vertical displacements of the electron 
beams in a bank of slave tubes. Control is ef-
fected by servo amplifiers, which locate the 
proper memory positions from their digital ad-
dress codes in terms of the mechanical positions 
of target plates contained within the master 
tubes. Two different types of tube are de-
scribed, one for sequential operation, the other 
for a parallel address system. 

621.38  2868 
An Introduction to Electronics [Book Re-

view] —J. Yarwood. Publishers: Chapman and 
Hall, London, 329 pp., Us. (Electrician, vol. 
145, p. 425; August 18, 1950.) ". . . for those 
physics and engineering students . who need 
an account of the subject at an intermediate 
standard . . . and also as a guide to lecturers." 

621.38  2869 
Industrial Electronics and Control [Book 

Review1 —R. G. Kloeffier. Publishers: Chap-

man and Hall, London, 1949, 478 pp., 33s. 
(Beam° Jour., vol. 57, pp. 181-182; June, 
1950.)  . . written not only for the electrical 
engineer, but also for students of chemical and 
mechanical engineering who desire a knowledge 
of industrial electronic applications. The text is 
descriptive rather than mathematical and the 
calculus is not employed." 

621.38  2870 
Electronics, Principles and Applications 

[Book Reviewl —R. R. Wright. Publishers: 
Ronald Press, New York, 1950, 387 pp., $5.50. 
(Electronics, vol. 23, pp. 136, 138; August, 
1950.) "A basic course in electronics for non-
electrical engineering students." 

PROPAGATION OF WAVES 

538.566  2871 

On the Existence of a Surface Wave in 
Dipole Radiation over a Plane Earth —T. 
Kahan and G. Eckart. (Paoc. I.R.E., vol. 38, 
pp. 807-812; July, 1950.) See 2892 of 1949. 

621.396.11  2872 
Ground- Wave Propagation over an In-

homogeneous Smooth Earth. Part 2—Experi-
mental Evidence and Practical Implications— 
G. Millington and G. A. Isted. (Proc. IEE 
(London), Part III, vol. 97, pp. 209-217; July, 
1950. Discussion, pp. 217-222.) Theoretical 
considerations of Part 1 (1758 of 1949) are re-
viewed, which predict an increase in field 
strength on crossing a land-sea boundary. 
Further experimental results are discussed and 
found in agreement with theory, although not 
conclusive. The best conditions for obtaining 
such an increase in practice are analysed: a 
wavelength of 4 m is suitable where the dis-
tances involved are small, while 100-m wave-
length is preferable where attenuation with dis-
tance is much greater. over land than over sea. 
Measurements on these wavelengths of field 
strength along land-sea paths are described; the 
results show the predicted increase and fit the 
calculated curves as well as experimental con-
ditions would allow. Some practical implica-
tions of the results are discussed, in particular 
with regard to the siting of transmitters near 
water, the possibilities of common-frequency 
working under ground-wave conditions, and 
the ground-wave coverage of medium- and 
long-wave navigation aids. 

621.396.11  2873 
The Beacon Technique as Applied to 

Oblique Incidence Ionosphere Propagation — 
J. T. deBettencourt and H. Klemperer. 
(Paoc. I.R.E., vol. 38, pp. 791-792; July, 
1950.) Experiments have been made to identify 
the propagation paths of pulse signals. An in-
terrogator-responder near Boston transmitted 
pulses of width 100 us and repetition rate 20/sec 
to a transponder in the Caribbean area 2,615 km 
away. Horizontal rhombic antennas, and trans-
mitters giving 20 kw peak power at 16.08 Mc 
were used at both stations. Photographic rec-
ords were obtained showing pulse amplitudes 
against go-and-return time, and go-and-return 
time against time of day. One-way transmission 
time is simply calculated from the observations 
and the path travelled is then identified by 
means of available charts. 

621.396.11:1551.51:545.326  2874 
Determination of Modified Index-of-Re-

fraction over the Gulf of Mexico from Radio 
Data —Straiton and LaGrone. (See 2773.) 

621.396.11:551.510.535  2875 
Ray Paths of Radio Waves in the Iono-

sphere -11. Poeverlein. (Zeit. Angew. Phys., 
vol. 2, pp. 152-160; April, 1950.) Graphs are 
given of the paths of the ordinary and extraor-

dinary rays for a signal of wavelength 80 m 
both for vertical and oblique incidence on a 
linearly ionized and on a parabolically ionized 
layer at a height of 200-300 km. At vertical 
incidence the ordinary ray is deflected north-
wards, the extraordinary ray southwards. For 
small angles of incidence, ray paths are pointed 
at their apex and the height of reflection is 
constant. The ray theory may give inaccurate 
results near the point of reflection. See also 718 
of April. 

621.396.11+621.396.811.029.64  2876 
Progression of Microwave Radio Scintilla-

tions [fluctuations] at Wind Speed on an Over-
water Path —A. W. Straiton and H. W. Smith. 
(Paoc. I.R.E., vol. 38, pp. 825-826; July, 
1950.) 3.2-cm radio signals transmitted over a 
26.5-mile overwater path were recorded by two 
receivers (a) with a horizontal separation of 65 
ft. normal to the radio path, (b) with a vertical 
separation of 10 ft. Signal fluctuations pro-
gressed at about wind speed between the hori-
zontally separated receivers; a downward but 
less definite progression was observed for the 
case of vertical separation. See also 3241 of 
1949 and 1483 of July (Straiton et al.). 

621.396.81  2877 
Propagation of 10-Mc/s Waves over Ranges 

of 500-1300 km— R. G. Sacasa. (Rev. Tele-
co ma. (Madrid), vol. 5, pp. 2-8; December, 
1949.) Data for 10 Mc as optimum working 
frequency are taken from the diagram previ-
ously discussed (2614 above); these are rear-
ranged in tabular form and considered in detail. 
Experimental results for reception during No-
vember 1949 of Swiss transmissions on 11.865 
and 9.665 Mc are presented. 

621.396.81  2878 
Propagation of  12-Mc/s and  15-Mc/s 

Waves over Ranges of 500-2400 km —R. G. 
Sacasa. (Rev. Telecomun. (Madrid), vol. 5, 
pp. 3-14; March, 1950.) Tabulation and dis-
cussion of data obtained from the diagram 
previously given (2614 of December). Experi-
mental results for 15.17-Mc transmissions from 
Oslo during the period October 1949-February 
1950 are presented. Agreement with prediction 
is very satisfactory. 

621.396.812.029.64  2879 
Microwave  Attenuation  Statistics Esti-

mated from Rainfall and Water Vapor Statis-
tics—H. E. Bussey. (Paoc. I.R.E., vol. 38, pp. 
781-785; July, 1950.) Curves are derived giving 
predictions of the number of hours per year dur-
ing which the overall attenuation of a 50-km 
path and a 1-km path at Washington will ex-
ceed various values, for frequencies above 
1 kMc. The results are obtained by analyzing 
available meteorological data, theoretically de-
rived factors (515 of 1947) being used for con-
verting into radio attenuation values. Exten-
sion of the method to other parts of the U.S.A. 
is discussed. 

RECEPTION 

621.396.621:621.396.619.13  2880 
Detector Circuits for Frequency-Modula-

tion Receivers—C. J. Boers. (Fernmeldetech. Z., 
vol. 3, pp. 296-300; August, 1950.) The dis-
turbing effects of undesired am are examined, 
and the action of limiters is explained. A subse-
quent paper is to deal with particular types of 
discriminator circuit. 

621.396.621 : 621.396.619.13: 621.396.931  2881 
Mobile P.M. Broadcast Reception —R. C. 

Barritt. (Electronics, vol. 23, pp.  74-78; 
August, 1950.) A report of results obtained with 
various types of antenna and circuit for fm 
broadcast reception in moving vehicles. In-
creased sensitivity and improved limiting cir-
cuits appear to be necessary. 
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621.396.621:621.396.822  - 2882 
Analysis of the Signal/Noise Ratio in 

U.H.F.  Receivers —E.  W.  Herold.  (Rev. 
Telecotnun. (Madrid), vol. 5, pp. 47-60; March, 
1950.) A translation from "Radio at Ultra-
High Frequencies," vol. 2, published by RCA 

Review. See 2336 of 1942. 

621.396.622.015.7 t: 621.396.822  2883 
Detection of a Pulse Superimposed on 

Fluctuation Noise —B.  M. Dwork. (Paoc. 
I.R.E., vol. 38, pp. 771-774; July, 1950.) The 
frequency response of a linear device giving the 
maximum value for the ratio between peak 
amplitude of the signal and the rtns value of the 
noise at the output is determined analytically 
for a known pulse superimposed on fluctuation 
noise with a known spectrum. The result is ap-
plied to the case in which the fluctuation noise 
has a uniform frequency distribution; the opti-
mum network is then physically realizable if 
the pulse differs from zero for only a finite inter-
val of time. The noise-suppression efficiency of 
a conventional RC circuit is computed for 
rectangular and for exponentially decaying 
pulses. 

621.396.662: [621.396.619.13+621.397.62 2884 
A New TV-F M Tuner—C. W.  Lyile. 

(Tele-Tech, vol. 9, pp. 21-23, 86; June, 1950.) 
Detailed description of a continuously variable 
inductive tuner in which tuning is effected by a 
rotor carrying copper vanes serving as short-
circuited turns when brought near the inductor 
coils. Two sets of coils and vanes are used, one 
set for the high and the other for the low US 
television band. 

621.396.662.085.3 2885 
Hypersensitive Resonance Indicator— R. 

L. Ives. (Electronics, vol. 23, pp. 118-154; 
August, 1950.) Application of Foster-Seeley 
and Doppelganger discriminators to resonance 
indication for weak and fading signals is dis-
cussed. Circuit details are given of a complete 
unit that can be added to any standard super-
heterodyne receiver. 

621.396.81 2886 
Propagation of 10- Mc/s Waves  over 

Ranges of 500-1300 km —Sacasa. (See 2877.) 

621.396.81 2887 
Propagation of  12- Mc/s and 15- Mc/s 

Waves over Ranges  of  500-2400  km — 
Sacasa. (See 2878.) 

STATIONS AND CO M MUNICATION 
SYSTE MS 

621.39.001.11 2888 
Statistical Theory of Communication —J. B. 

Wiesnet. (Proc. NEC (Chicagq), vol. 5, pp. 334-
341; 1949.) Difficulties in the analysis of com-
munication systems are pointed out and the 
statistical methods developed by Wiener and 
Shannon are outlined. The use of statistical 
concepts to provide a new kind of filtering in 
the time domain is described. See also 2465 
above (Wiener) and 1649 of 1949 (Shannon). 

621.394/.3951.44  2889 
Carrier-Frequency Technique in Germany, 

1935-1945--G. Hassler. (Elektrotechnik, Be, lin, 
vol. 2, pp. 161-168; June, 1948.) 

621.395:621.318.572  2890 
Voice-Switched Intercom —R.  H.  Baer. 

(Electronics, vol. 23, pp. 79-81; August, 1950.) 
Instead of a talk-listen switch this system uses 
a 4-terminal repeater with a flip-flop circuit 
that unblocks gated amplifiers alternately 30 
times per sec. Incoming speech signals stop the 
flip-flop and keep open the desired channel 
without clipping syllables. 

PROCEEDINGS OF TIIE I.R.E. 

621.395.44  2891 
A Twelve-Channel Carrier Telephone Sys-

tem for Use on Cables—T. B. D. Terroni. 
(Strowger Jour., vol. 7, pp. 62-81; July, 1950.) 
The principal factors which determine the de-
sign of 12-channel systems are outlined and the 
single-modulation method using crystal filters 
and the group-modulation method using in-
ductor-capacitor filters are discussed.  The 
special features of a group-modulation system 
are described and performance details are 

given. 

621.396.1: 519.242  2892 
An Extension of Wiener's Theory of Pre-

diction —Zadeh and Ragazzini. (See 2808.) 

621.396.3 + 621.396.51(43)  2893 
Survey of the [German] Overseas Radio 

Service — W.  Kron j ger. (Fcrnmeldelech. Z., 
vol. 3, pp. 265-271; August, 1950.) The differ-
ent telephony and telegraphy systems are indi-
cated and the organization of the corresponding 

services is described. Traffic figures are given 
for 1949. 

621.396.61/.62(621.396.931  2894 
Mobile Radio Unit —D. Samuelson. (F M-

T V, vol. 10, pp. 18-19, 33; July, 1950.) Design 
details, with illustrations, of a small transmit-
ter-receiver capable of operating in a single 
channel without picking up adjacent-channel 
signals or causing interference with other sys-
tems. Transmitter power output is 12 w on 25-
50 Mc and 10 w on 151-174 Mc. 

621.396.65: 621.396.619.11/.13  2895 
Modulation Conversion in a Wave Guide — 

P. S. Rogell. (Jour. Appl. Phys., vol. 21, pp. 
629-631; July, 1950.) Theory and design equa-
tions are presented for the conversion of a nar-
row-band FM microwave signal into an almost 
pure AM signal within a waveguide of given 
dimensions. Frequency relations and guide di-
mensions are arranged so that the FM side-
bands are shifted with respect to the carrier 
until they become AM sidebands at the guide 
output. A complex intelligence signal may be 
transmitted with negligible distortion if it is 
used for AM of an intermediate carrier which 
is then applied for FM of the microwave car-
rier. 

621.396.65.029.63/.64:621.397.5 2896 
2000- and 7000- Mc/s TV Microwave Re-

lays —E. D. Ililburn. (TV Eng., vol. 1, pp. 
8-11; 18-21; 16, 35; 26; March-June, 1950.) 
Relay equipment for transmission of outside 
programs to station WNIAL-TV is described. 
The 7-kMc equipment is portable and serves 
for local transmissions over line-of-sight paths 
up to about 20 miles, while the more powerful 
2-kMc equipment is used between fixed sta-
tions and is effective at much greater ranges. 
Installation and operation procedures are dis-
cussed. 

621.396.7+621.397.71(73)(058.7) 2897 
Tele-Tech TV-F M-A M Station & Studio 

Equipment Directory, 1951 —( Tele-Tech, vol. 
9, pp. 37-39, 84; June, 1950.) A very compre-
hensive list of U. S. stations of all types, and of 
manufacturers of equipment directly or indi-
rectly connected with radio and television. 

621.396.712.029.6:621.396.619.13(43)  2898 
The Technique of U.S. W. Broadcasting — 

L. Rohde. (Fernmeldetech. Z., vol. 3, pp. 286-
292; August, 1950.) Germany is the first 
European country to introduce ultra-short 
wave FM broadcasting. American practice has 
been studied and full advantage is taken of the 
possibilities of FM, viz., high quality, economic 
use of frequency channels and reduced inter-
ference. Radio links are preferred to cable for 
all but very short distances. Tetrodes are used 

December 

for power up to 1 kw, triodes for higher power. 
The advantages of small automatically con-
trolled transmitters are pointed out, and filter 
arrangements are described which permit two 
programs to be radiated from the same an-

tenna. 

621.396.712(43) 2899 
Basis of U.S. W. Plan for the U. S. Zone [of 

Germany)—F. Gutzmann. (Fernmeldetech. Z., 
vol. 3, pp. 276-278; August, 1950.) 

621.396.712(43) 2900 
The U.S. W. Network of the North- West 

Germany Broadcasting System— W. Nestel. 
(Fernmeldetech. Z., vol. 3, pp. 282-285; August, 

1950.) 

621.396.712(43)  2901 
The U.S. W. Network of the South- West 

[Germany]  Broadcasting  System —Knopfel. 
(Fernmeldetech Z., vol. 3, pp. 279-281; August, 
1950.) 

SUBSIDIARY APPARATUS 

621.526 2902 
A Note on the Error Coefficients of a Servo 

Mechanism —J. L. Bower. (Jour. Appl. Phyc., 
vol. 21, p. 723; July, 1950.) 

621.316.722.1:621.316.261 2903 
A Preservation Rectifier with Electronically 

Stabilized  Charging  Voltage—E. Cassee. 
(Philips Tech. Rev., vol. 11, pp. 253-259; 
March, 1950.) The difference between the 
charging voltage of an accumulator battery and 
a constant reference voltage is amplified and 
used to control the dc bias of a transductor in 
series with the secondary of the transformer 
feeding the rectifier in the charging equipment 
The charging voltage is thereby maintained 
constant to within 0.5 per cent for mains fre-
quency deviations of 4 per cent or voltage 
variations of 10 per cent. 

621.355.2+621.355.8 2904 
Military Storage Batteries —H. Mandel. 

(Elec. Eng., vol. 69, pp. 619-621; July, 1950.) 
Recent developments are described, particu-
larly as regards lead-acid batteries and alkaline 
batteries with sintered Ni-Cd plates, and ob-
taining satisfactory performance at very low 
temperatures. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5:621.317.7991. 2905 
Inexpensive Picture Generator —Popkin-

Clurtnan. (See 2842.) 

621.397.5: 621.396. 0 2906 
Televising the Boat Race -1950: The Engi-

neering Problems —T. II. Bridgewater, R. H. 
Harnmans, and S. N. Watson. (BBC Quart., 
vol. 5, pp. 107-115; Summer, 1950.) A detailed 
account of the system of radio and cable links 
connecting the equipment on the launch fol-
lowing the race with the Alexandra Palace 
transmitter. 

621.397.5: 621.396.65.029.63/.64 2907 
2000- and 7000- Mc/s TV Microwave Re-

lays -1 lilburn. (See 2896.) 

621.397.5(43)  2908 
The Development of Television by the 

German  Post  Office —H. Pressler.  (Fern-
meldetech. Z., vol. 3, pp. 302-308; August, 
1950.) A historical review, with extensive bibli-
ography. 

621.397.5(43) 2909 
Development of Television Technique by 

the Fernseh G.m.b.H. 1939-1945 —H. Bahring. 
W. Dillenburger, R. v. Felgel-Farnholz, T. 
Mulert, F. Rudert, and H. Striibig. (Fern-
meldetech. Z., vol. 3, pp. 308-316; August, 

p 
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1950.) A review of the most important ad-
vances made during the period when normal 
publication was suspended. 

621.397.6 2910 
A Film Dubbing and Review Suite for Tele-

vision Film Production—N. F.  Chapman. 
(BBC Quart., vol. 5, pp. 116-128; Summer, 
1950.) Detailed account of facilities noted in 
1539 of July. 

621.397.61:621.396.619.2 2911 
An Analysis of Single and Double Sideband 

Transmission—G. E. Hamilton and R. G. Art-
man. (TV Eng., vol. 1, pp. 22-24; July, 1950.) 
A mathematical analysis of double sideband 
and single-sideband transmission. The attenua-
tion may vary between 6 db and 7 db according 
to the modulation factor. In double-sideband 
operation the detector need respond only to the 
modulating frequencies, but for single-sideband 
transmission a detector with infinite band-
width is needed to give faithful reproduction. 

621.397.61:621.396.645.018.424:621.3.088.7 
2912 

The Compensation for Phase Errors in 
Wide-Band  Video Amplifiers —Brain.  (See 
2752.) 

621.397.61:621.396.673  2913 
1 057-Foot FM-TV Antenna —(See 2722.) 

621.397.611.2 2914 
A New Image Orthicon —R. B. Janes, R. E. 

Johnson, and R. R. Handel. (Proc. NEC 
(Chicago), vol. 5, pp. 140-147; 1949.) The 
spectral sensitivity characteristics of image 
orthicons are discussed and the properties of a 
new panchromatic high-sensitivity photosur-
face used in the RCA Type 5820 orthicon are 
described. This makes television possible under 
poor lighting conditions. Production problems 
for the Type 5820 orthicon are briefly dis-
cussed. See also 2361 of October. 

621.397.621.2:621.385.832 2915 
The Design and Fabrication of TV Picture 

Tubes —Hoagland. (See 1943. ) 

621.397.62:621.314.2 2916 
A  Universal-Application Cathode-Ray 

Sweep Transformer with Ceramic Iron Core — 
C. E. Torsch. (Proc. NEC (Chicago), vol. 5, 
pp. 130-139; 1949.) The high-µ high-Q ceramic-
iron cores now available enable cathode-ray 
tube sweep transformers of high efficiency to be 
produced. The design of a unit which can be 
used with any direct-view picture tube is de-
scribed and typical circuits for use with the 
unit are given. 

621.397.62+621.396.619.131:621.396.662 2917 
A New TV-FM Tuner—Lytle. (See 2884.) 

621.397.62:621.396.662 2918 
Two New  Television  Tuners— M.  F. 

Melvin. (Proc. NEC (Chicago), vol. 5, pp. 
148-160; 1949.) Description and performance 
details of 3-section and 4-section "spiral" in-
ductuners which are both cheaper and me-
chanically simpler than previous solenoid de-
signs. 

621.397.62:621.396.67 2919 
An Automatic Built-In Antenna for Tele-

vision Receivers —K. Schlesinger. (Proc. NEC 
(Chicago), vol. 5, pp. 292-302; 1949.) See 819 
of May. 

621.397.82 2920 
Interference Patterns in Television Pictures 

—(Jour. Telev. Soc., vol. 6, pp. 22-23; Janu-
ary-March, 1950.) Photographs taken by the 
GPO officials are shown, illustrating the dis-
turbing effects produced on television pictures 
by different types of interference. 

621.397.5  2921 
Television Simplified [Book Reviewj —M. 

S. Kiver. Publishers: D. Van Nostrand Co., 
New York, 3rd edn 1950, 556 pp., $6.50. (Paoc. 
I.R.E., vol. 38, p. 832; July, 1950.) The basic 
principles of television are explained for the 
nonmathematical reader. The book deals al-
most entirely with receivers, and includes a 
chapter on servicing and installation. New 
chapters cover intercarrier television sound and 
color television. 

TRANSMISSION 

621.396.61 2922 
Lorenz 10-kW U.S. W. Transmitter for 

F.M. Broadcasting— G. Brauer. (Fernmelde-
tech. Z., vol. 3, pp. 292-296; August, 1950.) Two 
of these transmitters have been in operation in 
Germany since early 1950. An explanation is 
given of the differences of design called for at 
frequencies of 87.5-100 Mc as compared with 
transmitters  for  lower  frequencies.  The 
grounded-grid triode power-amplifier tube is 
described in some detail. 

621.396.61:621.396.619.13 2923 
3000 Watts for State Police— W. Fingerle, 

Jr. (F M-TV, vol. 10, pp. 11-12, 33; July, 
1950.) Illustrated description of a FM trans-
mitter operating in the range 40-50 Mc. Tests 
indicate that such transmitters give effective 
state coverage. 

621.396.611.21.029.63:621.396.931 292i 
Crystal  Control for  Citizens Band —I. 

Gottlieb and I. R. Nlednick. (Electronics, 
vol. 23, pp. 96-98; August, 1950.) Stabilized 
operation of a war-surplus BC-645 unit on 460 
Mc is effected by the addition of a 2-tube ex-
citer unit and by use of the Type 316-A tube 
in the BC-645 as a frequency doubler. Fre-
quencies in the band 460-470 Mc are derived 
from crystals with fundamental frequencies be-
tween 8.52 Mc and 8.70 Mc. See also 517 of 
1949 (Samuelson). 

621.396.619.13 2925 
A Versatile Crystal Controlled Source of 

Angle Modulation —J. F. Gordon. (Proc. NEC 
(Chicago), vol. 5, pp. 512-518; 1949.) A device 
is described which produces large deviations 
and increased modulation sensitivity without 
loss of transmitter stability; the relatively 
small number of tubes used results in a simple 
circuit. An experimental unit and details of its 
performance are also described. 

TUBES AND THERMIONICS 

621.314.632 2926 
G.E.C. Germanium Crystal Rectifiers — 

(Instr. Practice, vol. 4, pp. 427-428; June, 
1950.) Characteristics of four available types 
are tabulated. All are sealed in glass envelopes 
and have the metal point cemented to the Ge 
crystal. 

621.314.671  2927 
A New Rectifier Tube for Extremely High 

Power and Voltage Levels —T. H. Rogers. 
(Proc. NEC (Chicago), vol. 5, pp. 482-492; 
1949.) The factors which control the design of 
high-vacuum rectifiers and limit their use for 
high-current applications are discussed, and 
new design principles are outlined which have 
been evolved to raise these limits sufficiently to 
meet the requirements of devices using high-
current high-voltage supplies. New tubes de-
scribed can handle a peak current of 10 a and 
an inverse voltage of 110 kv. 

621.383  2928 
Design Features and Some Applications of 

a New Photocell —J. H. Crow and V. C. Ride-
out. (Proc. NEC (Chicago), vol. 5, pp. 506-
511; 1949.) See 1288 of June. 

621.383.27t  2929 
Photocells with Secondary-Electron Multi-

pliers —N. Schaetti. (Hely. Phys. Ada, vol. 23, 
pp. 108-120; February, 3, 1950. In German.) 
The production and properties of various 
photocathodes and secondary-emission layers 
is discussed. An 18-stage multiplier with an 
Ab-Cs photocathode and Ag-Mg coating for 
the multiplier plates has a sensitivity of 40-60 
µa/lumen and a total amplification of 10,2- 1022 
with a stage voltage of 200 v. 

621.383.4  2930 
The Phototransistor —J. N. Shive. (Bell 

Lab. Rec., vol. 28, pp. 337-342; August, 1950.) 
The essential element in the device is a wafer of 
Ge with a spherical dimple ground in one face 
so that at the centre, where a phosphor-bronze 
wire 0.005 in. diameter makes contact, the 
thickness is about 0.003 in. Operation of the 
cell depends on the decrease in resistance of the 
Ge element between its containing ring and the 
collector wire on exposure to light. For a par-
ticular cell operated in series with a 20-k SZ re-
sistor, the calculated current output was about 
0.07 ma per millilumen. With fluctuating light 
the response curve is substantially flat up to 
200 kc, the highest frequency so far used. The 
sensitivity is greatest in the spectral region 
1.0-1.5 µ. An outline of the theory of the mech-
anism of photoconductivity is given. 

621.385: 621.396.621 2931 
The 6BN6 Gated Beam Tube —R. Adler. 

(Proc. NEC (Chicago), vol. 5, pp. 408-416; 
1949.) See 1292 of June. 

621.385:621.396.621 2932 
The 6BN6 Gated Beam Tube—A. P. Haase. 

(Proc. NEC (Chicago), vol. 5, pp. 417-426; 
1949.) See 1292 of June (Adler). 

621.385-712 2933 
New Type of Radiator for High-Power 

Transmitting Tubes -0. Scharli. (Brown Boveri 
Rev., vol. 36, pp. 311-315; September, 1949.) A 
radiator system is described which uses trans-
verse fins consisting of sheet-metal rings sepa-
rated by spacers and riveted together. Applied 
to the Type-ATL 35-1 tube it can handle an 
anode dissipation of 46 kw. 

621.385.032.216  2934 
Conduction Processes in the Oxide-Coated 

Cathode—R. Loosjes and H. J. Vink. (Philips 
Tech. Rev., vol. 11, pp. 271-278; March, 1950.) 
Preparation and activation of oxide-coated 
cathodes is described. Electrons emitted by the 
coating are replaced by conduction from the 
metal core and it is suggested that this conduc-
tion is due to two processes acting together, 
electronic conduction of the grains at tempera-
tures <800°K and conduction through the 
electron gas in the pores between the grains at 
higher temperatures. The lagging of conduction 
behind emission at temperatures >1,000°K is 
explained by the effect of the space charge upon 
the electron density and upon the field in the 
pores. 

621.385.032.24:537.58  2935 
Experiments on Grid Emission—A. A. 

Rusterholz. (Brown Boveri Rev., vol. 36, pp. 
300-304; September, 1949.) Methods are dis-
cussed which result in reduced primary grid 
emission, particularly in transmitting tubes 
with thoriated-tungsten cathodes. Carburiza-
tion of the Ta grid wires at a high temperature 
in CO or CO2 has been suggested as a means of 
preventing an increase of grid emission due to 
activation by Th evaporated from the filament. 
Experiments with grids carburized in an atmos-
phere of H2 saturated with benzene vapor 
showed, however, that no improvement was 
effected. Investigations of carburization in CO 
or CO2 are being continued. 
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621.385.032.442:021.3.025.4  2936 
Hum Characteristics of A.C.-Heated Trans-

mitting Tubes —E. Atti. (Brown Boveri Rev., 
vol. 36, pp. 305-311; September, 1949.) The 
hum level in transmitting tubes with directly 
heated tungsten filaments can be reduced very 
considerably by use of specially designed 
cathode systems and 3-phase or 6-phase heater 
supplies. Careful balancing of the phases and 
accurate alignment of the grid and the filament 
wires is essential. In the new 200-kw broad-
casting transmitter at Beromanster, the hum 
level in the alternating-frequency output stage, 
which consists of two class-B triodes with 
3-phase heating, is — 57db without feedback, 
which lowers it further to  61db. 

621.385.2  2937 
The High-Frequency Response of Cylindri-

cal Diodes —E.  11. Gamble.  (Proc.  NEC 
(Chicago), vol. 5, pp. 387-402; 1949.) The prob-
lem is considered as a quasistationary one and 
equations are derived for an ideal diode in 
which the electron paths are normal to the 
emitting surface. The relations thus obtained 
are applied to space-charge-limited and tem-
perature-limited operation. Numerical solu-
tions of the nonlinear integral equations v‘ei e 
obtained from analogue-computer solutions for 
the corresponding differential equations. "1. he 
results indicate the essential correctness of the 
treatment of the problem. 

621.385.3: 621.315.592 * 621.396.822  2938 
Low-Frequency Noise in Transistors —H. 

T. Mooers. (Proc. NEC (Chicago), vol. 5, pp. 
17-22; 1949.) -r lie alternating-frequency spec-
tra of both emitter and collector noise in six 
type-A transistors were investigated. Noise 
output varies with frequency, but not inversely. 
Emitter noise does not contribute significantly 
to the noise output, and this output is inde-
pendent of dc voltage, current and resistance. 
Good correlation is found between noise power 
and forward transfer impedance. The noise out-
put may be predicted fairly accurately at any 
given operating point, for any bandwidth up to 
15 kc. The lowest input signal strength required 
to produce a given output signal-noise ratio can 
also be estimated. 

621.385.4: 621.319.43  2939 
Variable-Capacitance Tube for Frequency 

Control —R. W. Slinkman. (Sylvania Tech-
nologist, vol. 3, pp. 18-20; July, 1950.) Fre-
quency stabilization of very-high-frequency 
and ultra-high-frequency oscillators in FM re-
ceivers is effected by means of a tetrode with a 
bimetallic anode. The curvature of the anode 
varies with changes of frequency and affects the 
value of a capacitor within the tube which 
forms part of the oscillator tank circuit. Ex-
ternal series capacitors enable the effective con-
trol bandwidth to be adjustod. Tests in a com-
mercial FM receiver and in an experimental 
600-Mc television converter have given promis-
ing results. 

621.385.832  2940 
Beam Deflection Nonlinear Element —A. 

A. Soltes. (Electronics, vol. 23, pp. 122-178; 
August, 1950.) A parabolic mask placed be-
tween deflector plates and collector enabled a 
square-law static characteristic to be obtained 
with an electron beam of rectangular cross-
section. Instantaneous squaring of radar-type 
signals to an accuracy of 2 per cent of full-
scale, at an input frequency to the deflector 
plates of 40 Mc, was achieved by this means in 
the Raytheon tube Type QK-256. 

621.385.832  2941 
Dimensional Tolerances in Cathode-Ray-

Tube Guns —H. Moss, L. Woodbridge, and M. 
Webb. (Proc. IEE (London), Part III, vol. 97, 
pp. 277-283; July, 1950.) Preliminary experi-

ments show that cathode tilt in the triode has 
negligible effect on beam centrality and sym-
metry. Effects of lateral displacement and tilt 
of the first anode for various grid-anode spac-
ings are determined experimentally for several 
types of triode geonwtry. The astigmatism due 
to the tilt, displacement and deformation of the 
final lens elements is also investigated experi-
mentally and an effective type of ion-trap 
electron gun is described. 

621.385.832:621.3.087  2942 
The  Recording  Storage  Tube —R.  C. 

Hergenrother and  B. C.  Gardner. (Pane. 
I.R.E., vol. 38, pp. 740-747; July, 1950.) A 
cathode-ray tube has a mesh screen coated on 
the face away from the electron gun with a 
charge-retaining layer. The potential of an 
output-signal screen located further along the 
tube is made negative relative to the cathode, 
so that when the signal is applied "written" 
the beam passes through the mesh screen and is 
reflected to strike its rear (storage) surface, 
whereas when the signal is taken off "read" t lw 
beam strikes the output-signal screen, which in 
this case is made more positive than the 
storage-screen mesh potential, and does not 
disturb the stored charges. The signal can thus 
be read 20,000 times without appreciable 
deterioration and with a decrease in signal 
level of only a few per cent. 

621.385.832: 621.397.611.2  2943 
The Design and Fabrication of TV Picture 

Tubes —K. A. Hoagland. (TV Eng., vol. 1, 
pp. 16-21, 35 and 16-17; March and April, 
1950.) A survey of American manufacturing 
processes and discussion of present trends in 
cathode-ray tube design, with particular at-
tention to beam focusing the use of slant-field 
and bent-gun ion traps, metal-cone constrin - 
tion etc. 

621.396.615.14:621.385.029.63/.64  2944 
The Helix as Resonator for Generating 

Ultra High Frequencies —B. B. van 1 wren. 
(Philips Tech. Rev., vol. '11, pp. 211 231; 
February, 1950.) The action of the trav-
elling-wave tube as an amplifier is described 
briefly and its use as an ultra-high-frequency 
generator is discussed. The resonances of the 
helix play an important part in this latter case. 
A relatively simple method is developed for de-
termining under what conditions oscillations 
are possible and at what current intensity they 
begin. Results are given of some experiments 
which confirm the accuracy of the theory. An 
experimental tube with gas-concentrated beam 
is described. 

621.396.615.141.2  2945 
The Turbator —F. Lildi. (Brown Boveri 

Rev., vol. 36, pp. 315-318; September, 1949.) 
The evolution is reviewed of the Brown Bovei i 
type of magnetron, which comprises a Ba-Sr 
oxide cathode and a single annular cavity reso-
nator capacitively coupled to the anode seg-
ments. The Mo sheet-metal construction of the 
anode enables an anode dissipation of 200 w to 
be attained. A glass-enclosed 15-w type is 
being developed. 

621.396.615.141.2:621.317.361  2946 
Measurement of the Space-Charge Reso-

nance Frequencies in a Multicavity Magne-
tron —P. Fechner. (Cotnpt. Rend. Acad. Sci 
(Paris), vol. 231, pp. 270-271; July 24, 1950.) 
The magnetron is coupled to a waveguide 
which is terminated by its characteristic im-
pedance and energized by a klystron generator. 
Resonance conditions are determined front 
measurements of the transmission coefficient in 
the waveguide for different values of magnetic 
field and anode voltage. The results obtained 
verify the theory previously given (2678 of 
December). See also 2680 of December. 

621.396.615.142  2947 
Radial-Beams Velocity- Modulated Micro-

wave Tube.-- -C. G. Lob and D. F. Hols-
houser. (Proc. NEC (Chicago), vol. 5, pp. 403-
407; 1949.) The tube consists of a coaxial reso-
nator of length X/2, cut in the middle perpen-
dicular to its axis of symmetry so as to consti-
tute two coaxial cavities, each operating in t he 
X/4 mode. Surrounding the cut in the resonator 
is a gun structure with a ring cathode and two 
focusing electrodes. The action of the tube is 
similar to that of a two-gap klystron or of a re-
flex klystron, depending on the operating con-
ditions. Test results on three experimental 
t lilies are given. An output of about 3 mw was 
obtained at a wavelength of 4 cm. 

621.396.615.142.2  2948 
Efficiency of Reflex Oscillators -W. G. 

Sheperd. (Proc. NEC (Chicago), vol. 5, pp. 
500-505; 1949.) Analysis of the efficiency and 
electronic tuning of a reflex oscillator as af-
fected by the use of different modulation coeffi-
cients for the outgoing and return transits of 
t he interaction gap. 

621.396.645:621.396.822  2949 
Noise Suppression in Triode Amplifiers — 

van dt r Ziel (See 2751.) 

MISCELLANEOUS 

621.396.7 + 621.397.71(73)(058.7) 
621.396.6.65(73)(058.7)  2950 

Tele-Tech TV-FM-A M Station & Studio 
Equipment Directory, 1951 - -(Nec 2897.) 

658.562:519.283  2951 
The Theory of Sampling Inspection Plans - 

lb. C. Ilamaker. (Philips Tech. Rev., vol. 11, 
pp.  260 -270;  March,  1950.)  M'athematical 
pi int iplcs underlying sampling inspection are 
discussed. Two parameters for describing an 
operat ing characteristic, termed "point of 
r.l" and "relative slope," are introduced and 
their relation to sample size and acceptance 
number is established. Various other parame-
ters in use are reviewed and reasons are given 
tor the choice of the point of control and sam-
ple size as a practical set. 

621.3  2952 
Basic Electrical Engineering [Book Re-

F. Corcoran. Publishers: Chapman 
& Hall, London, 1949, 449 pp. 27s. (Beatna 
Jour., June, 1950. vol. 57, p. 179.) ".. . the 
treatment ... is clear, smoothly sequential, 
succinct but without undue condensation ... 
It is a most commendable piece of work." 

621.396  2953 
Radio Handbook [Book Review —R. L. 

Dawley, (Ed.). Publishers: Editors and Engi-
neers, Santa Barbara, California, 12th edn. 
1949, 320 pp., 83.25. (Electronics, vol. 23, pp. 
142, 144; August, 1950.) An all-construction 
edition dealing with transmitter and receiver 
equipment, including mobile sets. "This edi-
tion does not supersede the I Ith edition [2680 
of 1948], which contains different information 
and remains current." 

621.396/.397  2954 
Outline of Radio, Television and Radar 

[Book Review] —R. S. Eleven, T. J. Fielding, 
E. Molloy, II. E. Penrose, C. A. Quarrington, 
M. G. Say, R. C. Walker, and G. Windred. 
Publishers: Chemical Publ. Co., Brooklyn, 
1950, 688 pp., 812.00. (Electronics, vol. 23, p. 
142; August, 1950.) A book compiled by eight 
British engineers. "Extensive use of British 
terminology throughout, along with descrip-
tions and illustrations of British products . . . 
does not impair the usefulness of the book to 
those seeking to keep in touch with British 
practice." 
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GENERAL INFORMATION 

The Institute 

The Institute of Radio Engineers serves those inter-
ested in radio and allied electronics and electrical-com-
munication fields through the presentation and publica-
tion of technical material. 
NIembership has grown from a few dozen in 1912 to 

approximately 30,000. There are several grades of mem-
bership, depending on the qualifications of the appli-
cant, with dues ranging from $3.00 per year for Students 
to $15.00 per year for Members, Senior Members, 
Fellows, and Associates of more than five years' 
standing. 
THE PROCEEDINGS is sent to members of record on 

the date of publication. IRE Standards, as listed on 
Cover IV, are in stock and are available for those who 
wish to buy them at the cost shown opposite the name 
of the Standard. 

The PROCEEDINGS 
The PROCEEDINGS has been published without inter-

ruption from 1913, when the first issue appeared. Over 
3,800 technical contributions have been included in its 
pages, portraying a currently written history of devel-
opments in both theory and practice. The contents of 

every paper published in the PROCEEDINGS are the re-
sponsibility of the author and are not binding on the In-
stitute or its members. Textual material appearing in 
the PRocEEDINGs may be reprinted_ or abstracted in 
other publications on the express condition that specific 
reference shall be made to its original appearance in the 
PROCEEDINGS. Illustrations of an' variety may not be 
reproduced, however, without specific permission from 
the Institute. 

The first issue of the PROCEEDINGS was published in 
1913. Volumes 1, 2, and 3 comprise four issues each. 
Volume 4 through Volu me 14 contain six numbers each, 
and each succeeding volume is made up of twelve issues. 
In 1939, the name of the PROCEEDINGS of The Insti-

tute of Radio Engineers was changed to the PRocEED-
INGS OF THE I. R. E. and the size of the magazine was en-
larged from six by nine inches to eight and one-half by 
eleven inches. 

