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COMMERCIAL GRADF rnmantaruTc 
A wide range of units for every application 

CG VARIMATCH OUTPUTS FOR P. A. 
Universal units designed to match any tubes within the rated output 
power, to line or voice coil. Output impeciance 500, 200, 50, 16, 8, 5, 
3, 1.5 ohms. Primary impedance 3000, 5000, 6000, 7000, 8000, 10,000, 
14,000 ohms. 

Type 
No. 

CVP-I 

CVP-2 

CVP-3 

CVP•4 

CVP•5 

Audio 
Visits 

12 

30 

60 

125 

300 

Typical Tubes 

43, 45, 47, 2A3, 6A6. tin, 251.6 

42, 45, 2A3. 61.6. 6V6, 6B5 

46'o, 50s, 300A's, 6L6's, 801. 807 
800's, 801's. 807's, 4-61.6's, 845s 

211 242A's. 203A's, $38's, 4-845's, ZB•I20's 

CG VARIMATCH LINE 
TO VOICE COIL TRANSFORMERS 

List 
Price 

$ 9.00 
14.00 

20.00 
29.00 
50.00 

The UTC VARIMATCH line to voice coil transformers will match any 
voice coil or group of voice coils to a 500 ohm line, More than 50 
voice coil combinations can be obtained, as follows. 

.2, .4. .5, .62, I, 1.25, 1.5, 2, 2.5, 3, 3.3, 3.8, 4, 4.5, 
5, 5.5, 6, 6.25, 6.6, 7, 7.5, 8, 9, 10, 11, 12, 14, 15, 
16, 18, 20, 25, 28, 30, 31, 40, 47, 50, 63, 69, 75. 

CVL•I 
CVL•2 
CVL•3 

Audio 
Weis 
15 
40 
75 

Primary 
Impedance 
5011 ohms 
500 ohms 
500 ohms 

Secondary 
Impedance 
.2 to 75 ohms 
.2 to 75 ohms 
.2 to 75 ohms 

List 
Pries 

$ 8.00 
11.50  
17.50 

CG VARIMATCH MODULATION UNITS 
Will match any modulator tubes to any OF load. 

Primary impedances from 500 to 20,000 ohms 
Secondary impedances from 30,000 to 300 ohms 

Man  Mar 
Type  Audio Clau C 
No.  Watts  Input 

CVM•0  12  25 
C V M•1  30  60 

CVM-2  60  125 

CVM-3  125  250 
C V M -4  300  600 
C V M-5  600  1200 

Typical Modulator Tubes 
30. 49. 79, 6A6. 53, 2A3, 6B5 

6176. 685, 2A3, 42. 46. 6L6. 210 

801, 6L6, 809, 4-46. T-20, 1608 

800. 807, 845. TZ-20, RK-30, 35-T 
50-T. 203A. 805, 838, T-55. ZB-120 
805, HF-300, 204A, HK-354. 250TH 

List 
Price  

$ 8.50 
14.00 

20.50 
30.00 

50.00 
115.00 

15 0 VA RI C K  STREET  N E W  YO R K  13,  N. Y. 

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

U.T.C. Commercial Grade components 

employ rugged, drawn steel cases 

for units from 1" diameter to 300 

VA rating . . . vertical mounting, 

permanent mold, aluminum castings 

for power components up to 15 KVA. 

Units are conservatively designed 

. . . vacuum impregnated . . . sealed 

with special sealing compound to 

insure dependability under 

continuous commercial service. 

A few of the large number of 

standard C.G. units are described 
below. In addition to catalogued units, 

special C.G. units are supplied to 

customer's specifications. 

INPUT, INTERSTAGE, MIXING AND 
LOW LEVEL OUTPUT TRANSFORMER 
1200 ohm windings ore balanced and can be used for 250 ohms) 

CC  Primary  Secondary 
Type  Impedance  Impedaace  List 
No.  APO/Cation  Ohms Ohms  Price 

131 1 plate to 1 grid 15.000 135,000 3:1 ratio $ 9.50 

132  1 plate to 2 grids  15.000  135,000 centertapped  10.00 
3:1 rat lo overall 

133  2 plates to 2 grids  30.000 1. to P 80,000 overall  12.50 
1.6:1 ratio overall 

134  Line to 1 grid 
hum-bucking 

135  Line to 2 grids  50. 200, 300  120,000 overall  13.50 
hum-bucking 

235  Line to 1 or 2 grids,  50. 200. 500  80,000 overall 
hum-bucking,  mill-  ohms 
tip'e alloy shielded 
for low hum pickup 

138  Single plate and low  15,000, 50. 200 80.000 overall 
impedance  mike or 
line to 1 or 2 grids 
lium•bucking 

233  1.P 6C5, 56. similar  30,000 P to P  25.000 overall 
triodes to AB 45'o,  .9:1 ratio overall 
2A3's. 61.8's. etc. 

333  PP 6C5, 56, similar  30.000 P to P  7.500 overall 
triodes to fixed bias  .5:1 ratio overall 
61.6's 

50, 200. 500  80.000  12.50 

17.50 

13.50 

11.00 

MOO 

433  PP 45, 2A3. similar  5,000 P to P  1.250 overall 
tubes to fined bias  .5:1 ratio overall 
2 or 4 61.6's 

137  Spiting 

12.00 

50. 200, 500  50, 200, 500 10.00 
140  Triode plate to line  15,000  50. 200. 500  12.00 

141  PP triode plates to  15.000  50, 200, 500 
line 13.50 

For full details on this line, write for Catalog 



3 IRE MEETINGS 
1950 New England 
Radio Engineering 
Meeting and Show 
Saturday, 9 AM to 5 PM 

A wn  .5 

At Hotel Somerset 

400 Commonwealth Avenue 

BOSTON, MASS. 

7 Excellent Technical Papers: 

10 A M. —Industrial  Television — 
V. K. Zworykin 

Both a demonstration and paper will be given 
of television applications outside of the broad-
cast field. A new photoconductive camera tube, 
and television link will be demonstrated. 

10:45 A. M. —Ne w Pulse Generator 
for Television —Calvin L. Ellis 

A new television synchronizing generator using 
circuits which eliminate the majority of con-
trols will be described. 

11:20 A M. —Transient Phenomena 
in Loud Speakers —O. K. Ma wardi 

and A. A. Janszen 
Phonographic records will be presented of a 
study of the applied transient signal on various 
types of speakers. 

12:30 P. M. —Luncheon 

2:15 P. M. —A Multichannel PA M-

FM Radio Telemetering System — 

E. F. Buckley and G. W. Farnell 
Equipment for pulse-amplitude modulation for 
flight testing of small objects is described. 

2:50  P. M. —A  Four-Phase  Radio 

Frequency Oscillator —C. Robert 

Paulson 
Design, construction and usefulness of such an 
oscillator for ionosphere studies will be dis-
cussed. 

3:25 P. M. —A Novel Coaxial Noise 

Diode Termination —M. W. P. 

Strandberg and Dale Pollack 
A coaxial noise diode provides a conveniently 
calibrated signal for receiver sensitivity tests. 

4 P. M. —Experimental AM Trans-
mitter with Crystal-Controlled Mag-

netron —D. S. Bond, D. G. Moore, 

J. S. Donal 
Carrier power of the order of a kilowatt has 
been obtained from a magnetron in the region 
of 800-900 megacycles. 

About 40 New England 
Manufacturers  will 
provide engineering 
equipment  exhibits 

J. P. QUITTER 

Secretary 

Cincinnati Spring Meeting 
Fourth Annual 

TELEVISION 
Conference 

April 29 

, 

Nur 
F. W. KING 

Chairman 

• 

A. B. BERESKIN 
Vice-Chairman 

Papers Scheduled for Presentation 
"Television Test Equipment and Techniques 
for Use at U.H.F." 30 minutes—Frank H. Mar-
ble, Kay Electric Co. 
"The Application of Recent Developments of 
the Communications Theory Including the Art 
of Sampling to Color Television." 30 minutes— 
Frank Bingley, Phi!co Corp. 
"Television Trends." 30 minutes—Dr. A. N. 
Goldsmith, I.R.E. 
"A Practical Industrial Television System." 30 
minutes, R. W. Sanders—Capehart-Farnsworth 
Corp. 
"Practical Experience with a 41 MC I.F. Tele-
vision Receiver." 30 minutes—D. W. Pugsley, 
General Electric Co. 
"An Integrated Nation-wide Television Alloca-
tion Plan for the VHF and UHF Bands." 30 
minutes—Robert P. Wakeman, Allen B. DuMont 
Labs. 
"A UHF-VHF Tuner for Television." 15 min-
utes—John Bell, Zenith Radio Corp. 
"UHF Tuners." 15 minutes—Nicholas T. Simop-
oulos, Arbor Tool Corp. 

BANQUET 

"Seeing Light & Color" 
Ralph M. Evans, Eastman Kodak Company 

C. C. BOPP 

Treasurer 

The Conference will be held at the Engineering 
Societies Building located at McMillan and 
Woodburn Sts., Cincinnati, Ohio. 

Modern Trends in 
Airborne Electronics 

1950 Dayton IRE 

Technical Conference 

May 3-4-5 

57 important papers on various phases of 

airborne electronics from Aircraft anten-

nas to computors, and from components 

to navigation will be given in 14 well 

grouped sessions, starting Wednesday 

afternoon, May 3, and running through 

Friday, May 5. 

The Conference will be held at The Bilt-

more Hotel in Dayton, Ohio. An outline 

of the sessions follows: 

Wednesday  P.M.:  General  Session — 

"Some Psychological Characteristics of 

the Human Operator," "Trends in Elec-

tronic Developments," "Military Aircraft 

Communication Systems." 

Wednesday P.M.: Technical Session on 

Vacuum Tubes, 5 papers. 

Wednesday P.M.: Technical Session -

5 Papers on Antennas, General. 

Thursday A.M.: Three Sessions —"Com-

putors" treated in 3 papers. "Aircraft 

Antennas I" 3 papers. "Transmission 

Line Circuits" 3 papers. 

Thursday P.M.: Three Sessions: "Com-

munications and Navigation" 4 aircraft 

equipment papers. "Radio Noise and In-

terference" 5 papers. "Antenna Theory" 

4 papers. 

Friday  A.M.:  Three Sessions —"Elec-

tronic Instrumentation" 2 papers. "Cir-

cuits" 3 papers. "Aircraft Antennas II" 

3 papers. 

Friday P.M.: Three Sessions —"Propa-

gation" 4 papers. "Electronic Compon-

ents and Techniques" 5 papers. "Meas-

urements" 5 papers. 

Banquet Friday Evening. 

IRE Regional Meetings Accelerate Electronic  Progress! 
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provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. I.. and R., autliori/ed October 26, 1927. 
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-hp- 608A VHF SIGNAL GENERATOR 

SPECIFICATIONS 

FREQUENCY RANGE: 10 to 500 mc in 5 bands. 

ACCURACY: Calibration ± 1%. Re-setability better than 1 

mc, at high frequencies. Total scale length.approx. 90". 

OUTPUT: 0.1 µv to 1.0 v. continuously variable. Calibrated in 

volts and dbm. 

IMPEDANCE: 50 11. Maximum VSWR 1.2. 

ACCURACY: ± 1 db entire range. 

MODULATION:  

AMPLITUDE: From 0 to 90% indicated by front panel meter. 

ENVELOPE DISTORTION: 1% at 30% modulation. 

INTERNAL: Fixed modulation at 400 and 1,000 cps. 

EXTERNAL: Any frequency 50 cps to 1 mc. 4.0 v. input. 

EXTERNAL PULSE: Positive or negative, 4 v. peak. Good 
pulse shape. Square wave to 1 µsec length. 

LEAKAGE: less than 1 pv. 

RESIDUAL FM: Not over .0025% at 90% modulation. 

PO WER: 115/230 v 50/60 cps. 150 watts. 

SIZE: 12" x 14" x 18" deep. hp- grey finish. Cabinet mounting. 

PRICE: $850.00 f.o.b. Palo Alto. 

Data Subject to Change Without Notice 

111111EZE M 

...THE BASIC TOOLS YOU 

A NEW VHF SIGNAL GENERATOR 
10 to 500 mc 

High power output... Constant internal im-
pedance... Wide frequency range...Broad 
modulation capabilities...Master oscillator 
power amplifier circuit...Microsecond pulses 
...Small residual FM... CW, AM or pulsed output 

Here is a new general purpose laboratory generator of 
broadest application. It offers a directly calibrated output 
from 0.1 /iv. to 1 v. for measuring gain, selectivity, sensi-
tivity or image rejection of receivers, I-F amplifiers, broad 
band amplifiers and other VHF equipment. The 1 v. out-
put (to a 50 ohm load) is available throughout the entire 
frequency range for driving bridges, slotted lines, anten-
nas, filter networks, etc. The output circuit is directly cali-
brated in volts and dbm for fast reading. No charts are 
necessary. 

DIRECT CALIBRATION 

Frequencies from 10 to 500 mc are covered in 5 bands, 
and calibrated directly in mc on a drum-type dial having 
effective scale length of 90". The single-dial, ball-bearing 
frequency control insures maximum convenience and ac-
curacy in tuning and re-setting. 

Master oscillator and power amplifier circuits are enclosed 
in a heavy cast aluminum shield, insuring high stability 
and low electrical leakage. 

NE W -hp- 417A VHF DETECTOR 

This new -hp- instrument is a 
super-regenerative (AM) re-
ceiver covering all frequencies 
between 10 and 500 mc. in 5 
bands. It is designed for use with the -hp- 803A VHF 
Bridge. It offers 5 pN sensitivity over entire band, quick, 
easy operation, and a direct-reading frequency control. 
The instrument is thoroughly shielded, and is suitable for 
general laboratory use; for making approximate frequency 
checks, determining noise, interference, etc. Price $200.00 
f.o.b. Palo Alto. 

2a PROCEEDINGS OF rilE I.R.E.  April, 1950 



ASKED US FOR! 

A NEW VHF BRIDGE 
50 to 500 mc 

First com mercial VHF bridge...Based on an 

entirely new principle...Direct impedance 

readings, 2 to 2,000 ohms... Wide phase angle 

...Useful to 1,000 mc... Makes every kind of 

VHF impedance measurement 

The ne,A  803 A VHF Bridge is the first commercial 
instrument built to give you fast, direct impedance read-
ings in the 50-to-500 mc band. It can be used for any type 
of VHF impedance measurement. This includes character-
istics of transmission lines, antennas, resistors, rf chokes 
and condensers; impedance of connectors, standing wave 
ratios; percentage of reflected power, VHF system flat-

ness, etc. 
BROAD FRE QUE NCY RANGE 

The Model 803A operates on an entirely new principle 
suggested by Mr. John Byrne of the Airborne Instrument 
Laboratories.* It determines impedance by sampling the 
magnetic and electric fields of a transmission line. Phase 
is measured by determining the point of cancellation of 
these samples along a second transmission line. This meth-
od effectively overcomes the narrow frequency limitations 
of conventional bridges, and permits the new -hp- VHF 
bridge to make readings at frequencies up to 1,000 mc and 

down to 5 mc. 

*A complete dettription of :hi( principle and ill application in 
the -hp. VHF Bridge will appear in an early ittue of the .hp.. 

Journal. Free copy on requett. 

For complete details of these and other 

-hp- precision instruments 

see your local -hp- representative 

or write direct to factory. 

HE WLETT-PACKARD CO MPANY 
2041,D  Page Mill Road  • Palo Al,, California 

Export: FRAZAR & HANSEN, Ltd., 301 Clay Street, San Francisco, 

Calif, US A Offices: New York, N.Y. and Los Angeles, California 

-hp- 803A VHF BRIDGE 

SPECIFICATIONS 

MEASURE MENT RANGE: Impedance magnitude, 2 to 2,0000. 

(Higher and lower values may be measured by using a 

known length of transmission line as an impedance trans-

former.) 
Phase angle from —90' to +90' at 50 mc and above. 

CALIBRATION: Impedance: Directly in ohms. 

Phase angle: Directly in degrees at 100 mc. May be readily 

computed at other frequencies. 

(  (actual) :7-0 (read) x Frequency, mc/100.) 

ACCURACY: Impedance magnitude, approx. -4- 5%. 

Phase angle, approx. 4-  3 degrees (over range 50 to 500 mc). 

FREQUENCY RANGE: Maximum accuracy 50 to 500 mc. Useful 

down to 5 mc and up to 1,000 mc. Maximum measurable 

phase angle at 5 mc is —9 ° to +9°. 

EXTERNAL rf GENERATOR: Requires on AM signal source of at 

least 1 mw. High signal level is desirable. (.hp. Model 608A 
VHF Signal Generator is ideal for this purpose.) 

rf DETECTOR: Requires a well-shielded VHF receiver of good 

sensitivity. (-hp. Model 417A VHF Detector is designed for 

this use.) 

SIZE: 14" x 14" x 8" deep. Smooth •hp- grey finish. 

Cabinet mounting. 

PRICE: $495.00 f.o.b. Palo Alto. 

Data Subject to Change Without Notice 

HEWLETT  PACKARD 
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Throughout history, scouting par-
ties have gone out ahead of man, 
ahead of settlements, ahead of civi-
lization itself. Today, Bell System 
scouts are engaged in a new kind of 
exploration — charting a path for 
microwaves — using equipment spe-
cially designed by Bell Telephone 
Laboratories. 
The portable tower shown is con-

structed of light sections of alumi-
num and in a few hours may be 
built up to 200 feet. Gliding on roll-

Lt. 

ers, the "dish," with its microwave 
transmitter or receiver, is quickly 
positioned for line-of-sight trans-
mission, then oriented through 
electric motors controlled from the 
ground. 
Test signals show how terrain 

and local climate can interfere with 
microwave transmission. Step by 
step, Bell's explorers avoid the ob-
stacles and find the best course 
for radio relay systems which will 
carry television pictures or hun-

dreds of simultaneous telephone 
conversations. 

A radio relay link similar to the 
one between New York and Boston 
will be opened this year between 
New York and Chicago. Later it 
will be extended, perhaps into a 
nation-wide network — another ex-
ample of the way Bell Telephone 
Laboratories scientists help make 
the world's best telephone system 
still better each year, and at lowest 
cost. 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR  CONTINUED  IMPROVEMENTS AND ECONOMIES  IN TELEPHONE SERVICE 



Capacitors 

Trimmers • Choke Coils 

Wire Wound Resistors 

BEIIER 4 WAYS 

I/ PRECISION 
V  UNIFORMITY 

kr DEPENDABILITY 

V  MINIATURIZATION 

Though Hi-Q Ceramic Components are pro-

duced at a rate of several million a month, each 

and every single one is individually tested at each 

stage of production and as a part of final inspection 

before shipment. That is one of the reasons why 

you can depend on all Hi-Q Components to pre-

cisely meet specifications, ratings and tolerances. 

That is one of the reasons why they are used by 

virtually all leading producers of television, com-

munications and electronic equipment. 

You are invited to write now for a copy of 

the brand new Hu-Q Datalog just off the press. 

JOBBERS — ADDRESS: 740 Belleville Ave., New Bedford, Moss. 

Elea/aced Reeteteuece eoto. 
FRANKLINVILLE, N. Y. 

SALES OFFICES: New York, Philadelphia,  PLANTS: Franklinville, N. Y., Jessup, Po., 

Detroit, Chicago, Los Angeles  Myrtle Beach, S. C. 

EXPORT ADDRESS: 41 E. 42nd St., Now York 17, N. Y., U. 5, A. 

PROCEEDINGS OF TDB I.R.E.  A trii,  1050 
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Now Available( 
140111111 0101 PERVIALLOI 

?ODER CO W 

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. 

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 Moly 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. 

* %lanufartured under licensing arrangements Ilit h  Western Electric Company. 

ARNOLD ENGINEERING UOMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS  I 

PROCEEDINGS OF TI1E IR E.  April, 1950  fir 



DELIVERSo k  SPECIFIED 

CM 15 MINIATURE CAPACITOR 

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

2 — 420 mmf. cap. at 500v DCw 
2 — 525 mmf. cap. at 300v DC w 
Temp. Co-efficient -±50 parts per million 
per degree C for most capacity values. 
6-dot color coded. 

11 II. rite on :tour firm letterheadfor 

M OLDED MIC A 11_ 7 —  . P TI. 'MIC A TRI M MER 

Catalog and samples 

EL-MENCO 
CAPACITORS 

EL-MENCO is the standard of dependability in capaci-
tors. Each tiny El- Menco Capacitor delivers at maximum 

in any climate under the most critical operating condi-

tions. Before leaving the factory, they are tested for dielec-
tric strength at double working voltage; for insulation 

resistance and capacity value. Each tiny El- Menco Capaci-

tor meets and beats strict Army-Navy standards. Put them 

in your product and get real performance. 

A CO MPLETE LI NE OF 

CAPACIT ORS TO MEET 

EVERY RE QUIRE ME NT 

THE 
ELECTRO MOTIVE MFG. (0., Inc. 
WILLIMANTIC  CONNECTICUT 

CAP ACIT O RS 
FOREIGN RADIO AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH OUR EXPORT DEPT. AT wilLIMANTIC. CONN. FOR INFORMATION. 

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

PROC7EDINGS OF THE I.R.E. April, 1950 7.% 



Mallory Inductuner* 
In Television Receiver 

Provides Effective Means 
For Later UHF Conversion 

An increasingly important consideration in the design of television receivers is 
the effectiveness with which they can later be coupled with a converter for 
UHF reception. Thorough analysis reveals that a front end unit built around 
a Mallory Inductuner provides flexibility and freedom from interference which 
are unequalled for this purpose by any other tuning device. 

Because of the continuously variable inductance provided by the Inductuner, 
it is possible to select a conversion frequency that is most desirable from the 
standpoint of both harmonic and direct IF interference. Simply by the addition 
of a dial marking at the most desirable point in the unused frequency range 
between existing channels 6 and 7, the receiver manufacturer can prepare for 
later UHF conversion under ideal conditions. 

This advantage is inherent in the unique design of the Inductuner. It is an 
important addition to the desirable features listed at the right. These exclusive 
advantages are available to you at a price no higher than other tuning devices. 

That's value beyond specification! 

That's why the Inductuner has become the center of growing respect and 
interest throughout the industry. Your request for detailed technical data will 
be welcomed. 

Outstanding Advantages 

of the nett' 

Mallory Spiral Induciuner: 

1. A single control for easy selection 
and fine tuning of any television or 
FM channel. 

2. Easily adapted toUHFconverteruse. 
3. Excellent stability eliminates fre-
quency drift. 

4. Supplied in three- or four-section 
designs. 

5. Far more quiet operation; permits 
high signal-to-noise ratio an front 
end designs. 

6. Free from microphonics. 
7. Greater selectivity on high fre-
quency channels. 

8. Eliminates "bunchig" of high 
band channels. Covers entire range 
in only six turns. 

9. Simplifies front end design and 
production. 

10. Reduces assembly costs. 

*Reg trade mark of P. R. Mallory & Co.. Inc. 
for i mluct a nee tuning device., covered by 
M anors  art- pairtut.. 