Subscriptions 
Annual subscription rates for the United States of 

America, its possessions, and Canada, $18.00; to college 
and public libraries when ordering direct, $13.50; other 
countries, $1.00 additional for postage. 
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Low-Pass: 3548, 3589, 3768 
Smoothing: 3548 

Microwave: 3567 
Ladder Network: 3567 

Reactance Chart: 3782 

Filters (Cont'd.) 
Resistance-Capacitance: 3589 
Smoothing Theory: 3601 
Varying Parameter: 3768 
Waveguide: 3668, 3670 
Band-Pass Transmission: 3668 
Low Q: 3668 

Wide-Band: 3670 
Design Relations: 3670 

Flat-Plate Antenna: 3583 
Shunt-Excited: 3583 

Fourier Transforms: 3772 
Transmission-Line Theory: 3772 

Frequency: 3497, 3583, 3618, 3638, 3649, 
3738, 3740, 3761, 3762, 3764, 3766, 
3785, 3790 

Analysis: 3583 
Variable Networks: 3583 

Cathode-Coupled Oscillator: 3618 
Compensation: 3738 
Matching Sections: 3738 

Control: 3762 
Automatic: 3762 
Mechanically Tuned Oscillator: 3762 

Intermediate: 3649, 3786 
Design Curves: 3786 
Inverse Feedback: 3649 

Magnetrons: 3790 
Space-Charge Effects: 3790 

Mobile Radiotelephone: 3764 
60-Kc Spacing: 3764 

Modulation: 3497, 3740, 3761 
Calibrator: 3761 
Distortion: 3740 
Reactance-Tube Oscillator: 3497 

Records: 3761 
Calibration: 3761 

Response: 3766 
Pulse-Amplitude Modulation: 3766 
Pulse-Position Modulation: 3766 
Remainder Theorem: 3766 

Standards: 3538 
High-Precision: 3538 
Adjustment: 3538 
Applications: 3538 
Equipment: 3538 
Measurements: 3538 

Gain: 3544, 3649 
Intermediate-Frequency: 3649 
Inverse Feedback: 3649 

Pulse: 3544 
Nonlinear Coils: 3544 

Gas Tubes: 3720 
Testing: 3720 

Generators: 3544, 3614, 3729 
Electrostatic: 3729 
Particle Accelerator: 3729 

Multiple-Tube: 3614 
Germanium: 3732, 3745 
Transistor: 3732, 3745 

Goniometer: 3694 
X-Ray: 3694 
Crystal Orientation: 3694 

Ground Wave: 3316 
Field Strength: 3316 

Helix Parameters: 3600 
Traveling-Wave Tube: 3600 

Images, Television: 3757 
Quality Rating: 3757 
Comment Technique: 3757 
Comparison Technique: 3757 

Impedance: 3470, 3543, 3550, 3586, 3690, 
3696, 3713, 3733, 3784 

Antenna: 3586, 3733 
Asymmetrically Driven: 3733 

Impedance (Cont'd.) 
Center-Driven: 3586 
Cylindrical: 3586 

Sleeve Dipole: 3733 
Curves: 3784 
Transmission Line: 3784 

Measurement: 3470, 3543, 3696 
Bridge Circuits: 3543 
Determination of Attenuation: 3696 
Smith Chart: 3470 

Mutual, Generalized: 3550 
Closed Circuits: 3550 
Open Circuits: 3550 
Reciprocity Theorem: 3550 

Transducer: 3690 
Transformation: 3713 
Dipole, Folded: 3713 

Impedometer: 3470 
Impulse Generator-Electronic Switch: 3648 
Visual Testing: 3648 
Wide-Band Networks: 3648 

Inductance: 3783 
Chart: 3783 
Solenoid Coils: 3783 

Industrial Electronics: 3597 
Annual Review, 1949: 3597 

Information Capacity: 3581 
Asynchronous Multiplex: 3581 

Institute of Radio Engineers: 3728, 3779 
PROCEEDINGS OF THE I.R.E.: 3779 
Professional Groups: 3728 

Instrument Landing: 3598 
Pictorial Situation Display: 3598 

Integration: 3739 
Storage Tube: 3739 
Signal-to-Noise Ratio: 3739 

Theory: 3739 
Interference: 3577, 3636, 3637, 3731, 3792 
Characteristics: 3577 
Pulse-Time Modulation: 3577 

Ground Reflection: 3792 
Suppression: 3792 

Phase Measurements: 3636, 3637 
Parasitic Radiators: 3636, 3637 

Signal: 3731 
Unit: 3731 

Intermediate-Frequency Amplifiers: 3649, 
3786 

Design Curves: 3786 
Distortion: 3786 
Inverse Feedback: 3649 

International Television Standards Con-
ference: 3556 

Inventors: 3635, 3723 
Inspirational Discoveries: 3635 
Logical Development: 3635 
Tesla, Nikola: 3723 

Ion Emission, Positive-: 3681 
Leak Detector: 3681 

Ionization Gauge: 3646 
Cold-Cathode Type: 3646 
Vacuum Measurement: 3646 

Ionosphere: 3078, 3617, 3653, 3667, 3692, 
3700, 3717, 3797 

Absorption: 3078, 3653 
Approximate Solution: 3078 
Diurnal Variation: 3653 

Curved: 3617 
Ground Range: 3617 
Group Path: 3617 
Ray Paths: 3617 
Reflection: 3617 
Coefficient: 3617 
Height: 3617 

Oblique Incidence: 3667 
Beacon Technique: 3667 

Poynting Vector: 3717 
Reflection: 3700 
Polarization: 3700 

Stratospheric Relationship: 3797 
Wind Analysis: 3692 
Meteoric Echo Study: 3692 

Ions: 3729 
Particle Accelerator: 3729 
Electrostatic Generator: 3729 
Ion Current: 3729 
Maximum Voltage: 3729 
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IC 
Klystron: 3561, 3603, 3651, 3710 
Bunching Effects: 3603 
Electron Beam: 3561 
Mixer: 3710 
Television Relaying: 3710 

Resonators: 3651 

Leak Detector: 3681 
Positive-Ion Emission: 3681 

Lenses: 3547, 3716, 3796 
Achromatic: 3796 
Artificial Dielectrics: 3716 
Metal-Plate: 3547 
Wide-Angle Scanning: 3547 
Coma: 3547 
Refocussing: 3547 
Square-Law Error: 3547 

Light Waves: 3539 
Velocity: 3539 

Line: 3711 
Delay: 3711 
Video: 3711 
Distortion Compensation: 3711 

Linear Amplifiers: 3608 
Bandwidth: 3608 
Differentiating Networks: 3608 
Output Circuits: 3608 
Overload: 3608 
Preamplifier: 3608 

Line-Sequential System: 3704 
Color Television: 3704 
Equipment: 3704 
Performance: 3704 
Scanning Pattern: 3704 

Lissajous Figure: 3735 
Ultradynarnical: 3735 
Voltage Wave Form: 3735 
Cathode-Ray Tubes: 3735 

Literature: 3779 
Periodicals: 3779 

Low-Pass Filters: 3768 

Magnetic Amplifier: 3563 
Amplifier Characteristics: 3563 
Optimum Amplification: 3563 
Steady-State Characteristics: 3563 

Magnetic Triggers: 3639 
Magnetron: 3609, 3789, 3790 
Amplifier: 3609 
Traveling-Wave Tube: 3609 

Frequency: 3790 
Space-Charge Effects: 3790 

Space-Charge Effects: 3790 
Split-Anode: 3789 
Operation: 3789 

Maintenance of Electronic Equipment: 3595 
Management: 3657, 3753 
Development: 3657, 3753 
Research: 3657, 3753 

Market Research: 3683 
Marketing Symposium: 3682, 3683, 3684, 

3685, 3686, 3687, 3688, 3689 
Advertising: 3689 
Production: 3685 
Product Planning: 3684 
Research: 3683 
Sales: 3686, 3687, 3688 

Matched Load Field-Strength Meters: 3714 
Measurements: 3470, 3541, 3543, 3545, 

3582, 3596, 3620, 3621, 3636, 3637, 
3644, 3646, 3650, 3664,' 3666, 3692, 
3693, 3697, 3714, 3736, 3742, 3755, 
3761, 3791 

Attenuation: 3620 
Piston Attenuator: 3620 

Conductivity: 3736 
Microwave Frequencies: 3736 

Current: 3596 
Multiplier Tube: 3596 

Current Distributions: 3697 
Cylindrical Antennas: 3697 
Amplitude: 3697 
Phase: 3697 

Dielectric Constant: 3693 
100-1,000 Mc Range: 3693 

Index-14 

Measurements (Cont'd.) 
Electrical Characteristics: 3742 
Quartz Crystal Units: 3742 

Field Strength: 3541, 3644, 3714, 3791 
Meters: 3644, 3714 
Effect of Ground: 3644 

Tropospheric Reception: 3791 
Impedance: 3470, 3543 
Bridge Circuits: 3543 
Impedometer: 3470 

Ionization Gauge: 3646 
Ionospheric ‘Vinds: 3692 
Microwave: 3545, 3664, 3736 
Attenuation: 3534, 3664 
At tentiator: 3664 

Conductivity: 3736 
Phase Change: 3545 
Refractive Index: 3545 
Signal Strength: 3545 

Perini ti ivit y : 3666 
Phase: 3636, 3637 
Error: 3636, 3637 

Records: 3761 
Disk: 3761 

Refractive Index: 3552 
Radio Field-Strength Profile: 3552 

Resolution, "Felevision: 3621 
Signal Levels, Television: 3621 
Smith Chart: 3470 
Standing Waves: 3582 
Static Characteristics: 3650 
Pulser, Resonant-Line-Type: 3650 

Television: 3755 
Pulse Time: 3755 
Pulse Width: 3755 
Time of Rise: 3755 

Timing, Video Switching Systems: 3621 
Transmission Lines: 3582 
Vacuum: 3646 
Ionization Gauge: 3646 

Mechanical l'arts: 3558 
Standards, I.R.E.: 3558 
Designations: 3558 
Symbols: 3558 

Memory: 3612, 3739 
Electrostatic Storage: 3612 
Digital Computer: 3612 

Storage Tube: 3739 . 
Integration: 3739 

Metallized Paper Capacitors: 3706, 3707 
Meteoric Echoes: 3692 
Ionospheric Wind Measurement: 3692 

Meters: 3714 
Field Strength: 3714 
Matched Load: 3714 
Styrofoam: 3714 

Microphonism: 3616 
Triode: 3616 
Planar: 3616 

Microspacer Electrode Technique: 3691 
Microwaves: 3545, 3565, 3587, 3620, 3638, 

3664, 3709, 3712, 3716, 3736, 3792, 
3796 

Antennas: 3712, 3796 
Achromatic: 3796 
Parasitic: 3712 

Attenuators: 3620, 3664 
Conductivity Measurements: 3736 
Ground Reflection: 3792 
Suppression: 3792 

Measurements: 3545, 3664 
Attenuation: 3545, 3664 
Attenuator: 3664 

Phase Change: 3545 
Refractive Index: 3545 
Signal Strength: 3545 

Optics: 3547, 3796, 3716 
Artificial Dielectrics: 3716 
Wide-Angle Metal-Plate: 3547 

Propagation: 3565, 3638 
Field Strength: 3565 
Refractive Index: 3565 
Test: 3638 

Radiation Exposure: 3709 
Physiological Effects: 3709 

Reflections: 3587 
From a Rough Sea: 3587 

Miniaturization: 3691, 3730 
Amplifiers: 3730 
Electrode Spacing: 3691 
High Operating Temperatures: 3730 
Printed Circuit Amplifiers: 3730 

Mixed Highs: 3705 
Color Television: 3705 

Mixers: 3710 
Klystron: 3710 
Television Relaying: 3710 

Mixing Circuits: 3613 
Electronic Digital Computers: 3613 

Mobile Radiotelephone: 3541, 3578, 3763, 
3764, 3765 

Antenna Systems: 3765 
Co-channel stations: 3541 
Geographical Separation: 3541 
Service Area: 3541 

Land-to-Car Transmission: 3578 
Echoes: 3578 

Multichannel: 3764, 3765 
Antenna Systems: 3765 
Urban Installation: 3764 

Urban Area Transmission: 3763 
At 450 Mc: 3763 
Receiver: 3763 
Transmitter: 3763 

At 150 Mc: 3763 
Noise Figures: 3763 
Shadow Losses: 3763 

Urban Installation: 3764 
Six-System: 3764 
60-Kc Spacing: 3764 

Wave Propagation Variations: 3541 
Fading: 3541 
Shadow Losses: 3541 

Modes: 3566, 3600, 3614 
Annular Circuit: 3614 
Solution: 3600 
Helix Parameters: 3600 
Traveling-Wave Tube: 3600 

Spurious: 3566 
Coaxial-Line Filters: 3566 

Modulation: 3455, 3497, 3577, 3597, 3603, 
3695, 3740 

Angular: 3740 
Distortion: 3740 

Annual Review, 1949: 3597 
Frequency: 3497, 3740 
Distortion: 3740 
Reactance-Tube Oscillator: 3497 

Phase: 3695 
Pulse-Amplitude: 3455 
Pulse-Time: 3577 
Interference Characteristics: 3577 

Velocity: 3603 
Bunching Effects: 3603 

Modulator: 3579 
Circuit Analysis: 3579 

Multiple-Path Transmission: 3578 
Echoes: 3578 

Multiple-Tube Generator: 3614 
Multiplex: 3581, 3766 
Asynchronous: 3381 
Theoretical Aspects: 3581 

Time-Division Systems: 3766 
Interchannel Cross Talk: 3766 

Multiplier Tubes: 3596 
Applications: 3596 

Multivibrator: 3549, 3647 
Cathode-Coupled: 3647 
Operation: 3647 

Switching Wave Forms: 3549 
Triggering Delay: 3549 

Navigation: 3597, 3598, 3636, 3637 
Aids: 3597 
Annual Review, 1949: 3597 

Aircraft: 3598 
Pictorial Display: 3598 

Error: 3636, 3637 
Phase Measurements: 3636, 3637 

Phase Measurements: 3636, 3637 
Error: 3636, 3637 

Teleran: 3598 



I Networks: 3559, 3567, 3568, 3580, 
3580, 3597, 3604 „1648, 3661, 
3660, 3738, 3742, 3768 „1760, 
3782, 3703 

Band-Pass: 3768 
Bridged- Tee: 3742 
Nleasurement : 3742 
Qua! iz Crystal Units: 3742 

Filter: 3669 
Cowin "‘"14Y ."itist'll'iu: 366() 

F rV,Itle'llt .v  All a h  3 5 S 1 

Vat iable Networks: 358.; 
Freqiienc\ •Compensating: 3738 
\hulling Sectioie4: 3738 

ladder  
tl ii-na‘ ac c: 3567 
Br.i.id Band: 3567 

I OW- LISN: 3768 
Noise-Simpressing: 3662 
Phase Splitting: 3661 

3661 
I bssipation  3661 
Pei 1.9 man, e Curve .\ppro\iniations: 

3661 
lac  
I -411c1 ,‘  it : ;661 
n•the.,... : 3661 

Po‘kei t 3769 
Rea, tame Chart: 3782 

Cap.R iiani e: 35$0, 3589, 3662, 
3793 

3583, 
3662, 
3771, 

S\  Ill  .; 3 S O.  3 7 9.4 

St V.It k  3771 
nih 3sso. 3601, 36(u1, 371)3 

Television: 3559 
Radio Relay System: 3559 

Theorc• : .1597 
Annual Re\ iew, 1949: 3597 
Transient Respinse: 3604 
Variable: 3583, 3769, 3771 
Frequency Analysis: 3583 
Steady-State: 3771 

Varving-Pcrameter: 3768 
\\ eighted Average of Voltage Method: 

3568 
i.le-Band: 3648 
Visual Testing: 3648 

pi-Germanium: 3745 
Transistor: 3745 

Noise: 3551, 3601, 3622. 3662, 3698, 3731, 
3734, 3757„4763 

Emission: 3622 
Diode: 3622 

Figure: 3551„;763 
Input Circuits: 3551 
\l hue Radiotelephone: 3763 

Fluctuation: 3662 
Detection of Pulse: 3662 

Levels: 36)S, 3731 
American Sub-Arctic: 3698 

Prediction Theory: 3601 
Signal Detection: 3734 
Spectrum: 3662 
Television Images: 3757 
Quality Rating: 3757 

Nomograms: 3782, 3783, 3784 
Reactance Chart: 3782 
Solenoid Coils: 3783 
Inductance Chart: 3783 

Transmission Lines: 3784 
Impedance Curves: 3784 

Nonlinear Circuit Analysis: 3579 
General Review: 3579 

Nuclear Physics: 3596, 3597, 3608, 
3729 

Annual Review, 1949: 3597 
Crystal Counters: 3658 
Electron Multiplier Tubes: 3596 
Electrostatic Generator: 3729 
Linear Amplifiers: 3608 
Particle Accelerator: 3729 
Electrostatic Generator: 3729 

Nyquist Diagram: 3770, 3794 
Pole-Zero Plots: 3794 
Stability Criterion: 3770 

0 

Operational Calculus: 3767 
Remainder Theorem: 3767 

Optical Calibration: 3761 
Frequency Records: 3761 

Optics: 3547, 3716 
Microwave: 35-17„4716 
Artificial Ifielectrics: 3716 
Wide-Angle Metal-Plate: 3547 

Oscillators: 3497, 3538, 3579, 3611  4618, 
3640, 3641, 3644, 3651, 3762 

Annular Circuit: 3614 
Cathode-Coupled: 3618 
Amplitude Stability: 3618 
Frequency Stability: 3618 

Circuit Analysis: 3579 
Frequency Standards: 3538 
ligh-Fretiticticy: .4644 
Wide -Range: 364 4 

3651 
Tlesonators: 3651 

Nlechanicallv Tuned: 3762 
I:requency Control 1762 

.\titomatic Searching: 3762 
Reactance-T..1 , 3497 
Time Standards: 3538 
Triode: 3640, .4611 
Feedback: 3640 
Series-Tuned Circuit: 3611 

t),4  3542, 3621 
Cathisle-Rav: 3542 
At Very-high Frequencies: 3512 
Calibration: 3542 
Dynamic Sensitivity: 3532 

Television Signal Levels: 3621 
Measurement: 3621 

Paper Capacitors: 3706, 3707 
Metallized: 3706, 3707 

Papers, Technical: 3572, 3744 
Suggestions for Preparation: 3572, 37.1 

Particle Accelerator: .4729 
Particle Counters: 3596 

it I iierature: 3779 
•  I • ..Heering: 3779 

Perini! 
At 33I,;(.  •fairi 

'p-Germainiwi I .insist. ,r: 3732 
Current Multiplication: 3712 
Cutoff Frequency: 3712 
"Snap" Effect: 3732 

Phase: 3097 
Cylindrical Antennas: .4697 
Nleasurement: 3697 

Phase Change: 3545 
!Microwave: 3545 
Measurement: 3545 
:Meteorological: 1515 
Radio Data: 3545 

Phasc..-Measuring Systems: 3646. .4637 
Error: 3636, 16;7 

Nlodulation: 3695, 3710 
Klystron Mixer: 3710 

Phase Shift: 3610 
I Telemetering: 3610 
'Philips-Type Ionization Gauge: 3646 
'Photography: 3758 
Process: 3758 
Reproduction: 3758 
Tone Rendition: 3758 

, Prediction: 3758 
Photomicrographic Calibration: 3761 
Frequency Records: 3761 

Photomultiplier Tube: 3596 
3658,  Physics: 3722 

l'sychical: 3722 
Physiological Effects: 3709 
Intense Microwave Radiation: 3709 

Pickup, Disk Reproducing: 3574 
Calibration: 3574 

Pickup Tubes: 3634 
Charge-Storage Principle: 3634 
CPS Emitron: 3634 
Design: 3634 
Emitron: 3634 
Super-Emitron: 3634 

Pictorial Situation Display: 3598 
Air Navigation: 3598 
Equipment Considerations: 3598 
Teleran: 3598 

Piezoelectric Crystals: 3590, 3597, 3694, 
3719, 3742 

Aging: 3590 
Annual Review, 1949: 3597 
Electrical Characteristics: .47-I! 
Measurement: 3742 

Goniometer: 3694 
X-Ray: 3694 

Increase in Q: 3590 
Orientation: 3694 
Plates: 3719, 3742 
Elmtrical Characteristics: 3742 
Vibrations: .4719 

Quartz Crystal Units: .474! 
Vibrations: 3719 

Plastics: 3557 
Cimductive: 3557 

Polarization: ;700, .1795 
Elliptical: 3795 
out.isphere Reflection: 371)0 

Positive-lon Emission: 3681 
Leak Detector: 3681 

Power Spectrum:176o 
Variable Net  .4769 
OVIlti n g  VI .1-11.r: 3717 

Preiliction Thei : 3 6 01 

Printed Circuit .‘mplitier•: 3730 
Miniaturization: 3710 

Paoci rot•Gs  rim I.R I. : 3779 
Produi t : 3657,1684, 3687 
Design: 3684 
I level. pment : 3657 
Planning: 3684 
Servicing: 3687 

Pr.•luction: 3(0;5, 3780 
Design: 3780 
Inventory (ontrol: 3685 
Scholtiling : 1685 

Profesional I ;pities: 3728 
Role in the IRE: 3728 

Propagation of W .I v CS  (See Wave Propaga-
tion) 

Psychical Physics: 3722 
Poke: 3544, 3662, 3741, 3755 
I )ctect ion: .4662 
lit N•iise: .4662 
;entrator: ;544 
Nonlinear Coils: ;544 

;735 
ukvi.i.m: 3755 
Measurement: 3755 

Transformer: .4741 
E\ponential Transmission Lines: 3741 

Width: 3755 
Television: 3755 
Measurement: 3755 

Pulse-Amplitude :Modulation: 3455, 3766 
Energy Spectrum: 3455 
Frequency Response: 3766 

Pulse-Duration Modulation: 3577 
Interference Characteristics: 3577 
Two-Path: 3377 
Two-Station: 3577 

Pulse-Position Modulation: 3577, 3766 
Frequency Response: 3766 
Interference Characteristics: 3577 
Two-Path: 3577 
Two-Station: 3577 

l'ulser, Resonant-Line-Type: 3650 
Measurement of Vacuum-Tube Static 

Characteristics: 3650 
Pulse-Time Modulation: 3577, 3766 
Interference Characteristics: 3577 
Pulse-Duration Modulation: 3577 
Pulse-Position Modulation: 3577 

Multiplex Systems: 3766 
Interchannel Cross Talk: 3766 

Quality Control: 3754, 3780 
Design: 3780 
Production: 3780 
Statistics: 3754 
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Quartz Crystal Units: 3590, 3742 
Aging: 3590 
Electrical Characteristics: 3742 
Measurement: 3742 
Bridged-Tee Network: 3742 

Increase in Q: 3590 

Radar: 3584, 3598, 3624 
Pictorial Situation Display: 3598 
Aircraft Navigation and Landing: 3598 

Scanning: 3584 
Square-Wave Amplifier: 3624 

Radiation: 3562, 3576, 3636, 3637, 3672, 
3709, 3712, 3718, 3765, 3795 

Antenna: 3576 
Conical Horn: 3576 

Array: 3718 
Circular: 3718 

Circular Sheets: 3718 
Cylindrical: 3712 
Dipole: 3672 
Surface Wave: 3672 

Directional: 3712 
Elliptically Polarized: 3795 
Exposure: 3709 
Microwave: 3709 
Exposure: 3709 
Physiological Effects: 3709 

Parasitic: 3636, 3637, 3712 
Patterns: 3765 
Multichannel Radiotelephone Anten-

nas: 3765 
Polarization: 3562 
Elliptical: 3562 

Radiators, Slot: 3671 
Radio Progress, 1949: 3597 
Radio Technical Commission for Aero-

nautics: 3606 
Program: 3606 

Radio Waves: 3539 
Velocity: 3539 

Railroad Communications: 3597 
Annual Review, 1949: 3597 

Rainfall Statistics: 3665 
Microwave Attenuation Statistics: 3665 

Reactance Chart: 3782 
Reactance-Tube Oscillator: 3497 
Reading: 3659 
Recording Storage Tube: 3659 

Receivers: 3597, 3785 
Annual Review, 1949: 3597 
Television: 3785 
Simplification: 3785 

Reception: 3562, 3791 
Elliptically Polarized Waves: 3562 
Tropospheric: 3791 

Reciprocity Theorem: 3550 
Closed Circuits: 3550 
Open Circuits: 3550 

Recording: 3573, 3574, 3597, 3761 
Annual Review, 1949: 3597 
Disk: 3573, 3574, 3761 
For Broadcasting Purposes: 3573 
Reproducing Pickups: 3574, 3761 
Calibration: 3574 
Response Measurements: 3761 

Frequency Records: 3761 
Calibration: 3761 

Turntable, Variable-Speed: 3574 
Recording Storage Tube: 3659 
Operation: 3659 
Performance: 3659 

Reflection: 3587, 3617, 3619, 3700 
Ionosphere: 3617, 3700 
Curved: 3617 
Polarization: 3700 

Method of Simulating Problems: 3619 
Microwave: 3587 
From a Rough Sea: 3587 

Refraction: 3619 
Method of Simulating Problems: 3619 

Refractive Index: 3545, 3552, 3565 
Measurement: 3552 
Radio Field-Strength Profile: 3552 

Refractive Index (Coil t'd.) 
Microwave: 3545, 3565 
Measurement: 3545, 3565 
Meteorological: 3545 
Radio Data: 3545 

Relaying: 3559, 3710 
Between New York and Philadelphia: 

3559 
Microwave: 3559 

Television: 3710 
Klystron Mixer: 3710 

Reliability of Electronic Equipment: 3595 
Remainder Theorem: 3767 
Operational Calculus: 3767 

Research: 3597, 3657, 3683, 3753, 3754 
Annual Review, 1949: 3597 
Management: 3657, 3753 
Market: 3683 
Statistical Methods: 3754 

Resistance: 3540 
Thermistor: 3540 

Resistance-Capacitance  Networks:  3580, 
3793 

Synthesis: 3580, 3793 
Resolution, Television: 3621 
Measurement: 3621 

Resonant-Line-Type Pulser: 3650 
Resonators: 3651 
Waveguide: 3651 

Reverberation Time: 3607 
Studio Design: 3607 

Rooter: 3760 
Video Signals: 3760 

Routh-Hurwitz Stability Criterion: 3770 

Sales: 3686, 3687, 3688 
Distribution: 3686, 3688 
Television: 3688 
Sales Promotion: 3688 
Sales Training: 3688 

Sawtooth Wave: 3548 
Cathode-Ray-Tube Deflection: 3548 
Generator: 3548 

Scanning Pattern: 3704 
Color Television: 3704 
Dot-Sequential System: 3704 
Field-Sequential System: 3704 
Line-Sequential System: 3704 

Scattering: 3599, 3619 
Method of Simulating Problems: 3619 
Troposphere: 3599 
Atmospheric Turbulence: 3599 

Searching, Automatic: 3762 
Mechanically Tuned Oscillator: 3762 

Semiconductors: 3690, 3732, 3745, 3781 
Fieldistor: 3690 
ti-Germanium Transistor: 3745 
p-Germanium Transistor: 3732 
Transistors: 3781 
Characteristics: 3781 
Graphical Analysis: 3781 

Senate Advisory Committee on Color Tele-
vision: 3704 

Series-Tuned Circuit: 3641 
Triode Oscillator: 3641 

Service Engineering: 3537 
Television: 3537 

Servomechanisms: 3770 
Stability: 3770 

Shadow Loss: 3541, 3763 
Mobile Radiotelephone: 3763 
Urban Area Transmission: 3763 

Signal Levels, Television: 3621 
Measurement: 3621 

Signal Strength: 3545 
Microwave: 3545 
Measurement: 3545 
Meteorological: 3545 
Radio Data: 3545 
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June 

Studies of New Circuits 
October 

Vigorous Testing 
April 

West Coast 1950 Convention 
August 

25 Years of IRE in Canada 
December 

Frontispieces 

Adams, Kipling 
May, p. 446 

Ashbrook, Fred M. 
November, p. 1250 

Baker, W. R. G. 
December, p. 1378 

Clardy, LeRoy 
May, p. 446 

Clark, Trevor H. 
September, p. 978 

Eastman, Austin V. 
March, p. 226 

Guy, Raymond F. 
January, p. 2 

Hamburger, Ferdinand, Jr. 
April p. 338 

Ifegbar, Howard E. 
August, p. 850 

Hewlett, William R. 
July, p. 722 

Kranz, Hermann E. 
October, p. 1122 

Morrissey, T. G. 
August, p. 850 

Reid, John D. 
June, p. 594 

Schulz, E. H. 
May, p. 446 

Thorson, Harry L. 
November, p. 1250 

Watson- Watt, Sir RolaTt \ 
February, p. 114 

Industrial Engineering Notes 

January, pp. 95-96 
February, p. 188 
March, pp. 317-318 
April, pp. 445-446 
May, p. 571 
June, pp. 691-692 
July, pp. 829-830 
August, pp. 954-955 
September, pp. 1100-1101 
October, pp. 1227-1228 
November, pp. 1359-1360 
December, pp. 1461-1462 

IRE People 

Atchley, Dana %V., Jr., August, p. 956 
Bennett, Rawson, October, p. 1226 
Black, Knox C., February, p. 189 
Bowie, Robert M., March, p. 320 
Browning, Glenn H., November, p. 1358 
Budelman, Frederick T., December, p. 1464 
Callahan, G. F., December, p. 1464 



Chaffee, Milton A., December, p. 1464 
Chance, Britton, May, p. 574 
Clement, Lewis M., May, p. 574, July, 
p. 831 
Connor, George C., March, p. 319 
Daniel, R. L., December, p. 1464 
Dawson, William S., December, p. 1464 
Decker, S. M., December, p. 1464 
DeTar, Donald R., May, p. 574 
DeVore, L. T., November, p. 1357 
Doll, Edward B., August, p. 957 
Dubilier, William, May, p. 574 
du Treil, L. J. N., February, p. 190 
Eddy, Myron F., January, p. 97 
Elam ald, Bernard, April, p. 448 
Eitel, William E., May, p. 574 
Ellett, Alexander, January, p. 97 
Fink, Donald G., December, p. 1463 
Fischer, Frederic P., April, p. 448 
French, Benedict K. V., April, p. 447 
Ganzenhuber, John H., December, p. 1464 
Giordano, Nicholas J., November, p. 1358 
Goldmark, Peter C., November, p. 1358 
Goldstein, M. K., March, p. 320 
Green, John A., September, p. 1102 
Hackbusch, Ralph A., April, p. 447, October, 
p. 1225 

Hammond, J. \V., December, p. 1464 
Harvey, Norman L., March, p. 320 
Hassel Karl February, p. 189 
Hicks, Beatrice A., September, p. 1103 
Holmes, Lynn C., November, p. 1358 
Howard, John H., December, p. 1463 
Howard, Royal V., November, p. 1357 
Hull, Albert W., March, p. 319 
Hull, David H., August, p. 957 
Hutcheson, J. A., September, p. 1102 
Hutter, R. G. E., December, p. 1462 
Ide, John M., November, p. 1358 
Jarmie, T. W., July, p. 831 
Jenkins, Jobe, May, p. 574 
Kimball, Charles N., September, p. 1103 
Klumb, Harvey J., January, p. 97 
Kram, Walter F., November, p. 1358 
Lewyt, Alexander M., September, p. 1103 
Lindsay, Maxwell, February, p. 190 
Lubkin, Samuel, April, p. 447 
Lyman, H. T., May, p. 574 
MacLeod, H. J., November, p. 1357 
Maitland, Cyril E., April, p. 448 
Martin, Robert E., October, p. 1226 
McCullough, Jack A., May, p. 574 
Melman, I. J., December, p. 1463 
Merchant, W. J., December, p. 1463 
Miller, John Milton, September, p. 1102 
Moon, R. B., December, p. 1464 
Nason, D. B., July, p. 831 
Norris, Sam, December, p. 1464 
Osgood, Fred E., November, p. 1357 
Pascucci, Adriano A., December, p. 1464 
Pearce, John M., May, p. 574 
Plummer, Curtis B., August, p. 956 
Polkinghorn, Frank A., August, p. 956 
Poor, Walter E., January, p. 97 
Rcttenmeyer,  Francis  X., September, 
p. 1103 

Rosenberg, Paul, November, p. 1358 
Roth, Wilfred, August, p. 957 
Rothrock, Harold B., April, p. 447 
Rowe, Delman E., March, p. 320 
Salisbury, Winfield kV., September, p. 1103 
Sarasohn, Homer M., October, p. 1226 
Schaefer, Harold W., April, p. 448 
Schutz, Harald, May, p. 574 
Seaton, Stuart L., March, p. 320 
Seelen, Harry R., August, p. 956 
Sieger, Joshua, May, p. 574 
Sinclair, Donald B., August, p. 957 
Skiffer, Hector R., December, p. 1463 
Smith, Arthur B., September, p. 1102 
Smith, Donald E., October, p. 1225 
Spittal, William R., December, p. 1464 
Starek, Robert A., May, p. 574 
Stoner, Frank, July, p. 831 
Talmage, T. DeWitt, March, p. 319 
Tatum, Finley W., September, p. 1103 

Tucker, Dundas P., March, p. 320, De-
cember, p. 1463 

Tuckerman, Lucien P., March, p. 320 
Tuve, Merle A., December, p. 1462 
Ulm, E. H., October, p. 1226 
Varian, Russel H., November, p. 1358 
Viebranz, Alfred C., March, p. 319 
Walker, Eric, October, p. 1225 
Weiss, Walter, April, p. 448 
White, Edwin L., November, p. 1357 
White, James, July, p. 831 
Wilner, John T., December, p. 1462 
Winter, Norman L., December, p. 1463 
Woody, James Winston,  Jr.,  October, 

p. 1226 
Wunderlich, Norman E., December, p. 1464 
Young, C. Paul, April, p. 447 
Zworykin, Valdimir K., December, p. 1463 

IRE Professional Groups 

Activities 
Audio Group 
June, p. 689 
Administrative Committee 
February, p. 186 
June, p. 689 

Antennas and Wave Propagation Group 
January, p. 93 
February, p. 186 

Broadcast Transmission Systems Group 
August, p. 954 
November, p. 1355 
Administrative Committee 
June. p. 689 

Circuit Theory Group 
January, p. 93 

Instrumentation Group 
June, p. 690 
Administrative Committee 
July, p. 828 

Nuclear Science Group 
January, p. 93 
February, p. 186. 

Professional Group Chairmen Meeting 
January, p. 93 

Professional Group Program 
March, p. 316 

Quality Control Group 
January, p. 93 
February, p. 186 

Radio Telemetry and Remote Control 
Group 

September, p. 1098 
October, p. 1223 

Vehicular Communications Group 
October, p. 1223 
November, p. 1355 
Administrative Committee 
March, p. 315 

Chairmen 
July, p. 834 
September, p. 1106 
November, p. 1362 

Miscellaneous 

AIEE Nominates New Officers 
April, p. 442 

American Radio Relay League Publishes 
World Radio Map 

June, p. 691 
ARRL Releases Film on Television Inter-

ference 
January, p. 94 

Army Signal Corps Will Give Electronics 
Program 

May, p. 568 
ASTE Establishes Fund for First Research 

Foundation 
June, p. 690 

Baltimore is Third Port to Install Harbor 
Radar System 

July, p. 828 

Bell System Will Expand Television Net-
works 

December, p. 1460 
CAA Leases Biggest Contract for New Air 

Navigation Aids 
July, p. 827 

Calendar of Coming Events 
January, p. 94 
February, p. 187 
March, p. 318 
April, p. 443 
May, p. 567 
June, p. 690 
July, p. 827 
August, p. 954 
September, p. 1098 
October, p. 1224 
November, p. 1356 
December, p. 1460 

Curve Generator Developed at National 
Bureau of Standards 

June, p. 690 
Dr. Lester Field Is Honored by Eta Kappa 

Nu 
June, p. 691 

Engineers Reflect Radio Waves around 
Pennsylvania Mountain 

March, p. 317 
First Electronic Exhibit Presented in New 

Mexico 
February, p. 187 

FMA-NAB Liaison Committee Maps Pro-
posal for Merger 

February, p. 186 
GE Builds System for Microwave Relay 
February, p. 187 

GE Develops Lightweight X-Ray Machine 
January, p. 95 

GE Devises New Type Counter 
October, p. 1224 

GE X-Ray Shows Details of Materials 
March, p. 317 

International  Standardization  Council 
Formed by Government 

June, p. 690 
IRE Will Inaugurate Plans for Annual Stu-

dent Awards 
July, p. 827 

Johnson and Miller Appoint Censorship 
Problem Committee 

April, p. 443 
Max F. Balcolm Elected Head of Sylvania 

Directors 
July, p. 828 

MIT Offers Fellowships in Electronics Re-
search, Study 

April, p. 443 
NAB Completes Internal Reorganization 

of Structure 
February, p. 187 

NAB Seeks Government Action on Broad-
casting Allocations 

April, p. 444 
NAB Surveying Manufacturers for Infor-

mation on FM Sets 
June, p. 690 
July, p. 827 

National Bureau of Standards Has 50-Mil-
lion Volt Betatron 

September, p. 1099 
National Bureau of Standards Offers Cali-

bration Services 
November, p. 1356 

National Bureau of Standards Publishes 
Booklet of HF Voltage Measurements 

January, p. 94 
National Bureau of Standards Publishes 

New Booklet on Spectrophotometric 
Data 

April, p. 445 
National Bureau of Standards Revises 

kV WV and W WVH Services 
April, p. 444 

New Electronic Accelerator Speeds Auto-
matic Elevators 

January, p. 94 
Index-21 



New York FM Homes Outnumber AM 
Homes in 26 other States 

January, p. 94 
Northwestern University Will Build Atomn 

Smasher 
December, p. 1457 

Publication of Revised IRE Master Index 
of Terms 

December, p. 1460 
Notices 
Attention, Foreign Members! 
March, p. 317 

First Call! Authors for IRE National 
Convention 

September, p. 1098 
Second Call! Authors for IRE National 

Convention . 
October, p. 1224 

Last Call! Authors for IRE National 
Convention 

November, p. 1356 
Components Conference Papers Available 
September, p. 1099 

Effective January 1, 1951, Student Dues 
$5.00 per Year 

October, p. 1223 
December, p. 1457 

Nucleonics Conference Papers Available 
March, p. 315 

Vacancies at Indiana Navy Station 
November, p. 1355 

Oak Ridge Institute to Give Courses on 
Radioisotopes 

November, p. 1355 
Path Rainfall Affects Attenuation of Micro-

waves 
January, p. 94 

Peter Mole Elected New President of 
SMPTE Group 

December, p. 1457 
Radio Progress During 1949 

April, pp. 359-391 
Radio Propagation Station Established in 

Virginia 
June, p. 691 

Radio, TV, Electronics Exhibit Will Be Held 
in Philadelphia 

September, p. 1099 
Rider Receives Esfeta Radio Education 

Award 
February, p. 187 

Signal Corps Center Recruits Civilian Tech-
nical Personnel 

October, p. 1223 
SNIPE Announces Name Change 
March, p. 315 

Sylvania Electric Products Absorbs Colonial 
Radio Co. 

April, p. 444 
Treasury Refuses to Postpone Excise Tax 

for Loudspeakers 
April, p. 444 

United States Air Force Reserve Offers 
Various Commissions 

September, p. 1099 
University Engineers Unveil $250,000 Elec-

tric Computer 
March, p. 316 

300,000,000-Volt Synchotron Passes First 
Test at MIT 

April, p. 444 

Webster Is New Chairman of Research De-
velopment Unit 

June, p. 690 
Western Union Company Has Developed 

Amplifier Cable 
December, p. 1460 

William A. Wildhack Will Ilead Basic In-
strumentation Office 

November, p. 1356 
25 Years of IRE in Canada 
December pp. 1458-1459 

Obituaries 

Agpar, Charles E. December, p. 1463 
Allen, John E., December, p. 1462 
Bates, John F., October, p. 1225 
Beers, Norman H., October, p. 1226 
Briggs, Lloyd A., March, p. 319 
Cobb, F. Arthur, August, p. 956 
Cummings, B. Ray, April, p. 447 
Douglas, Morris Duncan, March, p. 320 
Durham, Gaylord E., April, p. 448 
Ferry, Montague, February, p. 190 
Fouts, Joseph L., March, p. 319 
Harrell, Loren B., September, p 1102 
Hayes, M. W. V., June, p. 689 
Heagy, Margaret S., July, p. 831 
Herndon, Landon C., February, p. 190 
Jansky, Karl G., April, p. 447 
Jewett, Frank B., February, p. 189 
Kolster, Frederick A., October, p. 1225 
Kruger, Werner C., March, p. 320 
Ludwig, James H., April, p. 447 
Martin, Albert D., Jr., January, p. 97 
Milne, George 0., April, p. 448 
Murphy, Commodore, John V., April, p. 448 
Nadosy, Alexander, August, p. 956 
Oboukhoff, Nicholas NI., October, p. 1226 
Pike, 0. W., December, p. 1463 
Poor, Walter E., August, p. 957 
Spaulding, Frank E., Jr., February, p. 190 
Tompkins, George, February, p. 190 
Waples, Paul E., May p. 574 
Wise, Roger NI., April, p. 448 
Zworykin, Vladimir K., April, p. 447 

Report of the Secretary 
Letter to the Board of Directors 
June, pp. 697-702 

Report of the Technical Secretary 
Technical Secretary Reports Professional 

Groups' Status 
January, pp. 92-93 

Representatives in Colleges 
June, pp. 705-706 
October, pp. 1233-1234 

Representatives on Other Bodies 
June, p. 706 
July, p. 827 
October, p. 1234 

C1 YD 

Sections 

Chairmen and Secretaries 
January, pp. 98-99 
March, pp. 321-322 
May, pp. 575-576 
July, pp. 833-834 
September, pp. 1105-1106 
November, pp. 1361-1362 

Activities 
Cedar Rapids Section 1950 Student Pa-

pers Contest 
March, p. 316 

Chicago Section Silver Anniversary  tv 
Paul S. Smith) 

May, pp. 572-573 
Chicago Section  25th  Anniversar - 

Officers 
May, p. 466 

Cincinnati Section Spring Conference 
January, p. 94 
August, p. 953 

Dayton Section Conference 
May, p. 567 
August, p. 953 

Emporium Section Annual Summer Sem-
inar 

August, p. 954 
Monmouth Subsection Program (if Com-

munity Service 
December, p. 1457 

Toronto Celebrates 25th Year 
December, p. 1460 

Vancouver Section Formed 
December, p. 1460 

Standards 

Report on the I nterna tional Telev ision 
Standards Conference 

February, p. 116 
Standards on Designation for Electrical, 

Electronic and Mechanical Parts :ind 
their Symbols, 1949 

February, pp. 118-124 
Standards on Electron Tubes: Definitions of 

Terms, 1950 
April, pp. 426-439 

Standards on Electron Tubes: Methods of 
Testing, 1950—Part I 

August, pp. 917-948 
Standards on Electron Tubes: Methods of 

Testing, 1950—Part II 
September, pp. 1079-1094 

Standards on Television: Methods of Meas-
urement of Television Signal Levels, 
Resolution,  and  Timing of Video 
Switching S;r'Stems, 1950 

May, pp. 551-562 

Standards on Television: Methods of Measurement of Time of Rise, Pulse Width. 

and Pulse Timing of Video Pulses in 
Television, 1950 

November, pp. 1258-1264 
Standards on Wave Propagation: Defini-

tions of Terms, 1950 
November, pp. 1264-1269 
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Back Copies 

The Institute endeavors to keep on hand a supply of 
)ack copies of the PROCEEDINGS for sale for the con-
7enience of those who do not have complete files. How-
!ver, some issues are out of print and cannot be pro-
tided. 
All available back issues of the PROCEEDINGS OF THE 

I.R.E. are priced at $2.25 per copy to individual non-
members; $1.65 per copy to public libraries, colleges, 
and subscription agencies; and $1.00 per copy to Insti-
tute members. Price includes postage in the United 
States and Canada; postage to other countries is ten 
cents per copy additional. 

1913-1915  Volumes 1-3  Quarterly 

1913  Vol. 1  January (a reprint) 

1916-1926  Volumes 4-14  Bimonthly 

917  Vol. 5  December 
920 Vol. 8  April, June, August, October, December 
921  Vol. 9  February, April, June, August, October, December 
922  Vol. 10  All 6 issues 

1923 Vol. 11  February, April, October, December 
1924 Vol. 12  August, October 
1925  Vol. 13 April, June, August, October, December 
1926 Vol 14  All 6 issues 

1927-1938  Volumes 15-26  Monthly 

927  Vol. 15  April, May, June, July, October, December 
928  Vol. 16  February to December, inc. 
929  Vol. 17  April, May, June, November, December 
930 Vol. 18  April to December, inc. 
.931  Vol. 19  All 12 issues 
.932  Vol. 20 January, March to December, inc. 

1933  Vol. 21 
1934 Vol. 22 
1935  Vol. 23 
1936 Vol. 24 
1937  Vol. 25 
1938 Vol. 26 

All 12 issues 
All 12 issues 
All 12 issues 
January, February, March 
February to December, inc. 
All 12 issues 

1939-1950  Volumes 27-38  Monthly 

New Format—Large Size 
939  Vol. 27  January, February, March, May, December 
940  Vol. 28  All 12 issues 
941  Vol. 29  All 12 issues 
942  Vol. 30  January to May, October to December, inc. 
943  Vol. 31  February to December, inc.  1948 
.944  Vol. 32  January, February, April, May, August to Decem-  1949 

ber, inc.  1950 

1945 Vol. 33  January to July, inc., September to December, inc., 
1946 Vol. 34 January, February, April to December, inc. 
1947  Vol. 35  January to May, inc., July, October to December, 

inc. 
Vol. 36  All 12 issues 
Vol. 37  January to April, inc., July to December, inc. 
Vol. 38 All 12 issues 

Thmulative Indexes covering the periods 1913-1942 and 1943-1947 are available at the same prices as back issues 
PROCEEDINGS. 

Proceedings Binders 

Sturdy binders of blue Spanish-grain fabricoid with 
zold lettering, which will serve either as temporary 
:ransfers or as permanent holders for the PROCEEDINGS 
iimay be obtained in the large size only (1939 to date) at 

the following prices: $2.50 for plain; $3.00 for Vol. No. 
or year, or your name imprinted; $3.50 for Vol. No. and 
name or name and year imprinted. Postage is prepaid 
in United States or Canada; postage to other countries, 
50 cents additional. 

Membership Emblems 

The IRE emblem is available to members in three 
useful forms; the lapel button, the pin, and the watch 
charm. Each is of 14-karat gold, enameled in color to 
designate the grade of membership. 

Grade  Background Color 
Fellow Gold 
Senior Member Dark Blue 
Member Light Blue 
Associate Maroon 
Student Green 

The lapel button has a screw back with jaws which 
grip the cloth of the coat. These are priced at $3.00 
each. The pin, at $3.50 each, is provided with a safety 
catch. The watch charm, enameled on both sides and 
equipped with a suspension ring for attaching to a 
watch charm or fob, is $5.50. 
Prices on emblems are the same for all grades of 

membership and include Federal tax, postage, and 
insurance or registered-mail fee. 

Remittance should accompany your order. 
Please do not send cash except by registered mail. 

THE INSTITUTE OF RADIO ENGINEERS INC. 
1 East 79 Street, New York 21, New York 



Current IRE Standards 

In addition to the technical papers published in the PRocEun NOS OF 1 HE I.R.E., Standards on variont 

available at the prices listed below. A 20% discount will be allowed on orders for 100 or more 

48 IRE 2, 11, 15 SI Standards on Antennas, Modulation 
Systems, and Transmitters: Definitions of Terms, 
1948. 

(vi +25 pages, 8i XII inches)   
48 IRE 2 S2 Standards on Antennas: Methods of Testing, 

1948. (Adopted by ASA C16.11-1949). 
(vi +18 pages, 8i XII inches)   

42 IRE 3 Si American Recommended Practice for Volume 
Measurements of Electrical Speech and Program 
Waves. (Adopted by ASA C16.5-1942). 

(8 pages, 7I X101 inches)   
42 IRE 6 SI American Recommended Practice for Loud-

speaker Testing. (Adopted by ASA C16.4-1942). 
(12 pages, 71 X10/ inches)   

38 IRE 6 Si Standards on Electroacouslics, 1938. Definitions 
of Terms, Letter and Graphical Symbols, Methods of 
Testing Loud Speakers. 

(vi +37 pages, 6X9 inches)   
50 IRE 7 Si Standards on Electron Tubes: Definitions of 

Terms, 1950. 
Reprinted from the April, 1950, PROCEEDINGS (pp. 426-
438)   

50 IRE 7 S2 Standards on Electron Tubes: Methods of Test-
ing, 1950. 

Part I reprinted from August, 1950, PROCEEDINGS (pp. 
917-948); Part II reprinted from September, 1950, PRO-
CEEDINGS (pp. 1079-1093)   

42 IRE 9 Si Standards on Facsimile: Definitions of Terms, 
1942. 

(vi +6 pages, 8 X11 inches)   
43 IRE 9 SI Standards on Facsimile: Temporary Test Stand-

ards, 1943. 
(iv-1-8 pages, 8i XII inches)   

49 IRE 12 Si Standards on Radio Aids to Navigation: Defini-
tions of Terms, 1949. 

Reprinted from the December, 1949, PROCEEDINGS (pp. 
1364-1371)   

45 IRE 14 Si Standards on Piezoelectric Crystals: Recom-
mended Terminology, 1945. 

(iv+4 pages, 8/X11 inches)   
49 IRE 14 Si Standards on Piezoelectric Crystals, 1949. 

Reprinted from the December, 1949, PROCEEDINGS (pp. 
1378-1395) 

49 IRE 16 Si Standards on Railroad and Vehicular Commu-
nications: Methods of Testing, 1949. 

Reprinted from the December, 1949, PROCEEDINGS (pp. 
1372-1375)   

38 IRE 17 Si Standards on Radio Receivers: Definitions of 
Terms, 1938. 

A Reprint (1942) of the like-named section of "Stand-
ards on Radio Receivers, 1938." (vi +6 pages, 81 X11 
inches)   

47 IRE 17 Si Standards on Radio Receivers: Methods of 
Testing Frequency-Modulation Broadcast Receivers, 
1947. (Adopted by ASA C16.12-1949). 

(vi+15 pages, 80(11 inches)   
48 IRE 17 Si Standards on Radio Receivers: Methods of 

$1.00 

Price 
Testing Amplitude-Mo 
1948. 

(vi)24 pages, Eli X11 inc 
$0.75  49 IRE 17 Si Tests for Effect 

ward Modulation. 
1949 Supplement to 47 11 

$0.75  December, 1949, Pkoc m 
48 IRE 22 Si Standards on T, 

Television Receivers, 1, 
1949). 

$0 . 20  (vi +32 pages, 84X11 inc' 
48 IRE 21 Si Standards on A 

bols, Letter Symbols, a 
$0.25  (vi +21 pages, 8i XII incl 

49 IRE 21 Si Standards on De 
tronic and Mechanical 

Reprinted from February, 
$0.50  124) 

47 IRE 22 SI Standards on TI 
Television Transmitter: 

(vi-I-18 pages, 8}X11 incl 
$0.75  48 IRE 22 S2 Standards on Tel 

1948. 
(iv +4 pages, 8i XII inchi 

50 IRE 23 Si Standards on T 
urement of Television E 

$1.25  Timing of Video Switch 
Reprinted from the 
561)   

$0.20  50 IRE 23 S2 Standards on Tel 
ment of Time of Rise, P 
of Video Pulses in Tele 

$0.20  Reprinted from the Nove 
1258-1263)   

50 IRE 24 Si Standards on Vt 
of Terms, 1950. 

$0.60 Reprinted from the Nover  
1264-1268) 

42 IRE 24 S2 Standards on Ra I 
$0.20 uring Methods, 1942. 

Field Intensity, Method 
ated from an Antenna, 

$0.80 Field Intensity. 
(vi+16 pages , 8i XII incl. 

45 IRE 24 Si Standards on Ra 
nitions of Terms Relatii 

$0.50  (iv +4 pages, 8i XII incite 
Normas Sobre Receptors de 

language translation  of "S 
1938," by the Buenos  Air( 
Radio Engineers . (vii +64 

• Not carried in •-tock at II, 
$0.50  tam able only from Senor  Don 

grafu-a, Peru, 165, Buenos  Aires  

PRICES ARE NET AND INCLUDE POSTAGE TO ANY  C OUNTRY.  

INCLUDE REMITTANCE WITH ORDER AND A DDRESS.  

subjects have been printed. These are 

copies mailed to one address. 

dulation Broadcast Receivers, 

ies)   
s of Mistuning and for Down-

Lk 17 SI. Reprinted from the 
)1Ntis (pp. 1376-1377)   
elevision: Methods of Testing 
948. (Adopted by ASA C16.13- 

Price 

$1.00 

$0.25 

iv.,)   . $1.00 
bbreviations, Graphical Sym-
nd Mathematical Signs, 1948  
lies)   $0.75 
signations for Electrical, Elec-
'arts and their Symbols, 1949. 
1950, PROCEEDINGS (pp. 118- 

levision: Methods of Testing 
, 1947. 
le,;)   
evision: Definitions of Terms, 

s)   
elevision: Methods of Mess-
ignal Levels, Resolution, and 
ing Systems, 1950. 
1950, PROCEEDINGS (pp. 551- 

$0.60 

$0.75 

$0.50 

$0.70 
evision: Methods of Measure-
ulse Width, and Pulse Timing 
vision, 1950. 
nber, 1950, PROCEEDINGS (pp 
  $0.75 
ave Propagation: Definitions 

ther, 1950, PROCEEDINGS (pp. 

dio Wave Propagation: Mess-
dethods of Measuring Radio 
s of Measuring Power Radi-
Methods of Measuring Noise 

$0.60 

es)   $0.50 
dio Wave-Propagation: Defi-
g to Guided Waves, 1945. 
s)  $0.20 
Radio, 1938.• A Spanish-
andards on Radio Receivers, 
s Section of The Institute of 
pages, 6X9 inches)   

Two Argentine Pesos (Postpaid) 

E Headquarters in New York. Ob-
ingo Arbo, Editor of Revisla Tele-
Argentina. 

THE INSTITUTE OF RADIO ENGINEERS, INC. 
1 East 79 Street, New York 21, N. Y. 



'ADVENTURES IN ELECTRONIC DESIGN 
•11. 

1 

Centralab 

must be able to withstand. Day ---
-//tYN 

'and specially designed testing 
\ 

and night, ei=s 

TORTURE TESTS PROVE SWITCH PERFORMANCE 

Turn it on. - z Turn it off.--V Do this 25,000 times or more and 

you'll get a good idea of the terrific punishment 

  switches 

skilled CRL engineers 
,.....-- - - ;Atli_ 

machines put Centralab  _ -,:.,  switches  through torture tests  

no switch S  is ever asked to undergo in ordinary operation. What does this mean 
--.....—.-..-,-., ....-----  z 

to you? ?1  Just this. You can be sure that Centralab  gives you the 

smooth operation  , positive indexing 

you want in the switches 

and accurate positioning 

you buy. What's more, you can be sure 

CRL     switches  will continue to provide these advantages 

for a long, long time. 

Resistance of switch insulation to atmospheric 
change is tested in controlled temperature 
and humidity chamber. Test helps avoid 
breakdown or leakage. 

- 

:onstant checking makes sure CRL switches 
ive you desirable uniform low contact re-
stance. Here an engineer tests resistance by 
inning I ampere through contacts. 

Accelerated life test machine rotates through 
fixed number of positions at 1000 cycles per 
hour . . . proves switch springs, clips and 
contacts stand up under long, hard use. 

DEVELOPMENTS THAT CAN HELP YOU • 

Division of GLOBE-UNION INC. • Milwaukee 



Centrolab Component 

Non-shorting Contact 
Section 

Shorting Contact 
Section 

1 Yes, CRL's Medium Duty Power Switches are made to meet 
your individual needs .. . single, two or three poles .. . 18 
contacts per section ... up to 20 sections per shaft. Contacts 
and collector rings of coin silver, mounted on Grade L5 

Steatite, compounded and produced right in our own plant . . . 
backed up by 20 years of ceramic manufacturing experience. 

These switches are designed for R. F. or 71/2  amp. 110-115 V. ap-
plication. Voltage breakdown to ground, 3000 V. RMS 60 cycles. 

2
 Great step forward in switching is 
CRL's New Rotary, Coil, Spring and 
Cam Index Switch. It gives you 
smoother action, longer life. 3 

Typical CRL Medium Duty 
Power Switch with 

3 sections 

The combination of rugged construction — coin silver contacting 
members, plus the high insulation resistance of Grade L5 Steatite, 
means trouble-free performance in x-ray, lab-test equipment, high 
voltage transmitters and other electronic gear. - 

For top-performing medium duty power switches, built for life-time 
service — in standard or custom built models — ask about CRL's 
"torture tested" power switch line. Our engineers will be glad to 
assist you. 

Centralab's development of a revolutionary, new Slide Switch vastly facilitates AM 
and FM set design! Flat, horizontal design saves valuable space, allows short leads, 
convenient location to coils, reduced lead inductances for increased efficiency in low 
and high frequencies. CRL Slide Switches are rugged and dependable. 



for Electronic Gear 

I
24 insulated clips per section assure variety of switching combinations.  This  double-
wipe style switch can be CRL built to your specifications. Successfull y used  in TV  
up to 200 megacycles. Ratings: 1 amp at 6 v. Stator and rotor  highest  grade  lam-

  inated phenolic. Clips silver-plated or silver alloy. 

Hi-Vo-Kaps (10-20-30 kv) are filter 
and by-pass capacitors combining high 
voltage, small size and variety of ter-
minal connections to fit most TV needs. 

Ceramic Trimmers are made in five 
basic types. Full capacity change with-
in 180° rotation. Spring pressure 
maintains constant rotor balance. 

For by-pass or coupling applications, 
check Centralab's original line of ce-
ramic disc Hi-Kaps. Disc Hi-Kaps 
are smaller than a dime. 

C.entralab's Amper, above, is an inte-
gral assembly of tube sockets, capaci-
tors, resistors and wiring combined 
into one miniature amplifier unit. 

Couplate consists of plate and grid 
resistors, plate by-pass and coupling 
capacitors. Minimum soldered con-
nections speed production. 

5 
CRL's new high quality Model 2 
Radiohm Controls specifically designed 
for TV, radio, other electronic equip-
ment. Lower noise level, longer life. 

•  
63A6-1 

2 

1
 This is the new CRL Vertical Inte-
grator Network used in TV sets. Var-
iations of this Centralab integrator 
plate are available on special order. 



IMPORTANT BULLETINS FOR YOUR KHNICAL LIBRARY 
' 

e 
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• lift I 
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S. GOU(.  "E C • 10 
.cENIRAL,tr.c.qpiAps 

,THEY'RE FREE! 

Choose From This List! 
Centralab Printed Electronic Circuits 

973 — AM PEC — three-tube P. E. C. amplifiei 
42-6 — COUPLATE — P. F. C. interstage coupling plate, 
42-22 — VERTICAL INTEGRATOR — for TV application. 
42-24 — CERAMIC PLATE COMPONENTS —  for use in low. 

power miniature electronic equipment. 
42-27 — MODEL 2 COUPLATE —  for small or portable set 

applications. 
999 — PENTODE COUPI.ATE —  SpeCialind P. E. C. coupling 

plate. 
42-9 — FILPEC — Printed Electronic Circuit filter. 

Centralab Capacitors 

42-3 — BC TUBULAR HI-KAPs — capacitors for use where 
temperature compensation is unimportant. 

42-4R  BC Disc HI-ICAPs—miniature ceramic BC capacitors. 
42-10R  Hi-Vo-ICAPs — high voltage capacitors for TV appli-

cation. 
42-59  CERAMIC TUBULAR TRIMMERS —  designed for TV 

and VHF application. 
42-101 — CERAMIC TRIMMERS — CRL trimmer catalog. 

981 — HI-VO-KAPS  capacitors for TV application.  For 
jobbers. 

42-18 — TC CAPACITORS — temperature compensating capaci-
tors. 

42-1 02 — CAPACITORS — high-voltage capacitors. 
975 — FT HI-ICAPs — feed-thru capacitors. 

Centralab Switches 
953 — SLIDE SWITCH — applies to AM and FM switching 

circuits. 
970 — LEVER SWITCH — shows indexing combinations. 
995 — ROTARY SWITCH — schematic application diagrams. 
722 — SWITCH CATALOG — facts on CRL'S complete line of 

switches. 

Centralab Controls 
42-19 — M ODEL  I.. RADIO/I M —  world's smallest co m mer-

cially produced control. 
42-85 — MODEL 2 RADIOHM — CRL's new line of 13c," diam. 

controls for TV — AM — FM. 

Centraiab Ceramics 
967 — CERAMIC CAPACITOR DIELECTRIC MATERIALS. 
720 — CERAMIC CA I" ALOG — CRL steatite, cera mic products. 

Look to CENTRALAB in 1951! First in component research that means lower cost1  for the electronic 
industry. If you're planning new equipment, let Centralab's sales and engineering servi(e work with you. For 
complete information on all CRL products, get in touch with your Centralab Representative. Or write direct. 

CENTRALAB 

Division of Globe-Union Inc. 

920 East Keefe Avenue, Milwaukee, Wisconsin 

Yes -1 would like to have the CRL bulletins, checked below, for my technical library! 

O 973 

O 42-6 

O 42-22 

Name 

LI 

LI 

LI 

42-24 0 42-9 LI  42-10R 11 981 D 953 0 42-19 

42-27 0 42-3 0 42-59 0 42-18 0 995 0 967 

999 0 42-4R 0 42-101 0 42-102 0 970 0 720 

P 975 0 722  D 42.85 

Address   

City   State. . 

1111 = = = = 1 . 1111 1  I M I NI I M 1 .1 

_ 

TEAR OUT COUPON 

for the Bulletins you want    

Cen 
Division of GLOBE-UNION INC. • Milwaukee 



118118C1tOIS 
i sealed 
for Life 
with G-E 
silicone 
rubber 

uni  co be 
These d-c paper-dielectric  ts  n 
used up to 125° C. without deroting. 
The impregnon t is Permofil which retains 

its eitcellent insulating properties at 

these  high tempera  turestsy.les  
Available in case  53, 6L 63 

o ings ore up to nd 65. Rat  2 mu and 

Pleas e address all i iies to Capoc-
40 0 volts, D.C.  nqu r 

itor Soles  Div., General VeCtfIC Co., 

Pittsfield, Mass. 

SILICONE—the amazing new synthetic that made headlines when 

General Electric brought it out —is back in the news again. For 

today, G-E small capacitors, up through 5000 volts, are hermetically 

sealed with G-E silicone rubber bushings or gaskets. 

This means that your new G-E capacitor is sealed positively, per-

manently—for maximum life. For silicone seals by compression 

alone, without the use of adhesives. It will never shrink, loosen or 

pull away—it remains elastic at any operating temperature a capaci-

tor will ever meet. It is impervious to oils, alkalies and acids. Its 

dielectric strength is permanently high and it is not easily damaged 

during installation for it has a flexibility that withstands mechanical 

and thermal shock. 

This exclusive G-E feature —designed to surpass established in-

stallation requirements—makes General Electric capacitors finer 

and more dependable than ever before. Apparatus Dept., General 

Electric Company, SA(11(11(141' 5. N. Y. 

Silicone-rubber bushings, permanently elastic and 
formed to close tolerances, seal themselves by 
compression to the capacitor cover. They are used 
with capacitors 1500-v d-c, or 660-v a-c, and 
lower. Silicone rubber gaskets with plastic or 
porcelain stand-offs are used for higher voltages. 

GENERAL ELECTRIC 
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VOZ746E REGOZA TORO 
Accuracy, with rugged construction, economical and trouble-free 
operation, reasonable cost — those are features that you expect, 
and get, when you specify Sorensen regulators! 

ALL SORENSEN REGULATORS HAVE THESE ADVANTAGES: 

Is W IDE INPUT RANGE  • EXCELLENT W AVEFORM 
• ADJUSTABLE OUTPUT VOLT-  • FAST RECOVERY TIME 
AGE THAT STAYS SET 

• REGULATION ACCURACY OF  • INSENSITIVITY TO LINE FRE-
Liz 0.1 %  QU ENCY FLUCTUATIONS. 

STANDARD AC SPECIFICATIONS 

VA capacity 150  250  2000  5000 
500  1000  3000  10000 

15000 

Harmonic Distortion 3% max.  2% max.  3% max.  3% max. 

Regulation accuracy 

Input voltage  95-130 VAC; also available for 190-260 VAC 
single phase 50-60 cycles 

Output voltage  Adjustable between 110-120; 220-240 in 230 
VAC models 

-4-  0.1 % against line or load 

Load range  0 to full load 

P.F. range  Down to 0.7 P.F. All models temperature 
compensated 

NOTE: THREE PHASE AND 400 CYCLE REGULATORS ALSO AVAIL-
ABLE. ALL REGULATORS CAN BE HERMETICALLY SEALED. 

Write for Complete Literature 

For regulated DC problems investigate Sorensen's 
line of Voltage Reference Standards, 

DC Supplys, and NOBATRONS 

am1 eompang. ine. 
375 FAIRFIELD AVE  • STA MF OR D, C O N N 

NAMUFACTURERS OF AC LINE REGULATORS, 60 AND 400 CYCIES, REGULATED DC POWER SOURCES, ELECTRONIC 

INVERTERS, VOLTAGE REFERENCE STANDARDS CUSTOM BUILT TRANSFORMERS. SATURABLE CORE REACTORS 

AKRON 

"X-Ray Measurements in Instruments," by 

Robert Gager. Victoreen Instrument Corporation; . 

September 19. 1950. 
"Man and Computer," by G. L. Landsman, BB- It 

matt of Standards; October 17, 1950. 

ATLANTA 

Business Meeting; June 30, 1950. 

"The Conduct of the Business of The Institute 

of Radio Engineers." by Ben Akerman. Regions! 
Director. Region 6; September 29. 1950. 

BALTIMORE .• , 

'FM versus AM for VHF Marine Communica-

tion,' by L. W. I.ynn, General Electric Company; 

October IL 1950. 

BEAUMONT-PORT ARTHUR 

Films: 'Stepping Along With Television." and 
"Telephone Screen Review"; September 22, 1950. 

'Industrial Radar for Tracking Hurricanes,' 
by A. T. Deere, Dow Chemical Company; October 

4. 1950. 
BOSTON 

The Digital Computer as an Information 

Pi ocessing System." by J. W. Forrester. Ntairsachu-
,o1 tsr.Institute of Technology; September 28, 1950. 

BUFFALO-NIAGARA 

'Electronics in Defense Against Atomic At 
tack,' by Seville Chapman. Faculty. Cornell Aero-

nautic Laboratory; September 20, 1950. 

CEDAR RAPIDS 

'A Sixty-Six Million Electron Volt Proton Lin-

ear Accelerator.' by W. G. Shepherd. Faculty. Uni-

versity:of Minnesota; September 26, 1950. 

CINCINNATI 

"Photo Electric Organ." by Ted Jones. Baldwin 

Company; September 19, 1950. 

CLEVELAND 

Informal Meeting; September 29 . 1950 -

CONNECT ICUT VALLEY 

'Recording and Reproduction of LP Micro-

groove Records," by W. S. Bachmann, Columbia 
Records, Inc.; 'A Wideband Cathode Follower," by 
William Von Winkle. Graduate Student. Yale Uni-
versity; Septembe4 21, 1950. 

D ALLAS-FORT W ORTH 

•1000 Ft. TV-FM Antenna." by Stuart Wil-

son. International Derrick Company; September 

29, 1950. 
D ENVER 

'Cosmic Ray Research on Mt. Evans," by 

Mario Iona. Faculty. University of Denver; October 

13. 1950. 

EMPORIUM 

"Instrumentation in Modern Geophysics." by 
R. D. Wycoff, Gulf Oil Company; September 22, 

1950. 
EVANSVILLE- O WENSBORO 

"A New Three Tube Single Side Band Trans-
mitter." by D. E. Norgaard. General Electric Com-

pany; September 20. 1950. 
"Test Equipment for Pulse, EHF, UHF. VHF, 

and Audio Frequencies." by Frank Waterfall. Al-
fred Crossley Associates; October 11. 1950. 

H OUSTON 

"Computations and Measurements on RF 

Transmission Lines," by C. V. Clarke. Radio Sta-
tion KPRC-KXVZ; October 17. 1950. 

(Continued on page 40A) 
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The Universal 

6-IN-ONE 

MEGACYCLE 
FREQUENCY-TI ME COUNTER 

Now, the Potter Instrument Company offers all-in-one equipment, the fea-
tures heretofore available only in separate counting systems. Two complete 
counting channels, a 100 kc crystal oscillator time base and unique gating 
circuits are combined to provide the new FREQUENCY-TIME COUNTER. 

by 

ANY FACTOR MAY BE MEASURED 
FOR FIXED VALUE OF THE OTHER 

FREQUENV MEASUREMENTS 

TOTALIZING COUNTER 

FREQUENCY MEASUREMENTS 

_ 

0 to 1 mc range by counting cycles per pre-selected time or by 
measuring time per pre-selected count. Accuracy 0.001 % minimum. 

TIME INTERVAL MEASUREMENTS 0 to 10 seconds -.-_-+_- 10 micro-seconds. 

FREQUENCY RATIO MEASUREMENTS Ratio of two external frequencies can be measured. 

SECONDARY FREQUENCY STANDARD 
100 kc crystal oscillator with divided frequencies available at 10, 
1 kc and 100, 10, 1 cps. 

TOTALIZING COUNTER Six decades, pulses 0 to 1 mc, sine wave 10 cps to 1 mc. 

DIRECT RPM READING TACHOMETER 
Through the use of an external 60 count per revolution photoelectric 
disc generator an accuracy of --2_- 1 rpm is obtained. 

FEATURES 
WIDE FREQUENCY RANGE — Pulses 0 to 1 megacycle 
—  sine waves from 10 cps to 1 mc. 
EXTREMELY HIGH ACCURACY — 0.001 % from 0 to 1 
megiicycle. 

VERSATILITY — Frequency measure ments, time inter-
vals, frequency ratios, high speed counting, rpm 
measurements, and a secondary frequency standard 
— all in one instrument. 

RAPID MEASUREMENT — No adjustments or interpola-
tions --- only a few seconds for a complete 
measurement 

DIRECT DECIMAL READING — Frequency or time dis-
played on six Potter Counter Decades using the 
1-2-4-8 large neon glow lamp decimal indication. 
Readable even under high ambient illumination. 

AUTOMATIC OR MANUAL RECYCLING — The counter 
will retain the measurement until reset or will 
automatically recycle after displaying the measure-
ment for a selected time. 
NO ADJUSTMENT — Stable decade counter frequency 
dividers, rather than multivibrators are used to 
establish the precise time base. 
DEPENDABLE — The exclusive four-lamp Potter dec-
ades provide a direct on-off indication of the 
counter stages without the complexity and unreli-
ability of a readout matrix. An associated glow 
lamp for each tube in the counting and dividing 
circuits simplifies tube servicing. 
PERMANENT RECORD — Other versions of the Fre-
quency Time Counter can be supplied with high 
speed recording devices.  (Dept. 5-D 

POTTER INSTRUMENT COMPANY 
I N C O R P O R A T E D 

115 CUTTER MILL RD., GREAT NECK, NE W YORK 
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MORE GEO. STEVENS COIL WINDING 

EQUIPMENT IS IN USE THAN ALL 

OTHER MAKES COMBINED! 

• M ORE OUTPUT ...LO WER 
COSTS . . from EXCLUSIVE SPEED 
FEATURE. Universal motors permit 
variable speeds without changing 
belts and pulleys. Coil design per-
mitting, speeds as high as 7500 
RPM are not uncommon. 

• PORTABILITY. Conveniently car-
ried from place to place. Machines 
come mounted on bases to constitute 
one complete unit. 

• MUCH LO WER ORIGINAL 
COST. The same investment buys 
more GEO. STEVENS machines than 
any other coil winding machines. 

• LONG LIFE. Most of the original 

GEO. STEVENS machines bought 14 
years ago are still operating daily 

at full capacity. 

• MUCH FASTER CHANGING OF 
SET-UPS than any other general 

purpose coil winding machine. 
Quickly changed gears and cams 

save time between jobs. 

• VERY LO W MAINTENANCE. 
Replacement parts are inexpensive, 
can be replaced in minutes, and are 

stocked for "same day" shipment, 
thus saving valuable production time. 

• EASIEST TO OPERATE. In one 
hour, any girl can learn to operate 
a GEO. STEVENS machine. 

Iniii. 0 .  6 .1111144°4  ,S... I 
4,111111111111 .111, 

M P-   

i  :9 

r•-•.: ie--= 

1 4;1  i 

SPACE WINDHIG MACHINE, MODEL 30, winds resistors and space wound coils up to 6" 
long. Winds v‘ ire from No. 40 to 18. For smaller wire sizes, Model 92-6 De-Reeler-
is recommended instead of the bench type spool holder illustrated. 
8 to 800 TURNS PER INCH is an outstanding feature, permitting an unusually wide 

range of pitch selection. 48 pitch change gears-completely enclosed for safety-give 
desired pitch. Up to 10,000 turns are registered by full vision 6" Clock Dial Counter. 
For speedy return to starting position, the heavy traverse bar has a friction drive 

and uses a rack and pinion for return. Accurate location for start of coil is attained by 
screw adjustment on feed roller. Fine wire is wound freely and fast due to ball bear-
ing, spring tension tailstock which also allows quick change of coil forms. Spools and 
tailstock may be adjusted closer or farther from winding head by moving tension 
bracket-because they are mounted on bed rods. Tailstock may also be moved to the 
front or rear for perfect alignment. 
Motor equipment: 1/4 H.P. Variable Speed Universal Motor with foot treadle con-

trol. Automatic Stop with Predetermined Counter is optional - it saves time and 
eliminates most bad coil rejection by not requiring operator to do turns manually. 
Also available - MODEL 35 - same construction, same features but arranged to 

wind forms up to. 12" long. 

There is a GEO. STEVENS machine for every coil winding need. Machines that wind ANY 

kind of coil are available for laboratory or production line.... Send in a sample of your 

coil or a print to determine which model best fits your needs, Special designs can he mode 

for special applications. Write for further information today. 

(A9i/dS galged. firtrifi efeelel 

of e0d 9findiny Itackires 

REPRESENTATIVES 

Frank Tatra 
6022 ho. Rogers Aye , Chicago 30, lihno, 

Ralph K. Reid 
1911 W. 9th St., los Angeles 6, Cal,formo 

R. A. Staff & Co. 
1213 W. 3rd St , Cleveland 13, Ohio 

4GEO. STEVENS 
MFG. CO., INC. 

Pulaski Road at Peterson 

Chicago 30, Illinois 

(Continued from page 38A) 

INDIANAPOLIS 

"Lecture and Demonstration of Test Equip-
ment for Pulse, UHF and Audio Measurements,' 

by Frank Waterfall, Alfred Crossley and Associates; 

October 12, 1950. 
KANSAS CITY 

"Industry Report"; January 24, 1950. 

"The Interaction of Electrons and Electromag-
netic Field Multicavity," by Chai Yeh. Faculty. 
University of Kansas; February IS, 1950. 

Student Paper Competition; April IL 1950. 

'Solar and Cosmic Noise," by C. R. Burrows, 
Faculty, Cornell University; Election of Officers; 

May 5, 1950. 
'Television Network Facilities of the Bell Sys-

tem," by M. E. Strieby, American Telephone and 
Telegraph Company; September 21. 1950. 

"Flush Mounted Travelling Wave Antennas." 

by D. K. Reynolds, Faculty. Stanford Research In-
stitute; September 22. 1950. 

LOS ANGELES 

"Co-Channel Sky Wave Recording," by Mal 

Mobley. Jr.. Radio Station KMPC; 'Automatic 
Methods in Ultrasonic Flaw Detection.' by George 
Greene and Don Erdman, Electro-circuits Corn-

pany; 'Electronics in the Chemical Industry." by 
Howard Carey, Applied Physics Corporation; Oc-

tober 3. 1950. 
MILWAUKEE 

"More Waves-More Words -Less Wire," by 
Dr. Perrine, American Telephone and Telegraph 
Company; September 20, 1950. 

NEW M EXICO 

"Airborne Antennas," by H. A. Schutz, Glenn 

L. Martin Company; August 25, 1950. 
"The Mathematical Training of Electrical En-

gineers." by Alexander Boldyreff. Faculty, Univer-
sity of New Mexico; September 22, 1950. 

NEW YORK 

"The Engineer's Approach to the Human 
Mechanism," by J. R. Ragazzini, Faculty, Colum-
bia University; September 6, 1950. 

NORTII CAROLINA-VIRGINIA 

"Television Planning. Installation. and Proof 

of Performance Test," by W. L. Braun, Radio Sta-
tion WSEA; September 29, 1950. 

OTTAWA 

"Importance  the Loudspeaker in Sound Re-
production." by G. J. Thiesen, Acoustics Labora-

tory, N.R.C.; October 19. 1950. 

PHILADELPHIA 

Business and Social Meeting; October 5. 1950 • 
PORTLAND 

"The Growth of Professional Groups to More 
Effectively Disseminate Information on Institute 
Affairs," by A. V. Eastman, Regional Director, The 
Institute of Radio Engineers; May 5. 1950. 

"Metal Plate Lenses for Microwave.' by J. J. 
Brady. Faculty, Oregon State College; May 20. 

1950. 
oModern Transmission Methods in Electrical 

Communication." by Ralph Bown, Bell Telephone 

Laboratories; May 22, 1950. 
"Design of a Regulated Frequency Power Sup-

ply for Use in Bell System Time Announcing Ma-
chines." by H. M. Owendoff, Bell Telephone Labo-

ratories; June 22. 1950. 
'BPA Microwave System." by D. E. Smith, 

Bonneville Power Administration; "FTL Equip-
ment." by N. J. Gottfried, Federal Telecommuni-
cations Laboratories; Inspection Tour conducted by 

R. J. Hughes, Federal Telecommunications Labo-
ratories; September 21. 1950. 

(Continued on page 42A) 
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SERIES 610 A.C. AND SERIES 615 D.C. 

/de doe 

BY GUARDIAN 
CHRISTMAS OR CONVOYS • • • For peace-
time products or national defense—let Guardian 

be your first line supplier. 

The Guardian 610 A.0 . and 615 D.C. Relay shown 
above is small and low priced, yet packed with power. 
Furnished hermetically sealed with the Screw Terminal 
housing shown, Octal Plug, or A .N. Connector housing. 

The Guardian 
Hermetic Seal 
Screw Terminal 
Housing 

— ASK US TO MAKE SPECIFIC RECOMMENDATIONS. NO OBLIGATION. 

GUARDIAN  ELECTRIC 
I 628-P W. WALNUT STREET  CHICAGO 12, ILLINOIS 

A CL/A.PLEIE  LI ME  OE  REL AY!.  AMI PIE A M  IMOLV.I PY 
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CIE 
Measures  impedance  directly  in  polar  co-

ordinates as an impedance magnitude in ohms 
and phase angle in degrees Z  Measures, 
with  equal  ease,  pure  resistance,  inductance, 
capacitance  or  complex  impedances comprised 
of  most any  RLC  combinations.  Range:  Im-
pedance (Z), 0.5 to 100,000 . ohms; Phase Angle (e). +90 ° (XL) through 0" (R) to —90 ° (Xc). 
Accuracy:  Within  +  1%  for  impedance and 
J.; 2° for phase angle. Price: $470.00. 

IN ST R U ME NTS 

TH AT BEL O N G 

IN f bli t 

LAB O R AT O R Y 

Type 310-A Z-Angle Meter — 
30 to 20,000 c.p.s. 

bud 
Power oscillator for use as bridge driver 

and general laboratory measurements.  Fea-
tures: High stability, high output (approxi-
mate 30 volts), 50-60 n output impedance, 
expanded frequency scale, direct reading out-
put voltmeter, compact design. Price: $385.00. 

Type 31I-A R-F Z-Angle Meter 
for radio frequencies — 100 kc to 2 mc. 

Simplifies laboratory and field impedance and phase angle 
measurements.  Ideal for checking impedance of coils, trans-
formers, coupling networks, lines, filters, antennas, etc. Direct-
reading Impedance Range: 10 to 5,000 ohms up to 200 kc, and 
10 to 1,000 ohms at 1 Inc.. Phase Angle: +90° (XL) through 
0° (R) to —90 ° (Xc). Accuracy: Impedance to within ± 3%, 
and phase angle ± 4'. Price: $385.00. 

Type 410-A R-F Oscillator — 
100 kc to 10 mc. (Special models 
46.5 kc to 4.65 mc available.) 

bi 
The first commercially available all-electronic in-

strument  that  directly  measures the  phase angle 
between two voltages in a simple operation. Ideally 
suited to applications in such fields as audio facili-
ties, ultrasonics, servomechanisms, geophysics, vi-
brations, acoustics and many others. 
Phase angle readings made directly without bal-

ancing .  . stable at frequencies as low as 2 to 3 
cycles. Voltage range: I to 170 peak volts. Termi-
nals for recorder . . choice of relay-rack or cabinet 
mounting. Price: $525.00.  Cabinet: S25.00. 

Type 320-A Phase Meter — 
frequency range 20 cycles to 100 kc. 

Type 110 Slide-Wire Resistance Box 

Convenient combination consisting of precision decade re-
sistor and continuously adjustable slide-wire which provides 
smooth,  continuous  variation of  resistance between decade 
steps (permits adjustment of resistance to one part in 10,000). 
For  most applications, eliminates need for more elaborate 
multi-dial decade boxes. Ideal for student and general labora-
tory use. Decade resistance cards adjusted to within ± 0.1 % 
of nominal values, and slide-wire resistors direct-reading to 
within 1% of their maximum values. Cast aluminum cabinet. 
All resistance elements completely enclosed. Suitable for use 
at audio and ultrasonic frequencies. Type 110-A, range 0-11,000-
ohms: $47.00. Type 110-6, range 0-110,000 ohms: $49.50. 

Technical catalog —yours for the asking. Contains detailed 
information on all TIC Instruments, Potentiometers and 
other equipment. Get your copy without obligation - write 
today. 

TECHNOLOGY INSTRUMENT CORP. 
1058 Main Street, Waltham 54, Massachusetts 

Engineering J? /r (oath  Chroland, Ohio  PR-IT"' 6171 

Representatives and Telephone Numbers 
Cleveland, Ohio —PRospect 1-6171  Chicago, 111. —UPtown 8-1141  Dallas, Tex. —DIxon 9918 
Rochester, N.Y. —Genesee 3547-M  Cambridge, Mass. —ELiot 4-1751  Canaan, Conn. —Canaan 649 
Hollywood, Cal. —H011ywood 9-6305  Boonton, N.J. —BOonton 8-3097  Manhasset, N.Y. — 

MAnhasset 7-3424  Dayton, Ohio —Michigan 8721 

(Continued from page 404) 

'Signalling Equipment Used in Long Distance 

Automatic Dialing. • by L. B. Edwards, Pacific 
Telephone and Telegraph Company; October 19, 

1950. 