Television Tuners, Special Switches, Controls and Resistors 

MALLORY 
P. R. MALLORY & co.. Inc. 

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

SERVING INDUSTRY WITH 

Capacitors 

Controls 
Rectifiers 

Special  Power 
Switches  Supplies 

Resistance Welding Materials 

Contacts 

Resistors 

Vibrators 

8A 
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the new IAMBI type 12LP4A TELETRON* 

New Du Mont gray face plate 

Specifications 
Overall Length 
Diameter of, Bulb 
Useful Screen Diameter 
Base 
Bulb Contact 
Anode Voltage 
Grid No. 2 Voltage 
Focusing Coil Current 
Ion Trap Current 

Recessed 

18 3/4 " 
I2A" 
  11 -

Duodecal 5 Pin 
Small Cavity Cap 
11,000 Volts D. C. 
250 Volts D. C. 

110 Approx. Ma D. C. 
120 Approx. Ma D. C. 

Grid No. 1 Circuit Resistance  1.5 Max. Megohms 

Bent-Gun, exclusive DuMont 

design, bends the electron 

beam only once instead of 

twice as in other designs. 

Permits sharper spot focus. 

Featuring 

the 

11 
For the first time this popular tube 
type is offered with all the refine-
ments of the Du Mont design. 

Modification of the Bent-Gun 
makes possible the use of single 
or double magnet beam-benders 
thus assuring direct interchange-
ability with other 12LP4's, yet as-
suring that extra sharpness pos-
sible only with the Du Mont gun 
structure. 

An ideal tube for improving the 
performance of existing receivers, 
using the Type 12LP4, or for incor-
poration in new receiver design. 

Literature and quotations on request 
+Trade-Mark 

ALLEN B. DU MONT LABORATORIES, INC., Tube Division, Clifton, N. J. Plants at Allwood and Passaic, N. J. 
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EIMAC TUBES CHOSEN FOR 
COLLINS' 50 KW CW TRANSMITTER 
CW communications transmitter type 205E is an outstand-
ing example of engineering craftsmanship by Collins Radio. 
Designed for military and civilian service between 4 and 26 
Mc. the 205E will provide 50 kw CW output with remarkable 
economy from the standpoint of both power consumption 
and tube cost. 

Overall efficiency of the transmitter through all stages, from 
the 230 volt power line to the antenna, is 55 % to 60%. 

Collins engineers say, "We can attribute the largest per-
centage of this performance to our use of Eimac tubes. The 
3X2500A3 triodes operate with low filament-power, and 
their high power-gain and high efficiency permit economical 
exciting equipment.  Further power saving is effected be-
cause of the simple air-cooling requirement." 

You, too, can take advantage of Eimac tubes' functional 
design, economical operation, and higher performance. 

Complete catalogues covering operational data and charac-
teristics on all Eimac tubes are available without charge . . . 
write today. 

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

50 KW IOutput 

1 0 amps. 

PO WER AMPLIFIER 

6 3X2500A3 
grounded grid 

App  stage ell 90 • 93% 

115 Kw 

IPA STAGE 

2 3X2500A3 
Stage eft  76 - 83% 

IPA STAGE 

1 4-400A 
plus r-1 exciter 

Power supplies, 
controls, 

blowers, etc  14 230 volts 85 KW 
Input 

244 
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a= from VHF to SHF 
it's 

If you are in need of accurate test 
equipment why not consult with PRD? 
You'll no doubt find we have just the item 
you require. Consider, for example, the 
versatile new instruments illustrated on this 
page which embody the carefully thought out 
design features characteristic of all of 
PRD's precision test equipment. These and 
many other new instruments are now being 
offered to fulfill your VHF, UHF, and 
microwave requirements. 

TYPE 904 VHF-UHF NOISE GENERATOR 

This calibrated broadband noise source permits direct 

measurement of noise factors as high as 20 db for r-f 

amplifiers and receivers operating in the range from 10 

to 1000 mc/sec. 

For complete information and a 
copy of our latest catalog, write 
to Department R-7. 

(PE 650 UNIV,  DO WER BRIDG 

This direct-reading bridge may be used with either 

positive or negative temperature co-efficient bolometers 

for the accurate determination of r-f power. Full scale 

ranges of 0.1, 1.0, 10, and 100 milliwatts permit tnea-

surement over a wide range of power levels. 

TYPES 902 and 903 BROADBAND MICRO-

' e'  --)"!,/s! —  These new 

instruments furnish c-w, pulsed, or frequency modulated 

r-f signals for the 3650-7300 and 6800-10,900 mc/sec. 
bands. Direct reading frequency dials and automatic 

mode tracking are employed, together with o 0-120 db 

cutoff attenuotor calibrated directly in —dbm. 

RESEARCH 

& DEVELOP MENT CO MPANY, Inc. 
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20 years ago, IRC advertised resistors for television! 

And right now, while we produce for today's 

requirements, electronics 1970 is on our drawing 

boards. 25 years young this year, IRC combines 

a quarter-century of specialized engineering with free, 

fresh thinking on new resistance problems. 

Result of this concentration: —A unique variety 

of high-quality, lower-cost resistance products, 

plus unbiased recommendations. 

TELEVISION IN 1930 
Advertising resistors for tele-
vision 20 years ago was not 
nearly so advanced as IRC's 
present planning for the future. 



important 

AFTER 10,000 CYCLES 
of rotation IRC's new Q Control 
shows less than 10 % change in 
resistance for values below 1 meg-
ohm, and not over 15 % change for 
values of 1 megohm and above. 
Noise level after the same rigorous 
tests remains well within the industry 
standard for new controls. Investigate 
the many advantages of this modern 
size 15/16 — diameter control. Com-
plete mechanization in manufacture 
assures you of pbsolute uniformity 
and a dependable source of supply. 
Coupon brings you full details on 
Bulletin A-4. 

INTER N ATI O N AL 

RESIST A N CE  C O MP A N Y 

401 N. Broad Street, Philadelphia 8, Pa. 

In Comrades International Resistance Co., Ltd., Toronto, LI c 

LESS THAN 3% change 
from original value due to aging 
has been proven for MV High 
Voltage  Resistors.  The  resis-
tance coating of Type MV's is 
stabilized at high temperature. 
Application of this filament coat-
ing in helical turns on a ceramic 
tube gives a conducting path of 
long effective length and permits 
the use of up to 100,000 volts 
for the MVR resistor. For high • 
voltages where high resistance 
and power are required Type 
MV's are available in a wide 
range of values, sizes and termi-
nals, all described in Bulletin G-1. 
Use the coupon to get your copy. 

(Aiiovivt, tk.ex.a, Swe 
Power Resistors • Voltmeter Multipliers 
• Insulated Composition Resistors•Low 
Wattage Wire Wounds • Controls 
• Rheostats • Voltage Dividers • 
Precisions • Deposited Carbon 
Precistors • High Frequency and High 
Voltage Resistors • Insulated Chokes 

BTS 
Vs wan 

AGING IS NO PROBLEM 
with Advanced BT Resistors. Filaments 
are pre-cured and stabilized, practically 
eliminating any possibility of resistance 
change through aging. Engines.red to 
meet JAN-R-11 specifications for fixed 
composition resistors, IRC BT's hove 
established their superiority in all im-
portant characteristics. Let us prove it 
to you ... check the coupon for 12 page 
technical data Bulletin 8-1. 21 character-
istic charts compare IRC performance to 
rigid JAN specifications. 

NommuninuMmili mmu menpu mill 

INTERNATIONAL RESISTANCE CO. 

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

Plecr.e  nd ncr complete inforrnolion on the items checked 
below: 

O MV High Voltage Resistors 1G-11 LI  New 0 Controls (A-4) 

0  Advanced BT Resistors 111-11 0  Name of Local IRC Distributor 

NAME   

TITLE   

COMPANY 

ADDRESS  

J. P. MI N OT • C O., A OV  AGE N CY 
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TRUSCON STEEL CO MPANY 

1iii 111 
111 

am 
0 .1 

F14011111 

rram..a 
P°P11 46,10 

44.011, 

YOU NGSTO W N  1, OHI O 

Subsidiary of Republic Steel Corporation 

WXEL Excels in TV Service 
to the populous Western Reserve area 
The northeast Ohio area established as the Western 
Reserve in 1785, is today a nation's center of indus-
trial, agricultural and intellectual advancement. The 
17-county area now included in the original govern-
ment grant has been served on Channel 9 since 
December 17, 1949, with a widely diversified 
program for all types of audiences. 

For its visual power of 21 KW, and oral power of 

13.5 K W, station W XEL uses a self-supporting 
Truscon Steel Radio Tower with an overall height 
of 437 feet to the top of a General Electric 6-bay 
television antenna. This is another example of the 
specialized services of Truscon engineers, long skilled 
in designing radio towers to meet specific conditions 
all over America. 

Truscon offers a world-wide background of experi-
ence to call upon in fitting Radio Towers to specific 
needs. Whether your own plans call for new or 
enlarged AM, FM or TV transmission, Truscon will 
assume all responsibility for tower design and erec-
tion ... tall or small ... guyed or self-supporting ... 
tapered or uniform in cross-section. Your phone call 
or letter to our home office in Youngstown, Ohio— 
or to any convenient Truscon District Service Office 
—will rate immediate, interested attention. 

TRUSCON 
SELF-SUPPORTING 

AND UNIFORM TOWERS 
CROSS SECTION GUYED 

TRUSCON COPPER MESH GROUND SCREEN 
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, 
Of Proven Performance in 
the Radio and Television 
fields. 

Excellent for Motors, 
Relays, Transmitters, 
Fans, Controls, Switches, 
Bobbins,  and  many 
others. 

PROCEEDINGS OF THE IRE.  rrit, 1950 

QUALITY . . . Plus ADAPTABILITY 

CLEVELAN D 
COSMALITE* AND CLEVELITE* SPIRALLY LAMIN-

ATED PAPER BASE PHENOLIC TUBES 

Cosmalite is known for its many years of high quality per-

forrr,ance. Clevelite is the new improved tubing designed 
to meet more exacting specifications. 

"Cleveland" has an enviable record of service and de-
pendability. Your orders receive prompt attention. De-
liveries are made in time for your production schedules. 

For the best . . . "Call Cleveland." Samples on request. 

CLEVELAND CONTAINER6 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

PLANTS AND SALES OFFICES al  Chiingo  Oisdensborig, N Y lorrieslavie,N 

ABRASIVE DIVISION ot Cleveland, Ohio 

CANADIAN PLANT . The Cleveland Container, Canada. Led, Prescott, Ontario 

REPRESENTATIVES 

CANADA  W M 1 BARRON, EIGHTH LINE, RR el, OAKVILLE, ONTARIO 

METROPOLITAN 
NE W YORK  R T MURRAY, 6Ie CE NTR AL AVE , EAST ORANGE, N.J. 

NE W ENGLAND  E P PACK AND ASSOCIATES, 968 FAR MINGT ON AVE. 

WEST HARTFORD, CONN 

•Tedde  Mark 
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STANDARD RI-F1* METERS 

14 kC  10 0 0 MCI 
DEVELOPED BY STODDART 
FOR THE ARMED FORCES 

AVAILABLE COMMERCIALLY 

VHF ! 

15 MC 
to 

400 MC 

Commerciol equivalent of 75•587 U. 
Sensitivity  as  two-terminal  voltmeier, (95 ohms  balanced) 
2 microvolts 15-125 MC;  5 microvolts BEI-400 MC.  Field 
intensity measurements using  calibrated  dipole.  Frequency 

range includes FM and TV Bonds. 

HF 

150 KC 
to 

25 MC 
NM - 20A 

Commercial equivalent of AN POM•1. 
Self-contained batteries.  A.G. supply optional.  Sensitivity as 
two-terminal voltmeter,  1 microvolt.  Field intensity with 
meter rod antenna,  2 microvolts-per•meter; rotatable loop 
supplied. Includes  standard broadcast band, radio range. 

W WV, and communications frequencies. 

Since 1944 Stoddart RI-Fl• instruments have established the 

standard for superior quality and unexcelled performance. 
These instruments fully comply with test equipment require' 
ments of such radio interference specifications cis JAN-1-225, 

ASA C63.2, 16E4(SHIPS), AN•1-24o, AN-1-42, AN-I-270. AN-1-40 
and others. Many of these specifications were written or re-

vised  to  the  standards  of  performance  demonstrated  in 

Stoddart equipment. 

VLF I 
14 KC 
to 

250 KC 

*Radio Interference 

STODDART AIRCRAFT RADIO CO. 

6644 SANTA MONICA BLVD., HOLLYWOOD 38, CALIF. 

Hillside 9294 

Commercial equivalent of AN 'URM-6. 
A new achievement in sensitivity!  Field intensity measure 
ments, 1 microvolt-per-meter using rod;  10 microvolts-per 
meter using shielded directive loop.  As two•terminal volt-

meter, 1 microvolt. 

UHF 

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 calibrated 
dipole.  Frequency  range  includes Citizens Band and  UHF 

color TV Band. 

The rugged and reliable instruments illustrated above serve 
equally well in field or laboratory.  Individually calibrated 
for consistent results using internal standard of reference. 
Meter scales marked 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. Graphic recorder available. 

and Field Intensity. 

Precision Attenuation for UHF ! 

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

Accuracy + .5 DB. 

:.Patents applied for. 

16A 
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quality control 
At every production step, American Lava 

Corporation makes periodic checks to assure 

exact compliance with all specifications. 

Savings in both time and cost result by preventing sub-standard production. 

Quality' is maintained. Delivery schedules are adhered to more closely. 

Cost savings permit lower prices. 

The well developed system of quality control at the American Lava 

Corporation is another reason why it is known as Headquarters for quality 

production of Custom Made Technical Ceramics. 

AMERICAN LAVA CORPORATION 
4 8 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 

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

Offices: Metropolitan Areo: 671 Broad St., Newark, N. 1., Mitchell 2.8159 • Chicago, 9 South Clinton Si., Central 

6-1721 • Philadelphia, 1649 North Broad St., Stevenson 4.2823 • too Angeles, 232 South Hill St., Mutual 9076 

Hew England, 38.8 Braille St., Cambridge, Marc., Kirkland 7.4498 • St. Louis, 1123 Washington Ave., Garfield 4959 
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CORRECTION NOTICE 
New Model Direct 
Coupled Amplifier 
The Type 112 dc amplifier, with a 

bandwidth of de to 1 Mc when used at 
a maximum voltage gain of 5,000, is 
being manufactured by Tektronix, Inc., 
712 S.E. Hawthorne Blvd., Portland 
14, Ore. 

For voltage gain requirements of 
166 and less, the bandwidth extends to 
2 Mc. An output of approximately 150 
volts (peak to peak) is available to a 
high impedance load such as cathode-
ray tube deflection plates. Continu-
ously variable control of gain, 0.5 to 
5,000 is accomplished by the com-
bination of a step and variable attenti-
ator. 
The amplifier has an input imped-

ance of 1 megohm-45 Awl each side to 
ground, or 10 mcgohms-14 µof each 
side to ground when using the supplied 
probes. 
A 1 kc square wave calibrating volt-

age from 0 to 50 volts is available by a 
nine position range switch in conjunc-
tion with a calibrated potentiometer 
providing an accuracy of ±5 per cent. 

UHF Oscillator 
Measurement Corp., 116 Monroe St., 

Boonton, N. J., announces a new instru-
ment, the Model 112 UHF oscillator, 
cpvering the frequency range of 300 to 
1,000 Mc. The frequency calibration is 
accurate to ±0.5 per cent. 
This instrument employs the same type 

oscillator used in Model 84 Standard 
Signal Generator built into a compact, 
portable unit with self -contained power 
supply. Provision has been made for the 
use of a direct-current power source when 
maximum stability is required. 
The Model 112 has a maximum output 

18A 

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

voltage, varying with frequency, between 
0.3 volt and 2 volts. The output voltage is 
not calibrated in absolute value, however, 
an output dial calibrated in db makes 
possible relative voltage measurements. 
The oscillator provides a tunable signal 

source between 300 and 1,000 Mc for 
measurements and testing, such as track-
ing and alignment of uhf receivers; 
standing-wave measurements, transmis-
sion line measurements, antenna pattern 
measurements, impedance measurements, 
and many other applications. 

Connection-Less Ammeter 
A "burnout-proof - ammeter Operating 

over an extremely wide range in checking 
current flow, is announced by Industrial 
Devices, Inc., Edgewater, N. J. 

Of unique design, the Mini-Amp does 
away with the usual delicate meter move-
ment. No binding post connections have to 
be made. Instead, the current-carrying 
wire is slipped through the opening in the 
case of the Mini-Amp, and the knob is 
turned until the indicator light extin-
guishes, whereupon the current is read in 
amperes directly off the dial. The range of 
the meter may be changed by increasing 
the number of turns of wire passed 
through .the opening. The scale range of 
Model 810 is 10-24 amperes, but by pass-
ing the wire through the necessary num-
ber of times, the range may be extended 
down to as little as 0.1-0.24 ampere. 

Television Signal Generator 
The Superior Instruments Co., 227 

Fulton St., New York 7, N.Y. is now 
marketing their new line of television test-
ing equipment. The Model TV-30, a tele-
vision signal generator, enables alignment 
of television IF and front ends without the 
use of an oscilloscope. 

The company claims the Model TV-30 
permits alignment operation in the same 
manner normally employed to align broad-
cast and short-wave receivers. Four fre-
quency ranges are 18-32 Mc, 35-65 Mc, 
54-98 Mc, and 150-250 Mc, without 
switching. Audio modulating frequency, 
400 cps (Sine Wave). 
' Cabinet  measures  6 X7 X9  inches. 
Shielded coaxial lead is supplied. 

VHF Receiver and Trans-
mitter for Aircraft 
Application 

A new "instrument type" vhf receiver 
and transmitter in narrow "panel designs 
for installation and location in aircraft 
instrument panels is announced by Lear, 
Inc., 110 Ionia Ave., NAV., Grand Rapids 
2, Michigan. 

The reLeiver, Model Lk-513n (illus-
trated) has continuous tuning for all 
tower, radio range and VOR reception 
facilities. Weighing only 4 lbs. 4 oz., it 
takes no more equivalent mounting space 
than two standard aircraft instruments 
(over-all size 31V X 6 IV X 71-1")• 
The 2-watt, 6-frequency transmitter, 

Model RT-10CH, weighs just 13 oz., and 
fits into a standard aircraft instrument 
mounting hole (over-all size 31' X31' X7'). 

(Conformed on rage 26.4) 
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CO M MUNICATI ONS AIRCRAFT 

12,0  

NAVIGATI ONAL 

Complete systems . . . built from your own blueprints, or designed and developed 

from an idea. 
Modern, up-to-the-minute U.H.F. facilities are available to convert these designs 

into complete assemblies fabricated to do the job dependably. Quantity no 

problem, and competent understanding of government contract procedures. 

A Few Typical 
Installations Include: 

• VHF Omnidirectional 

Radio Range 

• UHF Communication 

• N'ticrowave Aids 
Navigational   

—  — 

LAVOIE PRODUCTS also include 

Oscilloscopes, Electromyogroplls. 
Frequency dards, Frequency Stan 
Meter  Wove Generato 

S. 
Square rs,  

etc., etc 

A LAVOIE Facilities Report may be had if you will 

address us on your letterhead, or a consultation will 

be arranged to suit your convenience . . . without 

obligation. 

cevoie Woratoticis-
RADIO ENGINEERS AND M ANUFACTURERS 

MORGANVILLE, N. J. 

Specialists in the Development and Manufacture of UHF Equipment 

PROCEEDINGS OF THE I.R.E.  Apra, 1950 19A 



A NE W 
2- WATT TYPE 

...to meet JAN and other exacting specifications 

Only N" long by h" in diameter. Range 
from 10 to 100,000 ohms in tolerances 
of +5, 10 or 20q. Fully insulated and 

highly moisture resistant. 

FIXED RESISTORS 
Stackpole fixed resistors of molded carbon composition are now avail-

able in a complete range of 1/2-, 1- and 2-watt sizes to match modern 

design and production requirements. Deliveries are good—quality and 

prices are right—and Stackpole engineers welcome the opportunity 

to cooperate in matching your specifications to the letter. Samples to 
quantity users on request. 

ELECTRONIC COMPONENTS DIVISION 

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

FIXED AND VARIABLE RESISTORS  •  IR ON CORES  •  SINTERED ALNIC O II 

PER MANENT M AGNETS  •  INEXPENSIVE LINE AND SLIDE SWITCHES  •  CONTACTS  • BRUSHES 

FOR  ALL ROTATING ELECTRICAL EQUIPMENT  ond dozens of carbon and graphite specialties 

2o% 
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at Moderate Cost! 
• • . Promptly and 

Bendix dynamotors are built to supply the 
exact power requirements of your equip-
ment—to work from any input voltage and 
to deliver the necessary power at any out-
put voltage. Dual or triple output voltages 
are available for high and low-level por-
tions of the circuit, or for biasing. For crit-
ical circuits, regulated outputs will simplify 
your design problems, especially since a 
regulated filament supply can be obtained 
as a bonus when regulating the high voltage 

output. Bendix will build your dynamotors 
to the usual military specifications or to 
meet even more rigid requirements, such 
as operation at higher temperature, or 
altitudes in experimental equipment. 
Samples or production units of special dyna-

motors are priced competitively. A definite 
proposal will be made upon receipt of the details 
of your problem. For immediate information 
call our Engineering Staff —Red Bank 6-3600, 
Red Bank, New Jersey. 

THE RIGHT DYNAMOTOR FOR EVERY PURPOSE 

Sizes -23/4" to 51/4" diameter 

• Power Range-10 to 
500 watts 

• Input Voltage -6 to 
115 volts 

• Output Voltage -6 to 
1500 volts 

• Single and multiple output 

and input 

• Plain and regulated types 

RED  BANK  DIVISION  OF  BENDIX  AVIATION  CORPORATION 
RED  BANK,  NE W  JERSEY 

RE D D AN K 

DIVI SI O N 

4411 
VIE W  4, r Amy , 

AP • 
AVIATI O N  COR PORATIO N 
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Announcing 

NEW MEMBER OF THE 

teiCALE)c FAMILY 

9 Pin Miniature Tube Sockets 

rt);t4? 

Enlargement of the new 9 (NOVAL) pin minia-
ture tube socket. 