SALT LAKE 
"Tylie K Carrier System.' by W. M. Stuart, 

American Telephone and Telegraph Company; Tour 

of KSL-TV Studios; October 16, 1950. 

SAN ANTONIO 

"Relationship of the Regional Director to the 

Sections." by Ben Akerman. Radio Station W GST; 
"Microwave Atmospheric Refractometer." by A. P. 
Dram. Faculty, University of Texas; September 21, 

1950. 
SAN DIEGO 

"Guided Missile Electronics." by D. P. Tucker. 

U. S. Navy Electronics Laboratory; September 5, 

1950. 
SCHENECTADY 

'Electronics in Navigation Control." by R. L. 

Wanamacher, General Electric Company; October 
2. 1950. 

SEATTLE 

"Control of Loudspeaker Bass Response." by 
W. It. Hill, Faculty, University of Washington; 

September 29, 1950. 

SYRACUSE 

"The Bell Telephone Laboratory and  Its 
Work," by J. W. McRae, Bell Telephone Labora-

tories; October 5, 1950. 

TOLEDO 

Films: "Mobile Telephone" and 'Radar and 

Sonar." by Ohio Bell Telephone Company: Septem-

ber 12, 1950. 
TORONTO 

"Master Control Equipment for a Large Broad-

casting Studio Center." by R. H. Tanner. Northern 

Electric Company; October 2, 1950. 

VANCOUVER 

"Institute Affairs." by A. V. Eastman. Faculty, 

University of Washington; Election of Officers; Sep-

tember 19, 1950. 
WASHINGTON 

'A New Coupling Circuit for Audio Ampli-
fiers.' by F. H. McIntosh. McIntosh Engineering 

Laboratory. Inc.s,October 9, 1950. 

WILLIAMSPORT 

"Television Synchronizing Circuits." by N. S. 

Kornetz, Westinghouse Radio Division; September 

27, 1950. 

SUBSECTIONS 

AMARILLO-LUBBOCK 

"Vertical Antennas," by George McBride. Ra-

dio Station KFDA: May 23, 1950. 
'Noise Figure Measurements." by J. E. Master-

son. Faculty, Texas Technological College; Septem-

ber 6. 1950. 
BINGHAMTON 

"Radio Shielding, Principles and Practice," by 
C. F. Maylott. Bendix Corporation; September 28, 

1950. 
CENTRE COUNTY 

"Radar in the Next War." by G. L. Haller, 

Faculty, Pennsylvania State College; Election of 

Officers; May 22. 1.950. 
'The Polarimeter. Its Use in Studying Low 

Frequency Echoes." by H. J. Nearhoff. Radio Prop-
agation Laboratory; 'Relays: Their Place in the 

Modern Power System." by L. G. McCracken. 
Faculty. Pennsylvania State College; October 17, 

1950. 

(Continued on page 44 4) 
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Ceramic models 
available for 
economy and 
where fine preci-
sion of all metal 
parts is riot needed. 

raite/Nais 
• Miniature 11/2" square 
• Waterproof sealed 
• Obtainable with 
Lucite scales and 
Magnetic Shielding 

Larger sizes available 
21/2 " round 
21/2" square 
31/2" round 
31/2" square 
4"  square 

JAN-1-6 and A.S.A. specifications 

to  Forthcoming JAN Spec. for 11/2" Meters 

Built to Conform   

POWER A" 
ALL METAL CONSTRUCTION 

with 
ALUMINUM FRAME 

ALUMINUM WINDING CORE 

Assuring Maximum Heat Dissipation 

MODEL 245 -- up to 50,000 ohms(25woto 
MODEL 241 -- Up to 75,000 ohms (50wotil 

These exceptionally high resistances 
ore possible because of new develop-
ments in material and design. Built 

to JAN-R-22 Specifications. 

PRECISION 

FEATURES 

• Linearity Accuracy  
• Resistance Accuracy -.2=-1 % 
• High Humidity Models JAN-R-19 SPECS. 

• Non-Linear Models 

Send All Inquiries to Dept. E-1 for Full Information on 
Our Complete Line 

111 MANUFACTURERS OF SCIENTIFIC PRECIS/ON EOUIPMENT FOR OVER A QUARTER OF A CENTURY 

1,1::(;̀, 01. "111F I I, I-

AMSCO CORPORATION 
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a-le/OW/ea-le, • • • 

IMPROVEMENTS IN THE 

BALLANTINE BATTERY OPERATED 
ELECTRONIC VOLTMETER 

Achieving a tenfold increase in sensitivity, higher input 

impedance, improved low frequency response and sub-

stantial reduction in size and weight. 

VOLTAGE RANGE: 
100 microvolts to 100 
volts in 6 decade 
ranges. 

INPUT IMPEDANCE: 
2 megohms shunted 
by 8 m mfd on high 

ranges and 15 mmfd on 
low ranges. 

FREQUENCY RANGE: 
2 cycles to 1 50,000 

cycles. 

ACCURACY: 
3%, except 5% below 
5 cycles and above 
100,000 cycles. 

• Available multipliers in-
crease the voltage range to 
1,000 or 10,000 volts. 

• Available precision shunt 
resistors permit the meas-
urement of AC currents from 
1 ampere down to one-
tenth of a microampere. 

• Features the well-known 
Ballantine logarithmic volt-
age and uniform DB scales. 

• Battery life over 100 hours. 

• Can also be used as a flat pre-amplifier 
with a maximum gain of 60 DB. Be-
cause of the complete absence of AC 
hum, the amplifier section will be found 
extremely useful for improving the sen-
sitivity of oscilloscopes. 

MODEL 3028 

Size: 61/4 - x 71/2 " x  
Weight: 14 lbs. 
Price complete with cover and 
batteries: $215. 

for further information on this Voltmeter and the Ballantine Model 300 Volt-
meter, Wide-Band Voltmeters, Peak to Peak Voltmeters and accessories such as 

Decode Amplifiers, Multipliers, and Precision Shunt Resistors, write for catalog 

BALLANTINE LABORATORIES, IV. fitil 
102 Fanny Road, Boonton. New Jer.ey 

'Continued from page 42,4 ) 

HAMILTON 

'Practical Design Considerations in Synch and 
Sweep Circuits." by N. S. Kornetz. Westinghouse 
Electric Corporation; September 18, 1950. 

'Mission. Organization and Function of RCAF 
Telecommunications.' by E. A. D. Hutton. Royal 
Canadian Air Force; October 16, 1950. 

LANCASTER 

"Magnetic Tape Recording Principles." by 

R. If. Ranger, Ranger Tone Corporation; October 

11. 1950. 
MONMOUTH 

"The Engineer's Approach to the human 

Mechanism," by J. R. Ragazzini, Faculty, Colum-
bia University; September 27, 1950. 

NORTHERN NEW JERSEY 

'Color Television,' by A. G. Jensen, Bell Tele 

phone Laboratories; September 13. 1950. 
"A 20 Cycle to 50 Megacycle Signal Gener-

ator," by J. M. van Beuren, Measurements Corpo-
ration; "Notes on Measurement of Phase Distor-

tion," by D. M. Hill. Boonton Radio Corporation; 
"Recent Developments in Cathode-Ray Oscillogra-
phy," by P. S. Christaldi. Allen B. Dumont 1-ilio-

ratories. Inc.; October II. 1950. 

UNIVERSITY OF ARKANSAS, IRE BRANCH 

Election of Officers; September 27. 1950 
"Geiger Counters." by Paul Damon. Faculty. 

University of Arkansas; October 11, 1950. 

BUCKNELL UNIVERSITY. IRE-AIEE BRANCH 

"Structure and Functions of the IRE. - by 

B. H. Bueffel. Jr.. Faculty. Bucknell University; 

"Piezo-electric Crystals," by E. J. Prokop, Student. 
Bucknell Univerilty; September 28. 1950. 

UNIVERSITY OF CALIFORNIA. IRE-Al EE BRANCH 

'The Amazing Universe.' by L. E. Reukema, 
Faculty. University of California; September 21. 
1950. 

'Opportunities in Professional Societies." by 

J. R. Whinnery and J. Fahey. Faculty. University 
of California; October 10, 1950. 

CARNEGIE INSTITUTE OF TECHNOLOGY, 
IRE-AIEE BRANCH 

"Qualities I Look for in Employing Engineers." 
by Edward Beck, Westinghouse Corporation; Sep-
tember 28, 1950. 

"The Present Status of Color Television." by 

J. T. Holland, Jr.. Student, Carnegie Institute of 
Technology; October 3, 1950. 

"Electrical Engineering as a Profession." by 
B. R. Teare, Faculty, Carnegie Institute of Tech-
nology; October 10. 1950. 

CLARKSON COLLEGE. IRE BRANCH 
"Advantages of The Institute of Radio Engi-

neers," by F. A. Record. Faculty. Clarkson College 
of Technology; October 5, 1950. 

Films; 'Unseen Worlds." and "Radio at War"; 
October 19,1950. 

(Continued on page 46A) 
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Oliransformer? 

  liendix Specialized Dynamotors 
are made for the Job! 

Whenever DC power is required at other than the supply 
voltage, 13endix* Specialized Dynamotors function as DC 
transformers. They can be wound for any input or output 
voltage between 5 and 1200 volts, and they can deliver 
power up to 500 watts. Multiple outputs can be supplied to 
correspond with several secondaries on transformers, and 
their output voltages can be regulated within close limits 
regardless of input voltage or load variations. Bendix 
Specialized Dynamotors are tailored to the exact require-
ments of each application by the design of the windings used 
in standardized frames. This reduces the cost, size and 
weight to an absolute minimum, consistent with the oper-
ational requirements. Compliance with Government speci-
fications is assured by the choice and treatment of materials 
and the basic design. A complete description of your require-
ments will enable our engineers to make concrete recommenda-
tions . . . All orders are filled promptly and at moderate cost. 
'NIG. U. S. Pa. am 

RED  BANK  DIVISION  OF 

BENDIX  AVIATI ON  CORPORATION 

RED  BANK, NE W JERSEY 

Faro Sales Bennis Intelnational 1:11eisleu. 72 Fin Avenu,. N. T. II. N. T. 

r-
Write for this co/or ful and informative book 
—it's free. You'll find it loaded with facts 
and figures about oil types of dynamotors. 
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THE FIRST CHOICE OF RADIO ENGINEERS 

MAGNECORDER 
For every purpose ... 

every purse! 

PT6 SERIES 

Most widely used profes• 
sionol  tope recorder  in 
the world. 

PT63 SERIES 
Three  heads to erase, 
record, and monitor from 
the tape. 

46A 

PT7 SERIES 
A complete console 
for only  $950.00. 
Outstanding fea-
tures and flexibil-
ity. Models for port-
able or rack mount 
also available. 

More radio engineers use Magnecorders 
than all other professional tape record-
ers combined. Here's why: 

HIGH FIDELITY, LO W COST 

Stations are enthusiastic about the life-
like tone quality and low distortion of 
Magnecordings. Magnecorder frequency 
response: 50 - 1 5 kc -*- 2 db. Signal-
noise ratio: 50 db. Harmonic distortion 
less than 2 %. Meets N.A.B. standards. 
No other recorder offers such fidelity at 
such a moderate price. 

GREATEST FLEXIBILITY 

Mount a Magnecorder in a rack or con-
sole cabinet for delayed studio and net-
work shows. Slip it into its really portable 
cases for remotes. Add to your Magne-
cord equipment as you need it-combine 
Magnecorders to suit every purpose. 

MORE FEATURES 

Your Magnecorder, new or old, can now 
have 3 heads (separate erase, record, 
and playback) to permit monitoring from 
tope. Three speeds 11 5 " -7 1/2  " - 3 1/4  " 
-up to an hour on a 7" reel) available 
on both PT6 and P163 equipment. Dual 
track heads also available if desired. 

'Continued from pour 44A) 

STUDENT 

BRANCH 

UNIVERSITY OF COLORADO. 

IRE-AIEE BRANCH 

"Introduction to the A1EE." by C. DuVall, 
Faculty. University of Colorado; Films; 'Turbo-Jet 
Propulsion." and 'Seeing at Home"; October 3. 
1950. 

UNIVERSITY OF CONNECTICUT, 

IRE-AIEE BRANCH 

'Television.' by G. W. Ray. Radio titation 
WNHC; October 5. 1950. 

COOPER UNION, IRE BRANCH 

Business Meeting; and Election of Officers; 
October 3. 1950. 

CORNELL UNIVERSITY, IRE-AIEE BRANCH 

'Progress in Better Living.' by L. P. Shannon, 
E. I. DuPont de Nemours and Company; October 6. 
1950. 

UNIVERSITY OF DENVER. IRE-AIEE BRANCH 

Business Meeting; October 5. 1950. 
Business Meeting; Film: 'Quartz Crystals"; 

October 17, 1950. 

UNIVERSITY OF FLORIDA. IRE-AIEE BRANCH 

'What You Don't Know. May Hurt You.' by 
E. D. SVIiittlesey, Faculty, University of Florida; 
October 3. 1950. 

UNIVERSITY OF KENTUCKY. IRE BRANCH 

"Quality Control in Manufacturing." by C. C. 
Jones, General Electric Company; October 12. 1950. 

LAFAYETTE COLLEGE, IR E-AI EE BRANCH 

"VHF Omnidirectional Radio Range.' "by 
R. H. Wilcox. Student. Lafayette College; October 
10. 1950. 

M ARQUETTE UNIVERSITY, IRE-AIEE BRANCh 

Business Meeting; and Election of Officers; Oc-
tober 5, 1950. 

UNIVERSITY OF M ARYLAND. 

IRE-AIEE BRANCH 

Discussion by Students; and Election of Of-
ficers; October 18, 1950. 

M ASSACHUSETTS INSTITUTE OF TECHNOLOGY. 

I4E-AIEE BRANCH 

"Industrial Organization." by Mr. Powell. 
Faculty. Massachusetts Institute of Technology; 
November 7. 1949. 

"Boston's New Telephone Company Building.' 
by W. F. Potter, Bell Telephone System; November 
21. 1949. 

Inspection Trip of New Telephone Building; 
November 22. 1949. 

'Electrostatic Generators in Industry.' by 
E. A. Burrill, High Voltage Engineering Corpora-
tion; December 8, 1949. 

'MIT Center of Analysis.' by S. Caldwell. 
Faculty. Massachusetts Institute of Technology; 
January lb. 1950. 

'Electrostatic Precipitation.' by Mr. Price. 
Raytheon Manufacturing Company; February 20. 
1950. 

▪  Slides shown by Frank Doble. Doble Engineer-
ing Company; March 13, 1950. 

S̀ome General Considerations in Audio Sys-
tem Design," by John Kessler, Faculty. Massachu-
setts Institute of Technology Acoustics Labora-
tory; March 20, 1950. 

"50-920 MCPS Standard Signal Generator." by 
Erwin Gross. General Radio Company; April 17. 
1950. 

"Light Magic." by L. S. Cooke. General Elec-
tric Company; Nomination of Officers; May I. 1950. 

(Continued on page 48A) 
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Write for NEW CATALOG 

MAGNECORD, INC., Dept.P12 
360 North Michigan A  , Chicago 1, III. 

Send me latest catalog of Magnecord Equipment. 

Nome   

Company   

Address   

City  Zone   State   



N SENSATIONALLY NEW FACE 

for 

TELEVISION 
PICTURE 
TUBES! 

WATCH FOR 
THE ANNOUNCEMENT OF 

Sh ddinise• NEW LINE OF 

p NO-GLARE, ALL-GLASS 

11111MIA1* tame ita. 
SHELDON ELECTRIC CO. 

Division of Allied Electric Products Inc. 

68-98 Coit Street, Irvington 11, N. J. 
Branch Offices & Warehouses 

CHICAGO 7, ILL, 426 S. Clinton St. 
LOS ANGELES 26, CAL., 1755 Glendale Blvd. 

•TII %DEM Sills 

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

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

KEEP IN FOR MED!  11.%111. COUPON TOD.VI! 1617rifor.wiar  r - 
I LLEVISION MIS-INFORMATION, 68 Colt St., Irving«m II, N. J.1 

If you would like to know what is 
happening in the Television Indus-

I Please enter my FREE SUBSCRIPTION to your magazine. 

try, send for your FREE subscriplion  „  I My Name   

Ai to **TELEVISION MIS-INEORMA- • /  I ( .,mpany   Title   i 
TION" — the  famous  publication i ldress to which it is to he mailed  I 
with over 60,000 readers in the In- -----...„...4. I 4 I 
dustry.  L. _  .. ........................ .  J 
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Specify BREEZE "Monobloc" 
Waterproof and Pressure Sealed 

CONNECTORS 
ANOTH 

BREETZ 
MA P. K 

PRODUCT 

The only APPROVED Monobloc System 
for Advanced Radar, Communications, 
and Electronic Equipment 

Breeze "Monoblocs", with single piece plastic inserts, 
offer outstanding advantages in assembly, wiring, 

mounting and service in the field. 

Single piece inserts make a tighter 
unit, eliminate the air spaces within 
conventional multiple-piece inserts, 
greatly reduce the opportunity for 
moisture shorts. 

Removable contact pins make pos-
sible bench soldering of leads, quick, 
error free assembly of Breeze Water-
proof Connectors and panel-type 
"Monobloc Miniatures." 

Single-Hole Panel Mounting is all 
that is required for either Water-
proof or Pressure Sealed types. 

Other Breeze Precision Products 

ACTUATORS: 
All types, sizes. 
Complete control 
systems engi-
neer•d to re-
quir•ments. 
Above: Landing 
gear actuator 
Fairchild Packet. 

Pressure Sealed types are available 
for values up to and including 75 
psi, or they can be specially engi-
neered for greater pressures. They 
meet specified requirements of shock, 
vibration, salt spray, humidity and 
temperature cycling from -65° to 
+185° F. 

Breeze "Monobloc" Waterproof 
and Pressure Sealed Connectors 
are engineered to your require-
ments in aluminum, brass or steel 
-in all sizes and capacities. They 
are fully tested and approved ... 
cost no more than ordinary types. 

RADIO SHIELD-  "AERO-SEAL" 
ING: For any  Worm-DriveHose 
typo of high or  Clamps. Vibra-
low tension sys-  tion proof, uni-
tem. New type  form clamping, 
"unit leads" or  use again and 
re-wirableleads.  again.AlIclamps 
Flexible shielded  have stainless 
conduit,  steel bands. 

Write for Details 
If you have a tough connector 

problem, ask BREEZE for the answer: 

BREEZE 
CORPORATI ONS, INC. 

41-G South Sixth Street, Newark 7, N.J. 

STUDENT 

BRANC H 

MEETINGS 

(Continued from page 46,4) 

Election of Officers; September 27, 1950. 

"Personnel and Organization of Radio and Tel-

evision Stations," by S. V. Stadig, Radio Station 

WE1Z-TV; October 9, 1950. 

UNIVERSITY or MICHIGAN. 
IRE-AIEE BRANCH 

"The Engineer in the Field of Management." 

by P. W. Thompson. Detroit Edison Company; 

October 3. 1950. 

MISSOURI SCHOOL or MINES & MF.TALLURGY. 
IRE-Al EE BRANCH 

"Engineering Contributions to the Medical 
Sciences, • by J. T. Wilson, Allis-Chalmers Com-

pany; September 28, 1950. 
"Recent Developments in Missouri's Electric 

Utilities." by James Stephen. Missouri Public Serv-

ice Corporation; October 12. 1950. 

NEW MEXICO COLLEGE OF AGRICUL II RE & 
MECHANIC ARTS, IRE-AIEE BRANCH 

"The Aerobee Rocket," by G. H. Fesselinan• 
Physical Science Laboratory; September 21, 1950. 

COLLEGE OF THE CITY OF NEW YoR K. 
IRE BRANCH 

Business Meeting; Film: "Rotating Magnetic 

Fields"; September 28, 1950. 
"Power Generation and Transmission." by 

Harold Baumann, Consolidated Edison Company; 

October 5. 1950. 

NEW YORK UNIVERSITY, IRE BRANCH 
(DAY DIVISION) 

"Analog Computers." by Milton Gerber. Reeves 

Instrument Company; June 7, 1950. 
"Japanese Engineering Education." by Profes-

sors Cato, Watanabe, and Asami; September 28. 

1950. 
Business Meeting; October 5. 1950. 
"Jobs Available to Young Engineering Gradu-

ates," by W. G. Denning. Consolidated Edison 
Company; October 19, 1950. 

NORTHEASTERN UNIVERSITY. 

IRE-AIEE BRANCH 

"Lightning," by C. L. Dawes. Faculty. Har-
vard University; September 21, 1950. 

Field Trip to Radio Station WBZ-TV; Septem-

ber 26. 1950. 
Films: "Where Shall You Hide." "One World 

or None," and 'Atomic Energy"; October 3. 1950 . 

OHIO STATE UNIVERSITY. IRE-AIEE BRANCH 

*Experiences of a Campus Publication Ad-
visor." by W. It. Dumble, Faculty. Ohio State Uni-

versity; October 12. 1950. 

OREGON STATE COLLEGE, IRE BRANCH 

"The IRE and AIEE and Student Engineers." 
by F. 0. McMillan, Faculty, Oregon State College; 

September 28. 1950. 
"Vibration in Transmission Line Conductors." 

by it. F. Steidel, Faculty. Oregon State College; 

October 12. 1950. 

PENNSYLVANIA STATE COLLEGE, 
I RE-AIEE BRANCH 

Introduction of Officers; September 21, 1950. 

PRATT INSTITUTE, IRE BRANCH 

"Distribution Engineering." by Charles Met-
calfe, Consolidated Edison Company; October 111. 

1950. 
RENSSELAER POLYTECHNIC INSTITUTE, 

I RE-AIEE BRANCH 

"Advantage of a Professional Society -Job In-
terviews." by E. S. Lee, General Electric Consulting 

Laboratory; October IS. 1950. 
(Continued on page 49A) 
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Student Branch Meetings 

• A TRUE 
ELECTROSTATIC 

IOLTIIETER, 

VOLTS 
VP°  2600 

..... It 
.1. Oto t If 

fll 1.{.01 

0 

This instrument permits voltage 

readings on AC or DC circuits of 

very high resistance. The only cur-

rent drawn is the very small leak-

age current and a very low 

capacitance current on AC circuits. 

Very useful for the many high vol-

tage—low current circuits employed 

in nuclear research. Available with 

full scale voltages ranging between 

300 and 3500 volts. Special lab-

oratory instrument available with 

full scale reading of 150 volts. Full 

scale capacitance ranges from 8 

mmfds for the 3500 volt model to 

100 mmfds for the 150 volt instru-

ment.Magnetic damping. 21/2"dial. 

Write for complete specifications. 

FERRANTI ELECTRIC, INC. 
30 Rockefeller Plaza • New York 20, N. Y. 

FERRANTI, LTD., Hollinwood, England 

FERRANTI ELECTRIC, LTD., Toronto, Canada 

(Continued from page 48A) 

RHODE ISLAND STATE COLLEGE, 
IRE-AIEE BRANCH 

Business Meeting; September 26. 1950. 
"Implications of New FCC Ruling for Color 

Television." by W. B. Hall. Faculty, Rhode Island 

State College; October 19, 1950. 

RUTGERS UNIVERSITY, I RE-AIEE BRANCH 

Film: "Adventures in Research"; October 10, 

1950. 

UNIVERSITY OF, SOUTHERN CALIFORNIA. 
IRE-AIEE BRANCH 

Business Meeting; "The Preparation and Pres-
entation of Student Papers," by R. M. Strassner; 

September 28, 1950. 

SYRACUSE UNIVERSITY, IRE-AIEE BRANCH 

Election of Officers; Film: "1949 Syracuse-Col-
gate Football Game"; September 28, 1950. 

UNIVERSITY OF Texts. IRE-AIEE BRANCH 

"Zurich Radio Conference." by A. W. Straiton, 
Faculty, University of Texas; October 16. 1950. 

TUFTS COLLEGE, IRE-AIEE BRANCH 

"Professional Societies," by A. H. Howell, 
Faculty. Tufts College; October 4. 1950. 

UNIVERSITY OF WYOMING. IRE-AIEE BRANCH 

"Organization, Purpose and Aims of AIEE," by 
W. C. DuVall; October 5, 1950. 

The following transfers and admissions 
were approved and will be effective as of 
December 1, 1950: 

Transfer to Senior Member 

Beusman. R. M.. 1212 Woodbine Ave., Oak Park, 

Capodanno. R. T.. 50 Coolidge Ave., W. Caldwell. 
N. J. 

Chapman. J. K., 329 Westvale Rd., Syracuse 9. 
N. V. 

Farr, K. E., R. D. I. Box 193A, Paxinos, Pa. 
Forster, W. H., 920 E. Mt. Airy Ave.. Philadelphia 

19, Pa. 
Hansen, W. W., 8819 S. Talman Ave., Chicago 42, 

Hargens, C. W., III. 909 Hunters Lane, Enfield, 
Oreland P. 0., Pa. 

Henderson, A. B., 801 Hathaway Rd., Dayton 9, 
Ohio 

Horvath, A., 212 Harding Ave.. Clifton, N. J. 
Ittelson. R. W., 551 Daytona Pkwy.. Dayton 6, 

Ohio 

Keachie, J. H., RCA Victor Division, 718 Keith 
Bldg., Cleveland 15, Ohio 

McClellan. C. E., 1306 Tarrant Rd.. Glen Burnie, 
Md. 

Murphy. J. L., 1456 E. 54 St.. Chicago 15, Ill. 
Rambo, S. I., 154 Oaklee Village, Baltimore 29. Md. 
Reid, J. G., Jr., 2929 Connecticut Ave.. N.W.. 

Washington, D. C. 
Ritter, E. H.. Northrop Aircraft. Inc.. Hawthorne, 

Calif. 
Senn, G. F., AI Garden Rd., Little Silver. N. J. 
Stoker, W. C., Brunswick Rd., Rt. 57. Troy, N. V. 
Swanson, M. W.. 8704 Maywood Ave., Rosemary 

Hills, Silver Springs. Md. 

(Continued on page 62A) 

Shown: Bliley 
Type NI C-9 

„ 
rroduction... 

Delivery . . . Quality! 
Three qualifications are needed 
to assure performance on your or-
ders. PRODUCTION facilities 
. .. keyed to your DELIVERY 
dates . . . plus rigid QUALITY 
control. These factors are basic 
with Bliley . . . top choice for 
20 years. 

' d e g 
CRYSTALS 

BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 
ERIE, PENNSYLVANIA 
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Engineers 

Physicists 

Expansion of the permanent staff of the Boe-

ing Airplane Company's Physical Research 

Unit has created openings for research and 

development on 

Electronic and microwave circuits 

Flush antennas 

Servomechanisms and computers 

Radar systems and components 

Instruments and gyros 

Men are need who have demonstrated out-

standing experimental or analytical ability 

or who have recently received the MS or 

PhD degree with high honors in EE, Physics 

or Applied Mathematics. 

These positions offer challenging work in a 

professional environment plus the unparal-

led recreational possibilities of the Pacific 

Northwest. 

Opportunity for advancement is essentially 

unlimited in the rapidly expanding fields of 

guided missiles, airplane control and in-

dustrial machine and process control. Sal-

aries are based on semi-annual performance 

reviews. 

—Address inquiries to — 

MR. JOHN C. SANDERS 
Staff Engineer —Personnel 

Boeing Airplane Company 
Seattle 14, Washington 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. ... 
The Institute reserves the right to refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

PROJECT ENGINEERS 
Five years or more experience in charge 

of design and development of radio and 
communication equipment. Must be gradu-
ate of a credited engineering school. Well 
equipped laboratory in modern radio and 
television plant, with excellent opportu-
nities for advancement. Send resume of 
qualifications to Mr. S. F. Cascio, Person-
nel Director, Hallicrafters Co., 4401 \Vest 
Fifth Ave., Chicago 24, III. 

ENGINEERS 
A very large vacuum tube and cathode 

ray tube manufacturer has attractive open-
ings for experienced vacuum tube engi-
neers. It will be to your benefit to investi-
gate these possibilities. Please write to 
Box 628. 

SENIOR ELECTRONIC ENGINEER 
Opportunity with manufacturer of elec-

tronic electro-mechanical and radiation 
instruments. Requirements: 5 years ex-
perience in design and development of 
pulse circuits, computers, nuclear instru-
mentation or video circuits required. Man-
ufacturing or production experience de-
sirable. Send complete resumes and salary 
requirement to: Berkeley Scientific Com-
pany, P.O. Box 1826, Richmond, Calif. 

PRODUCTION ENGINEER 
Opportunity with manufacturer of elec-

tronic, electro-mechanical and radiation in-
struments. Requirements: 5-10 years ex-
perience as electronic and mechanical in-
strument production engineer in small lot 
production. Thorough electronic theory 
grounding. Send complete resume and 
salary requirenients to Berkeley Scientific 
Co., P.O. Box 1826, Richmond, Calif. 

ELECTRICAL ENGINEER 
Graduate with experience in design and 

product technique of specialized electronic 
tubes other than high production trans-
mitting and receiving types. Bendix Avia-
tion Corp., Kansas City Division, P.O. 
Box 1159, Kansas City, Missouri. 

ELECTRONIC ENGINEER 
Excellent opportunities are offered by 

one of the leading concerns in the elec-
tronic computer field to engineers with 
development or design experience in video 
and pulse circuitry or test and maintenance 
experience in the radar television or com-
puter fields. Send complete information to 
Personnel Dept.. Eckert-Matichly Com-
puter fields. Send complete information to 
32, Pa. 

ELECTRONIC ENGINEERS 
Electronic engineers N\ oh a background 

in patent specification wilting desired for 
an expanding Patent Dept. in a growing 

(Continued on page 51A) 
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ELECTRONICS 
TECHNICIANS 
WANTED 

The RCA Service Company, 
Inc., a Radio Corporation of 
America subsidiary, needs qual-
ified electronics technicians for 
U. S. and overseas assignments. 
Candidates must be of good 
character and qualified in the 
installation or maintenance of 
RADAR or COMMUNICA-
TIONS equipment or TELE-
VISION receivers. No age lim-
its, but must have at least three 
years of practical experience. 

RCA Service Company offers 
comprehensive Company-paid 
hospitalization, accident and 
life insurance programs; paid 
vacations and holidays; peri-
odic review for salary increases; 
and opportunity to obtain per-
manent position in our national 
and international service organ-
ization, engaged in the installa-
tion and maintenance of AM, 
FM, and TV transmitters, elec. 
tronic inspection devices, elec-
tron microscopes, theatre and 
home television, r-f heating 
equipment, mobile and micro-
wave communications systems, 
and similar electronic equip-
ment. 

Base pay, overseas bonus, 
payments for actual living and 
other expenses, and benefits 
mentioned above add up to 
$7,000 per year to start for 
overseas assignments, with pe-
riodic review of base salary 
thereafter. Openings also avail-
able at proportionately higher 
salaries for specially qualified 
technicians with supervisory 
ability. 

Qualified technicians seeking 
an advantageous connection 
with a well-established com-
pany, having a broad-based, 
permanent peacetime and war-
time service program, write to: 

Mr. G. H. Metz, 

Personnel Manager, 

RCA Service Company, Inc., 

Camden 2, New Jersey. 

(Continued from page 504) 

research and development organization 
located in the midwest. Unlimited oppor-
tunity for advancement for properly quali-
fied men. Law degree unnecessary. Must 
be U. S. citizen and free to make occas-
sional trips to Washington D. C. Please 
give full details in first letter. Box 630. 

ELECTRONIC ENGINEER 
Senior graduate engineer with at least 

10 years experience in receiver design. 
Minimum of 2 years experience UHF 
desirable. Must be capable of assuming 
project responsibility. Location Connecti-
cut. Excellent opportunity. Salary high 
Submit resume. Box 631. 

ELECTRONIC ENGINEERS 
The U. S. Naval Ordnance Experi-

mental Unit is located at the National 
Bureau of Standards, Washington, D.C. 
The following vacancies exist in grades 
GS 14, $8800, GS 13, $7600 and others of 
Electronic Engineers (General) (Radar) 
(Instrumentation)  and (Stabilization). 
Assignments will include consultation, 
evaluation and product engineering in the 
development of guided missile components. 
Enclose copy of Civil Service Application 
Form 57 (obtainable at local post office) 
and address completed form to Officer in 
Charge, U. S. Naval Ordnance Experi-
mental Unit, National Bureau of Stand-
ards. Wachingtnn 25, D.C. 

ELECTRONIC ENGINEER 
Electronic engineer with interest in in-

strumentation and automatic control to 
join instrument development group at the 
Wind Tunnels Laboratory. Starting salary 
$3100-$3825 per annum. Apply Civilian 
Personnel Division, Aberdeen Proving 
Ground, Maryland. 

ENGINEER 
Small California transmitting tube com-

pany requires engineer for medium fre-
quency tube work, also for development 
and manufacture of klystrons and pulse 
tubes. Give full details giving age, experi-
ence, availability and salary expected. Box 
632. 

ENGINEERS AND PHYSICISTS 
Project and senior engineers desired for 

work on several theoretical and experi-
mental programs of diversified nature in-
volving military applications of electronics. 
Applicants should have 3 or more years of 
experience in research and development in 
some branch of electronics and preferably 
advanced graduate training. Command of 
physical fundamentals and analytical abil-
ity important. Small, expanding company 
located in college town. Opportunities of 
graduate study. Reply Personnel Manager, 
Haller, Raymond and Brown, Inc. State 
College, Pa., stating education, experience, 
salary expected 

ENGINEERS 
National Broadcasting Company needs 

experienced engineers with commercial 
television operating experience or standard 
broadcasting control room experience. 
Apply Room 505, 30 Rockefeller Plaza, 
New York, N.Y. 

(Continued on page 514) 

The W. L MAXSON 

CORPORATION 

IS 

SEEKING 

Outstanding 

ENGINEERS 
AND 

PHYSICISTS 
with 

AMBITION 
TO 

FURTHER 

PRESENT 

STANDING 

Immediately 

Minimum Requirements are: 

1. Five to ten years experience 

in advanced electronic re-

search and development 

2. Outstanding record of in-
genuity 

3. Ph.D., M.S. or equivalent 

Please send resume and salary re-

quirements to: 

The W. L MAXSON 
CORPORATION 
460 W. 34th St. 

New York 1, N.Y. 
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ELECTRICAL 

ENGINEERS 
• 

Independent industrial research and de-
velopment laboratory has openings for 
electrical engineers with training and ex-
perience in the following fields; UHF; In-

strumentation;  Telemetering;  Computers; 
Servo and Control Systems; and Electro-

magnetic Devices. 

Candidates should have an excellent schol-
astic record. Advanced degree helpful, but 
not essential. Requires 2-5 years experience, 
with record of accomplishment in one or 

more of the above fields. 

Good salaries for outstanding men plus 
other benefits—such as a retirement plan 
(immediate vesting), group insurance, and 
nearby opportunities for graduate work. 
Excellent opportunities for advancement. 

Write, giving survey of qualifications, to 

Electrical Engineering Research 

ARMOUR RESEARCH  FOUNDATION of 

ILLINOIS INSTITUTE OF TECHNOLOGY 

Technology Center 

Chicago Is, Illinois 

PHYSICISTS, ENGINEERS 

APPLIED MATHEMATICIANS 

Electronic and mechanical engineers, 

physicists  and  applied  mathema-

ticians. 

POSITIONS AVAILABLE 

Al ALL LEVELS 

for  research  and development  in 

radar, microwaves, servo systems, 

computers, telemetering. instrumen-

tation and nucleonics. 

Permanent positions offering variety, 

responsibility, and challenging op-

portunities for advancement. 

BEND1X AVIATION CORPORATION 

RESEARCH LABORATORIES 

4855 Fourth Avenue 

Detroit 1, Michigan 

(Continued from page 51A 

ELECTRON TUBE ENGINEERS 
For development and production. Ex-

perience miniature or sub-miniature tubes 
desirable. Apply by letter only to Person-
nel Dept., Sonotone Corp., Elmsford, New 
York, 

RADIO AND TELEVISION ENGINEERS 
Experienced in design of high frequency 

circuits such as FM tuners, TV boosters 
and TV antennae. Salary commensurate 
with ability. Write giving full details— 
Mr. Stone, Talk-A-Phone Company, 1512 
South Pulaski Rd., Chicago 23, III. Lawn-
dale 1-8414. 

ENGINEERS 
Physicists, chemists or EE's with PhD 

or equivalent and experience in the field of 
solid state physics for research work on 
semi-conductor devices employing ger-
manium and silicon. An excellent oppor-
tunity in a research laboratory of a lead-
ing manufacturer with laboratories in 
New York state. Send complete resume. 
Our employees have been notified. Box 633. 

SENIOR ELECTRONICS ENGINEER 
for design and development of circuitry 

for ultrasonic equipment timing circuits, 
audio oscillators amplifiers, and audio 
measuring equipment to meet Navy speci-
fications. Experience required: 3-5 years 
in development of audio or supersonic 
equipment for government or industrial 
usage. Must have B.S. in physics or elec-
trical  engineering.  Write:  Personnel 
Director, Box 30, State College, Pa. 

DEVELOPMENT TECHNICIANS 
At least 3 years experience in layout. 
(Including rough drafting) of electronic 
chassis. Should also be experienced in 
electronics testing and trouble shooting. 
Write: Personnel Director, Box 30, State 
College, Pa. 

ELECTRICAL ENGINEER 
Graduate electrical engineer with a min-

imum of 2 years' experience. For design 
and development of audio transformers 
and filters. Permanent position with prog-
ressive firm located in Chicago. Give de-
tails stating age, education, experience, 
references, availability for work and 
salary expected. Box 634. 

ENGINEERS 
The 15th Naval District which com-

prises the Panama Canal Zone is in need 
of electronic engineers, electronics drafts-
men, radio and electronic mechanics. Em-
ployment is with the Navy. No Civil Serv-
ice status is required for these positions 
in Canal Zone. Rates pay as follows: En-
gineers—$5750-$6650. Draftsmen—$4300-
$5250. Mechanics—$2.02-$2.23 per hour. 
Employment under an 18 month agree-
ment which provides transportation with 
shipment of household effects to and from 
the home of employee and is subject to 
indefinite renewal. Apply: Commandant, 
15th Naval Dist. (District Civilian Per-
sonnel Office) Box 127, Fort Amador, 
Canal Zone. 

ELECTRONIC SCIENTIST 
For research in upper atmosphere rocket 

program. Must have an- appropriate de-
(Continued on page 54A) 

Graduate 

ENGINEERS 

Good Opportunities 
f or 

ELECTRONICS 
Engineers or Physicists 

Nl.s. or Ph.D. in Physics, Physical 
Chemistry, E.E., M.E., or Ch.E. for 
industrial electronics research. Must 
be outstanding technically with at 
least a few years research ex-
perience, and interested in the de-
velopment of instruments and physi-
cal techniques. 

Give experience, education,  age, 
references, personal history, salary 
received and salary expected. Please 

be complete and specific. 

All inquiries will be considered 
promptly and kept confidential. 

E. I. du Pont de Nemours & Co. (Inc.) 
Engineering Department Personnel 

Wilmington 98, Delaware 

RESEARCH ENGINEERS 

ELECTRICAL ENGINEERS AND 

PHYSICISTS 

THE  FRANKLIN  INSTITUTE 

LABORATORIES FOR RE-

SEARCH AND DEVEL-

OPMENT 

Have opening for personnel with 210 
years experience. Advanced degrees 
are desirable in certain of the po-
sitions. Fields of interest covered are: 
Mathematical Analysis of Physical 
Problems. Statistical Theory of Com-

munications, Electromagnetic Theory. 
Circuit  Analysis,  Servomechanism 
Theory.  Electrical  Computing,  Ad-
vanced and Fundamental Circuit De-
velopment. Radar and Pulse Circuits, 
Supervision of Operation of G.C.A. or 
Tracking Radar, Air Traffic Control, 
Air Navigation, Automatic Controls, 
Industrial or Marine Power Drives, 

and Electrical Machinery. 

Send resume of education and experi-
ence. salary requirements and a pho-
tograph to: 

Personnel Department 

THE FRANKLIN INSTITUTE 

Philadelphia 3, Pennsylvania 
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MODELS F AND G PRECISION 
SINGLE-TURN POTENTIOMETERS 
Feature both continuous and limited me-
chanical rotation, with maximum effective 
electrical rotation. Versatility of designs per. 
mit a wide variety of special features. 
F-3-5 16" dia., 5 watts, electrical rotation 
359' —res:stances 10 to 100,000 ohms. 

dio., 2 watts, electrical rotation 
356°—resistances 5 to 20.000 ohms. 

A 

MODELS A, B. & C HELIPOTS 
A-10 turns, 46" coil, 1-13 16" dia., 5 watts— 
resistances from 10 to 300,000 ohms. 
1-15 turns, 140" coil, 3-5 16" dia., 10 watts 
—resistances from 50 to 500,000 ohms. 
C-3 turns, 13-1/2" coil, 1.13 16" dia., 3 
watts—resistances from 5 to 50,000 ohms. 