We are proud to announce the addition of a 9 pin 

(NOVAL) miniature tube socket to the MYCALEX 

line.  It has all the electrical characteristics of the 

widely used MYCALEX 410 and 410 X 7 pin tube 

sockets and fully meets RMA standards. 

The NOVAL is injection molded and produced in two 

qualities to satisfy different requirements. 

Above: Complete 9 pin miniature socket. 
Below: Precision •moldiags in MYCALEX actual 
size two views. 

MYCALEX 410 for applications requiring close di-
mensional tolerances.  Insulation loss factor of .015 
(at 1 MC) yet compares favorably in price with mica 
filled phenolics. 

MYCALEX 410X for applications where general pur-
pose bakelite was acceptable but with on insulation 
loss factor of only .083 (at 1 MC).  Prices compare 
with lowest quality insulation materials. 

Write us today and let us quote you prices on your particular requirements.  We 
will send you samples and complete data sheets by return mail.  Our engineers 
are at your disposal and would be glad to consult with you on your design problems. 

Mycalex Tube Socket Corporation 
"Under Exclusive License of Mycalex 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. 

22A 
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X-ray reveals solid molded construction 

of Allen-Bradley Fixed Resistors 

These unusual photographs tell a convincing 

story . . . about Bradleyunit resistors! 

Solid molded . . . through and through . . . 

their leads are imbedded in the densely com-

pacted body of the resistors. 

This construction assures unbeatable perform-

ance ... stability ... and long life. Heat, humid-

ity, and high load do not affect Bradleyunits, 

which are available in all standard R.M.A. values 

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

megohms, 1 watt from 2.7 ohms to 22 megohrns. 

Fixed resistors are usually rated at ambient 

temperatures of 40 C.  Bradleyunits are rated 

at 70 C. At this high temperature they will oper-

ate at full rating for 1000 hours with less than 

5 % resistance change. 
Bradleyunits need no wax impregnation to 

pass salt water immersion tests. They have high 

mechanical strength. The leads are differentially 

tempered to prevent sharp bends near the re-

sistor. Let us send you a complete Allen-Bradley 

resistor chart. 

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

ALLE  B 10k D E Y 
FIXED & ADJUSTABLE RADI6 RESISTORS 
Sold .ciusiv.Iy to :==-(111t1I11%) 

PROCI?POINGS OF TI M  April, 1950 
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(Top left) 41/2" high vacuum triode. Al copper parts of Revere 
OFHC Copper. (Bottom left) Country's most powerful high fre-
quency transmitting tube; 34 %" high. (Above right) Parts of 

large tube that are made of Revere OFHC Copper: Anode, 
Anode Shield, Grid Ring with glass bead omitted from top edge, 

and 2 of the 6 filament terminals with which tub. Is equipped. 

NATION'S 
MOST 

PO WERFUL 
Transmitting Tube 
made with OFHC COPPER 
supplied by REVERE 

OFHC Copper also used by Federal Tele-
phone and Radio Corporation in its 41/2 " 
Triode with maximum rating of 600 MC. 

T°TINE large tube which you  see  at left stands  
1 34 1/4 " high and is the most powerful high 
frequency transmitting tube in commercial use 
today. Two of these tubes used in the radio 
station operated by the State Department make 
it one of the most powerful short wave trans-
mitters in the country. That these tubes have 
been in tcrnstant use for more than 4 years is a 
tribute to the ingenuity of their makers and the 
quality of the materials used in their con-
struction. 
These transmitting tubes operate up to 22 MC. 

delivering 200 kw at that frequency. An un-
usual feature of construction is the water-cooled 
anode which is 19" long and is made from 
Revere 6" copper tubing with 1/2 " wall, fluted 
for more efficient heat dissipation and tapered to 
paper thinness where it is sealed to the glass. 
Bottom of anode is drawn OFHC Revere Copper 
silver brazed to the OFHC Revere Copper 
tubing. 
The small 41/2 " high vacuum triode shown in 

the upper left corner is used as a power amplifier 
or oscillator and is the only tube of its size that 
can handle up to 600 MC per second. It will de-
liver up to 750 watts. Anodes used on both these 
tubes are Revere Copper. 
In this application, where the copper must be 

free from oxygen to protect the vacuum and 
must have the ability to expand and contract 
with the glass to which it is sealed as tempera-
tures change, without altering the characteristics 
of the metal, only OFHC copper can be used. It 
is because of the importance of the purity of 
OFHC copper that Revere is most meticulous 
in segregating it in processing. Each lot and 
shipment is kept separate and conducted person-
ally through the mill. 

In addition to utmost care In manufacture of 
copper, brass and its alloys, Revere also offers 
you the benefits of its Technical Advisory Serv-
ice. Many manufacturers of materials used in 
electronics have found this service useful in 
helping them iron the kinks out of their manu-
facturing difficulties, so it is entirely possible this 
Revere service can be of help to you. Why not 
call us in and see? 

REPERE 
COPPER AND BRASS INCORPORATED 

Foronded by Pan! Revere in 1801 
230 Park Avenue, New York 17, New York 

•  • 
Mills: Baltimore, Md.i Chicago, Ill.; Detroit, Mich.; 

Los Angeles and Riverside, Calif.; New  Bedfor d,Rome, N. Y.—Sales Offices M Principal GM %Mass.;  
Distributori Everywhere. 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
ir.ders to write for literature and further technical 
.nloimation. Please mention your I.R.S. affiliation. 

((,,oriiiiied from Paw IRA) 

Electronic Resistance Welding 
Control Equipment 

Two new, all-electronic, high-speed re-
sistance welding control equipments, for 
synchronous and nonsynchronotts opera-
tion, are available from Westinghouse 
Electric Corp., P.O. Box 868 Pittsburgh 
30, Pa. 

Basic cunt: 01 panels consist of the 
plug-in Rectox rectifier tube firing panel 
((or nonsynchronous units), or a heat-
control  firing  panel  ((or synchronous 
units). These basic controls include also the 
3-B sequence weld tinier, which controls 
squeeze time, weld time, hold time, and off 
time for a single impulse spot welding. It 
prov:des nonsynchronous timing with re-
peat and nonrepeat control and nonbeat 
control. The substitution qf a precision 
weld-time panel for a 3-13 or 5-B sequence 
weld tinier provides synchronous precision 
control when the heat control panel is 
used. 
These combination are sufficient for 

many common resistance welding control 
requirements. However, space is also pro-
vided for the addition of auxiliary control 
when the heat control panel is used. 

New Coaxial Switches 
General Communication Co., 530 COM-

monwealth Ave., Boston 15, Mass, an-
nounces their new line of coaxial switches. 

(  (i tic,/ 



MORE I FIXED STATION ANTENNA 

EQUIPMENT IS USED THAN ANY OTHER KIND! 

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

m•nt specialists can give ... th• uniform dependability of Andrew equipment ... 

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

fixed station antenna •quipment. 

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

Some current Andrew "firsts" are 1) the seclusive Folded Unipole Antenna, 2) the 

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

Communications Antenna soon to be announced. 

COAXIAL CABLE, Type 737. Significantly, there is more of this Andrew 7/8" diameter 
cable now in use than all similar makes combined! You get a bonus of extra miles 

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

FOLDED UNIPOLE ANTENNAS. Another Andrew "first" and made only by Andrew. 
Thousands of these popular antennas are in use at fixed stations throughout the 
world. More new stations are using it than any other antenna. Users acclaim I) its 

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

pedance match, and 3) its greater transmitting coverage. 
Extra! Now available in Hurricane Models to insure uninterrupted operation 

when you need it the most. 

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

\I(  0111‘ 

CARE:0101D ANTENNAS. If you operate along a shore or border line and want your 
signal to cover only a certain 180* area, this rugged antenna is made to order for 

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

you don't want it. 

CORNER REFLECTOR ANTENNAS. For narrow angle coverage or point-to-point relay-
ing. Concentrates your signal in the exact area where you want it, using a 60 beam. 

Avoids interference to and from the remaining area. For the 72-76 and 148-1 74 MCS 
bands. Only Andrew makes a commercial model of this special purpose antenna— 

another Andrew "first." 

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

equipment. Write for further information — today! 

C O R P O R A T I O N 

3 6 3 EAST  2Sth  STREET  • CHIC AG O '19 

s Largest Antenna Equipment Specialists 

VERY HIGH GAIN 

CO M MUNICATIONS ANTENNA 
isoon to be announced) 

The highest gain antenna in mobile communica-
tions history. It actually delivers the full gain of 
6.5 db as claimed —the some as increasing your 

power 4l/n timesl Think of the economy. Now, for 

the first t.me, you can cover areas you couldn't 

reach  beforel Its another pace-setting  Andrew 

'first. - Frequency range is 148.174 MCS. 

• 

TRANSMISSION EINES III AN•fli•TV • ANTENNAS • DIRECTIONAL ANTENNA E001111ENT • ANTENNA TUNING UNITS • M EI LUTING EMINENT • LA M MING ENGINEEIING SERVICES 
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NEW...JAN COMPONENT STANDARDS BRING DEPENDABILITY 
All components meet the latest JAN (Joint Arr ,y•Navy) specifications. 
This means maximum resistance to wear, corrosion, humidity, fungus, 
temperature, and time. Thus, equipment failure is minimized and main-
tenance and replacement costs are reduced to the absolute minimum. 

Temperature —equipment operates dependably from — 55 C to 
+75 C (-67 F to +167 F). 

Humidity —equipment performs normally at 100% humidity with con-
densation. 

Altitude —equipment operates at full power at altitudes up to 10,000 
feet (3,048 meters), and withstands shipping altitudes up to 30,000 feet 
(9,144 meters). 

NEW... UNIT CONSTRUCTION PROVIDES OPERATING FLEXIBILITY 
A flexible, multifrequency station can be formed from a combination 
of 96D and 96-200C Transmitters, one or two 50H Modulators and a 
36D Rectifier. This provides for either simultaneous transmission on 
several frequencies or the selection of an individual frequency best 
suited to your particular communication problem. 

NEW.. FRONT CONTROLS PROVIDE ADJUSTMENT CONVENIENCE 
All controls are located on the front of the transmitter: all R. F. stages 
and antenna tuning, under and overload and tone-keying adjustments, 
selection switch for external frequency shift excitation, rotary meter 
switch, exciter output control. 

NEW.. DRAWER-TYPE CONSTRUCTION Means Easy Maintenance 
Ball bearing, drawer-type construction permits the transmitter to be 
quickly withdrawn from cabinet. All components are instantly accessible 
... no components are hidden or buried. 

Write Today 
for complete information and specifications. 

WILCOX 
ELE CTRI C  C O M P A N Y 

KANSAS CITY 1, MISSOURI • U. S. A. 

kf 

WILCOX ANNOUNCES A 

Gonkvtiereae 4/eif 
96 Series 

Transmitting Station 
2-18 mc/s  2500 W atts 

28\ 
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Here's a line of capacitors specifically developed for 
operation at high ambient temperatures. These G-E 
units require no derating at temperatures up to 
100°C; can be used, up to 125°C. Similar in con-
struction to other General Electric d-c paper-
dielectric capacitors, these Permafil units are 
treated with a compound which retains its elec-
trical stability at high operating temperatures. 
Permafil capacitors, now part of G-E's standard 

line, are available in case styles 61, 63, 65 and 70, 
as covered by specifications JAN-C-25, in ratings 

Another example 
ot "job-designer 
capacitors Irj 
General Electric 

of .10 to 10.0 muf; and 600-, 1000- and 1500-volts. 
All have metallic containers which are sealed with 
G-E's new long-life all-silicone bushings. 
When continual operation at ambient tempera-

tures above 85°C is indicated, consider the special 
characteristics of these G-E capacitors. Their 
"custom-made— qualities may go hand-in-glove 
with your product designs. 
For further information, on these or on ca-

pacitors for other applications, write Capacitor 
Sales Div., General Electric Co., Pittsfield, Mass. 

Apparatus Department, General Electric Company. Schenectady 5, N. Y. 

GENERAL 

FOR ' 
Motors 

Luminous-tube 
transformers 

Fluorescent lamp 
Isadosfs 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

Flash photography 

Stroboscopic 
equipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

AND MANY OTHER APPLICATIONS 

• 

ELECTRIC 

1. 

)  46. 

ot 

- 
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• • • . Television set makers are turning to Sprague 

as their major source for electrolytic capacitors. 

• • • • Stability under maximum operating condi-

tions plus outstandingly I-o-n-g service life are 
the reasons for this preference. 

• • • • And expanded facilities, now being com-

pleted, permit Sprague to accept a larger portion 

of your requirements. 
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CAUTION ON HIGH VOLTS 

OFF 1/2% 

RESISTORS 
IM  IN MI IN 

NI ME MI IIII IIN OM MN MIR I 

COMPENSATED I 

OHMMETER 

CIRCUIT  I 
Bommamem momimmI 

LONG 

•----ACCURAC v. = HAND-DRAWN  I 
MIRRORED 

SCALES 
lionommu mmos 

Model 

Designed for the engineer and technician who wants 
laboratory accuracy. Achieved in Model 630-A 

by more accurate components and hand-drawn scales 
that compensate for the average individual 

characteristic of each instrument. Also includes knife-edge 
pointer and mirror scale to eliminate parallax. 

6 3 0-A 
ONLY 847.50 AT YOUR •DISTRIBUTOR 

FOR THE MAN WHO TAKES PRIDE IN HIS WORK 
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The Fountainhead of Modern Tube Development is RCA 

DEVELOPED BY RCA... 
symbols of RCA's engineering 

The tubes illustrated, and described in 
the adjoining columns, are a few of the 
more recent types designed by RCA engi-
neers. Each represents a distinct advance-
ment over previous comparable types ... 
either by virtue of its improved perform-
ance or its contribution to the simplifica-
tion of circuit design. 
These tubes . . . and other new RCA 

tubes like them . . . provide wide design 
latitudes . . . aid in reducing equipment 
manufacturing costs. They can be used 
with confidence in new circuit designs. 
In the future, as in the past, the vast en-

gineering resources of RCA will be 
directed toward the development of tubes 
best suited to meet the cost and per-
formance requirements of equipment 
designers. 

RCA-6C86 Sharp-Cutoff Pentode. A mini-
ature type, designed for use as an i-f amplifier 
operating at frequencies in the order of 40 Mc., 
or as an r-f amplifier in vhf television tuners. 
Its transconductance is 6200 micromhos. 

RCA-6CD6-G Horizontal-Deflection Ampli-
fier. For i6GP4 systems, and for other 
similar wide angle systems, it makes possible 
the design of efficient horizontal-deflection 
circuits in which the plate voltage for the tube 
is supplied in part by the circuit and in part 
by the power supply. 

RCA-654 Vertical-Deflection Amplifier. A 
high-perveance miniature triode of the heater. 
cathode type. In suitable circuits it will deflect 
fully a 16GP4 or similar kinescopes having a 
deflection angle of 70 degrees and employing 
an anode voltage up to 14,000 volts. 

RCA-5879 Sharp-Cutoff Pentode. Of the 
9-pin miniature type, the 5879 is designed 

leadership 

for a-f applications where reduced micro-
phonics, noise, and hum are essential. It is 
especially useful in the input stages of medium. 
gain amplifiers. 

RCA-5675 "Pencil-Type" Triode for UHF. 
Employs double-ended coaxial-electrode 
structure, for use in grounded-grid circuits. 
As a local oscillator, it will deliver 475 milli-
watts at 1700 Mc. and about 50 milliwatts 
at 3000 Mc. 

RCA-5794 Fixed-Tuned Oscillator Triode. 
Designed for Radiosonde Service, the 5794 
employs two resonators integral with the tube. 
The output resonator is tuned to 1680 Mc. 
by means of an adjusting screw. The useful 
power output is in the order of 500 millisvatts. 

For data on any of the tubes described above, 
write RCA, Commercial Engineering, Section 
D47R, Harrison, N. J. 

RA DIO CORPO RATIO N of A MERICA 
ELECTRO N TUBES 

HA RRISO N, N. J. 

3).% 
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Ferdinand Hamburger, Jr. 
REGIONAL DIRECTOR, 1950-1951 

Ferdinand Hamburger, Jr., Regional Director of the 
Central Atlantic Region, was born at Baltimore, Md., 
on July 5, 1904. He was graduated with the degree of 
Bachelor of Engineering in electrical engineering from 
The Johns Hopkins University in 1924. After participat-
ing in a program of dielectric research for several years, 
he earned the degree of Doctor of Engineering from that 
University in 1931. He was a Charles A. Coffin Fellow 
in 1930-1931. 
Dr. Hamburger, who has been on the staff of the 

electrical engineering department of The Johns Hopkins 
University since 1931, was appointed professor of elec-
trical engineering in 1947. He served as chief test en-
gineer for Bendix Radio Division from 1942 to 1945 
while on partial leave of absence from the University, 
as Consultant for the NDRC, Section 17-2, during 1944-
1945, and as Consultant to the Research and Standards 
Section, Bureau of Ships, Navy Department during 
1945-1946. He is Associate Director in charge of Engi-

neering of the Systems Research cdtitract between The 
Johns Hopkins University and Special Devices Center, 
Office of Naval Research, at the present time. 
Dr. Hamburger joined The Institute of Radio En-

gineers as an Associate Member in 1931, and became a 
Member in 1939 and was elevated to the grade of Senior 
Member in 1943. He was largely responsible for the 
formation of the Baltimore Section of the Institute in 
1939 and for its reorganization in 1944. 

He has served as Chairman of the Section in 1940-
1941, and has been a member of its Executive and Meet-
ings and Papers Committees since its inception. Dr. 
Hamburger has been the IRE representative at The 
Johns Hopkins University since 1941. 
He is also a Fellow of the American Institute of Elec-

trical Engineers, a member of the Societies of Sigma 
Xi and Tau Beta Pi, and a Director of The Engineers 
Club of Baltimore. Dr. Hamburger is the author of 
numerous technical papers. 
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As long as science was an abstract and remote thing having no substantial relation to everyday 
living, men in general were willing to leave the nature and effects of science to the ivory-towered 
scientists. 
But now science and its many engineering applications profoundly affect every man, whether 

he knows it or not. The coolie gathering rice in China may be influenced by the invention of a 
machine for making breakfast foods in Battle Creek, Mich. A clerk in any city may meet a 
sudden doom as a result of the discovery of the equivalence of mass and energy and the resulting 
implications (and atomic-bomb applications) of that startling fact. 
Mankind can no longer disregard the scientist. Conversely, the applied scientist can no longer 

slight human needs, neglect the social consequences of his work, or close his mind to urgently needed 
expansions of the scientific method. 
In the following thoughtful discussion, a necessary first step is proposed to ward off major 

injury to our civilization in an analysis written by a former Director of the Institute, a member 
of its Editorial Administrative Committee, and Vice-President in charge of engineering of Sylvania 
Electric Products Inc. He has suggested a promising line of thought and action.—The Editor. 

The Reality of Invisible Forces 
E. FINLEY CARTER 

No one has ever seen a force of any kind. We are too prone to think that our operating de-
vices and activities are forces in themselves, whereas they are onfy tangible evidence of invisible 
forces at work. A realization of that fact is needed as a starting point for a fresh consideration of 
the power of great spiritual forces at work within our human society. 
From the viewpoint of the physicist, force may be defined as that which changes the state of 

rest or motion in matter. Its effect is measured by the rate of change in momentum. Spiritual 
forces also tend to change the state of rest or momentum, not so much of matter as of events. 
These are positive as well as negative forces.. Their names in our everyday language are love, 
hate, hope, fear, faith, and despair. They are as difficult to define as electricity and magnetism, 
but there are many analogies that can be drawn between these forces and the physical forces 
with which engineers deal. Though we have become accustomed to dealing with great forces, 
many have not become real to us because we have not learned to know them. 
The forces of gravity, electricity, and magnetism were not accepted as real until relatively re-

cently. It has not been long since their manifestations were looked upon with awe and surrounded 
by superstition. Lightning was the wrath of the gods. Those who dared explore the unknown 
were often jeered and even persecuted. It took brave men, compelled by faith and conviction, 
to risk being different in their urge to know the truth. But there were such pioneers who brought 
forth basic knowledge and who dared to apply it. As a result, the method of invention was born. 
From invention has sprung the Industrial Revolution, and with it, the engineer as the applied 
scientist. Just as the Industrial Revolution awaited sound and wide-spread application of the 
invisible physical forces discovered and defined by the great scientific thinkers, so may a Spiri-
tual Revolution result from the sound application of spiritual forces that have been enunciated 
and displayed by great thinkers and great lives who have preceded us. Such a revolution is await-

ing the applied social scientist or the "human engineer." 
The discovery or enunciation of a scientific principle, no matter how profound, is not enough. 