LABORATORY 
MODEL HELIPOT 
The ideal resistance 
unit for use in lobora• 
tory and experi• 
mental  opplicotions. 
Also helpful in coli• 
brating and checking 
test equipment. Cam' 
bines high accuracy 
and wide range of 
10-turn HELIPOT with 
precision adjustability of DUODIAL. Avail. 
able in eight stock resistance values from 
100 to 100,000 ohms, and other values on 
special order. 

FOR PRECISION 

POTENTIOMETERS 

come toll 

01 0 THE 

A 

MODELS D AND E HELIPOTS 
Provide extreme accuracy of control and ad• 
justment, with 9,000 and 14,400 degrees of 
shaft rotation. 
D-25 turns, 234" coil, 3-5 16" dio., 15 watts 
—resistances from 100 to 750,000 ohms. 
E-40 turns, 373" coil, 3-5 16" dia., 20 watts 
—resistances from 200 ohms to one megohm. 

OR 
MODELS R AND W DUODIALS 
Each model available in standard turns•ratioS 
of 10, 15, 25 and 40 to 1. Inner scale in-
dicates angular position of HELIPOT sliding 
contact, and outer scale the helical turn on 
which it is located. Can be driven from knob 
or shaft end. 
R-2'' diameter, exclusive of index. 
W-4.3 4" diameter, exclusive of index. Fea-
tures finger hole in knob to speed rotation. 

For many years The HELIPOT Corporation has been a 
leader in the development of advanced types of potentiom-
eters. It pioneered the helical potentiometer—the potentiom-
eter now so widely used in computer circuits, radar equip-
ment, aviation devices and other military and industrial 
applications. It pioneered the DUODIAL*—the turns-indicat-
ing dial that greatly simplifies the control of multiple-turn 
'potentiometers and other similar devices. And it has also 
pioneered in the development of many other unique po-
tentiometric advancements where highest skill coupled with 
ability to mass-produce to close tolerances have been im-
perative. 

In order to meet rigid government specifications on 
these developments—and at the same time produce them 
economically—HELIPOT':' has perfected unique manufactur-
ing facilities, including high speed machines capable of wind-
ing extreme lengths of resistance elements employing wire 
even less than .001" diameter. These winding machines are 
further supplemented by special testing facilities and po-
tentiometer "know-how" unsurpassed in the industry. 
So if you have a problem requiring precision potentiom-

eters your best bet is t'o bring it to The HELIPOT Corporation. 
A call or letter outlining your problem will receive im-
mediate attention! 

i*Trade Marks Regisiered 

3-GANGED MODEL A HELIPOT AND 
DOUBLE SHAFT MODEL C HELIPOT 
All HELIPOTS, and the Model F Potentiometer, 
can be furnished with shaft extensions and 
mounting bushings at each end to facilitate 
coupling to other equipment. 
The Model F, and the A, 8, and C HELIPOTS 
are available in multiple assemblies, ganged 
at the factory on common shafts, for the con-
trol of associated circuits. 

MULTITAPPED MODEL B HELIPOT AND 
6-GANGED TAPPED MODEL F 
This Model B Helipot contains 40 taps, placed 
as required at specified points on coil. The Sic. 
Gang Model F Potentiometer contains 19 addi-
tional tops on the middle two sections. Such 
taps permit use of podding resistors to create 
desired non-linear potentiometer functions, with 
advantage of flexibility, in that curves can be 
altered as required. 

CORPORATION, SOUTH  PASADENA 6, CALIFORNIA 
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POSITIONS OPEN IN RE-

SEARCH AND ADVANCED 

DEVELOPMENT 

PROGRAMS 

TO 

Research Physicists 

Senior Electronic 
Engineers 

Senior Mechanical 
Engineers 

Engineering Physicists 

Circuit Engineers 

Microwave Engineers 

Vacuum Tube Research 
Engineers 

Technical Report 
Writers 

Electronic Technicians 

Experienced or Holding 

Advanced Degrees 

For Research, Design, or 

Development In 

Radar, Servomechanisms, 

Computers, Receivers, Photo 

Emission, Secondary Emis-

sion, Converters, Pulse and 

Timing Techniques, Special 

Test Equipment, Special Pur-

pose Tubes, Circuit Design, 

Solid State Physics, Light and 

Electron Optics, etc. 

We invite interested person-

nel with experience in the 

above fields to submit a com-

plete and detailed resume of 

education and experience, 

together with salary require-

ments and availability date, 

to: 

The Employment Department 
CAPEHART-FARNSWORTH 

CORPORATION 
Fort Wayne 1, Indiana 

(Continued from page 52A) 

gree, and at least 3 years experience, with 
emphasis on electronics as applied. to upper 
atmosphere research or an allied field. 
Please address replies, containing a brief 
resume of experience to Employment Offi-
cer, Naval Research Laboratory, Wash-
ington 25, D.C. 

RADIO & RADAR ENGINEERS 

Radio and radar engineers for aircraft 
installation and application design work. 
Should have 5 or more years' experience 
with aircraft radio or radar systems, and 
preferably have aircraft installation or 
antenna design, selection and application 
experience. Experienced aircraft electri-
cal engineers are also needed. Contact En-
gineering  Personnel  Section,  Chance 
Vought Aircraft, P.O. Box 5907, Dallas, 
Texas. 

ELECTRONIC ENGINEER 

Electronic engineer to head engineering 
department. Must have had experience in 
development and design of quartz crystals 
for  frequency  control  and  thorough 
knowledge of manufacturing processes. 
Box 636. 

*  * *  * 

Positions Wanted 
By Armed Forces 

Veterans 

In order to give a reasonably equal op-
portunity to all applicants, and to avoid 
overcrowding of the corresponding col-
umn,  the  following  rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

COMMUNICATIONS ENGINEER 

B.S.E.E. September 1950, Ohio State 
University. Married, age 25. 6 years AM 
and FM broadcasting experience. Chief 
Engineer overseas Armed Forces radio 
station 8 months. 1st class radio-telephone 
license. Desires production or design. Box 
476 W. 

ELECTRICAL ENGINEER 

11.S.E.E. Kansas State College, January 
1950. Eta Kappa Nu, I.R.E. Age 29, mar-
ried. Aircraft electrician, Army radar. 
Interested in sales, design or development 
of electronic equipment. Location and 
salary secondary. Box 478 W. 

(Continued on page 5M) 

TOP TELEVISION 

COMMUNICATIONS 

and RADIO MFR. 

Needs Help 

to meet our expanding 

civilian business and 

increasing military 

contracts. 

• 

Good opportunity for 

Electrical and Mechani-

cal Exp. Engineers. 

Lab. Technicians and 

Draftsmen 

. . . to improve their 

status, job security and 

working conditions. 

Apply by letter only 

stating  experience, 

schooling, age. salary 

and reason for change. 

Our employees know 

about this ad. 

Chicago location. 

• 

Address Box 641 

The Institute of 

Radio Engineers 

1 East 79th Si.. New York 21, N.Y. 
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Positions Wanted 

COIL ENGINEER 

Large manufacturer of radio 

and television receivers has 

an opening for an experi-

enced coil engineer to design 

RF and IF coils for mass pro-

duction. 

Should have a thorough 

background in coil applica-

tion and coil manufacturing 

techniques.  Send  complete 

resume giving education, ex-

perience, age, and salary re-

quirements. 

Box No. 637 

THE INSTITUTE OF RADIO 

ENGINEERS 

1 East 79th St  New York 21. N.Y. 

TECHNICAL 
EDITORS AND 
WRITERS 

These are senior positions, the men 
selected must be able to outline, 
compile, edit, proofread, plan and 
(heck art, dummy, and direct the 
final publication of technical and 
scientific publications. 

A good working knowledge of 
radio and radar theory and appli-
cation is essential, in addition to 
extensive editorial and journalistic 
experience. Some knowledge of 
structural and mechanical engi-
neering is desirable. 

Send complete resume with first 
letter to: 

James E. Thompson 

Department 29 

HUGHES AIRCRAFT 

COMPANY 

Culver City, California 

All replies  will be  handled in the 

strictest confidence 

(Continued f•-onz ('aw. 54.1) 

ELECTRONICS INSTRUCTOR 
Nine years servicing civilian and gov-

ernment RXs, and TXs and PA systems; 
6 years teaching AM, FM and TV mathe-
matics, theory and laboratory; 2 years 
Navy radar training. Last positions: or-
ganized school technically and held chief 
instructors status 3 years. Box 479 W. 

ELECTRONIC ENGINEER—PHYSICIST 
Six years of physics, electrical engineer-

ing and electronics in Fordham, University 
of Rochester, Harvard, Massachusetts 
Institute of Technology and Brooklyn 
Polytechnical Institute: B. S. in Physics, 
June 1949. 11/2 years servomechanism 
development plus 3 years as Naval elec-
tronics officer. Age 27, married, 2 children. 
Desires position in electrical engineering, 
technical or sales anywhere in U. S. or 
overseas. Box 480 W. 

ELECTRICAL ENGINEER 
Recent electrical engineering graduate. 

Some experience. Special interest in design 
of VHF communications equipment, pro-
pagation studies or field surveys, and eval-
uation of overall system performance. 
Desires position continental U.S.A. Box 
481 W. 

ELECTRONIC ENGINEER 
B.E.E. June 1949, University of Dela-

ware, Age 25, married. 31/2 years Navy 
AETM. 1 year in nucleonic instrument 
maintenance, calibration, and modification. 
Desires research or development position 
in New York or Philadelphia area. Box 
482 W. 

(Continued on page 58A) 

SCIENTISTS 
AND 

ENGINEERS 
for 

challenging research  and ad-

vanced development in fields of 

RADAR 

GYROSCOPES 

SERVOMECHANISMS 

MECHANICAL SYSTEMS 

ELECTRONICS CIRCUITS 

APPLIED PHYSICS AND MATH 

PRECISION MECHANICAL DEVICES 

ELECTRICAL SYSTEM DESIGN 

GENERAL ELECTRONICS 

INSTRUMENTATION 

MICRO WAVES 

COMPUTERS 

AUTOPILOTS 

Scientific or engineering 

degree and extensive technical 

experience required. 

W RITE: 
Manager, ENGINF7EIONC PERSONNEL 

BELL AIRCRAFT CORPORATION 
P.O. Box 1, Buffalo 5, N.Y. 

RESEARCH 
ENGINEERS 

CALIFORNIA INSTITUTE OF 

TECHNOLOGY JET PROPUL-

SION LABORATORY, 

PASADENA CALIFORNIA 

Needs Research Engineers for 

work on their Missile Program in 

the following electronic cate-

gories: 

RADAR 

ANTENNAS 

TELEMETERING 

COMPUTERS 

INSTRUMENTATION 

ANALOG COMPUTERS 

Apply in writing and furnish in-

formation as to education and 

experience. 4800  Oak  Grove 

Drive, Pasadena 3, California. 

PHYSICISTS 
AND 

ENGINEERS 
You can find plenty of positions where 
you will work on minor improvements 
on  radar,  telemeterIng  systems,  and 
other conventional devices.  However, 
you will find very few positions where 
you can break ground in new fields hav-
ing tremendous significance. This you 
can do at the JACOBS INSTRU MENT 
COMPANY, whose entire effort is de-
soted to pioneering activities in new 
fields that it has opened up itself. One 
of these fields, for example, is that of 
ultra-high speed, ultra-compact digital 
computers and controllers. This com-
pany's JAINCOMP family of computers 
dominates this field. Other equally im-
portant fields are being developed. En-
gineers and physicists with sound back-
grounds and experience in the design 
of advanced electronic circuits or pre-
cision  mechanical  instruments  may 
qualify,  also  individuals  with  good 
backgrounds in applied physics. A few 
openings exist for outstanding Junior 
E. E.'s and physicists, also experienced 
technicians; applicants for these posi-
tions must apply in person. 

JACOBS 
INSTRU MENT CO. 

4718 Bethesda Ave. 

Bethesda 14, Maryland 
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RCA 1 APE RECORDER Type  RT-11A 

50 to 15,000  2 db) ot  15 infsec 
50 to 7,  ( 2 db) at 71/2 in sec 

50 0 c.p.s.   

COMPLETE--with motor boord, plug-in type 

recording omp ler, plug-in playback am-
plifier, two standard NA B reels, power supply 

ond panel ond shelf. 

• Split-second start and stop 

• Push-button operation 

• Extremely accurate timing — 
with synchronous capstan 

• Smooth tape runs —via 
sapphire guides 

• Automatic tape lift for fast 
"forwards" and rewinds 

• Microswitch "tape-break" 
control—no tape spills, snarls 

• Remote control of all 
operations 

• Rack or console mounting 

• Plug-in amplifiers 

• Interlock system for vital 
controls 

• 3 heads—Erase—Record— 
Playback 

I' 



USH-BUTTON CONTROL puts tape recording facilities at your fingertips. 

NEW-
'ffilha- Hafality Tape Recorder 

-the finest mangy can hay! 

*mete Control Unit, Ml 41948. Available extra. 

This is the world's 
foremost professional 
tape recorder, the one 
recorder that has every-
thing—accurate timing, 

ow wow and flutter, plus quick starting. All operations 
ire push-button controlled. All functions—including 

:ueing—can be extended to remote positions. 

Designed for applications where operating TIME 
ind RELIABILITY are prime factors, the new Type 
1T-11A Recorder offers a number of exclusive features. 
For example, you can start or stop the tape in 0.1 second. 
You can jockey the tape back and forth for cueing with-
3ut stopping. You can rewind a standard 101/2 -inch reel 
n one minute! 

A synchronous capstan makes it practical to hold 
recording time to  21/2  seconds in a 30-minute run. 

Ael0/0 B ROADCAST E01.110 MENT 

10 CORPORATIO N of A MERICA 
LINEENING P RODUCTS D EpA RT mENT. CA MDE N. N.J. 

In Caned. RCA VICTOR Company Limited, Montreal 

And with synchronizing equipment . . . for which pro-
vision is made . . . timing can be held to 0.3 second on 

any length program! 

Many more important features, too. 

Self-centering "snap-on" hub adaptors assure perfect 
reel alignment with either RMA or NAB reels. A com-
plete system of control interlocking virtually eliminates 
the possibility of accidentally erasing a program—makes 
it impossible to snarl or "spill" the tape. "Microswitch" 
control stops the machine if the tape is severed—applies 
reel brakes instantaneously. The tape automatically lifts 
free and clear of heads during fast forward runs or re-
winds. Tape alignment over the heads is held precisely 
by a floating casting. Starting wow is reduced to the 
vanishing point. 

BY ALL MEANS, call your RCA Broadcast Sales 
Engineer for complete details. Or mail the coupon. 

RCA Engineering Products, 
Department 71L, 
Camden, New Jersey 

Send me more information (including price and delivery) on 
your new De Luxe Tape Recorder, Type RT-11A. 

NAME   

ADDRESS   

STATION OR FIRM   

CITY  STATE  



Positions Wanted 

TRANSMISSION-
EQUIPMENT-
DESIGN-
ENGINEERS 

West Coast manufacturer of carrier 

equipment plans expansion program 
in  United States  and  Canada. 
Wishes to contact a small number of 
experienced telephone and telegraph 

engineers interested in permanent 
positions offering excellent futures 

in a well-established but expanding 
industry. 
Several  positions will  become 

available  during the  next  year. 
Salaries commensurate with training 
and experience will be arranged for 
men selected. Please give full de-
tails in first reply. 

Lenkurt Electric Co. 
1105 County Rd., San Carlos, Calif. 

926 East Hastings St., Vancouver, B.C. 

ENGINEERS 
ELECTRONICS 
RESEARCH AND 
DEVELOPMENT 

In Baltimore, Maryland 

Career Positions 
for 

Top Engineers and Analysts 
in 

Radar Pulse, Timing and In-
dicator Circuit Design 
Digital and Analogue Com-

puter Design 
Automatic Telephone Switch-

board Design 

Also 
Electro-Mechanical Engineers 

Experience in servo-mechanism, spe-
cial weapons, fire control, and guided 
missile design. 
Recent E.E. graduates and those with 
at least one year electronics research 
and development work will also be 

considered. 
Salary commensurate with  ability. 
Housing  reasonable  and  plentiful. 
Submit resume  outlining  gualifica-

tbns in detail. Information will be 
kept strictly confidential. Personal in-
terviews will be arranged. 

THE  GLENN  L. MARTIN  COMPANY 
Employment Department 

Baltimore 3, Maryland 

RESEARCH OPPORTUNITIES IN THE LOS ANGELES AREA 
Unusual Opportunity for Senior men with degrees and at least five years of 
outstanding proven accomplishment to achieve further growth by working 
with some of the nation's outstanding scientists on commercial and military 
projects in large modern electronics laboratories. 

ELECTRONIC ENGINEERS  SERVOMECHANISMS 
PHYSICISTS —CIRCUITRY  ENGINEERS 
PHYSICISTS—ANALYSIS  ELECTRO MECHANICAL 
PHYSICISTS—OPTICS  ENGINEERS 
PHYSICISTS—ELECTRON  TUBES  MECHANICAL DESIGNERS 

Long term program of research and development in the fields of Radar, 
Guided Missiles, Computers, Electron Tubes, and related equipment. 

Please do not answer unless you meet the above requirements. 

RESEARCH AND DEVELOPMENT LABORATORIES 
Hughes Aircraft Company  CULVER CITY, CALIFORNIA 

Pioneer in Radio Enqineernw 1phtrintion Yince 1927 

APITOL RADIO 
EN GI NEERI N G  INSTI T U TE 

fec-Iniical JpiNiitilie 

ADVANCED HOME STUDY 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 
Request your free borne study or 
resident scbool catalog by writing to: 

DEPT. 2612B 
16th and PARK ROAD, N. W., 
WASHINGTON 10, D.C. 
Approved for Veteran Training S 

(Continued from page 55,1) 

ANTENNA ENGINEER 
B.S. and M.S. iti EL, extra graduate 

credit. 2 years Navy electronics, 1 year 
part time teaching, over 2 years aircraft 
antenna research and development work. 
Age 27, married. Eta Kappa Nu, Tau Beta 
Pi, A.I.E.E., I.R.E., Sigma Xi. Desires re-
search and development in VHF, UHF or 
microwave antennas. Box 483 W. 

COMMUNICATIONS ENGINEER 
B.E.E. Clarkson College, June 1950. 

Single, age 26. Formerly A.A.F. radar 
technician. Metropolitan New York area 
preferred. Box 484 W 

TELEVISION ENGINEER 
Presently employed, 28 months equip-

ment design and advanced development; 
video, pulse and special associated circuits. 
Seeking permanent connection with future 
away from metropolitan New York area. 
Systems engineering preferred, but will 
consider research or development. Present 
salary $5400. Credentials on request. Box 
485 W. 

ELECTRONIC ENGINEER 
M.S.E.E.  electronics, University of 

Illinois 1949. Age 31, married. 4 years 
A.A.F. radar officer, instructor. 1 year 
radio manufacturing. Last year and a half 
in geophysics, still employed. Prefer mid-
fest or southwest. Box 48,6 W. 

ELECTRONIC ENGINEER 
B.E.E. 1942. Age 30, married, 1 child. 

9 years experience in research and develop-
ment. Experience includes UHF, micro-

(Continued on page 59,1) 

PROJECT 
ENGINEERS 

Opportunities exist for graduate 
engineers with design and de-
velopment experience in any of 

the following: 

ANALOGUE COMPUTERS 

SERVO MECHANISMS 

RADAR 

ELECTRONIC CIRCUITS 

COMMUNICATION 

EQUIPMENT 

AIRCRAFT CONTROLS 

HYDRAULICS 

INSTRUMENTATION 

ELECTRONIC PACKAGING 

PRINTED CIRCUITS 

PULSE TRANSFORMERS 

FRACTIONAL H. P. MOTORS 

Submit Resume to 
Employment Dept 

SPERRY 
GYROSCOPE CO. 
Division of the Sperry Corp. 

GREAT NECK, Li., NEW YORK 

PROCEEDINGS OF TIIL I I,' I December, 1950 



Positions Wanted 
PHYSICISTS 
AND 

SENIOR RESEARCH 
ENGINEERS 

POSITIONS NO W 

OPEN 

Senior Engineers and Physicists having out-
standing academic background and experience 
in the fields of: 

• Microwave Techniques 
• Moving Target Indication 
• Servomechanisms 
• Applied Physics 
• Gyroscopic Equipment 
• Optical Equipment 
• Computers 
• Pulse Techniques 
• Radar 
• Fire Control 
• Circuit Analysis 
• Autopilot Design 
• Applied Mathematics 
• Electronic Subminiaturixation 
• Instrument Design 
• Automatic Production Equipment 
• Test Equipment 
• Electronic Design 
• Flight Test Instrumentation 

are offered excellent working conditions and 
opportunities for advancement in our Acre-
physics Laboratory. Salaries are commensurate 
with ability, experience and background. Send 
information as to age, education, experience 
and work preference to: 

NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 

Box No. N-4, 12214 South Lakewood Blvd. 

Downey. California 

Positions available for 

SENIOR 

ELECTRONIC 

ENGINEERS 

with 
Development & Design 

Experience 

in 

MICRO WAVE RECEIVERS 

PULSED CIRCUITS 

SONAR EQUIPMENTS 

MICRO WAVE 

COMMUNICATIONS 

SYSTEMS 

Opportunity For Advancement 

Limited only by Individual 

Ability 

Send complete Resume to: 

Personnel Department 

MELPAR, INC. 
452 Swann Ave. 

Alexandria, Virginia 

(Continued from page 58A) 

waves and servomechanisms. Interested in 
changing position. Box 495 W. 

ENGINEER 

Mature engineer, age 40 broad experi-
ence including industrial design, field en-
gineer, foreign experience. B.S. in E.E. 
University of Illinois, UHF major. Now 
completing work for M.S. in E.E., physics 
emphasis in research. Domestic or foreign 
employment  (supervision  of  overseas 
branch ) will be considered. Box 496 W. 

JUNIOR ELECTRONIC ENGINEER 
B.E.E. June 1930, C.C.N.Y. Age 25. 

HAM class B license. Transmitter con-
structed by myself. Receiver maintenance 
in Navy. Interested in research or design 
and development. Resume on request. Box 
497 W. 

ELECTRONIC ENGINEER 
B.E.E. Cooper Union. 4 years experi-

ence in radar and Government special 
apparatus; 1 year in Army radar main-
tenance; 1 year in television. Age 28, mar-
ried.  Desires position  in development 
work. Box 498 W. 

ELECTRICAL ENGINEER 
B.S.E.E. Columbia, Tau Beta Pi, Age 

31, married. 7 years development, produc-
tion and administrative experience. Wide 
shop background, inventive ability, capable 
trouble shooter. Designed, developed, man-
ufactured electronic controls for ma-
chinery, precision electro-mechanical de-
vices. 21/2 years Navy, radar and sonar 
instructor. New York metropolitan area. 
Box 499 W. 

ENGINEERING 
OPPORTUNITIES 
IN 
Westinghouse 
Wanted: 

Design Engineers 
Field Engineers 
Technical Writers 

Must have at least one year's 
experience. 

For work on airborne radar, 
shipborne radar, radio communi-
cations equip., microwave relay, 
or micro-wave communications. 

Good pay, excellent working 
conditions; advancement on in-
dividual merit; location Balti-
more. 

Send resume of experience and 
education to: Manager of In-
dustrial Relations, Westinghouse 
Electric  Corp.,  2519  Wilkens 
Ave., Baltimore 3, Maryland. 

NATIONAL UNION 

RESEARCH DIVISION 
Senior engineers and physi-
cists are needed for research 

and development of Cathode 
Ray, Subminiature, Second-

ary Emission and highly spe-

cialized types of Vacuum 

Tubes. 

Junior Electrical Engineers 

are desired for training as 
tube or circuit design engi-

neers. 

Men qualified by virtue of 

education or experience to 

handle problems in the field 

of tube or circuit design are 

invited to send their resumes 

to: 

Divisional Personnel Manager 

National Union Research Division, 

350 Scotland Rd., Orange, N.J. 

RCA VICTOR 
Camden, N. J. 

Requires Experienced 

Electronics Engineers 

RCA's steady growth in the field of elec-
tronics results in attractive opportunities 
for electrical and mechanical engineers and 
physicists. Experienced engineers are find-
ing the -right position" in the wide scope 
of RCA's activities. Equipment is being de-
veloped for the following applications: 
communications and navigational equip-
ment for the aviation industry, mobile 
transmitters, microwave relay links, radar 
systems and components, and ultra high 
frequency test equipment. 
These requirements represent permanent 

expansion in RCA Victor's Engineering 
Division at Camden, which will provide 
excellent opportunities for men of high 
caliber with appropriate training and 
experience. 
If you meet these specifications, and if 

you are looking for a career which will 
open wide the door to the complete ex-
pression of your talents in the fields of 
electronics, write, giving full details to: 

National Recruiting Division 

Box 980, RCA Victor Division 

Radio Corporation of America 

Camden, Now Jersey 
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soft CP 1ff - 
S. VS IIMISIIISSIO 1.10 

A new transmission line based 

upon a new plastic -TEFLON 
CP TEF-LINE transmission line, utilizing DuPont 

Teflon insulators, greatly reduces high frequency 

power losses. Furthermore, operation of transmis-

sion line at frequencies heretofore impossible owing 

to excessive power loss now becomes easily possible. 

For TV, FM and other services utilizing increas-

ingly high frequencies, TEF-LINE by CP is a 

timely and valuable development worthy of in-

vestigation by every user of transmission line. 

CP SUPER TEF-LINE IS AVAILABLE NO W! 

Tef-Line can be delivered immediately in three standard 
sizes -7/8", 15/8" and 31/8". With the exception of elbows and 
gas stops, the new Seal-O-Flange Super Transmission Line 
is interchangeable with all other CP fittings including end 
seals, tower hardware, flanges, "0" rings, inner conductor 
connectors and miscellaneous accessories. 
Check your transmission line requirements with the new 

CP TEF-LINE BULLETIN which is available on request. 
If you need help in planning installations, our engineers will 
be happy to talk over specific problems at your convenience. 

• TO WER HARD WARE  • AUTO-DRYAIRE DEHYDRATORS 

• LO-LOSS SWITCHES  • COAXIAL DIPOLE ANTENNAS 

• SEAL-O-FLANGE TRANSMISSION LINE 

alogaineafie Feoleaea 
KEYPORT ',I NEW JERSEY 

-d i 

(Contstmed bum p‘me 494 

Wisner, R. M.. 807 Ninth St., Alamogordo, N. Mex. 
Wolff, H. R.. 5135 E. North St., Indianapolis 19, 

Ind. 

Admission to Senior Member 
Dawes, E. J.. 10A llig libury Crescent. London N. 5, 

England 
Herr, R. F.. Cloverly Lane. Rydal. Pa. 
Jones, R. M., 6733 Jean Ave., Chicago 30, III. 
Mallach, L. W.. 8349 Hatillo Ave., Canoga Park, 

Calif. 
Millis, W. T.. 219 Hubert Ct.. Owensboro. Ky. 
Pawley, M. G., 503 Fontaine St.. Alexandria. Va. 
Pollack. M., 35 W. 33 St., Chicago, 16. III. 

Transfer to Member 
Bush, T. K., 3012 Virginia Ave., Charlotte, N. C. 

Carlson. 0. E., 25 Riverdale Rd.. Pompton Lakes, 

N. J. 
Christman, T. J., 925 I'arkman St.. Altadena. (:alif. 
Cooper, J. V. B.. 32-44 Bell Blvd.. Bayside, N. V. 
Cumming. W. A.. Radio & Electrical Engineering I 

Division National Research Council. Ot-
tawa. Ont., Canada 

Gundy, P. L.. 519 N. Wilson, Royal Oak, Mich. 
Harris, A. W., 3348 %V. Compton Blvd.. Gardena. 

Calif. 
Kush. L. J., Jr.. 816 W. Wells St.. Milwaukee 3, 

Wis. 
Levy. S. L., 102-15-65 Rd., Forest Hills. I.. L. 

N. Y. 
Lawrence. S. C.. 1573 E. Forest, Detroit 7, Mich. 
Lyle. I. W.. Jr.. Route 3, Jeffersontown. Ky. 
Moore. J. C.. Jr., 44 Waverly Pl.. Red Bank, N. J. 
Moore. %V. H.. 78-15-19 Dr., Jackson Heights. 

L. I., N. Y. 
Straughn. W. L., Sr.. 1254 Euclid St., Beaumont. 

Tex. 
Rowe. H. N., Box E. Sta. E., 1702 Wayne St.. 

Toledo. Ohio 
Wybrow. E., 10435 Dunleer Dr.. Los Angeles 64. 

Calif. 

Admission to Member 
Baird. L. I., B.A.R.. Douglas Aircraft to.. El 

Segundo. Calif. - 
Blodget. R.. Holland Rd.. Holland. Pa. 
Bostwick. W. E., 2615 Sandia Dr.. Bel Air. Albu-

querque, N. Mex. 
Clark. G. F.. 207 Mattison Ave.. Ambler, Pa. 
Doyle, E. M., 2190 Connecticut Ave., N. W.. 

Washington. D. C. 
Foodim. C.. 122 Richbell Rd.. Mamaroneck, N. Y. 
Hale. E. M.. Box 2180. Rm. 203, Houston 1, Tex. 
Leach, J. H., 1778 E. West Highway, Silver Spring. 

Md. 
Lipschitz, S., 7 Beechwold Rd.. Saxonwold. Johan-

nesburg, South Africa 
Locus. S. S., 3303-43 Pl., Sandia Base Branch. 

Albuquerque. N. Mex. 

Lorentzen, P. E., 5840 Third St.. R. D. 1. Verona. 
Pa. 

Martin. D. W., Box 319A. R. D. 1. Newtown, Ohio 

Martin, R. E., 621 W. 172 St., New York 32, N. Y. 
McBride. G. H., 1707 N. Julian Blvd., Amarillo. 

Tex. 
Nyhen, E. M.. 12 Kent Sq., Brookline 46. Mass. 

Olson, E. 1,., 329 S. Wood St.. Chicago 12. HL 
I'ierce, C. B., 8223 Kilpatrick Ave.. Skokie, Ill. 
Reeves, J. M.. Information Department. Box 209. 

Lusaka. Northern Rhodesia 
Reiner. M.. 19 E. 88 St.. New York 28, N. Y. 
Rueggeberg, %V.. Research Laboratories. Armstrong 

Cork Company, Lancaster. Pa. 
Savage, W. B.. Wick House. Potterne Wick. De. 

vizes, Wilts.. England 
Tucker. R. E.. 7623 Camellia Ave.. N. Hollywood. 

Calif. 

'Continued on page 64A) 

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



REVERE FREE-CUTTING COPPER ROD 
...INCREASES ELECTRONIC PRODUCTION 

S
INCE its introduction, Revere Free-Cutting 
Copper has decisively proved its great 

value for the precision manufacture of 
copper parts. Uses include certain tube 
elements requiring both great dimensional 
precision, and exceptional finish. It is also 
being used for switch gear, high-capacity 
plug connectors and in similar applications 
requiring copper to be machined with great 
accuracy and smoothness. This copper may 

also be cold-upset to a considerable defor-
mation, and may be hot forged. 
Revere Free-Cutting Copper is oxygen-

free, high conductivity, and contains a small 
amount of tellurium, which, plus special 
processing in the Revere mills, greatly in-
creases machining speeds, makes possible 
closer tolerances and much smoother finish. 

• 

Thus production is increased, costs are cut, 
rejects lessened. The material's one impor-
tant limitation is that it does not make a 
vacuum-tight seal with glass. In all other 

electronic applications this special-quality 
material offers great advantages. Write 
Revere for details. 

REVERE 
COPPER AND BRASS INCORPORATED 

Founded by lard Revere in 1801 

Executive Officer: 230 Park Avenue 
New York 17, New York 

Mills: Baltimore, Md.; Chicago, La; Detroit, Mich.; Los 
Angeles and Riverside, Calif.; New Bedford, Mass.; 
Rome, N. Y. —Saks Offices in Princival Cities, 

Distributors Everywhere. 

CUST O MERS REP ORT: 

"This material seems to machine much better than our pre-
vious hard copper bar; it cuts off smoothly, takes a very 
nice thread, and does not dog the die." (Electrical parts.) 
"Increased feed from 1- 1/2" to 6" per minute and do 

five at one time instead of two." (Switch parts.) 
"Spindle speed increased from 924 to 1161 RPM and 

feed from .0065" to .0105" per spindle revolution. This 
resulted in a decrease in the time required to produce the 
part from .0063 hours to .0036 hours. Material was capable 
of faster machine speeds but machine was turning over at 
its maximum. Chips cleared tools freely, operator did not 
have to remove by hand." (Disconnect studs.) 
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PRESTO...most carefully 

made recording discs in the world 

step  - Inspection is important 
Surface reflections in a recording disc can tell more 
than volumes to the skilled eye. That's why no me-
chanical test has ever replaced the examination of each 
PRESTO disc by trained inspectors. 

Under a bank of fluorescent lamps diffused by a special 
glass screen, discs are slowly rotated. A ripple, a fleck 
in the brilliant surface automatically grades the disc. 
Only those passing the most critical surface test are 
allowed to carry the PRESTO "Green Label." 

Rigid inspection of discs is further insurance that your 
instantaneous or master record-
ing will produce full tonal qual-
ity, that it will react properly 
under recording, processing and 
playback conditions. This im-
portant fourth step in the manu-
facture of PRESTOS is another 
reason why they are known 
throughout the world as the most 
carefully-made, most permanent, 
best performing discs available. 

;pRECORDING 111 CORPORATION 

Paramus, New Jersey 

Mailing Address: 
Box 500, Hackensack, New Jersey 

The lemons PRESTO "Green Leber 
. . . world's finest recording disc. 

in Canada. 
Walter P. Downs, Ltd. 
Dominion Sq. Bldg. 
Montreal, Canada 

Overseas: 
M. Simons & Son Co., Inc. 
25 Warren Street 
New York, New York 

(Continued from tag( 624) 

Van Arsdell. J. C.. Jr., Erie Resistor Corporation, 
644 W. 12. Erie. Pa. 

Rhiger, R. R.. 227 S. E. 52 Ave., Portland IS, Ore, 
Schimpf. R. G.. 6510 Fairfield Ave., Berwyn, III. 
Wellinger, R. P., 403 S. Lincoln. Urbana, Ill. 
White, W., 251 Ivon Ave.. Hamilton. Ont., Canada 

The following elections to Associate were 
approved and are effective as of November 
1, 1950: 
Algiers. E. P., 6113-26 Ave., Kenosha, Wis. 
Anderson. C. M.. 1025 Wisconsin Ave.. Oak Park. 

Anderson. C. L., 880 Bloomfield Ave., Akron. Ohio 
Andrade. L., 30 Ave. D. New York 9. N. V. 
Artificer. A., Station Workshops. Jubbulpore. India 
Bauer, J. W., Jr., 309 Acme St., Cheswick. Pa. 
Basil. I. T.. 3231 Lyndale Ave.. Baltimore, Md. 

Bazik, W., 22741 Mastik Rd., Cleveland 26. Ohio 
Benzuly. H. J.. 1140 N. Elmwood Ave.. Oak Park, 

Bliote, K. R.. 826 S. Wabash Ave.. Chicago S. III 
Blacketer. J. R.. 7636 Carr St.. Dallas. Tex. 
Bowers, P. E., Armour Research Foundation. 35 W. 

33 St.. Chicago 16, Ill. 
Cartwright. L. W., 3348 Smedley St.. Philadelphia. 

Pa. 
Chin. E.. 27 Mercer St.. Hackensack. N. J. 
Corduan, A. E., 6946 Woodley Ave., Van Nuys, 

Calif. 
D'Arcy. E. W.. DeVry Corp., 1111 Armitage Ave., 

Chicago. Ill. 
Dellekamp, K. J.. Technology Center. Armour R. 

search Foundation. Chicago. III. 
DeRosa, T. T., 4102 Ave. P. Brooklyn 34. N. Y. 

Donaldson. W. G.. 80 Lafayette St., New York 13. 
N. Y. 

Drexler, J.. 129 Paine Ave.. Irvington 11, N. J. 
Dunlavey, E. 0.. 7159 S. Fairfield. Chicago, Ill. 
Edelstein, H. N.. 1137 Nameoke St., Far Rockaway. 

L. N. Y. 
Eggerton. W. H.. 27 W. Cuthbert Rd.. Collings-

wood 7, N. J. 
Farrance. J., 18913 Parkmount Ave., Cleveland. 

Ohio 
Ferreira. R., CPO-1. U.S.N.T.C.. San Diego 33. 

Calif. 
Filips. R. P. 4953 S. Justine St., Chicago, Ill. 
French, G. J., 208 Ashland Ave.. Pittsburgh 28. Pa. 
Gannon, M. J.. 607 Hulton St.. Carnegie, Pa. 
Geschwind. R. A.. 359 Delmar St.. Philadelphia. Pa. 
Giesecke, H. W.. 500 Alabama Rd., Towson 4. Md. 
Goublin, R. 0.. 3 Ave. Eugenie, St. Cloud. Seine Et 

Oise. France 
Green, R. G., 438 §. Union Dr., Los Angeles 13, 

Calif. 
(iruen, H. E., 12131 S. Princeton, Chicago 28, III. 
Haas. M. L.. Radio & Electronics Parts Corp., 3235 

Prospect Ave.. Cleveland 15. Ohio 
Hainey, C. P., 6215 Vickery. Dallas 14. Tex. 
Handelman. S. M.. 22 Brevoort Pl., Brooklyn. N. Y. 
Herzog, W. F.. 120 Steele Ave., Dayton. Ohio 
Hood, H. E.. 2905 Skyline Blvd., Bakersfield. Calif. 
Jennings, T. F.. 5052 Sargent Rd., N. E.. Washing-

ton, D. C. 
Joering. E. R., 4316 Crystal Ave., Chicago 51, III. 
Johnson. E. M., 3 Waite Pl., Troy. N. Y. 
Jones. D. M., 38-B Bruan Pl.. Richford 

Clifton. N. J. 
Jones, W. T.. 2522 Idaho St.. Dallas 16. Tex. 
Johns. P.. 10308 Parkview Ave.. Cleveland 4, Ohio 
Kaminski, H. S., 4363 N. Kenmore. Chicago. III. 
Karel. L. G., 6231 S. Stewart Ave., Chicago 21. III. 
Karp, P. W., 3826-25 St.. San Francisco. Calif. 
Katella, A. J., 6889 Waldorf Ave.. Pennsauken. 

N. J. 
Kern. G. A.. 29-B Addison Pl.. Clifton. N. J. 
Klein, E. F.. 528-35 St., Box 78, Los Alamos. 

N. Mex. 
Korman, G., 18 N. Third St.. Newark. N. l• 
Krug, J. A., 2900-44 St., N. W., Washington 16, 

D. C. 
'Continued on page 664) 
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...FIRST CHOICE of HA WAIIAN AIRLINES WILCOX 

/HF AIR-BORNE COMMUNICATIONS 

iciveciiian Airlines selected the WILCOX TYPE 361 A COMMUNICATIONS SYSTEM for all aircraft. This 
:onsists of a 50 watt transmitter, a high sensitivity receiver, and a compact power supply, each contained 
n a separate  AIR chassis. Transmitter and receiver contain frequency selector with provisions for 70 
:honnels . . . ample for both present and future needs. 

/I-IF GROUND STATION PACKAGED RADIO 
lawaiian Airlines selected the WILCOX TYPE 428A FACTORY PACKAGED STATION for all ground stations. 
'his consists of the WILCOX 406A fixed frequency 50 watt transmitter, the WILCOX 305A fixed frequency 
eceiver, the WILCOX 407A power supply, the WILCOX 614A VHF ontenno, telephone handset, loudspeaker, 
desk front, typewriter well, and message rack. 

DEPENDABLE COMMUNICATIONS FOR THE WORLD'S AIRLINES 
During recent months, many of the world's foremost airlines, UNITED, EASTERN, TWA, MID-CONTINENT, 
3RANIFF, PIONEER, ROBINSON, and WISCONSIN CENTRAL have placed volume orders for similar corn-
nunications equipment. No greater compliment could be paid to the performance, dependability, and 
economy of WILCOX equipment than to be "FIRST CHOICE" of this distinguished group. 

1Whare 70€429 for complete information on the Type 361A VHF Air-borne Communications System and 

the Type 428 Packaged VHF Ground Station. 

WILCOX ELECTRIC COMPANY 

KANSAS CITY 1, ,A MISSOURI, U.S.A. 
Type 428 Packaged VHF 

Station 
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WHEN YOU NEED A MINIATURE TRANSFORMER 

CHECK 
THESE FEATURES 

OF THE 

HORNET 

SIZE AND WEIGHT Because they are designed for high 
operating temperatures, Hornet Transformers and Reactors have 
only about one-fourth the size and weight of Class A units of 

comparable rating. 

VOLTAGE RATINGS Designs are available for RMS test 
voltages up to 10,000 volts at sea level, and up to 5,000 volts at 

50,000 feet altitude. Power ratings from 2VA to 5KVA. 

POWER FREQUENCIES These units are designed to oper-
ate on 380/1600 cps aircraft power supplies, 60 cps power sup-
plies, and any other required power frequency. 

AMBIENT TEMPERATURES Hornet Units can be designed 
for ambient temperatures up to 200 deg. C. Size for any given 

rating depends upon ambient temperature and required life. 

LIFE EXPECTANCY Extensive tests indicate that the life 
expectancy of Hornet units at continuous winding temperatures 

of 200 deg. C. is over 50,000 hours. 

MOISTURE RESISTANCE Since Hornet Transformers and 
Reactors contain only inorganic insulation, they are far more 

moisture resistant than conventional Class A insulated units. 

EFFICIENCY  Regulation and efficiency of Hornet Trans-
fortners compare favorably with Class A units. 

SPECIFICATIONS Hornet Transformers meet the require-
inriit, of Go%eminent specifications covering this type of equip-

ment. 

Bulletin 11300, containing lull electrical and dimensional 
doio on Hornet units, is now available. Write for it, or tell 
us our specifications for special units. 

NE W YORK 
TRANSFORMER CO., INC. 

ALPHA  NE W JERSEY 

(Continued from Page 64A) 

Kuranuki. C. A.. 91 Old Mill Rd., Great Neck, L. 

N. V. 
Kurinoky. J. S.. 5133 N. Oak Park Ave., Chicago, 

Lawson. M. IL. 12926 Short Ave.. Venice. ('alit. 
Levers, E. 0., 45-23— 259 St., Great Neck. I.. I., 

N. V. 

Liebersohn, A.. 248-252 Hewes St.. Brooklyn 11, 
N. V. 

Lubeck, W. A.. 2549 W. Winnemac Ave.. Chicago 

25, III. 
Luzer, H. J.. 1707 Van Dyke. Detroit 14. Mich. 
MacDermott, J. G., 831 Paul St., Gloucester City. 

N. J. 
Maed. A. S.. Regliarpura Gall 58 House, 4378 

Karolbagh, New Delhi, India 

Malinowsk.i. S., 5306 W. Foster Ave.. Chicago 30, 

Margolis. A. B., 105 E. 106 St., New Vork. N. Y. 
Marsland, H. W., 20 N. Wacker Dr.. Chicago. Ill. 
W elt, J. T., Hughes Aircraft Company, Culver 

City. Calif. 
Moller. B. N.. 623 Hecker. Belleville. Ill. 

Morgan. J. F.. 2 Parsy Pl.. Great Neck. I. I .̀ 
Morrow. E. E., 9574 Patton Ave.. Detroit 2C NI 

Neff. R. R.. 5905 N. Paulina, Chicago, Ill. 
Olson. R. E., 21 E. Johnson Ave.. Bergenfield 7' 

Perry. F. E.. 12421 First Ave.. S.. Seattle, l% 
Petranek. L.. 1279 'Mid Ave.. New York 11 .̀ 
Pettus. R.. 2319 E. 83 St., Cleveland. Ohio 
Polcuch, A. F. G.. 9253 Meridian. Seattle .11.1, 

Raffel. L.. 136 Orient Ave.. Jersey City 5. N J. 
Rajan, K. T.. Institute of Technology. Trichur, S. 

India 
Read, R. W.. 272 %Vestgate. W.. Cambridge 39. 

Mass. 
Rety, E. E.. 1607 Belmar Rd.. F. Clevel 
Richardson. W. R., 303 litoitrim.“,r Rd.. k 

12. Md. 
Riley, H. E.. Port Arthur College. Box 511  Pori 

Arthur. Tex. 
Romanyszyn. M. T., 1345 Merriam Ave.. New 

York 52. N. V. 
Rugg. D. A.. 1308-A E. Curtis Pl.. Milwauk, • 

Wis. 
Russell. C. A., 100 S. Edgefield. Dallas. Tex. 
Sander. W. E.. LaVista Pl.. Atlantic. Iowa 
Scarborough. D. S.. 724 Costa Rica .Ave. 

Mateo. Calif. 
Schultze. W. J.. 875 Richmond Ave.. Buffalo. N 
Seaton. G., 14314 Ledgewood. Cleveland II. 
Shannon. G. C.. 1540 Belmont Ave.. New II 

Park. N. V. 
Shubel. E. J., 144-08 -71 Ave.. Flushing, L. 

N. V. 
Slobodin. L.. 3211 Quentin Rd.. Brooklyn. N. V. 
Smith. R. S.. Rt. 2. Box 103. Harrisonburg. Va. 
Songayllo. A.. Jr.. 3255 W. Sunnyside Ave., Chi-

cago. 
Sourek. R. A., 12613 Craven Ave.. Cleveland S. 

Ohio 
Sprague. W. C.. 153-C Victoria Dr.. Pittsburgh 27. 

Pa. 
Spranger, P. It.. 3337 Freer St.. Arcadia. Calif 

Steele. S. E.. 79 Hamilton St.. Berea. Ohio 
Trbouich. J., 737 Large Ave.. Clairton, Pa. 
Treillard. C. E.. 7754 Belsrano. Buenos Aires. Ar-

gentina 
Uhlman. J. C.. Box 3, Lac Du Bonnet. Man.. 

Canada 
Walters. W. H.. 45061 W. 59 Pl., Los Angeles 43. 

Calif. 
Warzecha. T. D.. 1740 N. Wood St.. Chicago. Ill. 

Welter. L. J.. 2395 -17 St.. Wyandotte. Mich. 
White. H. A.. 148 Hendrickson Ave.. Rockville 

Centre. N. V. 
Zaruba, E. J., 613 S. Vale Ave.. Villa Park. Ill. 
Zupansky. M.. 5327 N. Winthrop Ave.. Chicago 40. 
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Unit switch construc-
tion houses precision 
resistors in insulated 
recesses. 

Direct connections—no har-
ness cabling—no shorts. 

Li 

Easy-to-change standard batteries. Double 
spiral springs give permanent connection. 

Az   0 

Molded selector switch 
fully enclosed. Spiral 
spring index control—over 
150,000 cycles without 
breaking. 

Here's win] top engineers and 
technicians use Model 630 
Features like those shown above are what make this popular V.O.M. so outstandingly 

dependable in the field. The enclosed switch, for instance, keeps the silvered contacts 

permanently clean. That's rugged construction that means stronger performance, 

longer life. And tests show that the spiral spring index control, after more than 

150,000 cycles of switch rotation, has no disruption or appreciable wear! Investigate 

this history-making Volt-Ohm-Mil-Ammeter today: 33 ranges, large 51/2 " meter. 

ONLY 

$39.50 
AT YOUR DISTRIBUTOR 

FOR THE MAN WHO TAKES PRIDE IN HIS WORK 

IPROCLI.1)1.Vr,  OF THE IRE  Decepribct, 1950 



News New—Products 

a 

a 

LI 

;•• 

WHAT ARE 90114 

REQUIREMENTS 

IN 

PARABOLIC 
ANTENNAS 

For microwave systems . . . check these 

advantages of ANDREW Parabolic Antennas: 

DEPENDABILITY —An actual record of 100 % dependability There has never 
been a single mechanical or electrical failure on an ANDRE W Parabolic An-

tenna . . . anywhere in the world. 

COST— Exceptionally low; mode possible by high productior.. 

LIGHT WEIGHT —HIGH STRENGTH — Achieved by spun aluminum reflectors 

braced by formed steel struts. 

ADJUSTABLE MOUNTING —Through ± 10 degrees in azimuth and elevation. 

DEICING KITS —Thermostatically controlled, available where required. 

IGHT WEIGHT —HIGH STRENGTH — Achieved by spun aluminum reflectors 

braced by formed steel struts. 

ADJUSTABLE MOUNTING —Through ± 10 degrees in azimuth and elevation. 

DEICING KITS —Thermostatically controlled, available where required. 

CABLE— 7/8- air dielectric Teflon insulated cable. Radiator is pressure tight. 
Fittings for solid dialectric cables also available. 

SPECIFICATIONS 

Frequency Range ... 890-960 MCS ... ... 1750-2 1 10 MCS... 

Type Number 1002 1004 1006 1010 2002 2004 2006 2010 

Diameter of Parabola 
feet 2 4 6 



Remarkable new compactness in precision control 

The extreme compactness of the new Type 1623 Motor-
Driven Induction Generator has been achieved with no sac 
rifice of general performance characteristics. Like its "bigger 
brothers" in the Kollsman line, the Type 1623 combines, in 
a single frame. motors of high torque/inertia ratio with 
generators offering linear voltage vs. speed over a wide range. 

Where size and weight are prime considerations, this 4.2-
ounce unit will prove the solution to many precision control 
problems. Separate induction motors and generators are also 
available in the same diameter frame. 

For further information on the 1623 and others in the 
complete Kollsman group of miniature special purpose AC 
motors—or if you require a unit to your own specifications— 
write: Kollsman Instrument Division, Square D Company, 
80-08 45th Avenue, Elmhurst, N. Y. 

Type 7623 Motor-Driven 
Induction Generator 

Motor characteristics: Maximum torque at stall— 
smooth-running (will not "cog")—fast-reversing— 
operates from two-phase source, or from single-phase 
with phase-shifting condenser—available for 60 or 400 
cycle operation. 

Generator characteristics: Low residual voltage and 
voltage "spread--constant frequency output—amplitude 
directly proportional to speed. 

Unit characteristics: Both rotors mounted on same 
shaft, assuring positive alignment—stainless steel hous-
ing—hardened beryllium copper shaft—corrosion-
resistant nickel steel laminations — high temperature 
insulation ( up to 200° C. total temperature)— stainless 
steel precision ball bearings — weight: 4.2 ounces. 

KOLLSMAN INSTRUMENT DIVISION 

ISQUARE ti COMPANY 
ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
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News—New Products 
BY EVERYTHING 
MODERN IN RECORD 
REPRODUCTI 

The 
ASTATIC 
"AC" Series YOUR SEARCH for the miniature, lightweight crystal 

cartridge with smoothest response characteristics, highest track-

ing excellence and low needle talk will now end with Astatic's 

new "AC" Series. Essentially, it's a matter of a new mechanical 

drive system which affords a new low inertia. The results are 

definitely superior overall performance. Put the "AC" through 

its paces yourself.. . . note that the general excellence of 

frequency response is especially fine in the high frequencies. 

"AC" Cartridges use the new Astatic Type "A" Needle, easily 

replaceable without tools on the same holding principle as the 

famous Astatic Type "Q" Needle. 

THE 

A_ 5:jr t alc CORPORATION 
  C O N N E A U T,  O HI O 

C•N4DIAN 4STAIIC LIP, TORON70, 0NIAMO int C.S•n4 

SPECIFICATIONS 

Model 

AC-7R1 

ACT 

AC.ACT 

Minimum 
List Price 

S 8 90 
8 90 

6 qt. 
5 gr. 

8.90  6 gr. 

1 /mina \  F 
lona  p s.  

0 1 \leg 1 03.1 t 

1 0'  SO 10.000 
a 0"  5040.000 

1 01. 

DOUBLE NEEDLE TURNOVER M ODELS: 
ACD•1  9 SO  !  6 gr.  I 

collet needle  I (1•• 

ACD-11 

ACD-21 

pe 

A.3 (3 ml sapphire lip) 
Al (1 mil sapphire rip) 

For Record 

Standard 78 RPM 
33.1/3 and 45 RPM 

50.10.000  A•Act (Sapphire rip)  33 1/3, 45 and 78 RPM 
t.mil tip needle for LP 33.I/1 and 45 RPM w elds. 
7•mil tip needle In. slandord 78 IIPM growth 

$0.6.000  A 1 and kJ 
(sapphne lips) 

9.50  ,So me as ACE, I except equipped with spindle lot turnover knob Replacement carIttdqe fat 
ACD.2) assembly.) 

10 00  I sarn• a• ACD 1 except equipped with complete ussembly tut nover and knob ) 

33 1/3. 45 and 78 RPM 

Tiale 

ASWYN 
AS WY! 

ASWYN 

AS WY). 

ASWIT 

ASWYE 

FALL,GROOVE- Needle tip of spectal design and sae to play •11k4r 011/3 
and 45 RPM (narrow groove) or 78 RPM (standard groove) records. 

Astalk 0,1.1 Do.cos menu!  d u.der !Malt Dr.slopmeme Ce. poonts 

•Autheion• 73 1 Test Record 
•• 11CA 125 31V Test Record 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 68/1) 

Dual Spotlight Soldering Gun 
Eliminates Shadows 

Dual spotlights to eli minate shadows, 

and over/under ter minals to brace tip and 

improve visilpilits  ire features of the new 

light-duty  soldering  gi m  recently  an-

nounced  by  W eller Electric  Corp.,  821 

Packer St., Easton, l'a. 

This new model is considerably smaller 
and lighter than previous, now obsolete, 
135-watt guns, and yet has substantially 
greater soldering capacity. 
The gun has dual heat, 100/135 watts, 

for all light and delicate soldering, 5-second 
heating to save time and current, trigger-
switch control which adjusts heat to the 
work, and eliminates need of unplugging 
gun between jobs. 

(( mahmed ,m page 72A) 

The non melting SILICONE insulating 

and waterproofing co mpound that is 

stable at te mperatures 

4 lot ELECTRONIC 
EQUIPMENT 

f lot AIRCRAFT ign;lion 
and c/ecfrical control 
systems 

MEETS ALL THE 
REQUIREMENTS 
OF AN-(-128a 
More water repellent than paraffin, Dow Corning 

4 Compound is highly resistant to oxygen, axone 

and to deterioration caused by corona discharge. 

PO WER FACTOR, up to 10 megacycles .. . 0.001 

VOLUME RESISTIVITY, ohrn centimeters ..  10 

DIELECTRIC STRENGTH, rolts/mil   500 

W r ite  / 

1 :94/6P f • 
for >our  ory ol Our 
new booklet on Do. 
Corning 1 Compound 
Address Dept D 

DOW CORNING CORPORATION. Midland. Miclug.ta 

POW 
FIRST  IN  smicomei 
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9460Ar 
TUNGSTEN 

and 

MOLYBDENUM 

GRID WIRE 
Jr 

Made to meet your 

specifications ... 

for gold content, 

diameter and 

other requirements. 

Write for details and 

list of products 

SIGMUND COHN CORP. 

44 GOLD ST  NE W YORK 

SINCE I 90 I 

NEW SYSTEM Accurately measures 
VSWR from 1.02 to 100/1 

DOUBLE 
PROBE  ,/ 
SYSTEM /PRECISION 

SLOTTED LINE 
VSV4R INDICATOR' 

MEASURES 

IMPEDANCE • VSWR 
RELATIVE PO WER\ 

100 MC 70 ABOVE  1000 MC INDICATOR- — 
STABLEswR  SENSITIVE 

1 , <000 CYCLE NEGATIVE 

FEED BACK AMPLIFIER 

FLAT TOP SELECTIVITY. 

0: 

NEGLIGIBLE 

REFLECTIONS 

PIN POINT 

TYPE PROBE 

"HARDWAYS" 

PRECISION 

HANDWORKED 

SURFACE 

REFERENCE 
,,iLABORATORY 
STANDARD • 

MIN. GENERATOR RF. POWER 

REQ. 2-20 MILLI WATTS 

• Full scale VSWR ranges: 1.1/1 - 4.0/1 - 10./1 and to 100/1 using in-
cluded calibrated probe depth attenuators. 

• Differential probe system for accurate measurement of low VSWR. 

• Useable electrical probe travel 150 centimeters (1/2 wave at 100 mc/s). 

• Removable end tapers exhibit negligible impedance transformation— 
under 1%. 

• Residual VSWR under 1% —voltage uniformity  0.5% or better —me-
chanical tolerances held to 0.2%. 

• Machine engraved centimeter scale and vernier (Starrett) measures 
probe travel to 0.1 millimeter accurate to 0.01mm. 

• Continuously adjustable probe depth 0—.500" calibrated in .001" 
steps. Permits measurements of relative power and maintenance of 
square law crystal characteristic. 

$101101 
THE  ROLLIN  CO MPANY 
2070 N. FAIR OAKS AVE.  •  PASADENA 3, CALIFORNIA 
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News New Products 
Two Bolo meter Amplifiers 

MODEL 100  MODEL 60 

• Variable Bandwidth 

• Tunable Frequency Range 

• Voltage Ratio Expander 

• Automatic Normalization 

• Self Contained Metering 

• Recorder Output 

USES 
The P & B Bolometer Amplifier 

Model 100 is a quality amplifier de-
signed for use in connection with mak-
ing electrical measurements of anten-
!las and associated radio- f requenc) 
systems. Stabding wave ratios may be 

plickly determined on either a linear 
or expanding indicating scale. 

The tunable, variable handwidtli. 
band-pass characteristics of the ampli-
fier make it useful where conditions 
might render other test equipment use 

Built to Navy Specifications for re-

search and production testing. 

CHARACTERISTICS 

Frequency range -400 cycle-
(± 3% calibration accurat 

Itandwidth —(1/2 voltage) 6, 12, 22, 

w \  Range 
lianne1 -1  volt. 

Nionitor Channel--10.z -1 0-5 volt. 
Expander Operation --1  ID.' volt. 

luput Impedance  2 -,(1 ohm to 350 ohm. 

Meter-- logarithinii. •cale with 100 'lb decade. 

Recorder Output -.01- 1 00 volts 51. .01 w. 
max. (undecaded 

Normali,ation-- output voltage bold, within 
for input changes of ± 5dli to 

both channels. 

Milometer Bias -adjusted in steps of 5% 
current change over range of 2:1 metered 
directly. 

Voltage Ratio Expander-- eighth power ex• 
pansion. 

lower Supply-- 105,1115 volts 511/60 cycles, 
175 watts. 

Dimensions -1 9, 2'" high,  1 7' i" wide,  12" 
deep. 

Weight -6 5 lbs. 

Einish —Blue.grey— Wrinkle. 

Ask for Bulletin L-100 

!HI 

• Self Contained Metering 

• Pull Out Meter 

• AC and DC Recorder Output 

• Panel Selection of 3 Frequencies 

• Adjustable and Metered Bolom-
eter Bias 

USES 
The Model 60 Bolometer Amplifier is 
a band pass amplifier designed to am-
plify the output of crystal or bolom-
eter probes used in RF measuring 
equipment. The amplifier is suitable for 
all occasions where extremely low audio 
voltages must be amplified. The re-
corder output makes the unit particu-
larly useful for antenna pattern re-
corders requiring either AC or DC 
input voltages. 

DESCRIPTION 
The Model 60 Bolometer Amplifier is 
an audio amplifier incorporating paral-
lel 'T' null networks in a feed back cir-
cuit to provide a narrow band pass at 
any desired frequency within specified 
limits. The amplifier includes a meter 
amplifier and an output 'meter which 
may be removed from the panel open-
ing for use at remote locations. The re-
corder output provides a choice of im-
pedances for AC outputs as well as a 
DC output for those recorders requir-
ing such an input. Input circuits are 
designed for operation with crystals or 
300 ohm bolometers. 

CHARACTERISTICS 
FREQUENCY RANGE-400 cycles to 5000 
cycles (choice of 1, 2, or 3 frequencies within 
these limits) -±-2'  frequency tolerance. 

BAND WIDTH— W, voltage points) 8% of 
bandpass center frequency. 

INPUT VOLTAGE RANGE 
Meter-10-=-10-7 volt 
Recorder (AC)-10-2-10-1 volt 

INPUT IMPEDANCE-250 ohm to 350 ohm. 

METER—Logarithmic meter scale (0-20 db) 
with 100 db decade. 

RECORDER OUTPUT—AC .01.100 volts @ 
50,000 ohms. Additional output impedances 
of 5000 ohms, 500 ohms, and 250 ohms. 
DC-0.01.0.75 volts. 

BOLOMETER BIAS—Adjustable in steps 
of 2% current change over a range 2:1—me-
tered directly. 

PO WER SUPPLY-115 volts 50/60 cycles 40 
watts. 

DI MENSIONS -19" wide,  3.i" high, 10" 
deep. 

W EIGHT-27 lbs. 

FINISH—Blue grey wrinkle panel and ma-
hogany cabinet (unit may be rack mounted 
without cabinet if desired.) 

Ask for Bulletin L-60 

PICKARD & BURNS, INC. 
240 Highland Avenue Needham 94, Massachusetts 

Lange viii 
A MPLIFIERS 

*%.•*1 
For broadcast, public ad-
dress, recording, and music 
services — custom designs 
for special  applications. 

Lange viii 
TR ANSFOR MERS 

La -, 

‘0 . i Open-core,  encased,  her-looNN  
1 metically sealed, high-tem-

44  perature. Built to your own 
F or MIL-T-27 specifications. 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 
(I ,,o(soned /root page 704) 

Beam-Power Amplifier 
Tube 

A beam-power amplifier tube, designed 
for use in the audio output stage of tele-
vision and radio receivers, has been added 
to the production lines of Tube Divisions, 
General Electric Co., Syracuse, N. V. 
The nes% tube, Type 6W6-(;1 ., is ca-

pable of delivering relatively large power 
output and features high sensitivity. When 
connected as a triode, the tube may be used 
as a vertical deflection amplifier in televi-
sion rvecivers. 

aximum ratings of the tube include: 
peak positive pulse plate voltage, 1,000 
volts; peak negative pulse grid #1 voltage, 
200 volts; plate dissipation, 10 watts. The 
tube has a heater voltage (ac or (IC) of 6.3 
volts: heater current, 1.2 amperes. 

Recent Catalog 

• • • A copy of a new soldering gun 
catalog, fully illustrated, and featuring a 
new light duty model with dual spotlights 
is available from Weller Electric Corp., 808 
Packer St., Easton, Pa. 

(Continued on page  I.11 

( Lange viii 
ENGINEERING 

i Available for the develop-
ment and manufacture of 
special electronic devices. —  

For detailed information on our 
products and services, write to 

angevin 
MANUFACTURING  CORPORATI ON 

37 W. 65th St., New York 23, N. Y. 
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• 

New Miniature 
Insulated Terminals 

to help your 
miniaturization program 

RESNIK 
'• • 

MI MS. 
,Neeente.t.• 

111•11•111 
11-04••"" 

ASBOVii 

1900 
 9  M M US 

N M N W 1111 . I " MI  
I MINI11111111111• • URI 
I   le 
MI NI M. U 
1N O  •  E 

.•  N 
Me M em -.  U 

ki 

p,ctui% Sae  11:11r  711.1 r 

  " 

O NO sm.   'U . 
IM MO •  tem 
unto 
vow 

ISM 
I.. X 1980XA 

Enla ged 

.1111111111 PI M 

Iw o%  sae 

3/8 

5/8 

7/8 

Featuring extremely small size coin-
bined with excellent dielectric prop-
erties, three new miniature insulated 
terminals are now available from CTC. 
Designed to meet the requirements 

of the miniaturization programs now 
, being carried out by manufacturers of 
electrical and electronic equipment, 
the terminals come in three lengths of 
dielectric and with voltage breakdown 
ratings up to 5800 volts. In addition, 
they have an extremely low capaci-
tance to ground. 
The X1980XA is the smallest ter-

minal, having an over-all height of only 
three-eighths of an inch including lug. 
Insulators are grade L-5 ceramic, sil-
icone impregnated for maximum re-
sistance to moisture and fungi. 
All terminals have hex-type mount-

ing studs with 3 /48 thread or .141" OD 
rivet style mounting. Mounting studs 
are cadmium plated, terminals are of 
bright-alloy plated brass. 

Write for additional data. 

Turret  Split  Terminal  Double-End 
Lugs  Lugs  Boards  Lugs  Swagers 

custom or standard the 
guaranteed components 

CAMBRIDGE TMERMIONIC CORP. 
456 Concord Ave., Cambridge 38, Moss. 

West Coast Stock Maintained By: E. V. Roberts, 
5014 Venice Blvd., Los Angeles, California 

UHF 
ENGINEERING 

Specialized UHF knowledge, experience 
and shop techniques enable LAVOIE 
LABORATORIES, INC. to handle every 
phase of electronic production efficiently 
and economically. 

• 

Precision work and low unit cost are 
based on these factors developed through 
years of practical specialization in this field. 

* ode W erataties; cAr 
MORGANVILLE, 
NE W JERSEY 

M =1111MII MMEERMI M MIMIIMMUMI.1..1111.1..1. M11  
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News—New Products 

M ODEL GL-22A 

A versatile source of timing markers 
for  accurate measurement of sweep 

intervals with oscilloscopes and syn-
chroscopes. 

• Positive or negative markers of 
0.1.  1.0,  10.  100  micro-seconds 
variable to 50 volts. 

• Variable  width  and  amplitude 
gate for blanking or timing. 

• Markers from external trigger or 

internal generator. May be syn-
chronized with triggers up to 100 
KC. repetition rate. 

• Voltage  regulation  to  timing 
circuits. 

Write for free bulletin. 

INSTRUMENTS 
Engineered for 
Engineers 

MODEL TVN-7 
The basic unit of a microwave signal 

generator. Square-wave modulator for 

low-powered velocity-modulated tubes. 

• Cathode voltage continuously var-
iable 28-480 volts. 

Provision for 180-300 volt range. 

• Reflector voltage range 15-50 volts. 

• Provision for grid pulse modula-
tion to 60 volts, reflector pulse 

modulation to 100 volts. 

• Square-wave modulation variable 

from 600 to 2500 cycles. 

• Provision for external modulation. 

Write for free bulletin. 

LABORATORY AMPLIFIER FM MODULATION MONITOR 

MODEL TAA-16 
High gain audio amplifier feeding a-c 
volt-meter for measurement of standing 
wave ratios with slotted lines. 

• 500-5000  cycles with  broadband 

selective control on front panel. 

• Sensitivity:  Broadband  15-micro-
volts: selective 10 microvolts. 

• Meter scales 0-10 and standing. 
wave voltage ratio. 

• Panel switch for bolometer voltage 
application. 

• Master  gain  control  switch  for 

attenuation factors of I. 10. and 
100. 

• Stable electronic power supply. 

Write for free bulletin. 

In Canada, address 
Measurement Engineering Ltd. 

Arnprior,  Ontario 

M ODEL MD-25 

For monitoring modulation of fixed or 

mobile FM transmitters in bands from 
30-162 inc. to comply with FCC limita-
tions of carrier frequency swing and 
reduce adjacent-channel interference. 

• Coverage 30-40. 40.50. 72-76, 152-
162 mc. 

• Flasher indicates peak modulation 
(peak carrier deviation). 

• Meter indicates peak swings of 

modulation to 1 kc. 

• Sensitivity  signal  measurements 
with approximately 1 millivolt at 
antenna input. 

Write for free bulletin. 

BR O W NI N G 
La b orat ori es,  Inc. 
Winch ester,  M ass. 
EN GI NEERED  FOR  EN GI NEERS 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(I ,aittolited /,, oil 1,1 ,/i• 72.1) 

Line Voltage Regulators 

A new series of line adjusters has hccif 
added to the Stancor line of transformers, 
manufactured by Standard Transformer 
Corp., 3580 N. Elston Ave., Chicago 18, 

These four units permit °ix-ration of 
electrical devices at 115 volts when the 
supplied voltage is 65,75,90,100,115,130, 
or 145. They meet power requirements up 

(Continued on page 76A) 

ALLISON 
' RADAR 

FOR 

MULTI-ENGINED 
AIRCRAFT 

Military • Airline • Executive 

MODELS E ES ESB 
58-65 LBS. OVERALL WEIGHT 

1. Long range. 80-150 miles. 
2. Exclusive scanning 
method. 

3. Compact. Sturdy. 
4. Easy to operate. 
Pilot control. 

5. Simplicity of maintenance. 
6. Gyro-stabilized. 
7. JAN components. 
8. RACON beacons. 

• 

ALLISON RADAR CORPORATION 
11 West 42nd St., New York 18 

PEnn 6 - 5 8 1 1 -1 2 
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EMSCO DERRICK IL EQUIPMENT CO. 

EMSCO ENGINEERED 

RADIO TO WERS 

For AM, FM, 
VHF, UHF, 
Microwave, 
Television 
and Radar 
EMSCO Towers 
are available 
for all types of 
broadcast and 
communication 
service. Backed 
by years 
of fabricating 
experience, 
Emsco towers 
are engineered 
for safety, 
performance 
and economy. 
Bolted construc-
tion and hot 
dip galvanizing 
insure long 
.life, low main-
tenance cost 
and maximum 
electrical 
conductivity. 
Self-supporting 
triangular and 
square towers 
and guyed tri-
angular towers 
are available in 
heights up to 
1,000 feet with 
wind loadings 
up to 60 lbs. 
BMA design. 

There is an 
Emsco Engi-
neered Tower 
to meet your 
needs. Write 
our Houston 
plant for 
bulletin. 

Houston, Texas • Garland, Texas 
LOS ANGELES, CALIFORNIA 

TOROIDS 
by 

...to your SPECIFICATIONS 

'MK 

.1•111110a-

Development of stabilized, high permeability cores of various 
types and grades, has greatly increased the applications of 
toroid coils in the low frequency range from 500 cycles to 
200 KC. B&W t,oroids feature high inductance and high Q 
within a minimum of space and confined electrial field. 
These features assure the highest performance in many types 

of filters or networks. 
Over fifteen years background in coil design and man-

ufacture, plus the latest toroidal coil winding equipment, 
provides a combination that makes it possible for B&W to 
meet your most exacting requirements. B&W Toroidal Coils 
are available in open types, shielded, potted or hermetically 
sealed units in addition to complete filters or networks for 
specific applications. Our Engineering Department is ready to 
assist you with your problems in the application of toroids. 

Write to 
Dept. PR-120 

BARKER &WILLIAMSONINc.. 
237 Fairfield Avenue  Upper Darby, 
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Microwave 
"Shutter" 

by TERPENING 
vl he "shutter" you see in the waveguide section above is de-

signed to close automatically when the radar is not operating. 
This prevents damage to the crystal detector, which might be 
caused by radiation from other nearby radars. 
Specifications called for very high attenuation when closed, 

extremely low attenuation when open, and fully automatic 
operation. 

As designed and produced in quantity in our plant, the per-
formance of this component exceeded our customer's expec-
tations. For example: 

with the solenoid-actuated shutter in closed position, at-
tenuation is greater than 40 db, 
with shutter open, attenuation is negligible—a few hun-
dredths of one db. 

This is a typical example of the work we are set up to handle— 
from design through production —from single component to 
entire transmission line. Although our engineering staff, lab-
oratories, and fully equipped shop are usually busy on gov-
ernment contracts, our unusual facilities may permit us to work 
with you on special components for military microwave sys-
tems. We shall be happy to talk with you about your present 
and/or future needs. 

DESIGN • RESEARCH • PRODUCTION 
Microwave Transmission Lines and Associated Components 

16 West 61st St.  • New York 23, N. Y.  • Circle 6-4760 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to writ. for literature and further technical 

information. Please mention your I.R.E. 

(Continue,/ ,,  page 744) 

to 750 va, 50 to 60 cps. The line adjuster 
input is correctable in seven steps by 
means of a .'elector switch and indicated by 
an output voltmeter. These units are also 
useful for altering a 115-volt line above or 
below that level. They are equipped with a 
line cord and plug to lit a standard outlet 
and a plug-in receptacle to accommodate 
devices to be operated. 

Vector Analyzer 
A new Vectrolyzer, Type 201, capable 

of measuring vector relations of alternat-
ing voltage from 8 cps to 500 Mc is an-
nounced by Advance Electronics Co., P.O. 
Box 2515, Paterson, N. J. 
The frequency range is 8 cps to 10 Mc 

through panel binding posts, 20 kc to 500 
Mc through probe. Input Impedances: 
probe, 2.5 pp( shunted by 1/4 megohm and 
dielectric losses; binding posts, 14 miAf 
shunted by 100 megohms and dielectric 
losses. 
The voltage range is 2, 4, 10, 20, and 40 

x'olts, full scale. I'hase angle range is 0°-
180°, and 180°-360°, ranges with better 
angular  sensitivity can  be obtained 
through panel adjustment. Accuracy is +3 
per cent through panel binding posts, ± 1 
db through probe for phase angle meas-
urements. 

(Cowin :led on pope 784) 

• MICROTOROUE Variable Resistors and 
Potentiometers require as little as .003 
in. oz. torque to operate. This unique fea-
ture makes the MICROTORQUE invaluable 
for applications where the position of in-
strument pointers,gyroscopes,and delicate 
instruments in general must be recorded, 
transmitted or indicated at a distance, 
and Giannini are the sole makers of 
MICROTORQUE Potentiometers. 
A variety of resistance values and 
circuits available. 

Wrore for booklet. 
G. M. Giannini & Co , Inc. 
Pasadena I. California 
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for your 

Raytheon 
Tube 

Requirements 
in the 

Metropolitan 
New York Area 

its 

DAUS 
Phone 

Algonquin 

5-3000 

Serving the trade for 

over a quarter century 

#1•L• 
0 415  INC 
o1f%J  
EitchoidePtozA, 

• 
175 VARICK 
NE W YORK I4,N.Y. 

Mitt az Vizite Dept /ND 

OTHER 
WORKSHOP 
ANTENNAS 

Aeronautical Ground Station 
For aircraft communi-

cations —  omnidirec-
tional. 

Directional and Bi•Directional 
For  police,  highway 

patrol, railway, fores-
try, utilities, oil fields. 

Beacon 
For fire, police, taxi-
cab, and private fleet 

communications. 

TV, FM and Amateur 

PARABOLIC ANTENNAS 
Recent installations of Workshop Parabolic Antennas have replaced 
hundreds of telephone lines 3 nd several coaxial cables. Railroads, oil 

companies, and broadcast stations report remarkable savings in in-
stallation, operation, and maintenance costs. 

The Workshop can supply parabolic antennas in a wide range of 

types, sizes, and focal lengths, plus a complete engineering service. 

PARABOLAS — Precision-formed aluminum reflectors. 

MOUNTINGS — Various types of aluminum reinforced mount-
ings can be supplied with all antennas. 

R. F. COMPONENTS — Precision machined and heavily 
silver plated. Critical elements protected by 

low-loss plastic radome. 

PATTERN  and  IMPEDANCE DATA — A series of 
elaborate measurements of both pattern and 
impedance are made to adjust the settings for 

optimum performance. 

POLARIZATION — Either  vertical  or  horizontal 
polarization can be obtained easily by a simple 
adjustment at the rear of the reflector. 

ENGINEERING and CONTRACT SERVICE — If 
your product or service requires high-frequency 
antennas, get in touch with the WORKSHOP. 
As the pioneer and acknowledged leader in this 
field, we can help you. Be it research, design, 
test, or production, our highly-skilled staff, 

backed by the finest laboratory equipment in 
the industry, can solve your antenna problem 

with a minimum of time and expense. Write, 
or phone Needham 3-0005.  No obligation. 

The WORKSHOP ASSOCIATES, Inc. 

Specialists in High Frequency Antennas 

135 Cr  nt Road, Needham Heights 94, Massachusetts 
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Here's why those in the knou 

-demand 

Patented exclusive latchlock 

device 

Shell design saves space. 

Ground contact makes first; 
breaks last. 

Hand tinned solder cups tinned 
inside only. 

CANNON 

PLUGS 

All contacts, machined from solid bar 
stock, electroplated with silver. 

Compression gland having a soft rubber bushing grips 
the cable; fibre washer takes care of bushing thrust. 
Cable entry has strain relief spring. 

Socket contacts are full-floating ... 
turn through 3600. 

Insert retaining screw 

threads into metal barrel 
instead of plastic...inserts 

can be quickly removed. 

No corners are cut ... nothing is overlooked to assure you 
outstanding performance with Cannon Plugs. So long an 

engineer's choice, the words "Cannon Plugs" have become 

part of our electrical language. Continued excellence of de-

sign ... ability to meet your changing requirements ... are 
good reasons why the Cannon line of connectors continues 

to excel where specifications must be met. XL Connector 

Series is just one of the many Cannon types—world's 

most complete line. Request bulletins by required type or 
describe your needs. 

CAN NON 

ELECTRIC 
Stnce 1915 

LOS ANGELES 31, CALIFORNIA 

REPRESENTATIVES IN 

PRINCIPAL CITIES 

In Canada & British Empiee: Cannon 
Electric Co., Ltd., Toronto 13, Ontario. 
World Export (Excepting British Em-
pire): Frazer & Hansen, 301 Clay St.. 
San Francisco. 

There are 12 items in the XL line. Insert 
arrangements available: 3 —15 amp. con-
tacts, 4 — 10 amp. contacts — working volt-
age 250 volts. Zinc and steel plugs with 

bright nickel finish are standard. Satin 
chrome finish also available on steel plugs. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

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

( ( ;limited /tom ta ,/, ;6.11 

Improved Organic Coating 
for Resistors 

An improved and thoroughly tested 
organic cement coating,  trade named 
"Phenocote," materially adds to the shelf 
and service life of the line of resistors 
produced by Wirt Co., 5221-27 Greene St., 
(Germantown) Philadelphia 44, Pa., manu-
facturers of components for the radio, elec-
trical and electronic industries. 

The new coating, when applied to re-
sistor wire which is space wound on low-
loss ceramic tubes, produces high stability 
for the resistance winding, and offers 
maximum protec:ion against moist tire, 

(Continued on page 

The New STAVER 

MINI-SHIELD 
PA N MARK REG AND PAT PEND 

The shield 

that fits all 

Miniature 

Tubes 
A flexible shield that snugly fits all 

miniature tubes because it compen-
sates for all variations in tube di-
mensions.  Mini-Shields  are  made 

for both TS 1/2  and T6 1/2  bulb tubes. 
Send for catalog sheet. 

INCORPORATED 

91 PEARL ST. • BROOKLYN 1, N. Y. 
ULSTER 5-6303 
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In " IY 1 SECOND! 
COMPLETE 

AUDIO WAVEFORM ANALYSIS 
with the 

AP-1 PANORAMIC 
SONIC ANALYZER 

OicIllograph of wave-
form to be analyzed 

"--
Panoramic Sonic An-
alysis of the same 
wave 

Provides the very utmost in speed, sim-

plicity and directness of complex waveform 

analysis. In only one second the AP-1 auto-

matically separates and measures the fre-

quency and amplitude of wave components 

between 40 and 20,000 cps. Optimum fre-

quency resolution is maintained throughout 

the entire frequency range. Measures corn. 

ponents down to 0.1%. 

• Direct Reading 

• Logarithmic Frequency Scale 

• Linear and Two Decade Log 

Voltage Scales 

• Input voltage range 10,000,000:1 

AP-1 is THE answer for practical investi 

gations of waveforms which vary in a ran 

dom manner or while operating or design 

constants are changed. If your problem is 

measurement of harmonics, high frequency 

vibration, noise, intermodulation, acoustics 

or other sonic phenomena, investigate the 

overall advantages offered by AP-1. 

Write NOW lor complete speci-
fications, price and delivery. 

PANORAMIC .7- ••• PROOUCTS in. 

••• 
0 01.04,  le ft,  r 

i fi ale Va•  DESIGNS AND PRODUCES 

•e e tt gle  and  Riled 

WAVEGUIDE 

Special Microwave 
Mixer-Duplexer Assembly 
Designed by AIRTRON 

Send for AIRTRON 
Engineering Data on 
hfirrowove Plumbing 

COMPONENTS 

7rom the smallest waveguide com-
ponent to complete transmission systems... 
from the first "dood:." memo or blueprint 

to the finished precision product ... make 
AIRTRON your FIRST source for all types of 
microwave plumbing. Unique in back-

ground, technical savvy, plant 
facilities and the WILL to 
SERVE, this organization is 
prepared to engineer and 
manufacture your staple or 
special requirements in: 

Mixers 
Duplexer Assemblies 

Magic Tees 
Woveguide Switches 

Elbow Bends 
Elbow Miters 
Twisted Sections 
Rigid Twists 
Choke Fittings 

Flexible Waveguides 
Straight Section 
Rotary Joints 

nift*ig. 
105 East Elizabeth Ave, Linden, New Jersey 

BRANCH OFFICES 
Baltimore  Los Angeles  New York 
Boston  SI, Louis  Dallas  Dayton 

It f  I Pi 
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H & P lighting equipment, consistently 
specified by outstanding radio engineers, 
is furnished as standard equipment by 
most leading tower manufacturers 

Defoencia.64 

PERFORMANCE 
at 

40WER COST 

TO WER 
LI G HTI N G 
EQUI PME NT 

300 M M 
CODE BEACON 
Patented ventila• 

tor dome circulates 
the air, assures 
cooler operation, 
longer lamp lift 
Concave base 
with drainage 
port at lowest 
point  Glass-to-
glass color screen 
supports virtual-
ly eliminate color 
screen breakage 
Neoprene gaskets 
throughout. 
CAA approved 

MERCURY 
CODE FLASHER 
Lifetime-lubricat-

ed ball bearings. No 
contact points to 
wear out. Highest 
quality bronze gears 
Adjustable, 14 to 52 
flashes per minute 

SINGLE and DOUBLE 
OBSTRUCTION 

LIGHTS 

Designed for 
standard A-21 traffic 
signal lamps  Pris-
matic globes meet 
CAA specifications. 

"PECA" SERIES 
PHOTO-ELECTRIC 

CONTROL 
Turns lights on at 

35 Lc.; off at 513 f.c., 
as recommended by 
CAA. High-wattage 
industrial type resis-
tors. Low-loss circuit 
insulation 

ALSO COMPLETE LIGHT KITS 
FOR A-2, A-3, A-4 and A-5 TO WERS 

PROMPT SERVICE and DELIVERY 
First-day shipments out of stock. 