It must be applied to be effective. The engineer, who has applied the invisible but real physical 
forces of the universe so effectively during the recent past, can contribute toward the applica-
tion of the great spiritual forces which inspire one's finer emotions. It is about time that we turn 
a portion of our thoughts to the seeking of a further understanding in order that we may better 
apply these great forces which motivate our very existence and govern our relationships with 
one another. They work on the hearts and wills of men and nothing is accomplished that is not 
first willed. It is within the province of each of us to devote some time to a better understanding 
of human relations and of the impact of new scientific developments upon society. Life is becom-
ing increasingly complex. We, as engineers, have helped to make it that way. It is high time 
that we learn better how to live with our inventions and with each other. We can ill afford to 
ignore this fact, unless we wish to invite chaos which will make of little real importance the 
material wonders of our age. 
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Television — Why the Deep Freeze?* 

FOR MORE THAN fifteen months, the 
television  industry  of  the  United 
States has been subjected to a freeze 

which has stopped all action at the Federal 
Communications Commission directed to-
ward granting additional stations. This 
paper will discuss the events leading up to 
the freeze and point out the reason why it 
was imposed. It will also describe the pres-
ent situation in Washington where a hearing 
is being held which will determine the future 
of the industry. 
It is assumed that everyone knows that 

the allocation of all radio-frequency chan-
nels in this country, with the exception of 
those used by the United States Govern-
ment, are handled by the Federal Com-
munications Commission. Many also know 
that allocations to radio broadcast services 
have raised some of the most difficult ques-
tions the Commission has had to answer. 
For example, with more than 100 channels 
availabIe for AM broadcasting, the demand 
has always in the past far exceeded the 
supply, requiring extended hearings by the 
Commission to determine the most qualified 
applicant. 
The problems of television allocation are 

many times greater than those encountered 
in any other broadcast service due to factors 
inherent in the service itself. Television is 
a voracious devourer of space in the spec-
trum—one black-and-white television chan-
nel under the present standards requires a 
full 6-Mc bandwidth—enough to provide 
100 to 150 communication channels. In spite 
of the best efforts of industry and the Fed-
eral Communications Commission, it has 
not been possible to find room for more than 
twelve such channels in the entire radio 
spectrum below 300 Mc. 
It is perhaps surprising to know that the 

space available for television today in the 
region below 300 Mc is less than that which 
was available before the war. A little con-
sideration, however, will show that the 
tremendous growth of services other than 
broadcasting since the war, particularly the 
safety and mobile services, has made neces-
sary a shrinking of the television space. This 
has been accompanied by an increased de-
mand from the military for assignments in 
this region. 
It is not necessary to go backward many 

years to trace the development of television 
allocations if we limit ourselves to a study 
of such allocations which provided for a 
reasonably high-definition service requiring 
a bandwidth of several megacycles. It was 
not until about 1933 that the requirement 

* Decimal classification: R583 XR007. Original 
manuscript received by the Institute. January 10. 
1950; revised manuscript received. January 23. 1950. 
l'resented. IRE Kansas City Section. December 13, 
1949, Kansas City. Mo., and IRE Boston Section, 
January 26, 1950. Boston, Mass. 
t Jansky and Bailey. Washington. D. C. 

for a large bandwidth was recognized in al-
location proceedings. In 1936, the Comniis-
sion held an informal engineering conference 
and, the following year, adopted an order 
allocating a total of 19 channels to television. 
All activity at this time was devoted to the 
development of equipment and experimenta-
tion, and this continued until 1939 when 
the Commission began to receive applica-
tions for television stations which con-
templated broadcasting to the general public 
on a commercial basis. After a thorough 
study, the Commission decided that tele-
vision broadcasting was still in a develop-  r 
mental stage and that because system  e 
standards could not be agreed upon by the  i 
industry, the Commission would not adopt  t 
any standards at that time. 
Late in 1939, the Commission again re-

viewed the television situation and issued 
proposed rules which would provide for the  i 
licensing of stations to render sponsored pro-  s 
grains to the public. Hearings were held on 
these proposed rules in January, 1940, and  s 
these hearings immediately disclosed the 
fact that there was still a considerable dif-  s 
ference of opinion relative to the standards,  s 
particularly for line and frame frequencies.  o 
The result of this hearing was to keep tele-  s 
vision in the experimental stage and to  T 
point out to industry that .the Commission  te 
felt that further experimentation u as neces-  h 
sary before standards could be adopted  P 
which would forever set the quality of very-  is 
high-frequency television broadcasting be-  m 
tween 30 and 300 Mc. However, certain lim-  ch 
ited operation with programs was allowed.  sh 
In spite of a strongly worded Commis-  I 

sion warning in its report on these hearings,  in 
the television industry began a large-scale  br 
campaign to sell receiving sets to the public.  C 
The Commission, feeling that this campaign  w 
was designed to force one system of stand-  de 
ards by getting many receivers in the hands  tu 
of the public, took punitive measures by re-  fre 
pealing all authorizations for limited pro-  ad 
gram operation. su 
This action led to the formation of the  ch 

National Television Systems Committee  vi 
which was an industry committee formed 
at the request of the Federal Cornmunica-  ad 
tions Commission and charged with the re-  tio 
sponsibility of bringing divergent elements  ing 
together in an effort to agree on a uniform  me 
set of standards. It is greatly to the credit of  lie 
the industry that it was able to settle most  br 
controversial points and that the report of  pri 
the National Television Systems Committee 
contained, in most part, the standards which 
are in use today. These standards were 
adopted on April 30, 1941, and provided for 
eighteen commercial channels. 
Following the adoption of the rules 

which, in effect, gave a "green light" to com-
mercial television broadcasting, the build-
ing of a nation-wide system was interrupted 

STUART L. BAlLEYt, FELLOW, IRE 

by the advent of the war. Only five tele-
vision stations were installed before the war 
stopped all construction in 1942; and it 
might be said that these five stations kept 
television alive during the war. The war 
restrictions built up a backlog of demand for 
television assignments, and by the middle of 
1945 there were 118 applications for com-
mercial television facilities. In October of 
that year, the Commission removed the 
restrictions on new construction, allowing 
the industry to proceed. 
About a year earlier, the Commission 

ealized that it would be necessary to re-
xamine the entire radio structure an ticipa t-
ng that war developments would cause a 
remendous increase in demand for radio 
acilities throughout the entire spectrum. 
l'he fall of 1944 ,saw the beginning of the 
nost comprehensive proceeding of its kind 
n the history of radio. Because of the many 
cry ices to be considered, the Federal Coin-
nunications Commission requested the In-
titute of Radio Engineers and the Radio 
lanufacturer's Association to co-operate in 
etting up an organization which could pre-
ent the views of many of the diverse users 
f radio throughout the country. This re-
ulted in the establishment of the Radio 
echnical Planning Board which presented 
stimony on many different subjects at the 
earings. The story of the Radio Technical 
'arming Board and the results it obtained 
far too long to discuss here. It recom-
ended that television be assigned eighteen 
annels between 60 and 218 megacycles, 
aring with other services where necessary. 
think it is fair to say that its major recom-
endations concerning allocations for FM 
oadcasting and television to the Federal 
ommunications Commission in this hearing 
ere not reflected in the Commission's final 
cision. This final' decision allocated but 
.elve channels to television in the very high 
quencies; and after long argument, one 
ditional television channel was found, re-
Ring  in  thirteen  very-high-frequency 
annels, some of which uere to be shared 
th fixed and mobile services. 
On November 21, 1945, the Commission 
opted rules governing television alloca-
n; and these rules contained a table show-
allocation of television channels to 140 
tropolitan districts in the United States. 
re, for the first time in the history of 
oadcast allocations, we encounter the 
nciple of reserving channels for use in 
in communities by the procedure of 

incorporating them in the rules of the Com-
mission. This may seem inconsequential, but 
I would like to point out that it has a very 
important bearing on the problems facing us 
in television allocation today. It means that, 
by this procedure, the Commission has a 
plan and this plan cannot be modified with-
out a mechanism known as "rule-making 
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procedure." For example, if a person finds 
that it is possible to establish a station in a 
city and on a channel not provided for in the 
plan, he cannot file an application for such 
a facility, but must first request rule-making 
procedure which will be in the form of a 
hearing to determine whether the rules shall 
be modified to provide for the facility in 
question. Of course, if he is successful in 
getting the rules modified, it is possible that 
he still will be faced with a hearing to deter-
mine whether he will be the person who fi-
nally receives the grant. Important in this 
consideration is the fact that the Commis-
sion is not required to grant a request for 
rule-making procedure, which could have 
the effect of arbitrarily denying the appli-
cant his "day in court." 
Subsequent to adoption of the rules 

above referred to, it became apparent that 
it would not be satisfactory to have mobile 
and safety services sharing channels with 
television. Therefore, after another hearing, 
the Commission deleted Channel 1 from the 
television list and assigned the frequencies 
therein to various mobile and safety services, 
leaving Channels 2 through 13 exclusively 
for television. 
In May, 1948, the Commission pro-

posed the adoption of a new table of alloca-
tions, providing outlets in many cities and 
towns not covered by the original table and 
at the same time taking into account the 
deletion of Channel 1. In general this re-
vised allocation attempted to provide at 
least one outlet in cities and towns having 
a population of 10,000 and over; and, in 
fact, approximately 450 such communities 
were included. This proposed change was 
made the subject of rule-making procedure, 
the hearing on which was started in June, 
1948; and, while there have been many 
changes since then, this hearing is still in 
progress. 
Let us go back now and lay the ground-

work for the engineering considerations 
which, of course, must be the basis of any 
allocation table. At the transmitter, the 
effective radiated power and the transmit-
ting antenna height must be known. At the 
receiver, the type of antenna to be employed, 
its average height above the surrounding 
terrain, and the noise levels present at the 
receiver are pertinent factors, as well as the 
selectivity characteristics which affect the 
adjacent channel rejection. Between the two 
we have the propagation medium with all its 
vagaries, and the effect of this medium on 
transmission must be determined. In addi-
tion to the foregoing, subjective factors must 
be evaluated which determine the ratio of 
desired to undesired signals necessary to 
avoid interference between stations operat-
ing on the same and adjacent channels. 
Many of these factors were fixed, perhaps 
arbitrarily, by the Commission in establish-
ing its present allocation which, incidentally, 
is still the one of November, 1945. At the 
transmitter, the Commission assumed that 
metropolitan stations would operate with an 
effective radiated power up to 50 kilowatts 
at a height of 500 feet above the average 
surrounding terrain. It was further assumed 
that the average receiving antenna would 
be a dipole located 30 feet above the ground 

and that in rural areas the noise level would 
be low enough so that good service could be 
provided with a field intensity of 500 micro-
volts per meter. Recognizing that noise 
levels encountered in cities are higher, the 
rules indicate that field intensities up to 
5,000 microvolts per meter might be neces-
sary for service in the larger cities. Propaga-
tion factors were determined by supplying 
charts for various frequencies between 60 
and 200 megacycles, which charts were 
based upon theoretical calculations giving 
the field intensity versus distance, assuming 
a smooth homogeneous earth between trans-
mitter and receiver and a so-called standard 
atmosphere, i.e., one in which the dielectric 
constant of the air changes progressively 
outward from the earth's surface in accord-
ance with a standard curve. In addition, the 
Commission standards provided that a ratio 
of desired to undesired signals of 100 to 1 
was necessary to prevent objectionable inter-
ference between stations on the same chan-
nel, and that a ratio of 2 to 1 was necessary 
if the stations were on adjacent channels. 
Use of all these factors resulted in an aver-
age spacing between co-channel stations of 
150 miles and between adjacent channel 
stations of 75 mi,les. The standards recog-
nize the possible existence of tropospheric 
effects which would cause interference 
greater than that predicted by the curves 
but suggest that a tropospheric curve 
would be appended to the standards at some 
later date. This curve was never supplied 
and, therefore, all proceedings were on the 
basis of ground-wave consideration only. 
During the course of the rule-making 

hearing which began in June, 1948, it was 
apparent that the possibility of tropospheric 
interference could not be ignored and that, 
for this reason, the service areas predicted 
by the Commission for its proposed alloca-
tion would be smaller than anticipated. At 
this point, the hearing was halted, and an 
engineering conference was called in Sep-
tember, 1948, to determine whether sufficient 
information was available to evaluate the 
effect of the troposphere as a factor in caus-
ing interference. This September conference 
immediately disclosed the fact that there 
were very little data which could be used in 
studying the tropospheric effect and that 
what were available would require a great 
deal of study and analysis. Realizing that 
it would be unsafe to proceed with an alloca-
tion which ignored the tropospheric effects, 
the Commission, about the first of October, 
1948, announced that it would freeze all 
present and future applications for televi-
sion until such time as a proper study could 
be made. At this time there were 303 appli-
cations pending for television stations, 37 
stations were in operation, and construction 
permits had been granted for 86 more. The 
announcement of the freeze made it clear 
that those holding television construction 
permits would not be prevented from going 
ahead with construction; and later action of 
the Commission practically reqt.ired such 
stations to proceed even though some may 
have desired to hold off, awaiting the out-
come of the proceedings. At that time it was 
felt that the freeze could probably be lifted 
in approximately six months. However, after 

fifteen months, the freeze is still in force and 
none of us can foresee when it might be 
lifted. 
During the period of the freeze, there 

have been some very important changes in 
many of the factors affecting television allo-
cations, as well as in the thinking of the 
Commission as to the theory of such alloca-
tion. These should be understood in order 
to realize the difficulty which now faces the 
Commission and the entire industry. At the 
time of announcing the freeze, the Commis-
sion called another engineering conference 
for the end of November, 1948, and said that 
in the intervening time the Commission en-
gineers would study the data and release re-
ports giving their interpretations which 
could be discussed at the conference. How-
ever, the conference disclosed that there were 
some very serious questions as to the meth-
ods used in analyzing the data as well as the 
results obtained; and at this point an ad hoc 
committee was appointed consisting of rep-
resentatives from the Federal Communica-
tions Commission, the Central Radio Prop-
agation Laboratory, and industry for the 
purpose of making the necessary study and 
bringing in a report which could be used as 
a basis for future allocations. As a member 
of the ad hoc committee I can assure you 
that the long delay in producing a report of 
the committee was not due to any lack of 
effort on the part of the members. They met 
every week for a period of several months 
and throughout their deliberation had the 
full co-operation of industry, the Federal 
Communications  Commission  engineers, 
and members of the staff of the Central 
Radio Propagation Laboratory. However, 
the very meager amount of data available 
for study was appalling to all; and a portion 
of the delay was caused by the necessity of 
digging out new sources of information and 
adding such information from time to time 
as it became available. The report of the ad 
hoc committee was issued on the last day of 
May, 1949; and, while every effort was 
made in the report to point out that the re-
sults are only rough approximations, it is 
probable that the curves contained therein 
will be used for many years in allocation 
procedures. 
It should be understood that the ad hoc 

committee attempted to limit its activities 
to the determination of engineering factors 
necessary to the prediction of service and 
interference from very-high-frequency sta-
tions. It made no attempt to determine how 
far apart stations should be placed on the 
same and adjacent channels because it was 
felt that this involved policy decisions which 
would have to be made by the Commission. 
The Comniission did, in fact, use the ad hoc 
committee report in preparing its next pro-
posal for television allocations. Before dis-
cussing this proposal, two other considera-
tions which have complicated the allocation 
picture should be reviewed. The first is the 
possibility of using frequencies well above 
the present very-high frequencies for a gen-
eral television broadcast service, and the 
second is the recurrent proposal that color 
television should be provided for within the 
framework of any rules which are adopted 
at this time. 
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With respect to the first, members of the 
Federal Communications Commission have 
repeatedly stated for several years that it 
will not be possible to provide a nation-wide 
competitive television service utilizing the 
limited number of channels available in the 
very-high-frequency band, and they have 
repeatedly emphasized to industry that the 
only hope of achieving such an end would 
be to expand into the ultra-high frequencies, 
specifically to the region between 480 and 
920 megacycles which for some years has 
been set aside for experimental television 
operation. It is true that much of the Com-
mission emphasis on this region suggested 
that it might be used for an improved type 
of service, either color television or high-
definition monochrome, and that it is not 
until recently that the Commission thinking 
has turned to the possible expansion to these 
frequencies using the standards now in 
effect. 
There are, of course, many deterrents to 

the use of these ultra-high frequencies for a 
broadcast service, some of which may be 
classed as temporary because they involve 
the state of the art as regards transmitter 
and receiver development. Others are less 
tangible because they admit a general lack 
of information as to what the actual trans-
mission conditions are at these higher fre-
quencies and whether or not they will be at 
all suitable for a general broadcasting serv-
ice. Furthermore, the tremendous expan-
sion of the number of television receivers in 
the hands of the public makes very difficult 
an extension of the television service in a 
part of the spectrum where the present re-
ceivers are not at all suitable even when 
used with converters. Not until the Com-
mission released its latest proposed tele-
vision allocation on July 8, 1949, did the 
industry realize that the ultra-high frequen-
cies might have to be incorporated in the 
present television structure, using the pres-
ent standards of bandwidth, and that it 
might be faced with situations where both 
very-high-frequency  and  ultra-high-fre-
quency channels would be used in a single 
community, requiring provision in receivers 
for the full frequency range. How this hap-
pened is largely a matter of conjecture, but 
I believe it can be explained by a statement 
which I made at a meeting in Philadelphia 
in April, 1949. This statement is as follows. 
"Many have asked what the probable 

outcome of these deliberations will be, and 
I can say that one man's guess is as good as 
another. I am willing to predict that the next 
allocation from the Federal Communica-
tions Commission will incorporate spacings 
between stations considerably greater than 
those which were used in the proposed allo-
cation of May, 1948. I estimate that the 
co-channel separation will be increased from 
the old 150 miles to something between 200 
and 250 miles and that adjacent channel 
spacing will be increased in approximately 
the same ratio. Therefore, the next alloca-
tion will provide for fewer outlets in many 
of the major cities and will probably deny 
any outlets to certain communities which 
were covered in the previous allocation. 
Spokesmen for the Federal Communications 

Commission have already stated that tele-
vision should provide a nation-wide competi-
tive service, and it is obvious that any in-
crease in the spacings will make this goal 
even more difficult to attain than in the past. 
This will place the Commission upon a 
most uncomfortable spot, and I think that 
these same spokesmen have indicated how 
they expected to get off—namely, by pro-
viding for commercial operation with the 
present standards in part or all of the ultra-
high-frequency band between 480 and 920 
megacycles. Understand that this does not 
eliminate the spot. It merely takes the Com-
mission off and places the industry upon it, 
and I am sure that this spot v. ill be just as 
uncomfortable for industry as it was for the 
Commission, unless ways can be found to 
eliminate it. I hope that if this happens, in-
dustry will take up the challenge and bend 
every effort to a solution of the ultra-high-
frequency obstacles which today seem so 
insurmountable." 
This statement was made with no inside 

knowledge as to what was going on at the 
Commission, and it is interesting to see that 
the proposed allocation set forth in the Com-
mission's release of July, 1949, provided for 
co-channel spacing in the very high frequen-
cies of 220 miles and adjacent channel spac-
ing of 110 miles. 
The document of July 8, 1949, announc-

ing the new proposed rules and standards 
and the new allocation table, is so far-reach-
ing in its import as to merit further study. 
Time will not permit a detailed explanation, 
but I will attempt to list those fundamental 
changes in the theory of television alloca-
tions which are important. 
As I have said, by this document the 

Federal Communications Commission pro-
posed to add channels in the ultra-high-fre-
quency region between 480 and 920 mega-
cycles—forty-two channels more, to be exact. 
Thirty-two of these channels are to be used 
by so-called metropolitan stations and ten 
channels by community stations. 
The allocation table contained in this 

document which assigns channels to cities 
and communities is prepared on a principle 
entirely new in television planning, that is, 
that thefirst priority of allocation will be "to 
provide at least one television service to all 
parts of the United States." Second in pri-
ority is the desire to provide at least one tele-
vision outlet to each community in the 
country. The third objective is to provide a 
choice of at least two television services to all 
parts of the United States and fourth to pro-
vide two outlets to each community. Here, 
for the first time in television history, do we 
have a proposal to give square miles priority 
over people is the assignment of channels. 
This is a most important departure and 
should be kept in mind throughout the re-
maining discussion. 
Another fundamental change in alloca-

tion thinking abandons the use of contours 
of equal field intensity as definitions of serv-
ice and ,substitutes "iso-service" contours, 
that is, contours along which the probability 
is equal that a certain percentage of possible 
receiving locations will receive a stated grade 
of service for a given percentage of the time. 

This principle recognizes the fact that propa-
gation in both the very-high-frequency and 
ultra-high-frequency portions of the spec-
trum is subject to wide variation with both 
time and location and that a statistical 
method of presentation is necessary to a 
study of the service problem. It must be 
remembered, however, that our present data 
are very limited and statistical methods of 
analysis do not add to the knowledge. This 
is a fundamental law which is of ten lost sight 
of by the practicing statistician. Wiener' 
makes the following statement which should 
be posted prominently in many Washington 
offices: ". . . if in a function of several vari-
ables we allow some of them to range unim-
peded over their natural range of variabil-
ity, we lose information. No operation on a 
message [he is speaking of the transmission 
of information] can gain information on the 
average. Here we have a precise application 
of the second law of the thermodynamics in 
communication  engineering."  Therefore, 
the curves used by the Federal Communica-
tions Commission to define grades of service, 
taken as they were from the report of the ad 
hoc committee, are no better than the orig-
inal information available to that commit-
tee. In addition, the Commission by its own 
assumption has extended the use of the 
curves to the ultra-high frequencies, an ac-
tion not contemplated by the ad hoc com-
mittee. 
The result of applying the above-men-

tioned system of priorities, together with 
the methods of defining service and interfer-
ence, is an allocation table assigning televi-
sion channels to more than 1,400 cities and 
towns in the United States. Only 200 of these 
get very-high-frequency channels. The re-
mainder must depend on the development of 
ultra-high-frequency equipment. The pri-
ority system, which has placed first empha-
sis on square miles, has resulted in assigning 
channels to more than 800 cities or towns of 
less than 10,000 people and, in fact, to many 
towns of less than 1,000 persons. Combining 
these figures with the knowledge that the 
assignments contemplate using effective 
radiated power of 100 kilowatts for very 
high frequencies and 2,00 kilowatts or even 
2,000 kilowatts for ultra-high frequencies, 
the conclusion is inescapable that the ob-
jective of the first priority requirement will 
never be realized. However, this priority 
system is the basis of the plan proposed for 
the hearing now in progress. 
‘Vhether we like it or not, we now come 

to the role color television is playing in the 
present situation. Remember that prior to 
the July 8, 1949, release of the Commission, 
the space between 480 and 920 megacycles 
was assigned to experimental television and 
was intended as a place where the industry 
could try out different standards of trans-
mission, looking toward the development of 
higher definition monochrome and color. In 
the fall of 1946, the Columbia Broadcasting 
System petitioned the Commission for the 
establishment of color television standards 
in the ultra-high-frequency band, arguing 
that they had carried their experiments to a 

l N. Wiener. 'Cybernetics." John Wiley and Sons. 
Inc.. New York. N. Y.; 1948. 
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point where additional information could be 
gained only by standardization and subse-
quent commercial operation. Hearings were 
held in December, 1946, and January, 1947, 
following which the Federal Communica-
tions Commission decided that it was too 
early to standardize on color and denied the 
Columbia petition, thus apparently closing 
the door on the specter of color for some 
time. Significantly, much of the opposition 
to the Columbia Broadcasting System pro-
posal at that time was based on the argument 
that the ultra-high frequencies were inferior 
to the point of being useless for the estab-
lishment of any television broadcast service. 
Little more was heard of color television 

until 1948 when Columbia, apparently try-
ing to salvage some of their efforts in the 
field, built some color equipment for a 
medical supply house and started demon-
strations of the practicability of reproducing 
operating room techniques in color at a 
distance. The equipment used in these 
demonstrations departed from the old wide-
band requirements and used a frame and 
line frequency which could be accommo-
dated in a 6-megacycle channel. Of course, 
the over-all resolution was degraded, but 
the addition of color made the degradation 
less noticeable. Aware of these demonstra-
tions and having received some communica-
tions from members of Congress indicating 
that color should be further considered, the 
Federal Communications Commission in-
vited testimony from those who had experi-
mented with color as follows: 
"B. The Commission will give consider-

ation to proposals for a change in Trans-
mission Standards on Channels 2 through 55 
looking toward color television or other tele-
vision systems. Any such proposal shall: 
1. Be specific as to any change or 
changes in the Transmission Stand-
ards proposed; and 

2. Shall contain a showing as to the 
changes or modifications in existing 
receivers which would be required in 
order to enable them to receive pro-
grams transmitted in accordance with 
the new standards. 

C. It is proposed to consider changes in 
Transmission Standards for Channels 2 
through 55 only upon a showing in these pro-
ceedings that: 
I. Such system can operate in a 6-mega-
cycle channel; and 

2. Existing television receivers designed 
to receive television programs trans-
mitted in accordance with present 
transmission standards will be able to 
receive television programs transmit-
ted in accordance with the proposed 

new standards simply by making 
relatively minor modifications in such 
existing receivers." 

This release opened up the old color 
television question again and resulted in 
appearences at the hearing which have de-
layed the entire procedure. The interpreta-
tion of the last paragraph in the above quo-
tation has been the subject of prolonged 
argument and has caused the issue of com-
patibility to become most important. Por-
tions of the indbstry have defined a com-
patible system as one in which no changes 
are necessary in existing receivers to enable 
them to receive transmissions using the 
color standards (in black and white), where-
as others feel that it is satisfactory to use a 
new set of standards even though it requires 
circuit modifications (which might be made 
by servicemen in the field) in existing re-
ceivers. 
Two systems have been demonstrated to 

the Federal Communications Commission 
to date. The first is the Columbia system 
which is "field sequential" using 405 scan-
ning lines per frame interlaced two to one, 
the frame frequency being 48 per second and 
the field frequency 144 per second. Obvi-
ously, these standards would require some 
changes in the circuits of existing receivers. 
The second system, developed by the Radio 
Corporation of America, may be described 
as a "dot sequential" system employing dot 
interlacing and which, by a process of elec-
tronic sampling, theoretically maintains the 
resolution of the present black and white 
standards and at the same time is fully com-
patible in that it requires no changes in 
existing receivers if their owners are satisfied 
to receive black and white reproduction from 
a station transmitting a color program. A 
third system, which is to be demonstrated in 
February, 1950, is one developed by Color 
Television, Incorporated, which may be de-
scribed as a "line sequential" system and 
which apparently is also fully compatible. 
The hearing on all of the issues raised in 

the Commission's new proposed rules and 
standards was resumed on September 26, 
1949;and the order of procedure was such 
that the first part of the hearing would be 
devoted to general problems whereas the 
second portion would cover specific assign-
ments of channels to specific areas. Further-
more, the Commission decided that the color 
question would be the first general issue to 
be heard. As a result, there have been weeks 
of testimony on the subject interspersed 
with individual and comparative demonstra-
tions, and it is anticipated that this phase 
will continue at least through February, 
1950. Following this, all of the other general 
issues must be taken up; and thereafter the 

Commission will hear individuals arguing 
against or for specific channel allocations. 
Thus, at the present time, it does not appear 
that the television freeze can be lifted before 
late in the fall of 1950 or early in 1951. 
There are many opinions as to the effect 

of such an extended freeze on the television 
industry, some stating that it is good to call 
a halt and see where we are going before the 
system is forever tied to the present stand-
ards, while others say that a continued freeze 
will seriously hurt the industry at a time 
when it should be growing rapidly. Remem-
ber that when further grants were stopped 
fifteen months ago, only 37 stations were in 
operation and there were 86 outstanding 
construction permits. Since that time, prac-
tically all of the construction permit holders 
have completed work, and by the end of 
1949, 98 stations were in operation, leaving 
but a few to open new markets for television 
receivers or absorb the output of transmitter 
manufacturers. In the meantime, those who 
have been able to get on the air are experi-
menting with program techniques and ex-
ploring sources of revenue which may give 
them a favored position when competitive 
stations are again authorized. 
Summarizing the situation, the television 

freeze was instigated fifteen months ago, 
particularly for the purpose of investigating 
the effect of tropospheric transmission on 
the predicted service areas of television sta-
tions. Since that time, new issues have been 
raised, particularly a priority system which 
puts the emphasis on coverage of area rather 
than population, the usability of the ultra-
high frequencies, the definition of service 
areas on a statistical basis, and a possible 
change in the standards to provide for the 
use of color television. All of these add up to 
a variegated ball of wax which must be 
molded into some acceptable shape before 
the industry can proceed. Unfortunately, 
there is little opportunity to turn back be-
cause the issues are so intermixed. At one 
time it might have been possible to go back 
to the proposed allocation of May, 1948, and 
show that the use of palliatives such as off-
set carrier and directional receiving an-
tennas would make a usable allocation with-
out the necessity of venturing into the ultra-
high frequencies. However, adoption of the 
priority system would make such a move 
impossible. It is certain that no single deci-
sion can satisfy all, and it is possible that a 
criterion of a good decision is one which dis-
satisfies all elements approximately equally. 
There is no question but what the freeze was 
necessary. It will remain for posterity to de-
termine whether its long continuance is con-
structive or destructive. 
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Reliability in Electronic Equipment* 

Su m mary —Since the last years of World War 
II, the use of electronic equipment has come more and 

more into being. Maintenance and repair techniques 
have so lagged behind this development that, in the 

case of military electronics, maintenance costs are 

sometimes one hundred times the production cost. 
Motivated by rising costs, the need for safety, and the 

lack of trained repair personnel, steps are being taken 
to provide greater reliability in electronic equipment. 

Using reliability data obtained from effective tele-

phone repeater equipment and other systems, at-
tempts are now being made to effect on-the-spot re-
placement of faulty subassemblies and to make 

available better vacuum tubes. Progress has been 
made with printed wiring components imbedded in 

plastic compounds. The military, faced with over-
burdening maintenance problems, production de-

mands in times of mobilization, and untrained 
personnel, looks to development of greater reliability, 
inbred into equipment design. At present the military 

is seeking to have the manufacturer join, with com-
parable research, into the search for greater reliabil-

ity. The Office of Naval Research is carrying out a 
research program in analyzing electronic maintenance 
minimization. 

INCE THE LAST years of World War 
LT II, the need for improved reliability in 

electronic equipment has become ap-
parent. Reliability takes into account such 
factors as over-all cost, maintenance re-
quirements, complexity, frequency of fail-
ures, and assembly techniques. The several 
aspects of reliability have come to the front 
largely because electronics has matured. Al-
though many modern equipments are assem-
blies of conventional circuits tailored to per-
form specific tasks, the rapid growth in 
quantity use of electronic equipments has 
outstripped the growth of reliability of 
equipment performance. Reliability of other 
engineering achievements is sometimes com-
pared to that of electronic equipments; in 
the main, such examples as electric refriger-
ators, motors, alternators, spark plugs, and 
other obvious examples are very reliable, 
and failures, if any, can be predicted accu-
rately enough to permit preventive mainte-
nance measures. Only to a limited extent is 
this possible with electronic equipment. 
Extensive repair and maintenance facili-

ties make it possible for the user to have an 
acceptable performance standard for elec-
tronic equipment; this is costly. So expensive 
is it that an estimate of the maintenance bill, 
in the case of military electronics, is about 
ten to one hundred times the cost of the orig-
inal equipment! So complex are the problems 
of large volume procurement, test and in-
spection, transportation, personnel training, 
spare parts supply, and storage, that a defi-
nite monetary estimate is virtually impossi-
ble. Although the military is the largest sin-
gle consumer of electronic products, it is not 
alone in this problem. Commercial interests 
have recognized the inadequacy of current 
standards of construction and are taking 
steps to rectify present troubles. In many 
instances, cost is the motivating factor to-
wards more reliable equipment; in other 
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cases the factor of safety is paramount. Con-
sider the hazard to which an airplane is ex-
posed when communication equipment is 
inoperative, the danger a steamship faces 
when her radar fails in a heavy fog, the ca-
tastrophe possible when an electronic coin-
puter controlling a guided missile interceptor 
falls out of adjustment, and the consterna-
tion caused by the infrequent malfunction of 
traffic signals in a large city. It is here that 
reliability should be most meaningful. These 
considerations must demand equipment 
which can be depended upon in emergency. 
rhose whose primary consideration is main-
tenance will profit as equipment reliability 
is increased. 
Unfortunately, it is almost axiomatic 

that the more important the application of 
electronics, the more complex becomes the 
equipment needed to fulfill the design and 
operational requirements. More complex 
circuitry requires highly trained technicians 
and expensive test equipment for mainte-
nance and repair. Unless reliability is built 
into an equipment, it is likely that the bur-
den of maintenance will be out of proportion 
to the usefulness of the equipment. 
Certain electronic equipments have been 

entirely reliable over a period of years. 
Outstanding in this respect is telephone re-
peater equipment where dependable opera-
tion without vacuum-tube failure has been 
reported for years of continuous operation. 
However telephone equipment is the excep-
tion, rather than the rule. More applications 
of electronics to important control problems 
in industry are foreseen when dependability 
reaches a universally acceptable level.  • 
Design data on outstandingly reliable 

equipments and information from present-
day pioneers in reliability research are be-
coming available and will offer impetus to 
further endeavor. Progress towards absolute 
reliability is indicated by several examples 
of work now under way. Plug-in subassem-
blies, constructed according to functional 
units, are a convenient way to insure mini-
mum repair time from a failure. The concept 
here is for the user to effect on-the-spot re-
placement of the faulty subassembly by in-
serting pretested units in the equipment un-
til the faulty unit is found and replaced. The 
faulty assembly is then returned to a central 
depot for repair. Although this is not a new 
idea, it is a convenient way to effect repairs 
and eliminate the need for an established 
service facility by the consumer. 
Another endeavor towards reliability 

concerns vacuum tubes. It has been said 
that vacuum tubes would not be designed 
for insertion into a socket if they were con-
structed with the expectation of reliable 
operation; few tubes are wired into circuits, 
as they must be replaced. Even guaranteed 
life tubes are made so that they may be 
fitted into a socket for convenient removal. 
Commercial interests, the airlines in par-
ticular, and the military services, are taking 
great strides towards making available reli-
able tubes. Tube dependability can be in-
creased by employment of mechanical ar-

rangements designed to enable the elements 
better to withstand shock; better materials 
can be used for tube elements, cathodes in 
particular; perhaps constant-voltage heater 
circuits are demanded in the equipment de-
sign to relieve strain from a fluctuating volt-
age supply, or perhaps a short life-test 
"run-in period" is necessary. This latter con-
sideration is important, since it is known 
that a high percentage of tube failures occur 
in the first few hours of operation. The time 
necessary for testing each tube will vary ac-
cording to the type of tube and the operating 
life guarantee based on a predetermined 
statistical performance standard. 
The resuarkable progress in the various 

ramifications of printed wiring, components 
imbedded in plastic compounds, and the 
open wiring concept in subassembly con-
struction has made available new techniques 
which are applicable to greater reliability. 
For the military services two factors are 

of extreme import: (I) an overwhelming 
problem of equipment maintenance, and (2) 
an almost insuperable demand on production 
facilities of the electronic industry in the 
event of total military mobilization. These 
problems facing the military services are 
acute. Studies show that the caliber of tech-
nicians required to service adequately exist-
ing electronic equipment under conditions 
of mobilization is higher than the quantity 
potentially available to the nation. Nor is it 
indicated that training of technicians, what-
ever their intelligence level, can keep in step 
with the demands for such services. During 
World War II, it was not unusual to find 
men with advanced degrees in engineering 
in the positions of electronic equipment re-
pair men. Unfortunately, although their 
services could be put to good use in develop-
ment laboratories or production plants, their 
abilities had to be exploited in the field. It 
is not intended to argue that these men 
should not have beenbn the scene of battle; 
their presence was required if the complex 
electronic equipment was to operate success-
fully. The point is that electronic equipment 
might better be built with greater reliability 
to reduce the need for college-trained tech-
nicians. The thousands of men graduated 
from maintenance schools during the war 
helped relieve the serious situation, but all 
too often it was necessary to replace elec-
tronic equipment (aircraft equipment in 
particular) by a completely new equipment, 
rather than repair the old. Frequently, 
neither time nor talent was available for re-
pairs or routine maintenance. With the 
rapid growth of electronics for military pur-
poses, it is evident that much more elec-
tronic equipment will be necessary for a pos-
sible future war than was required during the 
last. Each man added to the maintenance 
staff reduces the supply of combat men. The 
serious competition for technical personnel 
in various scientific fields among the highly 
mechanized branches of the services and in-
dustry might be critical. 
During World kVar II the electronic in-

dustry rallied to the need and produced the 



1950 Devey: Reliability in Electronic Equipment  345 

necessary electronic material for the Armed 
Services. Even conservative estimates of 
requirements for any future emergency show 
that a prodigious amount of material will be 
required, an amount which may exceed the 
ability of an industry expanded under the 
exigencies of emergency to produce the quan-
tities required as soon as required; that is, to 
produce according to present concepts of 
electronic equipment design and construc-
tion practices. 
With mechanized assembly processes in 

use in so many of our industries, it is aston-
ishing that the electronics industry has not 
adopted automatic equipment assembly 
techniques to any great extent. Machines 
can be designed for automatic assembly of 
equipment and can be made adjustable for 
diverse applications. Even without complete 
machine assembly of components, it is possi-
ble to employ other automatic processes. For 
example, telephone switchboards can be 
wired with wiring automatically pre-formed 
on a machine and so designed as to seat in 
appropriate positions on selector switches in 
a dial system panel; therefore mistakes in 
assembly are considerably lessened. The 
adoption of automatic assembly techniques 
may be essential if production volume is to 
be achieved and the necessary degree of reli-
ability attained. 
The most obvious way to circumvent the 

manpower and production problems is to 
strive for greater reliability. Greater reli-
ability of equipment reacts on the equip-
ment availability problem at every point. 
Fewer men are required to service equip-
ment; thus, fewer men must be trained, 
thereby freeing thousands to other endeav-
ors. Greater reliability means that the prob-
lem of spare parts is diminished; thus, less 
concern is directed to the very complex 
problem of provision of warehouse space and 
transportation (overseas and continental) 
facilities. Additional numbers of men and 
quantities of material will therefore be re-
leased. Production of spare parts can be cut 
back; thus, the component parts manufac-
turer is relieved of a burden. (This considera-
tion is based on a single unit of electronic 
equipment. More and more applications of 
electronic equipment will necessitate a very 
high volume of production.) 
The military worth of electronic equip-

ments, measured in terms of reliability, is 
more important than the factor of cost alone. 
A chain is as strong as its weakest link; elec-
tronic equipment is as useful as its reliability 
factor. A long-range radar equipment, costly 
and complex, has no kinetic military worth 
when out of operation, undergoing repair. 
Contrariwise, a short-range equipment of 
potentially limited military worth is valu-
able if it is operable when needed. 
There are several ways in which reliabil-

ity can be achieved. The first, and preferable 
way, is to inbreed reliability into equipment 
design; this is a direct approach to the prob-
lem. The second, that which is attempted 
today, is to effect preventive maintenance 

and repairs as necessary; this is an indirect, 
and failing, approach to the problem. A third 
attack at the problem would be to provide 
duplicate equipment for use when the pri-
mary system fails; this, of course, is very 
impracticable. 
Consider the situation when $1,000,000 

is expended in electronic equipment procure-
ments. It has previously been indicated that 
the cost of maintenance is at least tenfold 
more than the acquisition cost. A conven-
ient way to indicate over-all effort is to em-
ploy a dollar volume figure. In the case of 
the $1,000,000 procurement, there is a simple 
relationship between supplier (the electronic 
industry) and the consumer (the military 
services). This relationship can be repre-
sented as indicated in the diagram below. 

$1,000,000 

;10,000,000 

Civilian effort  Military effort 

Without investigating the complexities 
involved in ascertaining effort expended in 
the above illustration, a conservative figure 
would be as indicated, 10 parts military en-
deavor to 1 part civilian. As with the con-
servation of energy, the total expended 
effort remains constant. However, a shift of 
emphasis in endeavor will pay dividends. 
Suppose that the effort could be divided as 
shown in the diagram below. 

I $8,000,000 

$3,000,000 

Civilian effort  Military effort 

By shifting a larger portion of the total 
effort to the manufacturer, the problem fac-
ing the military is greatly reduced. This is 
not a selfish desire to place a load on other 
shoulders. Military worth of equipment is 
measured in the field; shift of the mainte-
nance load to the manufacturer reflects back 
to the field in the form of the required reli-
ability. The manufacturer is better able to 
cope with the problems attendant to equip-
ment design than is the military able to cope 
with the now unwieldy problem of mainte-
nance and repair. 
Obviously the problem of induction de-

ferment of technical and scientific personnel 
must be solved, if the supplier is to furnish 
this reliable equipment. Highly trained per-
sonnel are necessary in the production of reli-
able electronic equipment, and they must be 
available to a manufacturer in time of emer-

gency. Reliable equipment must be designed 
now to prove that highly trained technical 
and scientific personnel are not needed on a 
battle field as has been true in the past. 
Certain considerations are indicated if a 

program of equipment reliability is to be pros-
ecuted. It is first necessary to consider that 
the use to which equipment is put usually 
dictates the reliability required. A radar 
equipment used aboard an aircraft should 
have a reliable maintenance-free life com-
parable to the average useful life of that air-
craft. A guided missile, on the other hand, 
requires a short operating life and a long 
shelf life. 
It is seen, therefore, that the length of 

maintenance-free operating life will vary 
according to equipment application. The 
important thing is that a guaranteed period 
of maintenance-free operation be provided 
during which time the only checks required 
will be of the "go—no go" variety, capable 
of being carried out by a person trained in 
nothing but the rudiments of electronics. 
If this can be achieved, the contribution to 
efficiency will be profound. 
Although the cost and volume of pro-

curement may be increased considerably 
over present values, this additiona! outlay 
could be doubled or tripled, and the total 
savings would still be impressive when one 
again considers that present maintenance 
costs are from 10 to 100 times the acquisition 
cost of the equipment itself! Even though 
more money, time, and men are needed per 
unit to construct reliable electronic equip-
ment, the decrease in quantity production 
for any one application because of increased 
reliability will easily make it profitable. Fur-
thermore, the equipment will be in operation 
when needed in an emergency. 
Much effort is yet to be expended before 

the necessary reliability is achieved. Cer-
tainly, nothing less than a radical engineer-
ing solution, backed up by research, develop-
ment, and test information of new compo-
nents, will bring about the desired results. A 
change in specification philosophy may be 
indicated. Perhaps it is not necessary to de-
lineate the specifications of components that 
go into an equipment; a performance-life 
test of the equipment itself may be indicated. 
New testing procedures will have to be de-
vised to determine if a production run of 
equipments will provide the reliability re-
quired by the specification. Many other 
technical considerations must be coped with 
if guaranteed reliability is to be realized. 
The Office of Naval Research is prose-

cuting a "Program Analysis in Electronic 
Maintenance Minimization." Through pub-
lished findings of this program, it is hoped 
that laboratories and development activities 
will more than before realize the importance 
of electronic equipment reliability, and that 
endeavors towards absolute reliability will 
be accelerated. Certainly, the anticipated 
results will be of mutual benefit to the mili-
tary services and to the electronics industry 
in general. 
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Recent Applications of Electron Multiplier Tubes* 
JAMES S: ALLENt 

Summary—Recent applications of the electrostatic, electron 
multiplier tube to problems which require the measurement of very 
small currents or the counting of single ions or electrons are de-
scribed in this paper. The characteristics of secondary electron 
emitting surfaces suitable for use in multiplier tubes are discussed in 
the first section. The next section is devoted to recently developed 
tubes having one or more stages of electron multiplication. Following 
this is a section dealing with the application of these tubes to prob-
lems involving electron and ion counting. The paper is concluded by 
a section on the statistical treatment of the distribution in pulse sizes 
from multiplier tubes. 

I. INTRODUCTION 

Ti HE SECONDARY electron  mu ltiplier is an  elec -
tronic tube in which the amplification of the ini-
tial current of electrons or ions results from elec-

tron multiplication at one or more electrodes having 
secondary to primary electron ratios greater than unity. 
This type of tube has appeared in many designs and 
modifications. Although there have been a number of 
attempts to include one or more stages of electron 
multiplication in a conventional amplifier tube, this 
has not proved to be entirely successful. The most 
widely used multiplier tube at present is the photomul-
tiplier which contains a photocathode and one or more 
stages of electron multiplication. The special properties 
and characteristics of this type of multiplier tube have 
been discussed in reviews by various authors.'-5 
Bay..7 and Allen'—" have shown that multiplier 

tubes may be used directly as particle counters. In this 
application the primary particle ejects secondary elec-
trons from the first electrode of the tube and these are 
multiplied at additional electrodes and finally are re-
corded by suitable counting circuits. This type of par-
ticle counter has proved to be nearly 100 per cent ef-
ficient as a detector of positive ions and low energy 
electrons. However, the efficiency for the detection of 
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high-energy beta particles and gamma-rays usually is 
considerably lower than that of a Geiger counter. An 
extremely promising technique for the detection of en-
ergetic particles has been developed by Kallman,"." 
Coltman and Marshall," and others. In this application, 
part or all of the energy of the incident particle is con-
verted into light in a fluorescent screen placed in front 
of the photocathode of the photomultiplier. Preliminary 
tests have indicated that when a suitable phosphor has 
been chosen, the fluorescent counter is a highly efficient 
detector of high energy beta-particles and gamma-rays. 
Since the technical applications of electron multiplier 

tubes have increased rapidly during the last two or three 
years, only the most recent developments in the special 
techniques and properties associated with these tubes 
will be discussed in this review. The literature on the 
earlier developments in this field is extensive and, for 
more detailed information, the reader is directed to the 
reviews listed in the references given in this paper. 

II. SECONDARY ELECTRON EMISSION 

A. General 

Since the operational characteristics of a multiplier 
tube depend to a large extent upon the type of second-
ary electron emitting surface surfaces adopted for the 
multiplying electrodes, a description of certain technical 
aspects of secondary electron emission will be given in 
this section. The standard reference on the subject up to 
1936 is a review by Kollath." A more recent publication 
in book form by Bruining" deals with the subject up to 
1941. Additional sources of information- on secondary 
electron emission are given in the list of references." 
We shall adopt a rather general definition of second-

ary electron emission from a solid. Whenever a solid is 
bombarded with a beam of primary particles, electrons 
will be emitted from the surface of this solid. The emit-
ted electrons will be referred to as secondaries. In par-
ticular, the secondaries with energies less than 50 elec-
tron volts are most effective in the operation of a multi-
plier tube. In this review the following abbreviations 
will be used: 

" H. Kallman, "The counting of high energy particles and quanta 
by photoelectric detection of individual light flashes in fluorescent 
materials," Natur und Technik, July, 1947. 
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for the detection of a-particles," Rev. Sci. Inst., vol. 18, pp. 767-770; 1947. 
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However, by means of suitable apertures, all secondaries 
emitted within a certain cone entered the analyzer. 
Since this arrangement is equivalent to the well-known 
long lens beta-ray spectrograph, the momentum of the 
secondaries corresponding to a given value of the mag-
netic field can be determined from the geometry of the 
apparatus and the strength of the field. It was found 
that the general shape of the energy distribution curves 
was the same for all the metals which were investi-
gated. The results are illustrated in Fig. 1 where the rela-
tive number of secondaries per unit energy interval is 
plotted against the energy. All the distribution curves 
fell between the two solid curves with maxima at 1.4 and 
2.2 electron volts, respectively. The broken curve rep-
resents the plot of a Maxwellian distribution with a 
maximum at 1.75 electron volts. The shapes of the dis-
tribution curves showed only minor changes, as V, was 
varied from 100 to 1,000 electron volts. However, in the 
case of BeCu and BeNi alloys, there was some evidence 
of a secondary maximum at about 5.5 electron volts. 