Immediate attention to specifica-
tions and unusual requirements 
WRITE OR WIRE FOR CATALOG 
AND DETAILED INFORMATION 

HUGHEY IL PHILLIPS 
TOWER LIGHTING DIVISION 

326 N. LA CIENEGA BLVD. 
LOS ANGELES 41, CALIF. 

60 E. 42ND ST. NEW YORK 17, N. Y. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 784) 

humidity, and electrolysis. Inert chemi-
cally, it will not affect the most delicate 
windings; however, it is recommended for 
both fine and larger wire sizes. The im-
proved coating may he applied to fixed-
variable, ferrule, and Edison base styles of 
resistors. 

Intermodulation Meter 

Measurements Corp., Intervale Rd., 
Boonton, N. J., announces the develop-
ment of a completely self-contained inter-
modulation meter. 
This new laboratory standard, Model 

31, consists of two principal sections, a test 
signal generator and an analyzer. The gen-
erator section produces two sinusoidal volt-
ages, one of low frequency and the other 
a high frequency, which are mixed in a 4/1 
voltage ratio and applied to the apparatus 
under test. 

The signal is then received by the 
analyzer section, where it is filtered, ampli-
fied, demodulated, aml metered. The meter 
is direct-reading in percentage of inter-
modulation and input volts. 
This instrument is useful for evaluating 

the performance of audio systems, Is the 
adjustment and maintenance of ANI and. 
FM receivers and transmitters; tor check-
ing linearity of film and disk recordings and 
reproductions, for checking phonograjih 
pickups and recording styli, for adjusting 
bias in tape recordings, for quality control 
of all audio components and equipment, 
and for many other applications. 

Bolometer Bridge 
The General Radio Co., 275 Massachu-

setts Ave., Cambridge 39, Ma-s., recent I 
developed t he Type 1(1)51-  bolometct 

j bridge for maximum flexibility in applica-
I lion, so that it can be adapted to a variet y 

(Continued on page 814) 

with Haydu 
burner equipment! 

HOT SHOT 

BOMBARDER 

7 KVA  $130.35 

HIGH COMBUSTION 

ADJUSTABLE 

RIBBON BURNER 

Complete as illustrated, lb'  $77.75 

Without Floor Bose  $57.75 

Without Floor Base and Economizer 

$47.75 

CROSSFIRES 

Code CF —$29.95 
5..ay will, mixer. 

AIR PRESSURE 
BLOWER No. 24 

With base and ' 2 HP 
motor  $171.55 

Less motor and base 

$121.25 - TORCH 

Code HB•8 I 

$10.75 

CENCO MEGAVAC PUMP 
With base and 1/2  HP motor  $198.00 

Increase job capacity, job quality, and 
profit margins for your glass business 
through  modern,  laboratory-tested 
Haydu products! 

Everything for the Nebn Industry 

HAYDU BROTHERS 
Pl ainfi el d,  N.  J. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Continued from page 80.4) 

of power measurement problems. It can be 
used, not only with General Radio bolom-
eters, but also with those of other manu-
facture having resistances between 25 and 
400 ohms. Measurements can be made 
either by a direct-reading or a substitution 
method. Current range is 0 to 100 ma; 
power range is 0 to 500 milliwatts. 
Matching transformers and other ac-

cessory equipment can be assembled from 
General Radio Type 874 coaxial elements. 

Plant Expansion 
The General Electric Co., Schenec-

tady, N. V., has announced that it will 
reopen its Clyde, N. Y., plant and transfer 
the production of germanium products 
now made at the GE, Thompson Rd. plant 
in Syracuse to the Clyde factory. 
W. R. G. Baker, company vice-presi-

dent and general manager of the GE 
Electronics Dept., said the transfer is being 
made because of expanded production re-
quirements for these products, and also to 
make room for increasing government 
business at the Syracuse plants. 

(Continu M mi page 82.4) 

TWIN LEAD, TELEVISION 

LIGHTNING 
ARRESTER 

APPROVED for OUTDOOR-INDOOR Use 1 25 
Pro tects Television Sets 
Aga inst Lightning and Static 
Charges  Twin Lead 

el SAFE  GUARD 
Simple to install CN er) where and anywhere 
...no stripping, cutting or spreading of 
wires. More than 300,000 in use today! 

SEE YOUR JOBBER OR WRITE TO 

JFD MANUFACTURING CO., Inc. 
6127 16th Avenue, Brooklyn 4, H. Y. 

First In Television Antennas L Accessories 

44-4 

CRYSTALS FOR THE 

CRITICAL 

It's a sure bet that once you've used a JK 
stabilized crystal, you'll be back for more. 
Their dependability has earned them pref-

erence across the nation with electronics man-
ufacturers everywhere. 
What's more, there's a JK crystal to fit every 

need—available at modest cost in single 
units or in production quantities. 

BROADCAST STABILIZED UNIT —JK57MT 
The new .1K57MT has frequency range from 400 kc to 1750 kc. Nominal 

temperature 60°C  ±-1°. Adjustable frequency •-i-.01%, so it can 
be put on exact frequency in your equipment. 6.3 vOlt 1.5 amp. heater. 
Completely insulated, will hold temperature to —20°C. Can be supplied 
with octal base (11017MT) with or without thermometer, and set for 
various temperatures. 
This new crysti.i features a unique and more positive method of 

varying the gap. Unlike conventional crystals, in which the entire 
electrode turns tothange the frequency, the JK57MT variable electrode 
only moves up and down in guides like a piston. This completely 
eliminates any danger of damaging the crystal. 

SPECIFICATIONS 

• BANDWIDTH 
40 MC — 220 MC 

• IMPEDANCE 
52, 72, and 93 OM un-
balanced, 300 ohm balanced 

• GAIN   20 db 
• OUTPUT VOLTAGE 

4 rolls RMS Maximum 
• RESPONSE 

± 2 db over bandwidth 
• PRICE 
5200.00 f.o.b. Cambridge, Mass 

SANDWICH, ILLINOIS 

With the Model 212TV Amplifier — 

SKI. — introduces for the first time a single broad 

band booster capable of amplifying all 13 tele-

vision channels simultaneously. Because of its sta-

bility and reliability — a tube failure means only a 

slight loss of gain, not amplifier failure — the 

Model 212TV Amplifier can be safely left unat-

tended for long periods of time. Its low noise level, 
high output, and low impedance make the Model 

212TV Amplifier ideal for television distribution 

systems in hotels, apartment houses, sales rooms and 
television stations and manufacturers' plants. 

Write today for further information 

S 
1 SPENCER KENNEDY LABORATORES INC. 

IL 186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 
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NE WS—NE W PRODUCTS News--New Products 

How Technical Books Are Bought 

By Harry C. Waterston 

Mr. Waterston is president of Waterston & Fried, Inc., an 

advertising firm which handles such accounts as Wiley, 

Reinhold, and Cornell Maritime press, technical and trade 

journal publishers. 

Have you ever thought about the 
book buying habits .of the scientist or 
technician? Does he generally buy his 
books front a bookstore or through an 
advertisement in a professional journal? 
Is he influenced more by book reviews 
than by personal recommendations in 
his selection of books? 
The factors that influence book 

buying in the technical and scientific 
fields have been of great interest to us. 
Often  we have asked  technically-
trained friends alul acquaintances how 
and where they bought books. We have 
checked with publishers whose accounts 
we handled, for their experiences and 
opinions. However, we found many 
divergent theories among publishers as 
to how technical books are bought. 
Our interest in this subject stems 

from the fact that for almost a decade 
we have been preparing advertising for 
books written for special audiences. 

Chemistry, music, business, medicine, 
aeronautics, art, radio electronics and 
many other subjects are included in the 
list of titles we have promoted. 
Recently, we were discussing with 

William Copp, advertising manager of 
the PROCEEDINGS OF I .R. E., the need for 
factual information on what influenced 
people to buy technical books. We both 
agreed that a survey should be made to 
secure this important information. 
Mr. Copp told us that he and the 

Institute of Radio Engineers would be 
glad to finance such a survey, and he 
suggested that our company conduct it. 
We were delighted to offer our name 
and facilities to such a worthwhile 
cause. 
‘Ve decided to select 1,000 readers 

of the PROCEEDINGS OF I . R . F.. From 
the list of subscribers we chose the first 
forty names of each letter of the alpha-
bet.  (Continued at Right) 

Ve gait S.S. WHITE 80X 
HIGH VOLTAGE RESISTOR 

g.-
(' 2 Actual Size) 

4 watts • 100 to 100,000 megohms 

Developed for use as potential 
dividers in high voltage electro-
static generators, S.S. White 80X 
Resistors have many characteris-
tics—particularly negative tem-
perature and voltage coefficients 
--which make them suitable for 
other high voltage applications. 
They are constructed of a mix-

ture of conducting material and 

binder made by a process which 
assures  adequate  mechanical 
strength and durability. This 
material is non-hygroscopic and, 
therefore, moisture-resistant. The 
resistors are also coated with 
General Electric D6-flint which 
further protects them against 
humidity and also stabilizes the 
resistors. 

WRITE FOR BULLETIN 4906 
It gives complete information on S.S. White 
resistors. A free copy and price list will be 
sent on request. 

I M O 4 2 i #IP 

INDUSTRI AL DIVISION 

DENTAL NIFC.CO. e__Dept. G-R 10 East 40th St. 
NEW YORK 16, N. Y. 

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

((  fr, ors 1,11) 

HOW TECHNICAL 
BOOKS ARE BOUGHT 

The questionnaire was mailed on our 
firm's letterhead. In introducing the sub-
ject, we said, "One of our mutual friends 
in radio and electronics has asked us to ob-
tain some information on the book inter-
ests and buying habits of leading radio 
engineers." 
Of the 1,000 questionnaires mailed, 17 

were returned undelivered, 290 subscribers, 
or 29% of the balance, returned the form 
with the answers filled in. Replies came 
from Canada, Colombia, France, Israel, 
Venezuela, Cuba,  India, Sweden and 
Hawaii, as well as from all parts of the 
linited States. 
The first question was, "Approximately 

how many technical and scientific books do 
you buy in a year?" Several replied that 
they bought as many as 40 to 50 books. 
One said that he bought $100 worth, but 
the average was more modest. Here is the 
tally: 

1 to 5 books  
6 to 10 books   29% 
More than 10 books    

"What is your usual method of purchasing 
these books?" was the next question. Here 
we listed four choices and an "Other" for 
those who purchase their books in an un-
usual manner. 

Buy books from bookstores... 
Through purchasing agent or 
other person in own organi-
zation   

Clip coupon from ads   
‘'rite or phone publisher   
Other: School and engineering 
societies,  distributors  of 
radio parts, desk copies, etc. 

57'; 

28% 
; 

47% 

Many checked more than one method 
of purchasing books, 
"What guides you in the selection of 

technical books?" Four choices and an 
"Other" were listed here. 
Due to a clerical error, "publisher's 

literature" was omitted from the question-
naire. However, the opportunity for a 
"write-in" vote was available to any sub-
scriber under "Other" guides to selection. 
Fortunately, every book publisher has 
exact figures on the selling ability of direct 
mail  literature.  Notwithstanding  this 
omission, we believe the statements made 
by those participating in this survey .still 
give us a clear picture as to what influences 
them in the selection of technical titles. 

Personal recommendation by 
associates in the field   64%, 

technical 
66% 

Book  reviews  in 
magazines   

Recommendation  of  book 
salesman   

Advertisements for books in 
technical magazines 

(Continued on page 84A) 
37% 
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FREQUENCY 

SHIFT KEYER 
Type 105 
Model 4 

HIGHEST STABILITY in Quality Communications 
In today's high-speed telegraph, teleprinter and multi-channel radio com-
munication systems—more than ever before—utmost stability is a vital need. 

Northern Radio's exclusive answer is the Type 105 Model 4 FREQUENCY 
SHIFT KEYER. Its highly stable oven has a temperature control of -L 0.1 C 

at 60 , with heaters on 4 sides of the inner oven—giving this unit frequency 
stability unmatched in the industry. And, greatest ease of operation is assured 

by its completely direct-reading dials. 

See the specifications on this outstanding model in the 1950 IRE Directory. For complete 
data on the precision-built Northern Radio line, write today tor your tree latest Catalog P-I. 

143-145 West 22nd Street HORMEMB RAEMD riagYANZ inc. • New York 11, N. Y. 
Pace- Setters in Ouality Communication Equipment _ 

INCREASED ACCURACY 

• SWEEPS .01 sec cm to .1 psec/cm 

Accuracy 5% or greater. 

• .04 psec RISE TIME 

• FULLY REGULATED POWER 

SUPPLY. 

• VOLTAGE CALIBRATOR 
5% Full Scale Accuracy. 

TEKTRONIX TYPE 511 AD OSCILLOSCOPE 

Price $845.00 f. o. b. Factory 

Increased accuracy in sweep time calibration is made possible by the use of 
dual Sweep Multiplier dials. The 2 megohm variable carbon resistor formerly 

used has been replaced by a combination of 1% fixed resistors and a 

variable element which comprises only 10% of the total. 
Electronic regulation of all DC voltages preserves the inherent accuracy 

regardless of severe line voltage variations. 

Writ. for further information on the Type 511 AD 
and other Tektronix instruments. 

TE KTRONIX, IN C.  
712 S. E. Hawthorne Blvd. Portland 14, Ore. 

Encyclopedia on Cathode-Ray 
Oscilloscopes and Their Uses 

by John F. Rider and Seymour D. Uslan 

ANS WERING THOUSANDS OF VITAL 
QUESTIONS CONCERNING OSCILLOSCOPES 

,More than two years were devoted to the writ-
ing, checking, editing, and compiling of this cross 
section of knowledge on cathode-ray oscillo-
scopes, theory and applications, embracing all 
fields of activity. 
It is the FIRST and ONLY book available to the 

engineering fraternity which offers complete cov-
erage of the oscilloscope as a laboratory facility. 

CONTENTS 
1—Introduction; 2—Principles 

of electrostatic Deflection and 
Focusing; 3—Principles of Elec-
tromagnetic Deflection and Fo-
cusing; 4—Mechanical Character-
stics; 5—The Electron Gun; 6— 
Deflection Systems; 7—Screens; 
8—Spot Displacement; 9—Linear 
Time  Bases (Sweep Circuits); 
10—The Basic Oscilloscope and 
Its Modifications; 11—Synchro-
nization;  12—Phase  and  Fre-
quency Measurements; 13—Non-
linear Time Bases; 14—Auxiliary 
Equipment;  15—Testing Audio 
Frequency Circuits; 16—Visual 

Alignment of AM, FM, and TV Receivers; 17—Waveform 
Observation in Television Receivers; 18—AM, FM, and 
TV Transmitter Testing; 19—Electrical Measurements 
and Scientific and Engineering Applications; 20—Com-
plex Waveform Patterns; 21—Special Purpose Cathode-
Ray Tubes; 22—Commercial Oscilloscopes and Related 
Equipment; Appendix I—Characteristics of Cathode-Ray 
Tubes; Appendix II—Cathode-Ray Tube Basing; Appen-
dix III—Photography. Bibliography. 
Planned and written to serve all fields, it is of 

inestimable value to persons in all forms of research; 
electrical, medical, industrial, geophysical, atomic— 
civilian and military—for visual analyses of all electric 
and magnetic phenomena, and many nonelectrical ac. 
tions such as vibration, pressure, rotary motion, heat, 
light, etc. . . . 
An outstanding feature of this book is a most useful 

and comprehensive compilation of 1600 complex wave-
form patterns listing the harmonics and the exact 
phase and amplitude of each. This information has 
NEVER BEFORE BEEN PUBLISHED! All 'scopes produced 
during the past 10 years, a total of more than 70 
different models, are clearly described—with specifi-
cations and schematic wiring diagrams. 

Appendixes on the characteristics of Cathode-Ray 
Tubes, RMA Cathode-Ray Tube Basing Charts, and 
Cathode-Ray Photography; with an extensive Bibliogra-
phy furnishing additional sources of related infor-
mation. 
992 Pages • 500,000 Words • 3,000 Illustrations 
22 Chapters • Completely Indexed • IPA x 11" 
Size • Easy to Read • Cloth Bound. 
Weighing 51/2 lbs., this book Is the most valuable, 

information-packed reference for engineers, geophysi-
cists, technicians, manufacturers, teachers, libraries, 
Armed Forces schools and laboratories, college labora-
tories, research laboratories, etc.  Only $9.00 

10-DAY MONEY-BACK GUARANTEE 
Make this book PROVE its value , Unless you agree 
that it is everything we claim it to be—return the 
book, in good condition, for refund. 

Rush This Coupon Today 

JOHN F. RIDER PUBLISHER, INC. 
480 Canal Street, New York 13, N.Y. 
Please ,e1111 xiv stmr  ENCYCLOPEDIA ON 

CATHODE-RAY OSCILLOSCOPES AND THEIR 
1 HES" on your 10-cloy NIONEY-RACK liCARAN• 
TEE. If not satisfied. I .111 retool  hook. iii n' 
ionilition. for refund. 

Name 

A   

City  Zone  Stets 

SAYE POSTAGE. If you enclose cheek or money-
order WITH coupon, we will prepay owls.' eh aaaaa . 
Money back If you return the book withino  10 cloys. 
Cheek Encl.  Meney•Order Encl.  0 C.O.D. 13  j 
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News—New Products 

INTERMODULATION METER 31 Model 

• I 'ompletely Self-Contained 
• Direct Reading For Rapid. 

Accurate Measurements 
To insure peak performance from all 
audio systems; for correct adjustment 
and maintenance of AM and FM receiv-
ers and transmitters; checking linearity 
of film and disc recordings and reproduc-
tions; checking phonograph pickups and 
recording styli; checking record matrices; 
adjusting bias in tape recordings, etc. 

MEASURE MENTS 

CORPORATION 

BOONTON 9 NE W JERSEY 

GENERATOR 

LOW FREQUENCY: 60 cycles.* 

HIGH FREQUENCY: 3000 cycles.* 

LF/HF VOLTAGE RATIO: Fixed 4/1. 

OUTPUT VOLTAGE: 10v. max. into 

high impedance or  • 5 DB M 

matched to 600 ohms. 

OUTPUT IMPEDANCE: 2000 ohms. 

RESIDUAL IM: 0.2 % max. 
(*Other frequencies on specto/ order) 

ANALYZER 

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

for operation. 

INPUT IMPEDANCE: Greater than 400 

K ohms. 

INTERMODULATION: Full scale ranges 

of 3, 10 and 30%. 

ACCURACY:  • 10% of full scale. 

OSCILLOSCOPE connection at meter. 

•:•.Q...LL9.1..LLILL.L.L WILJUZJUL9 CLSUULL9 W  Q W L9 LSI L9 4.9_9 LSLILSUL9   

TELEC HR O ME 
ANN OUNCES A NE W LINE 

• COLOR AND MONOCHROME 

PICTURE GENERATORS 

• COI OR SYNC GENERATORS 

• COLOR MONITORS 

• COMPLETE STUDIO TYPE COLOR 

EQUIPMENT FOR DOT, LINE OR 

FIELD INTERLACE SYSTEMS BUILT 

TO YOUR SPECIFICATIONS 

TELEC HR O ME 
I N C O R P O R A T E D 

295 W. SHORE DR., MASSAPEQUA, N.Y. 

These manufacturers have invited PROCEEDINGS 

ceders to write for literature and further technical 

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

(Continued from page 52/1) 

Publisher's literature   
(Written in tinder "Other." 
See preceding paragraph.) 

Other (Personal perusal, li-
brary, bookstore, publisher's 
showroom,  borrow  !took, 
knowledge of author   

I 5' ; 

15% 

Here, too, more than one classification 
was checked by most participants. 
It is interesting to note that, while 52% 

purchase books front bookstores, only 2% 
say they are influenced by the recom-
mendations of a book salesman. It is obvi-
ous, therefore, that the technical book 
buyer must be sold on a book  its subject 
matter, its advantages to him in his field, 
the name and authority ofthe author, and 
its publisher—before he walks into a book-
store. 
Another interesting point is that while 

37%, admit that they are influenced by 
book advertisements in technical publica-
tions, only one-fourth of these actually. 
clip coupons from ads to purchase books. 
We also thought it would be a good 

idea for technical people to express their 
preference for book publishers in their 
field. This question was asked: 
"What book publishers do you consider 

publish the best books in your field?" No 
check-list was supplied here. Each person 
wrote the names of the publishers he 
thought best. A total of thirty-seven pub-
lishers was named. The leaders were: 

McGraw-Hill   84c,;, 
John Wiley & Sons   61 (;;• 
Van Nostrand   30% 
Dover   6% 
Prentice-Hall   
Macmillan   5% 
Cambridge University -   3% 
Oxford University   2%. 

No questionnaire is complete without 
some space for "Special Remarks." So we 
provided space for free expression for those 
who were good enough to take the trouble 
to till out the form. The following are a 
typical "cross-section" of the continents 
we received. 

A Canadian commented: 

"Textbooks are very expensive in 
Britain. American books are prohibitive 
now on devalued Sterling." 

A Cambridge, Mass. subscriber offered this 
suggestion: 

"Eliminate elementary review material 
front many books and thereby reduce the 
price, which is generally too high." 

A Brooklyn. N. 1'. member observed: 

"Most books in the field tend to start 
with too few assumptions about the knowl-
edge of the reader. Elementary material 
should be confined to strictly elementary 
texts. This is a policy that all publishers 
should follow more consistently than they 
do." 

(Continued on page 85A) 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 84.4) 

From Buffalo, N. Y. (after mentioning the 
three leaders): 
"Other technical publishers are ap-

parently too proud to push their wares." 

Front Dallas, Texas: 
"Would undoubtedly buy more techni-

cal books were it possible to 'look them 
over'  locally ... publishers are selling 
their market short-scientific men must be 
by nature and necessity eager for books, 
and reduced prices should reap a large in-
crease in sales volume." 

A Naval Commander in Portsmouth, Va.: 
"Electronics books should be published 

in cheaper (possibly paper) editions. Con-
sidering their high rate of obsolescence 
they cost too darn much!" 

East Chicago, W. contributed: 
"A book prepared by a single author of 

outstanding reputation in his field is su-
perior to one produced through a collabo-
ration of many authors." 

Front Old Saybrook, Conn., 
"Would like to see more books on the 

Philosophy and  Nature of  Scientific 
Theory to arouse interest in fundamental 
research in this country." 

A Challenge from Pasadena, Cal.: 
"There ought to be a more effective 

way of bringing books to the attention of 
scientific people than methods now in use." 

This St. Paul, Minn. subscriber was very 
critical: 
"I find that manufacturers' data is 

generally as complete and cheaper-too 
many books carry the same material." 

A Cynic from Pittsburgh, Pa. cried: 
"What best books? Most are revisions 

of revisions." 

An  Advertising-conscious  New  Yorker 
wrote: 
"Advertisements undoubtedly have an 

unconscious effect in my purchases of 
technical literature." 

Improved Flexible Electrical 
Conduit 

An improved flexible electrical conduit 
has been devised by Elliott Solero, of 
National Electric Products, Corp., P.O. 
Box 897, Pitt sburgh .30, Pa. 
The conduit consists of an inner woven 

tubing made of longitudinal  Fibergla.s 
yarns, and a spiral wrapping of metal foil, 
with an outer braided jacket of aluminum, 
wire. Conventional construction makes use 
of a spiral armor of interlocked aluminum 
strip over a braided aluminum wire jacket. 
Using less metal than the conventional 

type, the new conduit is lighter, has greater 
flexibility, affords more uniform shielding 
and provides better resistance to damage 
front moisture, flame, oil spray and fungus. 
The new flexible conduit is expected to 

find wide usage in applications involving 
high-frequency currents -- -notably in air-
craft radar equipment, automotive radio 
insulation, etc. 

(Continued on page 864) 

R-80 W-PP 
Current 16 amps. 

HERMETIC SEALI N G 
C O M P O N E N T S 

/4o utouncutg: AN IMPORTANT ADDITION / 
TO THE E-I FAMILY OF SEALED LEADS-

RR-60 W-HP 
Current 10 amps. 

RR-60 W-PP 
Current 10 amps. 

R-90-71 
Current equal 

",  to copper lead I \ +10 amps. 
; I  \ 

• 

• 
vio • 

• 

ae 

NEW R and RR 
SERIES TERMINALS 
A corrfpletely new line of double barrel 
terminals that provide added protection 
against flashover without any appre-
ciable increase in terminal size. The 
double barrel results in a longer leakage 
path on both ends of the terminal 
while the upper barrel increases the 
mechanical strength of the terminal 
and facilitates soldering. For 
information call or write today. 

Write for These Descriptive Bulletins: 
849 - Hermetically Sealed Terminals 
850  Hermetically Sealed Headers 

851 -Gasket Type Bushings 

aie-spaced aeficulated 
R.F. CABLES 

Low AMA 
TYPES THE LO WEST EVER 

CAP ACIT ANCE OR 
A T TE N U A TI O N 

Ire are 
specially organ/Sea/to Or 
SPOT DELIVERIES TO U.S.A 
66/e your rush on*, for 
sh/pmeht q aii• fre4ht 
Seh/emeht 4 your own eked 

TRANSRADIO LTD 
CO NTRAC T O R S  TO  H P.1.  CO V N ME N T 

138A CRomWELL FLOAD•LosiDoN sw7 ENGLAND 

CA W. TRANIRAO ZONAOON. 

ELECTRICAL INDUSTRIES 
I N C O R P O R  s  T  E D 

44 SUMMER AVENUE  •  NE WARK 4, N. J. 

IMMO 
OHMS 

/1.14,13 ley1 7;0 4444 4 

All th LOADING 
LiblOON 

/4474 
0 D" 

Al 74 

74 

1.7  0.11 

1.3  0.24 

06  1 5 

0.36 

0-44 

0.88 
A2 

A 34 73 

LOW (ARA( 
TYPES 

CADA( 
r,”//e 

NANO 
OHMS 

sires 
,11,100/1 
1061•14, 

OD" 

C 1 7.3  150 2.5 0.36 

PC 1 

C11 

C 2 

10.2 

6.3 

6.3 

5.5 

132 

173 

171 

184 
197 

220 

3.4 

3.2 

2.15 

2.8 
1.9 

2.4 

2.1 

0.36 

0.36 

0.44 

0.44 

0.64 

0.64 

C22 

C 3 5.4 

4.8 C 33 

C44 4.1 252 1.03 

# very low eetrpoedarle, 
em4/e 

NIGH POWER 
FLEXIBLE 

PHOTOCELL 
CABLE 

PROCEEDINGS OP THE I.R.E. December, 1950 8.7,A 



BOONTON •14-J USA 

ACME ELECTRIC CORPORATION  • 4412 Water St., Cuba, N.Y., U.S.A. 

— 

TRANSFORMERS 
You write the specifications and 

Acme  engineers  will  design  a 

transformer with the exact output 

characteristics to provide "top" per-

formance for your product. And re-

member, in addition to quality per-

formance, Acme also can provide 

quantity production in custom de-

signed electronic transformers. 

el/1ff Jima ifidaata-
----A7ir____ 

...Quickly and 

Accurately— 

with this TYPE 110-13 

C2X-CHECKER 

The QX-Checker is a production type test instru-
ment specifically designed to compare the 
reactance and relative 0 of small RF inductors 
with approved standards. The two factors, re-
actance and relative Q, are separately indicated, 
one on the meter and the other on a condenser 
dial, so that the deviation of either from estab-
lished tolerances is immediately shown. Built to 
laboratory standards, the OX-Checker is a sturdy, 
foolproof instrument for use in production work 
by factory personnel. 

SPECIFICATIONS 

OSCILLATOR FREQUENCY RANGE: 1.5 to 25 mc. in 3 
ranges using accessory plug-in-coils (two coils fur-
nished with each instrument). 

61iADIO 
()tali-a/c 

ACCURACY OF COIL CHECKS: Inductance values be-
tween 5 and 35 microhenries may be checked to an 
accuracy of  0.5 %. Smaller values down to 0.1 
microhenries may be checked with decreasing 
accuracy. 

INDICATING SYSTEM: 0 indicating meter with well ex-
panded 31/4 '. scale shows departure of 0 from 
nominal value. Vernier condenser scale calibrated 
directly in terms of percent departure from known 
standard over range of  15 % to - 20 %. Capaci-
tance scale is also provided reading changes of  50 
mml. Re 1-50 mmf. from nominal circuit capacitance 
of 300 mmf. 

POWER SUPPLY: 110-125 volts, 50-60 cycles, also 200-
250 volts, 50 cycles. 

DIMENSIONS: Width 12 1/4  Depth 18 -, Height 8. 

WEIGHT: 26 lbs. PRICE: $415.00 f.o.b. Boonton, N 

lontried supply of these instruments 
available from stock. 

DESIGNERS AND MANUFACTURERS OF  THE "0" METER 

GENERATOR .  BEAT FREQUENCY GENERATOR . 

OX-CHECKER .  FREQUENCY MODULATED SIGNAL 

AND OTHER DIRECT READING TEST INSTRUMENTS 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(  minuet' from page S.1.1 

New Small Coupler 
A new  mitrifinatch, Nlodel 370, m2ries 

designed as a transmitter component to 
continually monitor rf power output, 
vswr, and sidetone is being produced by 
M. C. Jones Electronics Co., 90 Main St., 
Bristol, Conn. 

Model 570 has a frequency range of 20 
to 2,000 Mc., and an impedance of 31 
ohms. It is supplied with 13G-9/tic cable, 
or female N type connector which accepts 
CG-2I /3' connector attached to RG-9/1" 
cable. 
Meter scale reads 0 to infinity: A vswr 

of 3.0 corresponds to approximately half 
scale deflection. 
Audio frequency output available for 

monitoring when used with an AM trans-
mitter. 

(Continued on page 87A) 

don't fail 

to see the 

AMPEREX 
TUBE 

advertisement 
next month 

(January issue) 

on the inside 

front cover 

AMPEREX ELECTRONIC CORP. 
73 ,NASNINGION STREET, MO WN I. N. 2. 

In (seeds lea Newleandland ..11•Nos 
II.I1 Irenklige Read. leat.dt. Tennis, Ontario, (  

kAl 

1 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your  affiliation. 

(Continued from page 86A) 

Frequency Standard 
The IICW I pe 2005, frequency stand-

ard, with an output frequency of 60 cps 
accurate to 1 part in 100,000 in tempera-
ture range from 0 to 60° C, lias been de-
signed by American Time Products, Inc., 
580 Fifth Ave., Nev, York 19, N. V. 

Output power is 10 watts, 115 volts 
approximate sine wave. The input is 115 
volts, 50 to 400 cps 45 watts. 

r o ofed 'ii t,roe ".-I , 

Compare 
for results! 

Compare 
for price! 

and you will choose 

the GREEN 
ENGRAVER 

The Green  En-
graver  offers 
great speed and 
convenience.  Quickly 
cuts up to four lines 
of letters from 3/64" to 1" on curved 
or fiat surfaces whether made of metal, 
plastics or wood ... operates by Mere-
ly tracing master copy — anyone can 
do an expert job. Special attachments 
and engineering service available for 
production work. Just the thing for 
radio, electronic apparatus and instru-
ment manufacturers. 
For quality engraving on 
• Panels • Name Plates • Scales 

• Dials • Molds • lenses • Instruments 
. . also does routing, profiling and 

three dimensional modeling. 

GREEN INSTRU MENT CO. 

31,1 Putnam Ave 
Cambridge, Mass. 

•  •  • 

I  .1 II 
olv  avattahle 

for the first time ... in convenient reference form 

comprehensive technical, test 

and application data on 

----  NEI' 1'11E11011S METAL ALI III S 

NEN PRECIOUS ?RETAILS FOR 

hes  Wipers 
Sliding Contacts. Brus   

Slits R'ngs 

Commutator egn14: ntS 

Resosionce Ohre 

e Wernitesistan t Ports 
ti orlo wv   

"ri-mS 
COMPAN Y 

E  a 

- • 

E 

SEND FOR THIS 
USEFUL DATA BOOK 

for sliding contacts, slip rings and non-

corrosive, wear-resistant parts 

This catalog contains the boiled-
down results of more than ten years' 
work in the solution of special con-
tact and bearing problems in the 
electrical, electronic and scientific 
instrument fields. In addition to out-
lining the characteristics, applica-
tions and physical properties of Ney 
Precious Metal alloys, photographs 
and dimension drawings of a wide 
range of contacts, wipers and 
brushes now available as standard 
production items are also included. 
Engineers and designers are invited 
to write for copies of this useful 
data book, Bulletin R-12. We also 
offer the Ney Research Department's 
important reservoir of practical ex-
perience in this field for work on 
new or special applications. 

THE I. M. NEY COMPANY 
171  EL M STREET, HARTFORD, l'ONIN. 

SPECINI ISTS  P1)11:111US ‘IFIAI  SINCE 181'2 

RUNNING TIME 
METER 

• 9999.9 hour range 
• 10,000 hour automatic reset 
•  55 to I 55° C. operating temperature. 

• Designed for use on AC lines 
where successful servicing of elec-

tronic or electrical equipment de-

pends upon the regular servicing of 

such equipment based on actual op-
erating for idle) time. Unit has a 

range of 9999.9 hours and resets 

automatically at 10,000 hours. Can 

be supplied for either 120 or 240 

volts. 60 cycle operation and has 

operating temperature of —55 to 

55° C. 

• The Running Time Meter is housed 

in Burlington's attractive, black bake-
lite 3" square or 31/2" round case. 

Write Dept. I. 120 for further details. 

BURLINGTON INSTRUMENT COMPANY 
BURLINGTON, IO WA 
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independent amplifiers for each beam — 
no electronic switching. 

Y01.1 can um. LO OK TWIN BEAM 
SCOPES in sour work! Here are is 

few report,. at tile innumerable applhi-
eat ions   possibly . . . 

Cement  lieseareh  Loh  mea.ore.  mound 
,elocit,  in  concrete  ailli  Model  1 1E15 
mea.tiring  dela)  betaeen  iran.iiiited  and 
refleried imnir puke.. 

Trona farmer  II an afar, firer mer.  1035 to 
mea.tire ainding imbalance 
romp:  in of ,oltage. On two phai.e.. 

;lima  of radar tide.. .t age e foie. 
1035 to compare input and  aa.e, For 
gain, pha.e mhift :Ind ill.torilon. 

Boxcar manse or hirer ',I. up plia.e .1011 
control. in ',pot »elder aith 

l tide° amplifier mana art arm- u.e.  1 019 
to balance [midi-pall eirriiii... 

MODEL 1049 

11 'AI,. !Node.. bor 41..14,81% 
rind 'Iv gm, n•tr tun", ! 

I .e Model 1035 for fa.t  amplifier application.. 
I  Model 14/1.i for .loa  sain Ile amplifier aork. 

5111.11•1  i 1214 1 .0opra for 001 or too. M U  hie n  rerfordine. 

COSSOR  (CANADA)  LIMITED 
301-303 Windsor Street, Halifax, N. S. 

BEA M  INSTRU MENTS  CORPORATION 
Room 907, 511 5th Avenue, New York 17, N.Y. 

NEW WIDE BAND D. C. AMPLIFIER 
MODEL  120 

A precision instrument designed for use as a preamplifier in conjunc-

tion with an oscilloscope, vacuum tube voltmeter or other instruments. 

SPECIFICATIONS 

FREQUENCY RESPONSE: Within L4-_ 1 db between 
D.C. and 100,000 cycles per second. 

GAIN: Approximately 100. 

INPUT CONNECTION: Double channel, can be 
used for single ended and push-pull signals or as a 
differential amplifier. 

INPUT IMPEDANCE: One Megohm shunted by ap-
proximately 15mmf in each channel. 

DUAL INPUT ATTENUATOR: One to one, 10 to 
one. 100 to one and "off" positions in each chan-
nel independently adjustable. 

OUTPUT CONNECTION: Push-pull or single ended. 

OUTPUT IMPEDANCE: Less than 50 Ohms single 
ended or 100 Ohms push-pull. 

HUM AND NOISE LEVEL: Below 40 microvolts re-
ferred to input. 

LOW DRIFT due to regulated heater voltage in in-
put stage. 

MOUNTING: Metal cabinet approximately 7" wide 
by 7" high by I I" deep. 

Write for descriptive literature on the Model 120 D.C. Ampli-
fier and other Furst laboratory instruments including Regu-
lated Power Supplies. 

rurtsir E L EC T RO NICS 
14 S. Jefferson St., Chicago 6, III. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Ointirined /pm: page 874) 

This is a compact source of accurate 
frequency at a commonly needed power 
level. It is useful in running small motors, 
timers, and clocks. It is also useful in mak-
ing frequency measurements, providing 
timing marks in oscillographs and high-
speed cameras. 
The source of the accuracy is a type 

2001 2 240 cps tuning fork standard in-
corporated in the unit. 

Frequency Shift Keyer 
To meet more stringent requirements, 

Northern Radio Co., Inc., 143 W. 22 St., 
New l'urk I I, N. V., has designed and 
produced the new Typ, 105 Model 4, fre-
quency shift key. r. 

ot f̀,1,1•• 

HIGHEST QUALITY 
ELECTRONIC 
COMPONENTS 

Large Quantities in Stock 
for Immediate Delivery 

RELAYS 

TRANSFOR MERS 

TUBES 

CHOKES 

VOLUME CONTROLS  RECTIFIERS 

WIRE & CABLE  TUBE SOCKETS 

RESISTORS (WIRE WOUND, CAR-

BON, etc.) 

CONDENSERS (MOLDED, CERAMIC 

OIL FILLED, etc) 

SWITCHES (TOGGLE, MINIATURE, 

WAFER, etc.) 

All standard brands, inspected and guaran-

teed by Wells Sales. 

Manufacturers: Write for complete 

Electronic  Catalog  and  prices. 

Dept. P 

r 

1 W E L L S /   SAL ES. INC.  320 N. LA SALLE ST. 
CHICAGO 10, ILL 
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News—New Products IT'S  KINGS  FOR  CO N NECTORS 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(( mitimied from page 88.-1) 

This exciter replaces the crystal oscil-
lator in a transmitter and produces mark 
and space carrier shift for transmission of 
teleprinter or telegraph signals. It is com-
posed of 6 main sections: keying circuit, 
reactance tube, shifted oscillator, crystal 
oscillator, modulator and power amplifier. 
Passing through the keying stage, a keying 
signal is limited in amplitude, then fed to 
the balanced reactance tube oscillator 
where it varies the frequency according to 
applied intelligence. This shifted frequency 
is heterodyned with the output from the 
crystal oscillator in the modulator stage, 
and the sum frequency drives the power 
amplifier. 
Outstanding feature of the Type 105 

Model 4 is the highly stable crystal oven 
which has a temperature control of ±0.1° 
C at 60°, with heaters on 4 sides of the 
inner even. 
Other features of this unit are direct 

reading frequency calibration of: shift 
from 0 to 1,000 cps; mixer and output 
tuning dials from 2.5 to 6.7 Mc; output 
frequency vernier +600 cps. 

(Continued on page 91e1) 

You Need SUN RADIO'S 

BIG NE W CATALOG 

Sun Radio's New Electronic Parts catalog 
contains latest complete listings of com-
ponent parts, instruments, tubes, wire, 
accessories. In an entirely new, easy-to-
use, easy-to-file 8 1/2 x 11" format. For 
industry, research, universities, technical 
schools, technicians, engineers. Write for 
your FREE copy. Dept. C-I 

‘iire 

\11/2  
_A 

ELECTRONICS CO. INC. 
;22-124 DUAN1 ST • NEW TORN 1, N 

2 blocks North of Chambers St. - Est. 1922. 

Hours: Daily 9-6, Saturday 9-4:30. 

• 

Pictured here are some of the more 

widely used R. F. co-axial, U. H. F. 

and Pulse connectors. They are all 

Precision-made and Pressurized 

when required. Over 300 types 

available, most of them in stock. 

• 

Backed by the name KINGS— the leader in the 

manufacture of co-axial connectors. 

Write for illustrated catalogs. Department "T" 

• 

NGS 
textitorticA 

811 LEXINGTON AVE. BROOKLYN 21,N .Y. 

Manufacturers of Radar, Whip, and Aircraft antennas 

Microphone Plugs and Jocks. 

Radar Assemblies, Cable Assemblies, Microwave and 

Special Electronic Equipment 

For Stability . . . CONTINENTAL "NOBLELOY" 
RESISTO RS 

• Engineered Performance 
• Metal Film 
• Range 1/2 ohm to 30 megohm 
• Ratings, 1/2, I, 2 and 5 Watt 
• Tolerance 1/2%, I% and 5% 
The "Nobleloy" type X resistors assure de-
pendable operating characteristics for many 
critical applications at economical savings. 