C. SE Yield Due to Primary Electrons with V,<5,000 

Electron Volts 

In this section the properties of various surfaces hav-
ing large values of m and therefore suitable for use in 
multiplier tubes will be described. Since the maximum 
value of m for a given surface depends to a large extent 
upon the activation of the sample, large discrepancies 
exist in the tabulated values of the secondary electron 
yield. The nature of the activation depends upon the 
particular surface employed. Usually, a combination of 
oxidation and heat treatment in a high vacuum will in-

crease the value of m. 
The shapes of the m versus V, curves for V,<5,000 

electron volts are essentially the same for both conduc-
tors and insulators. In general, the value of m increases 
with increasing V„, goes through a broad maximum and 
then slowly decreases as V, is further increased. In the 
case of metal surfaces the value of V, corresponding to 
the maximum of m varies from about 100 to 800 elec-
tron volts. However, for insulators the maximum usu-
ally occurs at much higher-values of V„. A very qualita-
tive explanation is that the average range of the sec-
ondaries is much greater in insulators than in conduc-
tors, since there are relatively few conduction electrons 
to which they can lose energy. Hence, the higher energy 
primaries are more effective in releasing secondaries in 
insulators than in conductors. 
In Fig. 2 are shown the m versus — V, curves for two 

activated composite surfaces and, for comparison, the 
curve for an oxide free nickel surface." The complex Cs 
surface has been widely used in photomultiplier tubes 
for both the photosensitive cathode and the multiplying 
electrodes. A photocathode may be formed by oxidizing 
a sheet of silver until the thickness of the layer of silver 
oxide is several hundred molecules. If cesium vapor is 
then admitted, it will be completely absorbed by the 

SE=Secondary electron emission 
m =The average number of secondary electrons di-

vided by the total number of primary particles 
= Energy of the primary particles, assumed to be 
mono-energetic, in electron volts. 

B. Energy Distribution of Secondary Electrons 

Although many measurements have been made of the 
energy distribution of the secondary electrons emitted 
from solids, it is difficult to estimate the accuracy of 
these results because of the absence of data regarding 
the condition of the surface of the solid. However, the 
general form of the distribution curve for 20< Vp< 1,000 
electron volts is very nearly the same for all the surfaces 
which have been investigated. It is found that the great 
majority of the electrons are emitted with energies of a 
few electron volts. These are usually regarded as "true" 
secondaries. The shape of this part of the curve is simi-
lar to a Maxwellian distribution in which the most 
probable secondary electron energy ranges from about 
2 to 6 electron volts for various surfaces. In general, the 
peak of the energy distribution is lower for insulators 
than it is for conductors. The additional features of the 
complete distribution curve include a small group of 
inelastically reflected primaries with energies merging 
with those of the "true" group and extending rather uni-
formly out to energies nearly equal to V,,. Finally, there 
is a sharp peak corresponding to elastically reflected 
primaries. The ratio of the elastically reflected to low 
energy secondary electrons increases rapidly with the 
energy of the primaries for 17„> 1,000 electron volts. 
The curves obtained by Kollath" will serve as exam-

ples of typical energy distributions. In this experiment 
the analysis of the momenta of the secondaries was made 
by means of a longitudinal magnetic field. The beam of 
primary electrons was parallel to the direction of the 
magnetic field and, consequently, was not deflected. 
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Fig. 1—Energy distribution curves as obtained by Kollathis for 
secondary electrons emitted from various solids. The measured 
curves fell between the two solid curves. The broken curve repre-
sents a Maxwellian distribution. 

21 R. Kollath, "Zur Energieverteilungen der Sekundarelectronen," 
Ann. Phys., vol. I, pp. 357-380; 1947. 

" R. Warnecke, "Emission serondaire de metaux purl," Jour. 
Phys. Radium, vol. 7, pp. 270-280; 1936. 



348 
PROCEEDINGS OF THE I.R.E. 

silver oxide. When the surface is heated at a tempera-
ture of 250° C a reaction takes place between the silver 
oxide and the cesium giving cesium oxide and free silver. 
Some excess cesium is absorbed on the surface of the 
complex layer and a sensitive photoelectric surface re-
sults. Zworykin, Morton, and Maker' and also Timo-
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Fig. 2—SE yield curves for MgAg," Cs—Cs10—Ag,1 
and oxide free Ni" surfaces. 

feev and Pynatnitski" have shown that the amount of 
free cesium required for the highest secondary electron 
yield is less than that needed for the maximum photo-
sensitivity. An alloy consisting of about 2 per cent mag-
nesium and the rest silver can be activated by radio-
frequency heating in an atmosphere of 02. The curve 
for this alloy in Fig. 2 was obtained by Zworykin, Ruedy 
and Pike." The maximum value of m obtained as a re-
sult of the activation was about 9.5. However, the mul-
tiplication slowly decreased with time and finally 
reached a stable value of 7 at V,=400 electron volts. 
Friedheim and Weiss" have been able to activate MgAg 
alloy surfaces by heat treatment at a temperature of 
450° C at a pressure of 7 X10-5 mm of Hg. A multiplica-
tion of 14 to 16 at V,=500 electron volts was observed. 
Gille" and Matthes" have studied BeNi and BeCu 

alloys. In the case of BeNi a multiplication of 5 or 6 
could be obtained by heating the alloy to 600°C in a 
vacuum at a pressure of 10-5 to 10-5 mm of Hg. A 
further increase in the multiplication to a value of 10 
occurred after a combination of oxidation and heat 
treatment. A similar activation of BeCu at a tempera-
ture of 500° C resulted in a multiplication of 10 or more. 

22  P. V. Timofeev and A. L. Pyatnitski, "Die Sekundarelectron-
enemission Einer Sauerstoff Casiumelectrode," Phys. Z. Sowjetunion, 
vol. 10, pp. 518-530; 1936. 

21 V. K. Zworykin, J. E. Ruedy, and E. W. Pike, "Silver-magnes-
ium alloy as a secondary electron emitting material," Jour. Appl. 
Phys., vol. 12, pp. 696-698; 1941. 
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Silber—Magnesium ligierungen," Naturwiss, vol. 29, p. 777; 1941. 
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The curves illustrated in Fig. 3 represent data ob-
tained by the author for the secondary electron (SE) 
yield from a sample of commercial BeCu. A strip of the 
alloy was polished with 4/0 emery polishing paper, 
washed with a detergent and distilled water and finally 
rinsed several times in ethyl alcohol. Curve 1 represents 
the multiplication of the freshly polished strip before 
heat treatment. Curves 2 and 3 show the multiplication 
after heat treatment. Activated BeCu surfaces may be 
exposed to air without a serious decrease in the multi-
plication. For example, the maximum multiplication of 
the surface shown by curve 3 was 5.7 after a one hour 
exposure to air and 5.3 after an exposure of two hours. 
This alloy is suitable for the electrodes of a multiplier 
tube since a relatively stable multiplication may be at-
tained with negligible thermionic emission at room tem-
perature. 
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Fig. 3—SE yield curves for BeCu: (1) in the unactivated state; (2) 
after rf heating for 15 minutes at 650°C in a vacuum; (3) after r( 
heating at 650°C for 30 minutes in dry oxygen at 5 X10-2 mm of 
Hg, followed by the activation described in (2). From unpub-
lished results of the author.) 

D. Variation of the SE Yield with the Angle of Incidence 
of Primary Particles 

The SE yield measurements described in the previous 
section were made with the beam of primary electrons 
normal to the surface under investigation. Since the pri-
maries do not impinge upon the electrodes at normal in-
cidence in most multiplier tubes, the variation of the SE 
yield with this angle is of importance in the design of the 
electrode system. A number of investigators have ex-
amined the variation of the SE yield with the angle of 
incidence and have concluded that the yield is approxi-
mately proportional to 1/cos 0 where 0 is the angle be-
tween the beam of primaries and the normal to the sur-
face. A qualitative explanation of this relation can be 
found if we assume that the average range of the pri-
maries in the target is greater than that of the second-
aries and also that the rate of production of secondaries 
is independent of the energy of the primaries. With 

these assumptions, the fraction of the range of the pri-
maries which is effective in ejecting secondaries from the 
surface can be shown to be proportional to 1/cos 0. Like-
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. wise, the variation in yield should be nearly independent 
of the angle of incidence for low energy primaries where 
the range may be less than that of the secondaries. 
These relations have been verified experimentally by 
Bruining" and also by Muller." The curves shown in 
Fig. 4 were reproduced from the work of Muller and 
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portion of high energy secondaries emitted from a gold 
target. The relative number of high energy secondaries 
increased from 20 to 48 per cent as V, increased from 1 

to 11 Key. 
Trump and Van de Graaff29 have investigated the SE 

yield from various surfaces using mono-energetic elec-
trons accelerated by an electrostatic, high voltage gen-
erator. A replot of their results is shown in Fig. 5. The 

Fig. 4—Variation of SE yield with the angle of incidence made by 
the primary beam. The energy of the primary electrons was 2.5 
Key (after Muller"). 

represent the variation of the SE yield with the angle of 
incidence for several surfaces. The energy of the pri-
mary electrons was 2.5 Key for these measurements. 
The author" has investigated the variation of the SE 

yield with the angle of incidence for 120 Key protons on 
a nickel surface. The yield followed a 1/cos 0 law for 
5° <0 <65°. In this experiment the conditions were fa-
vorable for a 1/cos 0 relation, since the range of the pri-
maries was much greater than that of the secondaries 
and the rate of production of the secondaries was very 
nearly constant along the effective path of the primaries 
in the nickel. 

E. SE Yield Due to IIigh-Energy Electrons 

The information regarding the SE yield due to elec-
trons with 17„> 10 Key is very meager. The interpreta-
tion of the results obtained with high-energy primaries 
is complicated by the presence of a relatively large 
number of elastically scattered primaries. In practice, 
the presence of these high-energy electrons may intro-
duce large errors in the measurement of the primary and 
secondary currents. Stehberger" has measured the pro-

' H. Bruining, "The depth at which secondary electrons are 
liberated," Physica, vol. 3, pp. 1046-1052; 1936. 

H. 0. Muller, "Die Abhangigkeit der Sekundarelectronene-
mission einiger Metalle vom F.infallswinkel des primaren Katho-
denstrahls," Zeit. far Phys., vol. 104, pp. 475-486; 1937. 

11  J. S. Allen, "The emission of secondary electrons from metals 
bombarded with protons," Phys. Rev., vol. 55, pp. 336-339; 1939. 

11  K. H. Stehberger, "eber Rt1ckdiffusion und Sekundarstrahlung 
mittelschneller Kathodenstrahlen an Metallen," Ann. Phys., vol. 86, 
pp. 825-863; 1928. 
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Fig. 5—SE yield curves for tungsten and aluminum surfaces bom-
barded with high energy electrons (after Trump and Van de 
Graaff"). 

yield of low energy secondaries decreases with increasing 

V, and remains essentially constant for V,>250 Key. 
According to these curves, an electron multiplier should 
show a counting efficiency of from 5 to 10 per cent when 
250 Key electrons are allowed to strike the first elec-

trode. 

F. SE Yield Due to Positive Ions and Neutral Atoms 

In this section information regarding SE yields due 
to positive ions will be presented. These data should in-
dicate the performance of an electron multiplier tube 
when used either to amplify a current of positive ions 

or to count single ions. 
Healea and Hontermans" have investigated the SE 

yields due to H2+, D2+, He+, Ne+ and A+ ions bombard-
ing an outgassed nickel target. In each case the curves 
indicated an almost linear increase in the SE yield with 
the energy of the ions in the range from 0 to 1,500 elec-
tron volt. A yield of one electron per ion was observed 
for 1,500 electron volts He+ ions. 
Hill, Buechner, Clark, and Fisk91 have measured the 

SE yields from various metals bombarded by high en-
ergy positive ions. Curves 2 and 4 of Fig. 6 represent the 

I, J. G. Trump and R. J. Van de Graaff, "Secondary emission ol 
electrons by high energy electrons," Phys. Rev., vol. 75, pp. 44-45; 
1949. 
'° M. Healea and C. Houtertnans, "Relative secondary electron 

emission due to He, Ne, and A ions bombarding a hot nickel target," 
Phys. Rev., vol. 58, pp. 608-610; 1940. 
" A. G. Hill, W. W. Buechner, J. S. Clark, and J. B. Fisk, "Emis-

sion of secondary electrons under high energy positive ion bombard-
ment," Phys. Rev., vol. 55, pp. 463-470; 1939. 
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data obtained by these authors for H+ and He+ ions on 
a molybdenum surface not previously outgassed. Curves 
1 and 3 show data obtained by Allen" for H+ ions on 
outgassed targets of nickel and beryllium. The effect of 
absorbed gas on the SE yield can be estimated from a 
comparison of curves 1 and 2. Apparently, the effect of 
the gas is greatest for the low energy primaries and is 
not series for energies greater than 400 Key. 

of 
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200  300 
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Fig. 6—SE yield curves for high energy positive ions. Curves 1 and 3 
from the work of Allen." Curves 2 and 4 from the work of Hill" 
and co-workers. 

Berry" has recently shown that fast neutral atoms 
will eject secondary electrons from a metal target. When 
a beam of either He or A atoms or N 2 molecules was al-
lowed to bombard a tantalum target, the SE yield in 
each case increased with the energy of the primary par-
ticles in the range from 0 to 4 Key. At the highest en-
ergy the yield was about 2 to 3 electrons per neutral 
particle. This value was almost identical with that ob-
tained for singly charged ions of these same gases. 

III. ELECTRON MULTIPLIER TUBES 

A. Electrode Surfaces 

Electron multiplication has been extensively used as 
a method of amplification of the current from a photo-
cathode. Since both the photocathode and the multiply-
ing electrodes are located in the same tube envelope, the 
photoelectric and multiplying surfaces usually are of the 
same material. The earliest photomultipliers had com-
posite Cs-Cs20-Ag surfaces which are frequently given 
the designation S-1. The spectral response of a typical 
S-1 surface in a tube with a lime glass envelope has a 
maximum sensitivity at 8,000 A and a long wavelength 

u H. W. Berry, "Secondary electron emission by fast neutral 
molecules and neutralization of positive ions," Phys. Rev., vol. 74, 
p. 848; 1948. 

April 

limit of 12,000 A. According to Fig. 2, the SE yield for 
this surface should be about 5 for V, == 200 electron volts. 
The relatively large thermionic current from this type 
of surface is a serious disadvantage when the phototube 
is to be used to measure very low light levels. The meas-
urements of Engstrom" indicate a thermionic current 
from the cathode of 10-12  to 10-" amperes at room tem-
perature. 

In recent years a photosurface formed from a cesium 
antimony layer on a nickel base has been widely used in 
photomultipliers. This type of surface is often desig-
nated as S-4 and is characterized by a maximum sensi-
tivity at 4,000 A and a long wavelength limit at 7,000 
A. Presumably, the secondary electron properties of this 
surface are similar to those of the Cs-Cs02-Ag surface. 
In general, the dark current is of the order of 10-14  am-
pere per cm' at room temperature. In addition, the S-4 
surface is more stable in respect to the photoelectric and 
SE yields than the S-1 surface. 
Bay' and Allen'° have shown that high work function 

surfaces can be used in multiplier tubes designed for 
particle counting. The thermionic emission from these 
surfaces at room temperature is of the order of 10 elec-
trons per minute per cm'. At present, BeCu, BeNi, and 
BeAg alloys seem to be the most suitable materials for 
the electrodes. SE yield curves for a sample of com-
mercial BeCu alloy have been given in Fig. 3. Addi-
tional details concerning the method of activation and 
the stability of BeCu surfaces have been discussed by 
Allen. 10 

B. Photomultiplier Tubes 

The subject of photomultiplier tubes has been covered 
in reviews by numerous authors. For a survey of the 
developments in this field up to 1941 the reader is re-
ferred to papers by Zworykin and Rafchman,3 Rann,6 
and Glover." In order not to repeat too much of the ma-
terial covered in these reviews, this section will be lim-
ited to a description of the characteristics of several 
recently developed tubes. 

The RCA-931A tube is an example of a photomulti-
plier utilizing two dimensional, electrostatic fields. The 
electrodes in the multiplier section of this tube form a 
series of electron optical lenses which prevent the elec-
tron beam from diverging during the multiplication 
process. The rubber membrane model described by 
numerous authors"."." has proved to be a convenient 
method for the determination of the correct shapes for 
the electrodes in this type of tube. This method is based 
upon the analogy between the path of a spherical ball 
rolling on a suitably stretched rubber sheet and that of a 
charged particle moving in an electrostatic field. 

" R. \V. Engstrom, "Multiplier tube characteristics; application 
to low light levels," Jour. Opt. Soc. Amer., vol. 37, pp. 420-431; 1947. 

34 A. M. Glover, "A review of the development of sensitive photo-
tubes," PROC. I.R.E., vol. 29, pp. 413-423; 1941. 

36  P. H. J. A. Kleynen, "The motion of an electron in two-dimen-
sional electrostatic fields," Philips Tech. Rev., vol. 2, pp. 338-345; 1937. 

u O. H. Schade, "Beam power tubes," PROC. I.R.E., vol. 26, pp. 137-181; 1938. 
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The model is constructed by placing on a horizontal 
surface portions of cylinders whose directrices are simi-
lar to those of the electrodes under investigation. The 
vertical heights of the cylinders are made proportional 
to the potentials of the corresponding electrodes. A rub-
ber membrane, previously stretched over a frame, is 
then pressed down on the model in such a manner that 
the sheet makes contact with the top edges of the cylin-
ders. The paths followed by balls rolling on this mem-
brane approximate rather closely the actual electron 
trajectories in the electrostatic fields. Hence, the shape 
of the model electrodes can be modified until the balls 
leaving a given electrode converge to a reasonably good 
focus on the next. The dimensions of the model can then 
be scaled down to fit the requirements of the actual elec-

trode system. 
A diagram of the electrode system of the 931-A tube 

is shown in Fig. 7. Multiplication occurs at electrodes 1 
through 9. The final collector is a grid shielded by the 
ninth electrode. A shield serves to isolate the photo-

-Light 
shield 

Incident 
light 

0= Photocathode 
10 = Anode 

Mica shield' 1-9 = Dynodes 

Fig. 7—Schematic arrangement of the electrodes in a 
93I-A photomultiplier tube. 
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per stage than does the ohmic leakage. In practice, the 
tube is operated in a region of the characteristics such 
that the current due to thermionic emission is the pre-
dominating factor. In general, this current can be re-
duced by refrigeration of the tube. The unstable region 
beginning at 110 volts per stage is due to regenerative 
positive ion feedback between the photocathode and the 
last few multiplying electrodes. This effect increases 
with the residual pressure in the tube and may become 
so large as to maintain continuous oscillations within 
the electrode system. The presence of positive ion feed-
back can be easily detected when the dark current pulses 
are viewed on a scope with a triggered sweep. If positive 
ion feedback is present, multiple pulses consisting of the 
initial pulse followed by one or more secondary pulses 
will be observed. The pulses will be separated by inter-

vals of the order of 10-7 seconds. 

cathode from the final collector in order to reduce the 
danger of positive ion feedback. The sensitive surfaces 
of the photo-cathode and electrodes 1 through 9 are of 
cesium antimony alloy. Data concerning the multipli-
cation and spectral sensitivity of this type of tube are 
listed in the manufacturer's handbooks and also in pa-
pers by Engstrom,u Glover,u and by Glover and 

James.37 

The so-called dark current in a photomultiplier tube 
originates in the following sources: ohmic leakage over 
the insulators inside the tube and between lead wires at 
the tube base; field-enhanced emission and thermionic 
emission from the photocathode; and positive ion feed-
back. The curves of Fig. 8 have been reproduced from 
the work of Engstromu and show the relative importance 
of the various sources of the dark current in a tube of 
the 931-A type. It is evident that the amplified ther-
mionic emission increases more rapidly with the voltage 

" A. M. Glover and R. B. Janes, "A new high sensitivity photo-
surface," Electronics, vol. 13, pp. 26-27; 1940. 
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Fig. 8—Dark current in photomultiplier tubes of the 
931-A type (after Engstrom"). 
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An electrode structure resembling a venetian blind 
has been developed in several laboratories. This struc-
ture is well suited for use in photomultiplier tubes with 
large area photocathodes. Fig. 9 shows the schematic 
arrangement of the venetian blind electrodes used in 
the E.M.I. type Vx 5031 tube. This tube was developed 
by A. Sommer and W. E. Turk of the E.M.I. laborator-
ies. The individual slats of the blind structures are of 
stainless steel or nickel and are coated with an antimony 
cesium layer. No interstage focusing lens is employed, 
but each electrode has attached to its front surface a 
low shadow ratio mesh which serves to prevent the sup-
pression of secondary electrons by the preceding nega-
tive field. The secondaries are, therefore, influenced only 
by the positive field of the following stage and are ac-
celerated through between the slats, and themselves 
undergo multiplication at the next electrode. 
The Vx 5031 has a flat end window with a transparent 

cesium antimony photocathode 1.0 cm in diameter on 
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the inner surface. The sensitivity of the photosurface is 
20 to 30 microamperes per lumen. The eleven stages of 
multiplication produce a total multiplication of from 
107 to 108 with 160 volts per stage. 
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Fig. 9—Schematic arrangement of the electrodes in a 
Vx 5031 photomultiplier tube. 

C. Grid-Controlled Multiplier Tubes 

If one or more stages of electron multiplication are 
introduced between the control grid and the anode of a 
conventional therrr ionic amplifier tube, the effective 
grid to plate transconductance is multiplied by the gain 
of the multiplier unit. In addition, the static current 
through the multiplier unit will be increased by the 
same factor. The use of electron multiplication should 
result in an improvement of the figure of merit of a tube 
for the amplification of ultra-high-frequency signals 
since a high transconductance may be realized with a 
small, low capacity, grid structure. The application of 
electron multiplication to conventional grid-controlled 
amplifier tubes has been discussed by Thompson." 
The problems concerning the design of an electrode 

structure for the efficient use of electron multiplication 
have been investigated in various laboratories. Since 
most secondary electron surfaces are poisoned by ma-
terial evaporated from the oxide coated cathode, it is 
necessary to place a shield between the cathode and the 
emitting surface. By means of suitable deflecting elec-
trodes the beam of primary electrons is constrained to 
follow a curved path around the cathode shield. 
Wagner and Ferris" have described an orbital beam 

electron multiplier suitable for wide band amplification 

36  B. J. Thompson, "Voltage-controlled electron multipliers," 
PROC. I.R.E., vol. 29, pp. 583-587; 1941. 

83 H. M. Wagner and IV. R. Ferris, "The orbital-beam secondary 
electron multiplier for ultra-high-frequency amplifications," PRoc. 
I.R.E., vol. 29, pp. 598-602; November, 1941. 
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at 500 megacycles. The grid plate transconductance was 
15 ma/volt and the figure of merit gm/ VC' C2 was nearly 
three times that of a 6AC7 tube operated with about the 
same plate current. In this expression for the figure of 
merit, gm is the transconductance and CI and C2 are the 
effective input and output capacitances of the tube. 
Fig. 10 illustrates the electrode structure of the 

E.M.I.-E1945 grid-controlled multiplier tube. This tube 
has been chosen as an example since the design is typical 

Fig. 10—Schematic arrangement of the electrodes in a typical 
(EMI-E1945) grid-controlled amplifier with one stage of electron 
multiplication. 

for this type of tube and also because the tube has re-
cently appeared on the market. The cathode K1, con-
trol grid gi and screen grid g2 perform the usual func-
tions, The electron beam from the primary cathode sys-
tem is focused by the elliptical electrode Si on to the 
secondary cathode K 2 which is surfaced with a complex 
coating of mixed oxides. The secondary electrons are 
collected by the grid anode a. The grid anode trans-
conductance is 20 ma/volt when the tube is operated 
with an anode current of 25 ma. The figure of merit is 
approximately three times that of a 6AC7 tube. 

IV. PARTICLE COUNTING VITII 
MULTIPLIER TUBES 

A. Multiplier Tube Design 

Electron multiplier tubes have been used with con-
siderable success to count single electrons or positive 
ions. In this application the primary particles impinge 
upon the sensitive surface of the first electrode of the 
multiplier and eject one or more secondary electrons. 
The secondaries undergo further multiplication within 
the tube and the resulting pulses of current are re-
corded by conventional methods. 

Bay' has described multiplier tubes with surfaces pro-
duced by heating magnesium in oxygen. The work func-
tion of this type of surface is sufficiently high to reduce 
the thermal emission of electrons to a negligible value. 
Single electrons, alpha particles, and X-ray photons 
were detected with these tubes. 

The problems pertaining to the construction and 
operation of multiplier particle counters with oxidized 
beryllium surfaces have been discussed by Allen. ° A 
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multiplier tube of improved design has also been de-
scribed by Allen." This tube is a 13-stage multiplier 
having electrodes of BeCu alloy. The average multi-
plication of the electrodes is similar to that represented 
by curve 2 of Fig. 3. A schematic diagram of the elec-
trode assembly used in this tube is shown in Fig. 11. In 
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Fig. 11—Electrode structure of a 13-stage multiplier tube with 
BeCu alloy electrodes (after Allen'°). 

order to activate the electrodes, the entire electrode 
structure is placed inside a suitable glass tube. After 
evacuation of this tube, the electrodes are heated by 
radio-frequency induction at a temperature of about 
600° C for 10 minutes. The assembly is then removed 
from the tube and mounted in the tube shell. The com-
pleted electrode system and metal tube shell are shown 
in Fig. 12. For additional information concerning the 

Fig. 12—The completed electrode system and metal tube shell for a 
I3-stage electron multiplier (after Allen"). 

design of this type of tube the report by Dare and 
Rowen" is suggested as a reference. 
Certain experiments require tubes with either a rela-

tively large area photocathode or first multiplying elec-
trode. The most efficient method for providing the large 
area surface is to introduce an electron lens between this 
surface and the usual multiplier structure. By means of 
this lens, the photoelectrons or secondary electrons are 
concentrated upon the first electrode of the multiplying 
unit. 
Snell and Miller° have designed a tube with an elec-

trode structure similar to that shown in Fig. 11, but 

" J. A. Dare and W. H. Rowen, Report No. 6, Lab. for Nuclear 
Science and Engineering, M.I.T. 

" A. H. Snell and L. C. Miller, l'rivate communication to the 
author 

with a first electrode of approximately three times the 
area of one of the succeeding electrodes. Particles en-
tered the multiplier through a rectangular hole in an 
aperture plate which was separate from the multiplier 
proper and was bridged with a grid of fine wires. The 
application of an adjustable bias voltage between the 
grid and the first electrode, resulted in considerable dis-
crimination between the pulses from alpha particles, 8 
Key protons and S35  betas. 
Farago" has given a brief description of a tube with 

an enlarged photocathode of 100 cm2 with an electron 
lens between this surface and the multiplier unit. A de-
velopmental tube C-7132 has been announced by RCA. 
This is a multiplier phototube with a transmission pho-
tosurface at one end of the tube. The area of this sur-
face is 1.8 inches2. As in the tubes mentioned above, the 
photoelectrons from the cathode are focussed into the 
multiplier structure. 

B. Electron Counting 

An electron multiplier with BeCu alloy surfaces has 
been used as an electron counter by Allen." In this ap-
plication, a well defined beam of mono-energetic elec-
trons was allowed to strike the first electrode of the 
multiplier. In order to measure the absolute efficiency 
of the multiplier a relatively large current of primary 
electrons was measured by means of a Faraday cage and 
a direct-current amplifier. By means of a suitable slit 
system a known fraction of this current was allowed to 
enter the multiplier. The pulses from the multiplier were 
amplified by a conventional pulse amplifier and re-
corded by a scale of 4,096. 
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Fig. 13—The efficiency of a 13-stage multiplier tube as an electron 
counter. The gain of the pulse amplifier for the data of the upper 
curve was twice that used for the lower (after Allen's). 

Fig. 13 shows the counting efficiency as a function of 
the energy of the primary electrons. The multiplier was 
operated with 375 volts per stage. The gain of the ampli-
fier for the data of the upper curve was twice that used 
for the lower. The efficiency reached 100 per cent at 300 
volts within the limits of accuracy imposed by the slit 
calibration. It can be seen that the efficiency was in-
creased at the high energy end of the curve as the gain 

" S. Farago, "Electron multiplier tube of large effective cath-
ode surface area," Nature, vol. 161, p. 60; 1948. 
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of the amplifier was increased. This effect indicated that 
the relative number of low-energy secondary electrons 
per primary decreased as the energy of the primaries 
increased. As the amplifier gain was increased propor-
tionably more of the smaller pulses were recorded for 
high-energy primaries. 
Experiments with high-energy electrons have demon-

strated that the counting efficiency is of the order of 5 to 
10 per cent for 10' electron volts electrons. Eisenstein" 
has determined the electron counting efficiency of a 
tube having the 931-A electrode structure with beryl-
lium coated surfaces. When a primary beam of 35 Rev 
electrons was allowed to fall on the cathode of this tube, 
the efficiency reached a value of 0.23 at 300 volts per 
stage of the multiplier. This value is in good agreement 
with that obtained from Fig. 5 using the dashed curve for 
aluminum. This curve represents the average number of 
low-energy secondaries ejected from an aluminum sur-
face by a high-energy primary electron. The counting 
efficiency of a multiplier with a first electrode of a low Z 
element such as Be or Al is expected to show a similar 
variation with the energy of the primary beam. In order 
to increase the efficiency, the first electrode should be 
made of W or, perhaps, Pt rather than Be or BeCu. 

C. Positive Ion Counting 

The curves of Fig. 6 indicate that the SE yield for 
positive ions is considerably greater than unity for most 
metal surfaces. When the data of Healea and Honter-
mane° are combined with these curves, the complete 
SE yield curves are found to increase almost linearly 
with the energy of the positive ions in the region from 0 
to about 4 Key. The yield curves remain essentially con-
stant for energies greater than 4 Key. In view of these 
large values for the SE yield, the positive ion counting 
efficiency of an electron multiplier tube should be very 
nearly 100 per cent for energies greater than a few Key. 
The work of Allen" has shown that a 12-stage multi-

plier tube with Be coated electrodes is a reliable instru-
ment for counting low energy H+ ions. A more detailed 
study of the counting efficiency of a multiplier tube for 
positive ions has been made by Morrish and Allen." The 
apparatus was identical with that used to obtain the 
electron efficiency data of Fig. 13. However, in this ex-
periment a source of singly charged lithium ions was 
substituted for the electron source. The curves shown in 
Fig. 14 represent the counting rate as a function of the 
energy of the positive ions. The data for energies less 
than 4.5 Rev were obtained with the first electrode of 
the multiplier at ground potential and the data for 
higher energies were obtained with this electrode at 
—4.5 Key. The data for each curve were recorded with 
a constant discriminator bias. A counting efficiency of 
100 per cent corresponded to 375 counts per minute as 
recorded by the register of the scale of 256 counting cir-

43 A. S. Eisenstein, O.N.R. Quarterly Report from the University 
of Missouri, December 15, 1948. 
" A. H. Morrish and J. S. Allen, "Performance of the Allen type 

multiplier tube for lithium ion counting," Phys. Rev., vol. 74, p. 1260; 
1948. 

cuit. The curves indicate that, for a sufficiently small 
discriminator bias, the counting efficiency approached 
100 per cent for 2 Rev Li ions and probably remains at 
this value as the energy is increased. 
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Fig. 14—The counting efficiency of a 13-stage multiplier tube for 
singly charged lithium ions. A rate of 375 counts per minute 
(scale of 256) corresponds to an efficiency of 100 per cent (after 
Morrish and Allen"). 

Robson" has determined the absolute counting ef-
ficiency of a multiplier for low energy protons by a 
method similar to that described above. Fig. 15 has 
been reproduced from his paper and shows a series of 
bias curves for protons of various energies and also a 
bias curve for gamma rays. He concluded that the 
counting efficiency approached 100 per cent for protons 
of 5.75 Rev to 10 Rev energy. Absolute efficiency meas-
urements were not made for protons with energies less 
than 5.75 Rev. 
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Fig. 15—Bias curves for an electron multiplier counting protons. The 
absolute counting efficiency approached 100 per cent for protons 
of 5.75 Key to 10 Key energy (after Robson"). 

Experiments using alpha particle sources indicate 
that an alpha particle will eject, on the average, about 
10 secondary electrons from a BeCu surface. The 
counting efficiency of a multiplier for alpha particles is 
very nearly 100 per cent, and should remain constant 
for a wide range of alpha particle energies. 

46 J. M. Robson, "Electron multiplier as a counter for 10-key 
protons," Rev. Sci. Inst., vol. 19, pp. 865-871; 1948. 
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D. Application of Multiplier Tubes to the Mass Spec-

trometer 

Although the multiplier tube can be used as a sensi-
tive positive ion detector, very few applications of this 
type of detector to the mass spectrometer have been re-
ported. The most extensive studies of this application 
have been carried out by several students working un-
der the direction of A. 0. C. Nier of the department of 
physics, University of Minnesota. A preliminary report 
of an isotopic analysis of Rh, Cb and Ce has been pub-
lished by Cohen," and a more detailed report of this 
same investigation is to be found in his thesis.° In order 
to indicate some of the possibilities of a multiplier as ap-
plied to a mass spectrometer, a short summary of Co-

hen's work will be presented in this section. 
A tube with multiplication at 11 stages was used by 

Cohen. The electrodes were of nonmagnetic, Nichrome 
V, and were coated with Be. The tube was operated with 
265 volts per stage of multiplication. A schematic dia-
gram of the tube at one end of a 60° Nier" type mass 
spectrometer is shown in Fig. 16. The collector of the 
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Fig. 16—Schematic diagram of an electron multiplier mounted on a 
Nier type mass spectrometer (after Cohen".") 

multiplier tube could be connected either to an elec-
trometer tube, dc amplifier, or to a pulse amplifier and 
scaling circuit. Fig. 17 shows the mass spectra of Ce ob-
tained with this spectrometer. In this case, the output 
of the multiplier was connected to the dc amplifier. The 
current at the collector of the multiplier tube ranged 
from 10-9 to 10-9 amperes at the peak corresponding to 
mass 140. The fluctuations in this current were small, 
even at the lowest current levels. 
In addition to the work mentioned above, Cohen has 

made a comparison of the signal to noise ratio expected 
when the positive ion current from the spectrometer is 

" A. A. Cohen, 'The isotopes of cerium and rhodium," Phys. 
Rev., vol. 63, p. 219; 1943. 
" A A. Cohen, "The application of an electron multiplier mass 

spectrometer to the isotopic analysis of rhodium, columbium and 
cerium," Ph.D. thesis, Department of Physics, University of Minne-
sota. 
" A. 0. C. Nier,  mass spectrometer to routine isotope abun-

dance measurements," Rev. Scs. Inst., vol. 11, pp. 212-216; 1940. 

measured either by a de amplifier or by a multiplier plus 
this same amplifier. Since this analysis is somewhat sim-
ilar to that carried out by Zworykin, Morton and 
Ma!ter,' and Shockley and Pierce," the details will not 
be discussed here, but will be included in section V. As a 
result of his comparison, Cohen was able to show that 
the signal-to-noise ratio of the multiplier method is su-
perior to that of the usual dc amplifier for ion currents 
less than 10—" amperes. 
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Fig. 17—The mass spectra of Cerium as obtained with the multiplier 
mass spectrometer shown in Fig. 16 (after Cohen"."). 

As an example of a more recent application of a mul-
tiplier to a mass spectrometer, a photograph of an elec-
trode structure assembled on a flange is shown in Fig. 
18. This flange may be mounted at the collector end of 

Fig. 18—The electrode structure of a multiplier tube used on a mass 
spectrometer. The entrance slit for the ion beam is located be-
tween the two parallel plates at the top of the structure (after 
W T. Leland, Dept. of Physics, University of Minnesota). 

a Nier-type mass spectrometer. The electrodes are held 
in place by glass spacers, rather than by lavite strips as 
in some earlier models. The ion beam enters the elec-
trode structure through the opening between the two 
parallel plates at the extreme top of the structure. In 
this installation the ion pulses are not counted, instead 

'° W. Shockley and J R. Pierce, "A theory of noise for electron 
multipliers," PROC. 1.R.E., vol. 26, pp. 321-332; March, 1938. 



356 
PROCEEDINGS OF THE I.R.E. April 

the output current from the multiplier is amplified by a 
dc amplifier and the final output is read on a recording 
meter. Fig. 19 shows mass spectra obtained with this 
spectrometer when iodine is present. The mass 127 peak 
represents the single stable isotope of I and the peak at 
128 is due to a small amount of HI present. No indica-
tion of an isotope at mass 129 is evident. Further spec-
tra have shown that the relative abundance of this iso-
tope, if it exists, is less than 3 X10-7  that of 1122 . The 
background fluctuations in the multiplier collector cur-
rent are of the order of 10-" amperes. 

XI 

129  128  127 

DECREASING MASS — 
Fig. 19—The mass spectra in the region around mass 127 when iodine 
is present in the spectrometer. The 128 peak is due to a small 
amount of Hi present in the tube. The background fluctuations in 
the anode current of the multiplier are of the order of 10-1 T 
amperes (after W. T. Leland). 

The electron multiplier tube appears to have definite 
advantages over the usual methods of current measure-
ment when the current is less than 1013 amperes. In this 
current range the signal-to-noise ratio and stability of 
the multiplier are superior to that of a dc amplifier. 

V. STATISTICAL FLUCTUATIONS IN SECONDARY 
ELECTRON EMISSION 

The problem of noise in electron multipliers is essen-
tially that of evaluating the fluctuations in the output 
current in terms of the fluctuations in the input current 
and in the manner in which the secondaries are pro-
duced. This fluctuation noise may appear as relatively 
small fluctuations in a much larger current at the output 
of the tube, or as fluctuations in the pulse sizes recorded 
in a counting experiment. It will be convenient to con-
sider separately these two types of noise, although they 
are actually identical. 

A. Fluctuations in the Output Current of a Multiplier 
Tube 

A theory of noise applicable to multistage electron 
multipliers has been developed by Shockley and Pierce° 
using methods similar to those employed by others for 
the analysis of the shot noise in the temperature limited 

current through a diode. In the case of multiplication at 
a single surface, the expression for the fluctuations in the 
current of secondary electrons becomes 

where 

m =average number of secondaries per primary 
electron 

62= mean-square deviation of this number 
and b=62/2, the relative mean-square deviation. 7„ and 
7, are the average primary and secondary currents and 
Z17,2 and [17,2, respectively, are the mean-square values 
of the fluctuations in 7„ and 7,. The amplitude of the 
noise is assumed to be constant within the frequency 
interval Af. We may note that, except for the factor 
(mb), the second term is just the mean-square noise cur-
rent to be expected for shot effect in the current 
Thus the plate of a multiplier multiplies the input noise 
to it like a signal and adds to this a noise equal to (mb) 
times the shot noise corresponding to the output cur-
rent. 

An expression for the total noise in the output cur-
rent of a multistage multiplier was obtained by Shock-
ley and Pierce after applying (1) to each stage of the 
tube. If m and b are the same for all stages, the expres-
sion is 

= 312,11p2  2e7[(M — 1)/ (m — 1).11nbAf, (2) 

v, here 7„ is the average output current and M is the to-
tal multiplication of the n stages. 

An expression identical to (2) was obtained by Zwory-
kin, Morton, and Malter' with the assumption that the 
probability for the production of secondaries at each 
surface is given by Poisson's formula. Then 
bm= 1, and the total noise current becomes 

2e7„[(Mm — 1)/(m — (3) 

If there were no fluctuations in the multiplication proc-
ess, b = 0 and 

A/.2" = &Alp'  2elonbAf, 

62 =  m,  

A/.2 = m2A/ r2 = 2e347„Af. (4) 

A comparison of (3) and (4) shows that the fluctua-
tions in the multiplicative process increase the noise 
current at the output of the multiplier by the factor 
m/(m —1) when Mm>>1. Since in practice m=4 to 5, 
the mean-square fluctuations in the output current are 
approximately 30 per cent greater than those expected 
if the primary current were multiplied by a noise-free 
amplifier of the same gain. 

The results of various investigators have shown that, 
in general, the fluctuations in values of the multiplica-
tion at a surface do not follow a Poisson distribution. 
Ziegler" and Kurrelmeyer and Hayneru have made 

measurements of the average multiplication and the shot 
noise resulting from the fluctuations in this multiplica-
tion for a single secondary emitting surface. The curves 
of Fig. 20 represent the values of m and bm plotted 

50  M. Ziegler, "Shot effect of secondary emission," Physica, vol 3, 
pp. 307-316; 1936. 

" B. Kurrelmeyer and L. J. Hayner, "Shot effect of secondary 
emissions from nickel and beryllium,' Phys. Rev., vol. 52, pp. 952-958; 1937. 

(1) 

a 
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against Ep as obtained by these investigators for a sur-
race of activated BaO and Sr0 and for a surface of oxi-
lized Be. As mentioned earlier in this section, 62=m 
and bm =1 if the fluctuations in m follow a Poisson dis-
tribution. The values of bm are approximately equal to 
inity for V,= 100 ev, but increase rapidly with in-
:reasing V„. This indicates that the spread in the values 
3f m is considerably greater than that predicted on the 
basis of a Poisson distribution. 
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Fig. 20—m and 62/m for an oxidized Be surface and a surface of 
activated BaO plus Sr0. If the fluctuations in m follow a Poisson 
distribution, then 62/m=1. The curves for the Be surface were re-
produced from the work of Kurrelmeyer and Hayner" and those 
for the BaO-Sr0 surface are from the work of Ziegler." 

As an example, we may now complete the total mean-
square noise expected when an n-stage tube with oxi-
dized Be electrodes operated at 450 volts per stage is 
used to multiply a current of electrons or ions. Using 
,m =4.3 and bm = 2.0, (2) becomes 

M„2 = 2eM7„Af  0.6(2eM7„)Af,  (5) 

M.2 = 2eM7„(1  0.6)Af.  (6) 

I or 

'In this case, the mean-square current fluctuations are 
160 per cent greater than those expected if the primary 
current were amplified by a noise-free current amplifier 
of gain M. 

B. Pulse Size Fluctuations 

When an electron multiplier tube is used with a pulse 
amplifier and scaling circuit to count single electrons or 
positive ions, a wide spread of pulse sizes is observed at 
the output of the multiplier. If identical particles are 
being counted, this distribution is due to the fluctuations 
in the value of the multiplication at each stage. 
The statistics of the multiplicative process occurring 

in a multistage multiplier tube may be handled by the 
method of probability generating functions which was 
first used by Laplace." The theory and several applica-
tions of this method have been reviewed by Frisch" 

"Oeuvers de Laplace," vol. 7, p. 1, Gauthier-Villars, 1886. 
" 0. R. Fritsch, 'The statistics of multiplicative processes,"as yet 

unpublished. • 

and also by Jorgensen." The basic equation for dealing 
with multiplicative processes was discovered by Ulam 
at the Los Alamos Laboratory and developed in a report 
by Hawkins and Ulam." Since it is not the purpose of 
this report to develop the entire theory, only the results 
applicable to multiplier tubes will be given here. 
We will consider an application in which a photomul-

tiplier tube is used as a particle counter. A fluorescent 
material such as anthracene is placed near the photo-
cathode and the absorption of a single particle in the 
anthracene will result in the ejection of photoelectrons 
from the cathode. Let the average number of photoelec-
trons per flash of light be mo and the mean-square devia-
tion of this number be 602. In addition we will use the 
following definitions: 

ml= average number of secondaries produced per pri-
mary at the first multiplying electrode 

6,2 = the mean-square deviation in m1 
m = average number of secondaries produced per pri-

mary at each of the succeeding (n —1) stages of 

multiplication 
62 = the mean-square deviation in m 
M=  the over-all multiplication of then stages 

of multiplication. 

The expression for the relative mean-square deviation 
in the number of secondary electrons leaving the first 
multiplying electrode for each pulse of photoelectrons 
becomes 

Ai ymo 2m1 2 = 502/m0 2 ± 612/morni 2. (7) 

If single photoelectrons rather than groups leave the 
photocathode, mo = 1 and 602=0 and (7) becomes 
pis= 612. 