Write for further details 

CONTINENTAL CARBON, INC.  CLEVELAND It. OHIO 

PROCEEDINGS OF THE I.R.E. December, 1950 
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0.•-• cm MICROWAVE 3=4 
PULSE TRANSFOR MERS 

G.E.K. 4745  830.50 
0.E.K.-2744-A.  11.5  Kt'  Dish 
Voltage. 3.2 EV Low Voltage 
(i)  200 K W oper. (170 K W 
max.) 1 mias ma. or it Vero-
see. et 800 PPS  539.50 

W.E.  1166173  III-Volt  input 
transformer,  W.B.  Impedance 
ratio 50 ohms to 900 ohms. 
Freq. range: 10 ke. to 2 me. 2 
sections parallel connected, pot-
ted in oil  s36.00 

W.E. KS 9800 Input transformer. 
Winding ratio between termi-
nals 3.5 and 1.3 Is I I:1. mid 
between terminals 8-7 and 1.2 Is 
2:1  Frequency range: 380-520 
p.s. Pertnalloy core  .56.00 

G.E. SK2731 Repetition Rate: 835 
PPS.  Pri,  Imp:  Ohnis.  See. 
Imp: 450 Ohms Pulse Width: 1 • 
Microsec. PH. !pout: 9:5 KV 
l'E Sr. Output: 28 KY PK: 
Peak Output: 800 K W Rifler 
2.75 Amp.  $64.50 

W.E.  90169271  III  Volt  input 
pulse Transformer  $27:50 

G.E. K2450A. Will receive 1311V 
4 micro•second pulse on owl. 
secondary delivers 14KV Peak 
power out 100 K W 0.E.. 334.50 

G.E. SK2748A. Pulse Input ling to 
magnetron  $30.03 

19262 Utah Pulse or Blocking Os-
dilator xrant Freq. limits 790-
810 cy-3 winding turns ratio 
1:1:1 Dimensions 1 13/18 x 1X" 
10/32   1.50 

Pula. 131-A WP L-421435   6.00 
Pulse 131-11 W-2F L-440895  2.25 

 11 3.50 
GE•K6824730  $50.00 
GE-1(9216945  $50.00 
7766489 -9332   
A 7766490-
CX 7:15o   16.95 
;113501 2109611   12 03 
;352 7181   
.55.511..5111.E 1 \ ST(111: 

925.. 9011ITE 

ARMY-NA 
Lt1-1 Freq. Meter and Test Oscil-
lator.  Type  C RV -TV N -9 H U 
Power Supply. M.I.T. Rad. Lah. 

TVN-8SE Kiystron Power Supply. 
M I.T. Rad. Lab. 

CS60AB W  Watt  Meter-Wave-
meter. 9 centimeter. 

APR5 Reeelver -1000 to 8000 mm. 
AN/CPN-8-10 centimeter 40 kw. 
output  fly  package.  Includes 
magnetron oscillator,  complete 
modulator.  complete  receiver. 
complete signal anti power ana 
tyzer with 5" scope. 115V AC 
input.  • 

Dehydrator Unit CPI) 10137 Auto-
matic cycling. 

Compressor to 50 lbs. Com a for 
Radar XSMN. Line New $425.00 

130-8 Receiver, 30 me. IF. 8 stages 
OAC7. 10 MC. Band width Inot. 
5.1 mo B. W. per sta. 9.6 volt 
gain per stage as dese. In ch. 
13 vol. 23 M.I.T. Bad. Lab. 
Series   $99.50 

VY TEST SETS 
TS12 3 cm Slotted Line 
TS13 3 cm Signal Generator 
T1633 3 cm Frequency Meter 
TS35 3 cm Signal Generator 
TS36 3 cm Power Meter 
TS45/A MP3 3 cm Signal Genera-
tor 

TS82 3 cm Echo Box 
T141112 
TS108 Dummy Load 

185.5 owillator 
158 Range Ciii 'motor 
- 233 Hamm Calibrator 
te  438 Emil Meter 
tic--Preanip 
111---Capaelty bridge 4210 
ill  rid Galyo Shunt 11229 
IR- 1000 MA Oar 11213 
TS  226A/AP  Power  Meter  0 
1000 W 

Sig Gen $804 8-330 MC 
Be 221 Frei Meter 
TS 10/AP 
TS 60/AP term Meter 
114 Test Set 

VARISTORS 
D-I 70225 ...  81.50 
D.I67176  Si 50 
0-168687  .  Si 50 
0-171812  $1.50 
D-171528  $1 50 
D-168442  $3.00 
0-165593  $1.25 
0-98836  82.00 
13-161871A  $2.85 
O-171121  81.50 
1:1•182358(908A)  81 .50 
0-163357  $2.00 
0-99946  $2.95 

THERM ISTORS 
0-167332  tithe  $1.50 
0-170396 (bead) $1.50 
O.167613 (button) $1.50 
D-184899 for MPG to 
"X" band Guide 

D-167018  mos.)  $1.50 

MAGNETRON M AGNETS 
Gauss  Pole Diem.  Spacing  Price 
4850  % in.  % in. 

II ::2 ol.  1 5/16 in.  $12.50 5200  517.50 
1100  I% in.  1 5/18 in. 
186(1  $12.50i IX in.  1%  n. $14.50 
Electromagnets for magnetrons $24.50 ea. 
GE Magnets type 517765115. GI Distance 111-
IIVe4.11  [1011.  races  variable.  2 1/16"  1100,1 

154" (2200 Gauss) Pole Dia IX" 
Sew Part of SCR 584  $34.50 

MAGNETRONS 
OK 61 2132  2161  720CV 
OK 60 2137  2162  725-A 
2121  2138  3131  730-A 
2122  2139  5130  728 

OK 915  2126  2140  714AY  706 
OK 62  2127  2149  718DY  700 
OK 59  2131  2134  720BY 
Klystrons 723A. 7078, 417A, 2K41 

,411; 

RADI O SYSTE MS 
White  Radio  Telephone  Model 
SWRM55 -ship to shin shore to 
ship -small  airports -mines -
Plantations - Inter  'eland - 
ranches. 10 channel fix tuned 
rec. & Xmitter. Xmitter, pwr. 
output in ezress or 100W un-
modulated into antenna of 18 & 
100 AINIF.  Freq.  Range 2-12 
M('. Can he modified to inereatie 
range. Xtal controlled. 110V 60 
cY or 220V 00 or 2$ cy. Meas. 
24" It a 19" W x 14" D. 125 
lbs. Write or phone for data. 

TA1  500  Watt  Low  Frequency 
Transmitter  150-55nKC  C%V 
MC W. 

TBK $00 Watt Iligh Frequency 
Transmitter 2-18 MC. Al. A2. 
A3, Emission Mfg M RCA. 

THE MUST OF THE MONTH 
Complete 3 CM Radar System 

Equipment 

40  KW  peak transmitter, pulse 
modulator, receiver. using 723AB. 
Power supply operating from 115V 
800 Cycle, antenna system. Com-
plete radar set neatly packaged in 
less than 16 cubic feet, all tubes. 
In used but excellent condition -
$350.00. This price for laboratories. 
schools, and experimental purposes 
only. 

High Voltage Po wer Supply 

15 KV at 30 Ma DC. Bridge 
Rectifier  $125.00 

MICROWAVE ANTENNAS 
RELAY SYSTEM PARABOLIC REFLECTORS: approx. range: 2000  
to 8000 me. Dimensions: 4' x 3' rectangle. now  $35.00 

TOY "JAM" RADAR ROTATING ANTENNA. 10 mt. 30 deg. beam 
115 v.a.c. drive. New  $100.00 

SC- 13 ANTENNA 24" dish with feed-bark dipole 360 deg. notation 
complete with drive motor and arlion. New  $128.00 
Used   $45.00 
DBM ANTENNA. Dual, back-to-beck parabolas with dipole.  Freq 
coverage 1,000-4.500 mc. No drive mechanism  $65.00 

AS125/APR. Cone type receiving antenna. 1080 to 9208 megacycle, 
 $4.50 140-800 MC CONE type antenna, complete with 25' sectional steel mast. 

gu m cables, carrying case. etc New  $49.50 
ASII 9 cm. antenna, used, ex. oond.  $49.59 
YAGI ANTENNA AS-46A. APO-4. 5 elements  $14.50 ea. 
DISH FOR PARABOLA 30"  $4.85 
AN 122  822.50 
RC 224  899.50 

AS 17/APS  LP21-A Airborne Dlr. Find. Loop 
OAK Directional Finder Loops  r/ Sebon & Loop lion-Inc 
Adcock Arrays  APS 4 Ant. 
SA -1 Radar  AN 128A 200 MC. Array 
200 MC. Bed Spring  Write for Into and Price 

RADAR 
SYSTEMS 

AND 

CO MPONENTS 

IN STOCK 

APS-2 
10 CM AIRBORNE 

APR-9 
3 CM AIRBORNE 

APS-4 
3 CM AIRBORNE 

APS•6 
3 CM AIRBORNE 

APS-6A 
3 CM AIRBORNE 

APS-10 
3 CM AIRBORNE 

AP0•13 
3 CM AIRBORNE 

APS-15 
3 CM AIRBORNE 

APS•31 
3 CM AIRBORNE 

CPN-8 
10 CM GROUND 

BEACON 

CEXH 
10 CM GROUND 

BEACON 

FD-MARK 4 
800 MC SHIP GUNLAY-

ING 

MARK-10 
10 CM SHIP GUNLAY• 

INC 

SA 
200 MC SHIP AIR 

SEARCH 

SC 
200 MC SHIP AIR 

SEARCH 

SD 
200 MC SUBMARINE 

SE 
10 CM SURFACE 

SEARCH 

SF 
10 CM SURFACE 

SEARCH 

SO 
10 CM SURFACE 

SEARCH 

Si 
10 CM SUBMARINE 

SK 
200 MC AIR SEARCH 

SL 
10 CM SURFACE 

SEARCH 

SN 
10 CM PORTABLE 

SO (ALL SERIES) 
10 CM SURFACE 

SEARCH 

SQ 
10 CM PORTABLE 

SW 
200 MC PORTABLE 

SCR 518 
400 MC ALTIMETER 

SCR 520 
10 CM AIRBORNE 

SCR 533 
200 MC AIR SEARCH 

SCR 545 
10 CM TRACKING 800 

MC SEARCH 

SCR 663 
SEARCHLIGHT TRACK 

SONAR 

SYSTE MS 

AND 

CO MPONENTS 

( N STOCK 

CIBF 
CIBG 
OC 

QC1 
CICL 
C1CO 
OCR 
(ICU 
WEA 

TEST EQUIPMENT 
10 CM  Wavemeter  WE  type 
11435490  Transmission  type. 
Type N Fittings. Veeder Root 
Micrometer dial.. Gold Plated 
W/Callb. Chart P/o Free Meter 
X06404A. New  $99.50 

At314AJAP-10 CM Pick up Dipole 
with "N" Cable.  $4.50 

LHTR.  LIGHTHOUSE ASSEM-
BLY. Part of RT-89 APO 6 & 
APG 15.  Receiver and Trans 
Cavities seesa w. Tr. Cavity and 
Type N CPLG. To Bevy. Uses 
2C40. 2C43. 11127. Tunable APX 
2400-2700 MCS. Silver Plated 
  249.50 

Demon Lighthouse cavity 10 cm 
with mirdature 28 volt DC FM 
motor. Mfg, Bernard Eine 
  $47.50 as. 

Magnetron to Wayeaulde Courtier 
with  721A  Duplexer  Cavity. 
gold -plated  $45.00 

721A Tit Box complete with tube 
and tuning plungers  $12.50 

McNally  Klystron  Cavities  for 
70713  or  2K28.  'Three  M eg 

• available   $4.00 
F-20/131.1t-2 Filters, Type "N" 
Input and output  $12.50 
K1,11.10 Mtn 'numb). MITI II, 

3000 MC BENCH TEST PLUMBING 
WAVEGUIDE TO  14"  RIGID 
('(IA X "DOORKNOB" A DA PT - 
ER. CHOKE FLANGE. SILVER 
PLATED BROAD BAND $32.50 

WAVIGUIDE  DIRECTIONAL 
COUPLER. 27 db. Navy type 
CLBV-47AAN.  with  4  in 
slotted section  132.56 

HQ. FLANGE to rd choke adapter. 
IS it,. 11113g QA 1$ it,. x  hi, 
guide.  tnxt "N" output and 
sampling probe  $27.50 

AN/APR5A 10 cm antenna equip-
ment consistitis of two 
waveguide sectiong each polar-
ized. 45 degrees ..$75.00 per set 

PO WER SPLITTER: 726 Klystron 
Input dual "N" output . $5.00 

Ye" RIGID COAX 
10  CM  FEEDBACK  DIPOLE 
ANTENNA, in Incite ball, for 
use with parabola X"  Rigid 
Coax Input  $11.00 

721A TR cavities.  heavy  silver 
plated  $2.00 es. 

Magnetron  Coupling  with  TR 
Loop,    87.50 

Sperry Rotating Bend, pressurized 
  822.50 

5 Ft.  141iirtlis Soul, Stittported, 
gold-plated, per length . $7.50 

Short  Right Angie  Benda  (for 
above)  $2.50 

4000 12  6000 mcs.  Bench 

Test Plumbing 2" x 1" 
W AVEGUIDE 

SLOTTED LINE. DeMornav type 
332 complete with probe. ete. 
  $600.00 

FLAP A•TT'ENUATOR ....$48.00 
VARIABLE STUB TUNER ANT) 
LOW PO WElt TERMINATION 

WAVE METER TEE  $48.00 
ADAPTERS: 

Choke to clmke  518.00 
Cover to cover  814.00 
Choke to cover  $16.00 

WAVEGUIDE  TO  TYPE  "N" 
ADAPTER   $45.00 

DIRECTIONAL COUPLER. Two 
hole  time.  type  "N"  output 
  $48.00 

KLYSTRON  MOUNT.  Equipped 
with  tunable termination and 
micrometer adJust, klYstron an-
tenna tuning  $110.00 

CRYSTAL  MOUNT.  Equipped 
with tunable termination and 
micrometer odium crystal tuning 

  $125.00 
TUNABLE TERMINATION. Pre-
cision adjust  $90.00 

6000 Mc. to 8500 Mc. Bench 
Test Plumbing 

1 1/2 " x 3/4" WAVEGUIDE 
KLYETE0N  MOUNT.  D113511 
complete with shield and tun-
able termination  $125.00 

FLAP ATTENUATOR. DB361 
  $45.00 

VARIABLE STUB TUNER $90.00 
WAVEGUIDE  TO  TYPE  •'N" 
ADAPTER   $18.50 

WAVEMETER TEE.  DB352 
  $32.50 

MAGIC TEE  $80.00 
DIRECTIONAL COUPLER. Two 
hole 25DB coupling. type "N" 
output  $25.00 

PRECISION CRYSTAL MOUNT. 
Equipped with tuning slugs and 
tunable termination ....$125.00 

TUNABLE TERMINATION. Pre-
cision adjust  $70.00 

LOW PO WER LOAD  $35.00 

8500 Mc. to 9600 Mc 
1" x  

Mol'ST. DeNforna) 
Mold Roe 1/113so ror 2K21. etc.. 

1111181111.  termination 
 $70.00 

V.t It [ABLE  STUB  TUNER. 
Igo degree phase shift-

tng   $70.00 
FLAP  ATTENUATOR.  DE385. 
Maximum Attenuation 10DB 
  $25.00 

ws,esiiiile to ••N•• Adanter 1111377  
 $15.00 

LOW  POWER  TERMINATION 
1111301  $18.50 

UNI-DI RECTIONAL  COUPLER. 
DB890. 23DB type "N" output 
  $18.50 

PICK UP HORN. Type ••N" out-
put  $4.50 

WAVEMETER. 8500 to 9400 mcs. 
with calibration. Micrometer ad-
just bead. Reaction type $85.00 

WAVEGUIDE LENGTHS. Plated 
and fitted with couplings &wall-
ah° in 6". 12". 24". 30". 60" 
sections  .. ....$2.00 per ft. 

90 DEGREE ELBO WS. E or II 
Mane. 2%"  radius ....$12.60 

MITERED ELBO WS. Z plane 
  $10.00 

90 DEGREE TWIST. 6" lone 
  $9.00 

BULKHEAD FEUD -TABU 
ASSEMBLY  915.00 

PRESSURE GAUGE SECTION. 
15 lb. gauge and press. niPPI• 
  $10.00 

PRESSURE GAUGE.  15  lbs. 
  $2.50 

DUAL  OSCILLATOR-BEACON 

23,000 TO 27,000 MC. B 
1/2 " x  w 

PRECISION  SLOTTED  LINE 
Adjustable probe  8200.00 

DIBEt'TDINAL COUPLER Mai. 
meter Mount  VI M  $60.00 

PRECISION  VARIABLE  AT-
TENUATOR.  mfg.  Bernard 
Rice  $90.00 

LOW PO WER LOAD  820.00 
SHUNT TEE  235.00 
WAVEGUIDE LENGTHS. 2" to 
6"  long, goldplated with cir-
cular flanges and counting nuts 
  $2.25 per Inch 

APS-31 Rotating Joint ....$49.50 
Right Angle Bend E or H Plane. 
specify combination of couplings 
desired   $12.00 

. Bench Test Plumbing 
WAVEGUIDE 

MOUNT. P/0 APSIO Radar for 
mounting two 723A/I1 klystrons 
with  crystal  mts.  matching 
slug.. shields   

DUAL OSCILLATOR MOUNTS. 
(Back to back)  with  crystal 
mount, tunable termination. at-

Directional  Coupler.  1108-4110./5170 
tentuating slugs   

Take off 20 DB   
Directional coupler. APS-8$1 450  De 
"N" take off 20 DB calibrated 

Rotary Joint Choke to CI 8o11°50  

2E25/723 AB Receiver local oscil-
lator Klystron Mount, complete 
with crystal mount. Inn coup-
ling and choke coupling to TR 
  $22.50 

TR-ATE  Dupiexer  section  fo 
abze  $s.si; cs   
11/4 " a ve" WAVEGUIDE 

TUNABLE TERMINATION. Pre-
cision adjust   

LO W PO WER TERMINATION /4 
  $211.00 

MAGIC TEE  $45.00 
OSCILLATOR MOUNT. for four 
723AB klystron   

90 DEGREE ELBO WS. E $o30r..551010 

WAVEGUIDE LENGTHS. CuS1 t2.5W0 
plane   

size and supplied with 1 choke. 
1 cover, per length $2.00 per ft. 

WAVE/61E7'ER: Absorption type. 
Precision  micrometer  adjust. 
Very high Cl  $150.00 

ENCH TEST PLUMBING 
AVEGUIDE 
45 Bend E or H Plane. Choke to 
cover  $12.00 

Directional coupler C17-103/APS32 
  $4950 

Slit. Ethos.. coy. to no.   .$4..00 
TR-ATIt Sect. eleike to CM. $4.00 
Flex, Sec. 1" choke to choke $5.00 
"S" rune Choke I,, Cover .$4.50 
Adaptor. rnd. to sq. coo.  ..$5.00 
Feedback to Parabola Horn with 

Low Power Load, leas cards $$2187.1500 
pressurized window   

K Band Mixer Block  $45.00 
Wavetruide  x  $1.00 per 
90* Twist  $10.00 
-K"  Band  Directional Coupler 
Cp Magnetrons104/APS-  34 20 DB $49.50 ea.  333   $55.00 

All merch. guar. Mail orders promptly filled. All prices. F.O.B.. N Y.C. Send Money Order or Check. Only shipping charges sent C.O.D. Rated Concerns send P.O 

CO M MUNICATIONS EQUIP MENT CO MPANY 
131  1.111131T1  STREET NE N' 111111i.  N.1.  DEPT. 112 P. J. PLISII NER 111 n 1-83 73 



News-New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

fr,,rn rage 80.4) 

Television Marker 
Generator 

A new 1,  marker generator, 
Type 501, di  tied particularly for use 
with TV sweel, -ignal generators, has been 
announced I, \ he Radio Tube Div., Syl-
vania Electric Products Inc., 1740 Broad-
way, New V  19, N. V. 

- 

Crystal-c, tit rolled signals are provided 
by an entirel -eparate self-contained crys-
tal oscillator ,%Iiich may be operated at any 
frequency, fiNe,I by a plug-in crystal with-

used on page 93..i 

Unit mounts and mounting systems with 
MET-I.-FLEX provide vibration isolation 
and true shack absorption through the 
widest range of operating conditions. 
All-metal  • CO organic materials 

• stable characteristics from -90° C. to 
+175° C. • wide load tolerance • built-
in damping for stability and reduced 
amplification at resonance. 
For electronic or delicate equipment 

mounting, write Dept. 825 MET-1.-FLEX 
Data Sheets available. 

I. Any of the three methods of mounting can 
be utilized. 

2. Extended rotor shaft allows ganging of two 
or more condensers. 

•.....................•..... 
.WHAT SCARCITY?! • • •........................... 
There never is a scarcity of 

QUALITY and VALUE 
in BUD VARIABLE CONDENSERS 

Today is the time to look for savings! Note the prices on our condensers and compare. You 
will find that the entire Bud line maintains greater value while giving you the best quality and 
service. Illustrated below are two types of Bud condensers-there are over 400 different 
variable condensers in the Bud line. Consult your dealer for your requirements. 

BUD "CE" TYPE DUAL MIDGET CONDENSERS 
I. Extremely efficient, they embody every-
thing that any other condenser has PLUS 
a positive rotor wiping contact in the exact 
electrical and physical contact permitting 
the design of balanced circuits. 

2. Ball bearings are featured on this double 
bearing condenser for centering and elim-

ination of end-play. 
3. Any of three methods of mounting can be 
used. 

4. Alignment is maintained by 4 rigid tie rods. 

5. Two solder lugs on each stator permit the 
placement of other components for effi-
cient, short lead design. 

Catalog 
Number 

17E-2032 
CE- 2033 
CE- 2034 
(7E- 2035 
l'E-2036 

2039 
1'4:  

PER SECTION 
Min.  No. of  Alr 
Cap.  Plates  Gap 

7 
8 
9 
10 

8 

7 
9 
14 
18 
27 
5 
11 

.930" 

.030" 

.030" 

.030" 

.030" 

.060" 

.060" 

.060" 

Distance 
Behind 
Panel 

1/32" 
,4" 
21/32" 

4 3/32" 
5 3/16" 
3 1/32" 
4 /./32" 
4 23/32" 

Dealer 
Cost 

$2.97 
3.27 
3,63 
4.14 
4.80 
3.45 
3.96 
4.35 

BUD "CE" MIDGET CONDENSERS-SINGLE BEARING 
3. Smooth operating and noiseless bearings 

permit operation on high frequencies and 

prevent capacity changes. 

Catalog 
Number 

I. 4  .030"  3  1 11/16"  $1.65 
(7E-2021  35  6  .030"  7  1 29/32"  1.86 
CE-2022  50  7  .030"  9  2 1/32"  2.07 
CE-2023  75  8  .030"  14  2 14"  2.31 
CE-2024  100  9  .030"  18  2 15/32"  2.49 
CE-2025  150  10  .030"  27  3"  2.64 
CF:-2028  15  5  .060"  5  1 15/16"  1.86 
CE-2029  35  7  .060"  11  2 7/16"  2.07 
CE-2030  50  8  .060"  15  2 25/32"  2.31 

Max.  Min.  No.  Over. 
Cap.  Cap.  Air  of  all  Dealer 
MMFD.  MMFD.  Gap  Plates  Length  Cost 

G-H, "CUSTOM-MANUFACTURED" 

t 
CASIN OS  COILS  T ST !LOADS 

THESE ARE SO ME OF THE 1274 ITE MS 
AVAILABLE FRO M BUD RADIO. INC 

CAP ACIT ORS 
Girard-Hopkins PEFtMANOL impregnated, paper-dielectric capacitors have con-
sistently supplied the answer to the capacitor problem of many manufacturers of 
precision electronic equipment. If you require permanent, non-ageing character-
istics, maximum stability, low power-factor change with frequency and utmost 
protection against voltage breakdown, G-H PERMANOL will meet your require-
ments. Custom-manufactured for you in any reasonable capacity, tolerance 
and working voltage  any type of container ... small or production quantities. 

One of the best equipped capacitor manufaduring plants on the Pacific Coast 

GIRARD-HOP KI NS 
1000 40th Avenue, Oakland 1, Calif. 

h_ 
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KENYON 

Fits Your 

Productiou To A "T" 
Kcnvon "T's" — high quality, uniform 
transformers, are your best bet for development, 
production and experimental work. For over 20 
years, the KENYON "K" has been a sign of skill-
ful engineering, progressive design and sound 
construction. 

Now —reduce inventory problems, improve 
deliveries, maintain your quality — specify 
KENYON "T's," the finest transformer line for 
all high quality equipment applications. 

New Catalog Edition! Write Today! 

Kcnvon new modified edition tells the com-
plete story about specific ratings on all transform-
ers. Our standard line saves you time and expense. 

Send for your copy of our 
latest catalog edition now! 

TRANSFORMER CO., Inc. 
840 BARRY STREET • NEW YORK 59, N. Y. 

MODEL 705 WOBBULATOR 
Swept signal output with center frequency adjust-
able from 2 to 500 mc. 

Continuous swept output adjustable from 0 to 
100 mc./sec. with 0.1 volt output at 50 ohms. 

Internally synchronized scope with detectors and 
amplifiers. 

High and low impedance shielded traveling de-
tectors. 

Output designed for making response measure-
ments at 3000 mc., IF frequencies, and Video. 

MODEL 708 SPECTRUM ANALYZER 

Frequency range -8500 me to 9600 me. 

Receiver—Double conversion superheterodyne. 
IF bandwidth —approximately 10 kc. 

Sweep frequency-10 cps to 25 cps. 

Minimum frequency dispersion —I me/inch. 
Maximum frequency dispersion -10 mc/inch. 
Signal input attenuator-100 db linear. 

Power-115V or 230V, 50 cps to 800 cps. 

14315 Bessemer St., Van Nuys, Calif.  Box 361 

"We have found 

Metex Electronic Gaskets 

excellent for HF currents 

inexpensive to assemble." 
Sylvania Electric Products Inc. 

Sylvania has been using Metex gas-
kets for over a year as conductive 
shields for their TR tubes used in 
radar and micro-wave ranging 
equipment. 

To quote their experience: "We 
have found Metal Textile knitted 
wire gaskets excellent for conduct-
ing high frequency currents with-

out boundary arcing. The gaskets 
are resilient, and yet do not deform 
too readily. Best of all, the ma-
terial is inexpensive to assemble 

through soft soldering techniques." 

A Sylvania Electric TR tube showing 
Metex gasket loose and in position 

The properties —electrical and 
physical —which make Metex Elec-
tronic Gaskets effective in this, and 
other demanding HF and UHF ap-
plications are due to their being 
made from knitted (not woven) 
wire mesh. The hinge-like action 
of the knitted mesh permits con-
trolled resiliency of the finished 
gaskets. These can be die-formed 
to close dimensional tolerances, 
when required. There is practically 
no limit to the metal or alloy which 
can be used. 

If the equipment you are manu-
facturing or designing requires a 
resilient conductive or shielding 
material, our engineers will wel-
come the opportunity of working 
with you. A letter, addressed to 
Mr. R. L. Hartwell, Executive Vice 
President and outlining your re-
quirements, will receive immediate 
attention. 

METAL TEXTILE CORPORATION 

637 EAST FIRST AVE.. ROSELLE, N. J. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

(Con . sued pont page 914) 

out tuning. It provides check points at 
fundamental Irequencies ranging from 2 to 
20 Mc, and h ,s useful harmonics up to at 
least the sixt h. 
Two marker pips may be used to set 

video and if circuits and traps, as required 
by some TV manufacturers, or the vari-
able marker may be brought into coinci-
dence with the crystal marker to check dial 
reading with rystal frequency or crystal 
frequency h.trmonic. 
The o' II 'tor provides frequencies 

ranging from :5 to 240 Mc in four bands: 
15 to 30 Mt  0 to 60 Mc: 60 to 120 Mc: 
and 120 to 20 Mc. With an appropriate 
crystal inser 1.1 in the panel socket, the 
oscillator will operate at any frequency be-
tween 2 to 2.(1 Mc, and will provide useful 
harmonic output up to the sixth for all 
band calibra , ion. 

Front-Surface Mirrors 
Zenith owical Laboratory, 123 W. 64 

St., New \ r. 23, N. V., announces the 
developmet: , if their Zeno-Kote process, 
for producin.: front-surface mirrors which 
are durable and tarnish-resistant. The re-
flecting surfa, e is produced by thermal 
evaporation  a special aluminum alloy 
under high vi Alum. The reflecting surface 
is then proiet ted by the deposition of an 
extremely  h., rd but transparent  film, 
which in no ‘k ay affects the reflectivity of 
the mirrors. 

:Mirrors produced by the Zeno-Kote 
process have a reflectivity of about 93 per 
cent in the visible spectrum, and they can 
be made to meet any optical or dimen-
sional tolerance. 
The 11,11,11 aluminized front-surface 

mirror, are very delicate and can be 
cleaned only with great difficulty, whereas 
front-surface mirrors produced by the 
Zeno-Kote process can be dusted or wiped 
without damage to the reflecting surface. 
These mirrors are suitable for use in 

precision elect ronic and optical equipment, 
where high and permanent reflectivity 
characteristics are necessary. 

(C,,olinued on page 94/1) 

PULSE 
FORMER 

EVENTS 

ELECTRONIC 
GATE 

TIME BASE DIRECT READING  ." 

NO W . . . determine Events-Per-Unit-Time* automatically with 
a single, compact direct-reading instrument! 

Any physical, electrical or optical 
events  of  unknown  occurrence 
rate that can be translated into 
changing voltages can be accu-
rately counted during a precisely-
measured time interval of one 
second. (Time base other than one 
second can be provided.) 
In frequency measurements, for 

example, each cycle occurring dur-
ing  the accurately timed one-
second  interval  is individually 
counted and the total displayed in 
direct-reading numerals on the 
illuminated  front  panel.  Maxi-
mum counting rate is 100,000 
per second; accuracy is -±1 event 
regardless of rate. 

Send for bulletin PI-554 for full, detailed description. 

SMALL 

PARTS 
Cost less when made by 

MULTI-SWAGE 
The economy way to get 

a million small parts 

similar to these — 

Examine the tubular metal parts shown here twice 
size. If you use anything similar ... in large quan-
tities . . . important savings can be yours. Send 
us the part and specs. Our quotation will show 
why the Bead Chain Company's MULTI-SWAGE 
Process has long been known as the most economi-
cal method of making electronic tube contact pins, 
terminals, jacks and sleeves. And, why more and 
more users of mechanical parts (up to 1/4 " dia. and 

to 2" length) employ our facilities. WRITE 

Bfor Data Bulletin. 

THE BEAD CHAIN MANUFACTURING CO, 
Tr Mark 88 MOUNTAIN GROVE ST., BRIDGEPORT  5, CONN. 
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PROFESSIONAL CARDS News—New Products 

LESTER W. BAILEY 
Registered Patent Agent 
Senior Member IRE 

PATENT OFFICE PRACTICE specializing in 
ELECTRONICS  MECHANICS 

RADIO 
LINCOLN-LIBERTY BUILDING 

PHILADELPHIA 7 
Broad 8 Chestnut Streets  Rittenhouse 6-3267 

ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Offices, Laboratory and Model Shop at: 
32-44 Francis Lewis Blvd., Flushing, LI., N.Y. 

Telephone: Independence 3-3306 

HAROLD J. BROWN 
Vibrators 

Vibrator Power Supplies 
Electrical Contact Systems 

Mattapoisett, Mass. 

W. J. BROWN 
International Electronics Consultant 

AT PRESENT IN GREAT BRITAIN 

Will undertake assignments for American or 
British Clients. Please address inquiries to 11 
Public Square, Cleveland 13, Ohio. 

TO 14498  FA- I -0030 

EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM —  — AM 
Audio System. Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Coon. 

CROSBY LABORATORIES, INC. 
Murray G. Crosby & Staff 
Radio-Electronic Engineering, 
Research & Development 
FM, Communications, TV 

Test Equipment 
Offices, Laboratory & Model Shop at: 
126 Herricks Rd., Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schulz 

see,mo_secne4 
Radio-Interference Reduction; 

Development of 
Interference•Fres Equipment, 
Filters, Shielded Rooms 

515 W. Wyoming Ave., Philadelphia 40, Pa 
Gladstone 5-5353 

ELK ELECTRONIC LABORATORIES 
Jack Rosenbaum 

Specializing in the design and 
development of 

Test Equipment for the communications. 
radar and allied fields. 

333 West 52nd St.  Telephone: 
New York 19, N.Y.  PLAZA 7-0520 

WILLIAM L FOSS. INC. 

927 15th St., N.W.  REpublie 3883 

WASHINGTON. D.C. 

PAUL GODLEY CO. 
Conjoining Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md 
Shepherd 2433 

HOGAN LABORATORIES, INC. 
John V. L. Hogan,  Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Exceptionally competent staff. Elec-
tronics, Optics, Mechanisms, Facsimile Com• 
munication, Electro-sensitive recording media, 
Instrumentation. 
155 Perry Street. New York 14 CHelsca 2-7055 

MEASUREMENTS CORP. 
RESEARCH & MANUFACTURING 

ENGINEERS 
Harry W. Houck  Jerry 8. Minter 

John M. van Beuren 
Specialists in the Design and 

Development of Electronic Test Instruments 
BOONTON, NJ. 

Eugene Mittelmann, E.E., Ph.D. 

Consulting Engineer & Physicist 

High Frequency Heating—Industrial Electronics 
Applied Physics and Mathematics 

549 W. Washington Blvd.  Chicago 6, III. 

State 2-8021 

PICKARD AND BURNS, INC. 

Consulting 

Electronic Engineers 

240 HIGHLAND AVE. 
NEEDHAM, MASS. 

SERVO 
CORPORATION OF AMERICA 

Henry Blackstone, President 

Consultants on 
Electronic Control Problems 

for Industry 

New Hyde Park  Long Island, N.Y. 

TELREX, INC. 
M. D. Ercolino, Pres, 

H. F. ANTENNA SPECIALISTS 

• The Skill to Design 
• The Facilities to Produce 

• The Ability to Deliver 

Asbury Park, N.J.—Phone AP 2-7252 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 
RADIOTELETYPE - FREQUENCY SHIFT 

INK SLIP RECORDING - TELETYPE NETWORKS 

121 Spencer Place, Mamaroneck, N.Y. 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

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

((,mtinued from fume 93A) 

CORRECTION NOTICE 

Wide-Band Decade 
Amplifier 

l'ype 500-:\ wide-band decade 
amplifier has liven developed by 
Technology Instrument Corp., 1058 
Nlain St., Waltham, Mass., for gen-
eral laboratory use and for special 
applications requiring zero phase 
shift on high stability of gain. To 
increase the general utility of the 
amplifier,  compact  construction, 
cabinet or rack mounting, and ac 
operation  from  a self-contained 
power supply have been incorpo-
rated in the design. 

Input impedance is high enough 
to permit measurements in most 
circuits without upsetting normal 
conditions. 
Output impedance is low enough 

to permit operation into a wide 
range of loads without causing a 
variation from the indicated gain of 
/0, 100 or 1,000 limes. 
• Maximum output of 20 v on tim 
gain setting insures sufficient am-
plitude for the operation of most 
devices used in conjunction with 
general purpose laboratory ampli-
fiers. 
Zero phase shift from 20 cps to 

100 kc (all instrtements adjte-mil 
close as practical to zero 
might exhibit an error of 2° 
requested otherwise) makes possible 
the extension of phase measure-
ments to 5-mv levels, when used with 
TIC Type 320 phase meter. 
Gain stabilized by feedback, so 

that it is constant with line voltage 
or tube changes. 

PROFESSIONAL CARDS 
WHEELER LABORATORIES, INC. 

Radio and Electronics 
Consulting —  Research —  Development 

R-F Circuits — Lines — Antennas 
Microwave Components — Test Equipment 

Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y.  Great Neck 2-7806 
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ONE OF OUR 

PRECISION PRODUCTS 
END LOADED COAXIAL WAVEMETER 

• Temperature stabilized by use of 

low coefficient invar 

• 1700-2200 MC 

MANUFACTURERS THREAD GRINDING. INC. 
P 0 Box 66  EATONTO WN. N. J ASBURY PARK 1•1019 
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\ ew RCA Theatr, Television System projects 15 x 20 foot j, mes 111 television programs. 

6igirfr sfre Tkvision  f-ho7L ?Com a Rai felt" 
You've seen television. Now you'll see 
it in its finest form—giant projections of 
special events, transmitted only to 
theatres on private wires or radio beams 
to make movie-going better than ever! 

Success of the system comes from a re-
markable RCA kinescope, and something 
new in projection lenses. The kinescope, 
developed at RCA Laboratories, is in prin-
ciple the same as the one on which you see 
regular telecasts. But it is small—only a few 
inches in diameter—and produces images 

of high brilliance. These are magnified to 
15 x 20 feet by a "Schmidt-type" lens system 
like those used in the finest astronomical 
telescopes. 

Because of its size and shape, the new pro-
jector is referred to by engineers as the "barrel." 
It's already going into theatres, where you'll 
be seeing giant television—shot from a barrel. 

*  *  * 

See the latest wonders of radio, television, and 
electronics at RCA Exhibition Hall, 36 West 
49th St., N. Y. Admission is free. Radio Cor-
poration of America, Radio City, New York. 

R AL,F0 C O R P O RA770IV 

The sanr.; research laboratories 
which developed RCA's new theatre 
television system also give you big, 
brilliant pictures on 1951 RCA 
Victor home receivers. 

of A ME RFC'A 

Worki Lea der /./7 R a d/0 —  7e/evision 
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77711ELIABILITY 
may 

look 

alike, 

4eaf: 

there 

is 

only 

one 

C-D 

• 

010 1050 

Businessmen call it reputation . . . accountants refer to it as goodwill 
. . . production men think of it as reliability. Reliability has a dollar-
and-cents value entirely apart from the quality and price of the 
capacitors you buy. 
That is why so many leading radio equipment manufacturers insist 
on C-D capacitors. They know that C-D's extensive manufacturing 
facilities, reliable service, dependable quality are features that can-
not be measured in dollars and cents. Typical of this C-D reliability 

is the: 

"Blue Beuver"* 
Electrolytic 

• Special formation process—developed by C-D 
engineers after years of research — insures 
low leakage; good performance at high tem-
peratures; long life at high voltages. 

• Low contact resistance between anode and 
lead wires and negative lead to can, by 
unique assembly procedure. Contact resist-
ance checked on kelvin bridges and main-
tained at low value. 

• Special separator material prevents break-
downs under most adverse conditions. 

• A positive acting diaphragm vent — devel-
oped in C-D labs — insures proper venting 
when needed. 

• Special insulator around positive lead elimi-
nates shorts to can. 

• Extreme care in assembly to eliminate all 
contamination plus the finest raw materials 
obtainable insure a unit free from corrosion. 

• 

For details on these and other C-D electrolytics 
write for catalog. CORNELL-DUBI L I ER ELECTRIC COR• 
PORAT ION, De pt. M12, South Plainfield, New Jersey. 
Other plants in New Bedford, Brookline and 
Worceiter, Mass.; Providence, R. I.; Indianapolis, 
led., and subsidiary, The Radiart Corp., Cleve-
land, Ohio. 

C-0 &..5,7446y 77e/d7Z,./ 

CO NSISTENTLY  DEPENtiABLE 

CORKE'LL-DUBILLER, 
CAPACITORS • VIBRATORS • ANTENNAS • CONVERTERS 

SUBSIDIARY 



OHMS AT 100 Mc  OMMS 

Direct-Reading Resistance Range 0 to 200 OHMS — 
independent of frequency except for small 
corrections. 

Direct-Reading Reactance Range 0 to ,230 OHMS at 
100 Mc— inversely proportional to frequency. 

Coaxial Adapter Supplied for Measurements on Coaxial 
Systems— eliminates errors from connecting leads 
and from residual terminal capacitance. Stand-
ing-wave ratio of unknown coaxial system un-
affected by terminal capacitance of bridge. 

THE new Type 1601-A V-H-F Bridge brings to the v-h-f frequencies a means for measurements 
of impedance of antennas, lines, networks and com-
ponents, having the same accuracy and simplicity of 
measurement enjoyed by users of the popular G-R low-
frequency Type 916-A R-F Bridge. 

With this bridge the range of conventional bridge 
techniques is extended to 165 Mc. It is equally suited to 
measurements on coaxial-line systems as on lumped 
parameter circuits. 

It is designed for direct-reading measurements of rela-
tively low impedances, but measures high impedances 
indirectly and equally well. 

For resistance measurements the accuracy is ± (2% + 
1 12), subject to correction for inductance in the capa-
citor used to measure the resistance. A correction chart 

0 

Type 
1601-A 

V-H F Bridge 
$385 

The Type 1601-A V-F-H Bridge set up to measure the antenna of 
WCBS-TV on the Chrysler Buildh g. New York City The antenna 
consists of 16 radiating elements. NeasurementE of Cs impedance 
variation of an individual element ever the operat-mg frequency band 
as well as impedance measuremer  of the whole arr  were made 
easily and accurately. 

is supplied with the inst  nt. The olun• portion of 
the accuracy statement van( between 0.1 4nd 1.0 ohm. 
For reactance measurement4 the accuracy is ± (5% + 
2 12). The ohmic uncertaint  varies betw n 0.1 ohm 
at 100 Mc and 2 ohms. 

This bridge is especially s led to meas ernents of 
resistors, capacitors, inductbrs, transmiss n-line net-
works and antennas. 

GENERAL RADIO COMPANY Laistan tesegs 
90 West St., New York 6  920 S. Michigan Ave., Chicago 5  1000 N. Seward St., Los q ge I es 38 

.41;,1 