A relation similar to (7) may be applied to each of the 
stages in succession in order to obtain the relative mean-
square deviation in the number of electrons per pulse at 
the output of the tube. The expression is 

A n2/m0 2 M2 = (502/m0 2 ±  (512/monti 2 

52/momonn [1 —  . (8) 
1 — m 

Since mn-1>>1 for a multistage tube, (8) may be reduced 

to • 

An vnio 2m2 = sovm02+6i2/momi2+62/momon(m_1). (9) 

An equation of the same form as (9) has been derived by 
Shockley and Pierce'. by essentially the same method as 
that employed here. 
As an example, the relative mean-square deviation in 

the pulse sizes will be computed for an experiment in 
which single 450 ev electrons are being counted directly 
with a multiplier. The tube is assumed to have Be-

64  T. Jorgensen, Jr., "On probability generating functions," Amer. 
Jour. of Phys., vol. 16, pp. 285-289; 1948. 
" D. Hawkins and S. Ulam, 'Theory of multiplicative processes I, 

LADC-265." 
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coated electrodes, and is operated with 450 volts per 
stage. In this case, m0=1, 60=0, mi=m=4.3 and 
512=52= 8.6. After substitution in (9), 

= 0.47 + 0.14 = 0.61. (10) 
M' 

This example indicates that most of the noise originates 
in the first multiplication process, and that the distribu-
tion of pulse sizes at the output is exceedingly broad. 
Since the ratio 0/m2 increases with m, the noise will also 
increase with m for this secondary emitting surface. 
As a second example we may estimate the spread of 

the pulse size distribution when a photocathode is added 
to the tube described above. A crystal of anthracene is 

placed near the photo surface and this crystal is bom-
barded with beta-particles. If we assume that, on the 
average, 10 photoelectrons are recorded per pulse and 
that the fluctuations in this number follow a Poisson 
distribution, we have 

A.2/mo 2m2= 0 1  0.06. (11) ! . 

In this case the fluctuations due to the variation in the 
number of photoelectrons per pulse will be of the same 
order of magnitude as the fluctuations due to the multi-
plicative process. If the average number of photoelec-
trons per pulse is 100 rather than 10, the relative mean-
square deviation in the output will be 0.016 correspond-
ing to a rather narrow distribution of pulse sizes. 

Radio Progress During 1949* 

Introduction 

ASWE ENTER 1950, it is  interesting to take a quick 
glance at the first half of the twentieth century, 
which witnessed a greater improvement in the 

standard of living throughout the civilized world than 
occurred in any equivalent period of time. While sci-
entific and engineering developments tend to dominate 
our view of these advances, a certain intangible, but 
very real, factor must be recognized. This is the change 
in the attitude of the people and governments toward 
science, engineering, and industry. Particularly with re-
gard to engineering, that attitude has changed from an 
initial incredulity at the turn of the century, on through 
an age of tolerant acceptance, to an enthusiastic demand 
for numerous products that have become household 
necessities even though of great technical complexity. 
As might well be expected, this acceptance has been 

most complete among the younger members of our 
society. Their ready absorption of technical training, 
both in schools and through their immersion in the 
technical aspects of every-day life, contributes an in-
valuable runnink start to the next half century of prog-
ress. 
In reviewing and assembling the items of progress for 

1949 as reported by its special group of review experts, 
the committee was struck by the diversity of subjects 
about which radio engineers are thinking, as typified by 
the record of their reports and discussions. These differ 
quite a bit from the activities by which the radio in-
dustry presently derives the bulk of its income. Ex-

* Decimal classification: R090.1. Original manuscript received by 
the Institute. January 30, 1950. This report is based on material from 
the 1949 Annual Review Committee of The Institute of Radio 
Engineers, as co-ordinated by the Chairman. 

perience has shown that the problems of research and 
engineering of one period become the items of produc-
tion five years later. 
This multibillion dollar industry today is concerned 

with items that have become commonplace matters in 
most of its engineers' thinking at least. In most cases 
their present daily operations relate to the results of 
solutions of the problems that were discussed at meet-
ings and in the technical press a few years ago. 
From the viewpoint of the public, the most valuable 

contributions of the year were matters which received 
scant attention in the technical press: the many in-
genious ways of improving the components or of simpli-
fying circuits and systems whereby better but cheaper 
apparatus is offered for sale. During the year, hundreds 
of such expedients were utilized, the results of different 
methods of thinking in the engineering organizations of 
dozens of radio manufacturers, each spurred by an 
active competition for a higher placement in a growing 
market. These matters are rarely publicly reported and 
so do not get attention in scientific reports such as fol-
lows. 

The example of television receiver design is typical— 
the more effective utilization of all materials in the set 
has given the public larger viewing screens, with fewer 
tubes and at cheaper prices—building up a former 
novelty into a national industry that is bringing about 
unusual changes in the country's spare time entertain-
ment customs. 

Along with this keen competition among manu-
facturers for marketable features in desiga the year 
has witnessed, finest co-operation is noted in the pro-
motion of industry standards. Engineering time of 
inestimable value has been applied to IRE committee 
work. This has proved of great value to the industry at 
large. 
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Activities in new fields have been undertaken by some 
committees, and a new IRE Committee has been set up 
to correlate and standardize methods in the field of 
measurements, a broad problem entering into all phases 

of the art. 
Engineers have also co-operated in studying basic 

system possibilities that will help in formulating general 
communication standards by the national government 
agencies, and in establishing rules and recommended 
practices so that the best over-all results are assured. 

Antennas and Waveguides 

An experimental and theoretical investigation of Yagi 
antennas produced methods for the approximate design 
of such antennas. 
(13) R. M. Fishenden and E. R. Wiblin, "Design of Yagi aerials," 

Jour. LEE, (London), part 3, vol. 96, pp. 5-12; January, 1949. 

The current distributions on infinitely long cylindrical 
antennas were calculated for excitations by a narrow 
axial slot and by a narrow transverse gap. 
(14) C. H. Pappas and R. King, "Currents on the surface of an in-

finite cylinder excited by an axial slot," Quart. Appl. Math., 
vol. 7, pp. 175-182; July, 1949. 

(15) C. H. Pappas, "On the infinitely long cylindrical antenna," 
Jour. App!. Phys., vol. 20, pp. 437-440; May, 1949. 

Antenna Theory 

Books of interest to antenna engineers that appeared 
during 1949, included: 
(1) S. Silver, "Microwave Antenna Theory and Design," Rad. Lab. 

Series, vol. 12, McGraw-Hill Book Co., New York, N. Y., 1949. 
(2) "Tables of Generalized Sine- and Cosine-Integral Functions," 

Parts 1 and 2, Annals of the Computation Laboratory of 
Harvard University, Boston, Mass., 1949. 

Electromagnetic horn radiators received considerable 
attention in the literature. The radiation patterns of 
horns having moderate flare angles were calculated from 
assumed field distributions over the aperture, using 
Schelkunoff's equivalence principle. An investigation 
showed that calculations of patterns using the Kirchhoff 
approximation to determine the far field can be sur-
prisingly accurate. The impedance properties of sectoral 
horns were obtained using transmission line theory. • 
(3) C. W. Horton, "On the theory of the radiation patterns of 
electromagnetic horns of moderate flare angle," PROC. I.R.E., 
vol. 37, pp. 744-749; July, 1949. 

(4) G. A. Woonton, D. R. Hay, and E. L. Vogan, "An experi-
mental investigation of formulas for the prediction of horn 
radiator patterns," Jour. App!. Phys., vol. 20, pp. 71-78; 
January. 1949. 

(5) H. S. Bennett, "Transmission-line characteristics of the 
sectoral horn," PROC. I.R.E., vol. 37, pp. 738-743; July, 1949. 

(6) J. T. Bolljahn, "Some properties of radiation from rectangular-
waveguides," PROC. I.R.E., vol. 37, pp. 617-621; June, 1949. 

Super-gain antennas received further attention in a 
paper that discussed the dependence of gain on the 
phase distribution across the aperture of the antenna. 
(7) D. A. Bell, "Gain of aerial systems," Wireless Eng., vol. 26, pp. 

306-312; September, 1949. 

Further advances were made in the theory and ap-
plication of lenses for controlling the radiation from 
antennas. A new type of artificial dielectric lens using 
baffle plates to effect a wave delay which produces a 
focusing effect, was described. 
(8) S. B. Cohn, "Analysis of the metal-strip delay structure for 

microwave lenses," Jour. App!. Phys., vol. 20, pp. 257-262; 
March, 1949. 

(9) S. S. D. Jones and J. Brown, "Metallic delay lenses," Nature 
(London), vol. 163, pp. 324-325; February 26,1949. 

(10) W. E. Kock, "Path-length microwave lenses," PROC. I.R.E., 
vol. 37, pp. 852-855; August, 1949. 

(11) H. B. ilDeVore and H. lams, "Microwave optics between 
parallel conducting planes," RCA Rev., vol. 9, pp. 721-732; 
December, 1948. 

Further data on the helical antenna for producing 
circularly polarized waves were published. A general 
formula was shown for calculating the power received 
by an arbitrary antenna when receiving waves of arbi-

trary polarization. 
(16) J. D. Kraus, "The helical antenna," PROC. I.R.E., vol. 37, pp. 

263-272; March, 1949. 
(17) Yung-Ching Yeh, "The received power of a receiving antenna 

and the criteria for its design," PROC. I.R.E., vol. 37, pp. 155-
158; February, 1949. 

A mathematical analysis of some experimental data 
on short antennas showed good agreement with theory. 
Also an investigation was made to determine the radia-
tion resistances of antennas loaded with metal disks or 
dielectric sheaths to decrease the resonant frequency. 
Measurements of the mutual impedance between two 
parallel linear antennas showed fair agreement with 

theoretical values. 
(18) L. C. Smeby, "Short antenna characteristics—theoretical," 

PROC. I.R.E., vol. 37, pp. 1185-1194; October, 1949. 
(19) R. C. Raymond and W. Webb,  Radiation resistance o 

loaded antennas," Jour. App!. Phys., vol. 20, pp. 328-330; 
April, 1949. 

(20) P. Starnecki and E. Fitch, "Mutual impedance of two centre-
driven parallel aerials," Wireless Eng., vol. 25, pp. 385-389; 
December, 1948. 

The theory of radomes was extended by a theoretical 
and experimental investigation of the effects of dielec-
tric sheets placed near antennas. 
(12) R. M. Redheffer, "Microwave antennas and dielectric sur-

faces," Jour. App!. Phys., vol. 20, pp. 397-411; April, 1949. 

Antenna Measurements 

The effects of ground planes of finite dimensions on 
the measured impedances of vertical antennas mounted 
on them were shown to be quite appreciable. These 
measurements were made using a method described by 
Chipman that was shown to be closely related to the 
usual method of determining the standing-wave ratio 
directly. 
(21) A. S. Meier and W. P. Summers, "Measured impedance of 

vertical antennas over finite ground planes," PRoc. I.R.E., 
vol. 37, pp. 609-616; June, 1949. 

Methods were described for determining the distribu-
tion of current and charge along an antenna, and some 
comparison of measured distributions were made with 
the theoretical distributions. A method was described 
for measuring the scattering of waves by antennas. A 
discussion of methods of measuring the gains of electro-
magnetic horns was presented. 
(22) G. Barzilai, "Experimental determination of the distribution  

of current and charge along cylindrical antennas," PROC. 
1.R.E., vol. 37, pp. 825-829; July, 1949. 

(23) W. Webb and R. C. Raymond, "Current distributions on some 
simple antennas," Jour. App!. Phys., vol. 20, pp. 330-333; 
April, 1949. 

(24) D. D. King, "The measurement and interpretation of antenna 
scattering," PROC. I.R.E., vol. 37, pp. 770-777; July, 1949. 
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(25) A. S. Dunbar. and M. D. Adcock, "Measurement of the gain 
of electromagnetic horns," Jour. Appl. Phys., vol. 20, pp. 226-
227; February, 1949. 

Slot Antennas 

Theoretical and experimental data were published on 
the horizontal radiation patterns of axial slots in vertical 
cylinders with emphasis on methods of obtaining 
horizontally polarized nearly circular patterns. 
Two articles dealt with radiation patterns of open 

ended waveguides, one a simple method of calculation 
by which a limited amount of information may be ob-
tained, and in the other data were presented for a 
variety of shapes of the open end, and showing a shape 
which gave nearly uniform field over a wide angle. The 
fourth paper described the radiation patterns of circular 
slot antennas for mobile use. 

(26) G. Sinclair, 'The patterns of slotted-cylinder antennas," PROC. 
.R.E., vol. 36, pp. 1487-1492; December, 1948. 

(27) J. T. Bolljahn, "Some properties of radiation from rectangular 
waveguides," ['Roc. 1.12.E., vol. 37, pp. 617-621; June, 1949. 

(28) R. E. Beam, M. M. Astrahan, and H. F. Mathis, "Open-ended 
waveguide radiators," Proc. NEC, vol. 4. Pp. 472-486; 1948. 

(29) D. R. Rhodes, "Flush mounted antennas for mobile applica-
tions," Electronics, vol. 22, pp. 115-117; March, 1949. 

• Amplitude- Modulation Broadcast Antennas 

The wide use of directive antennas has disclosed in-
adequate co-ordination of the characteristics of trans-
mitter output circuits and those of the associated an-
tennas. Two papers reported investigations pointing the 
way to improved performance in both fidelity of output 
signal and stability of operation. 

(30) W. H. Doherty, "Operation of AM broadcast transmitters into 
sharply tuned antenna systems," PROC. I.R.E., vol. 37, pp. 
729-734; July, 1949. 

(31) J. C. Nonnekens, "Design considerations for directive an-
tennas-arrays at medium-wave broadcast frequencies, taking 
into account the final radio-frequency amplifier circuits," II? 
(Brussels), pp. 26-31; 1949. (In English.) 

Simplified methods were developed for calculating 
antenna radiation patterns for broadcast arrays. 
(32) J. H. Battison, "Directional antennas for AM broadcasting," 

Electronics, vol. 22, pp. 101-103; April, 1949. 

Frequency- Modulation Broadcast Antennas 

A new design of "Cloverleaf" antenna, having power 
gains up to 12 and relatively free from the effects of 
icing, was described, as well as a "Multi-V" antenna 
having relatively broad-band characteristics. 

(33) Phillip H. Smith, "A high gain cloverleaf antenna," Proc. 
NEC. (Chicago), vol. 4, pp. 497-504; published February, 
1949. 

(34) M. W. Scheldorf, "Multi-V antenna for FM broadcasting," 
Electronics, vol. 22, pp. 94-96; March, 1949. 

Television Antennas 

The requirements and mechanical construction of a 
loaded dipole suitable for indoor television reception 
were discussed. A reversible beam receiving antenna 
capable of covering 12 television channels was described. 
(35) N. M. Best and P. J. Duffell, "Indoor television aerial," Wire-

less World, vol. 55, pp. 255-258; July, 1949. 
(36) 0. M. Woodward, Jr., "Reversible-beam antenna for twelve-

channel television reception," RCA Rev., vol. 10, pp. 224-240; 
June, 1949. 

(37) "Built-in TV Aerial," Tek-Tech, vol. 8, pp. 37, 60; October, 
1949. 

Waveguides 

During the year study was continued of the effect of 
various types of discontinuity in waveguides. The re-
sults obtained by loading the guide by disks or partitions 
were given further consideration. 

(38) E. L. Chu, and W. W. Hansen, "Disk-loaded wave guides," 
Jour. Appl. Phys., vol. 20, pp. 280-285; March, 1949. 

(39) W. Walkinshaw, "Notes on wave guides for slow waves," Jour. 
Appl. Phys., vol. 20, pp. 634-635; June, 1949. 

(40) E. Kettel, "A waveguide with phase velocity V <C for the E.01 
Wave," Frequenz, vol. 3, pp. 73-75; March, 1949. 

The effect of slots in waveguide walls was treated 
rather simply, using transmission line theory with good 
agreement reported between theory and practice. 

(41) A. L. Cullen, "Laterally displaced slot in rectangular wave-
guides," Wireless Eng., vol. 26, pp. 3-10; January, 1949. 

(42) G. Klages, "The effect of openings in the walls of metal wave-
guides on the wave propagation," Arch. Elek., (ebertragung) 
vol. 3, pp. 85-92; March, 1949. 

The propagation of TEN waves in curved guides was 
considered, and the reflection from corners in rectangu-
lar waveguide was treated using conformal transforma-
tion. 

(43) W. J. Albersheim, "Propagation of TE01 waves in curved wave 
guides," Bell Sys. Tech. Jour , vol. 28, pp. 1-32; January, 1949. 

(44) S. 0. Rice, "Reflection from corners in rectangular wave 
guides—conformal transformation," Bell Sys. Tech. Jour., 
vol. 28, pp. 104-135; January, 1949. 

(45) S. 0. Rice, "A set of second-order differential equations as-
sociated with reflections in rectangular wave guides—applica-
tion to guide connected to horn," Bell Sys. Tech. Jour., vol. 28, 
pp. 136-156; January, 1949. 

The theory of microwave filters was extended and a 
parallel-resonator type of filter was described. 

(46) S. B. Cohn, "Analysis of a wide-band waveguide filter," PROC. 
I.R.E., vol. 37, pp. 651-656; June, 1949. 

(47) J. Hesse!, G. Goubau, and L. R. Battersby, "Microwave filter 
theory and design," PROC. IRE., vol. 37, pp. 990-1000; Sep-
tember, 1949.. 

(48) J. R. Pierce, "Paralleled-resonator filters," PROC. I.R.E., vol. 
37, pp. 152-155; February, 1949. 

A method was indicated for reducing the reflection 
that occurs at a junction between uniform and tapered 
sections. 

(49) L. Lewin, "Reflection cancellation in waveguides," Wireless 
Eng., vol. 26, pp. 258-264; August, 1949. 

The effect of surface roughness on eddy current losses 
was treated theoretically, and it was shown that 
scratches transverse to the direction of current flow may 
increase the power loss by as much as 100 per cent. 

(50) Samuel P. Morgan, Jr., "Effect of surface roughness on eddy 
current losses at microwave frequencies," Jour. Appl. Phys., 
vol. 20, pp. 352-362; April, 1949. 

Transmission Lines 

The characteristics of high-impedance coaxial cable 
having a helical inner conductor were calculated in two 
papers. 

(51) S. Frankel, "High-impedance cable," PROC. I.R.E., vol. 37, 
P. 406; April, 1949. 

(52) J. A. Hodelin, "Coaxial cable with high characte:istic im-
pedance," Radio Franc., pp. 23-24; February, 1949. 

The theory and method of construction of the "slab" 
transmission line were summarized. 

(53) W. B. Wholey and W. N. Eldred, "A new type of slotted line 
section," Proc. NEC, vol. 4, p. 221; 1948. 
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A coaxial line bridge-type of network was described to 
deliver equal power to two inverse load impedances. 
(54) R. W. Masters, "A power equalizing network for antennas," 

PROC. I.R.E., vol. 37, pp. 735-738; July, 1949. 

Conditions in the terminal zone of a transmission line 
were investigate& It was shown that the effects of 
coupling between load and line may be allowed for by 
substitution of a terminal-zone network which must be 

evaluated for each type of termination. 
(55) Ronold King and K. Tomiyasu, "Terminal impedance and 

generalized two-wireline theory," PROC. I.R.E., vol. 37, pp. 
1134-1139; October, 1949. 

Audio Techniques 
During the year the Audio and Video Techniques 

Committee was replaced by three technical committees, 
the Audio Techniques, the Video Techniques, and the 
Sound Recording and Reproducing Committees. 
The applications of audio design techniques to the 

solution of design problems involving both broadcasting 
studios and their associated equipment were reported. 
Another report covered the use of audio techniques in 
preventive medicine. Still another discussed the aural 
portion of television programs. 
(56) W. W. Carruthers and D. P. Loye, "Building to the acoustical 

optimum. New Mutual-Don Lee Broadcast:ng Studios," Jour. 
AC0145. SOC. Amer., vol. 21, pp. 428-434, July, 1949. 

(57) R. V. Kenney, "Studio control room design, Audio Eng., vol. 
33, pp. 21-23, 35-36; January, 1949. 

(58) M. E. Gunn, "WNIGM master control equipment design," 
Audio Eng., vol. 33, pp. 24-28, 39-40; March, 1949. 

(59) W. H. Offenhauser and M. C. Kahn, "The sounds of disease-
carrying mosquitoes," Jour. Acous. Soc. Amer., vol. 21, pp. 
259-263; May, 1949. 

(60) R. H. Tanner, "Audio Technique in television broadcasting," 
Audio Eng., vol. 33, pp. 9-13, 41-44; March, 1949. 

Excellent summary reviews appeared covering several 
aspects of the application of audio design techniques 
and the physical and physiological factors underlying 

audio-frequency engineering. 

(61) H. A. Chinn, "Audio system design fundamentals," Audio 
Eng., vol. 32, pp. 11-14, 41; November, 1948. 

(62) W. K. Grimwood, "Volume compressors for sound recording," 
Jour. Soc. Mot. Pic. Eng., vol. 52, pp. 49-76; January, 1949. 

(63) L. S. Goodfriend, "Problems in audio engineering," Audio Eng., 
vol. 33, pp. 22-23, 45, May, 1949; pp. 15-17, 34-35, June, 
1949; pp. 20, 21, 37, July, 1949; pp. 19-20, 31, August, 1949; 
pp. 18-19, 46-47, September, 1949; pp. 23-25, October, 1949. 

(64) S. J. Begun, "Magnetic Recording," Murray Hill Books, Inc., 
New York, N. Y.; 1949. 

(65) J G. Frayne and H. Wolfe, "Elements of Sound Recording," 
John Wiley and Sons, Inc., New York, N. Y.; 1949. 

The factor of quality in the reproduction of sound re-
ceived considerable coverage. Two reports covered 
listener reactions. The first discussed program material, 
associated acoustical and electronic equipment, size and 

nature of the audience, method used in reporting 
audience response, and statistical analysis of the 
audience response. The second discussed psychological 
factors, including listener fatigue and refers to the re-
ported results of several other previous tests. A panel 
discussion on the general subject of high-quality re-
production took place in November, 1948, at a meeting 
of the Acoustical Society of America. The final item 
reported on quality improvement possibilities. 
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(66) L. S. Goodfriend, "Subjective testing of sound reproducing 
equipment," Jour. Acous. Soc. Amer., vol. 21, pp. 81-84; 
March, 1949. 

(67) C. J. LeBel, "Psycho-acoustic aspects of higher quality repro-
duction," Audio Eng., vol. 33, pp. 9-11, 32-34; January, 1949 

(68) Summary review of panel discussion, "What constitutes high 
fidelity reproduction?," Audio Eng., vol. 32, pp. 8, 36-38; De-
cember, 1948. 

(69) D. Sarser and M. C. Sprinkle, "Mus'cian's amplifier," Audio 
Eng., vol. 33, pp. 11-13, 53-55; November, 1949. 

(70) J. M. Van Beuren, "Cost vs. Quality in a.f. Circuits," FM and 
Telev., vol. 9, pp. 31-32, 34; February, 1949 

A trend toward size reduction was indicated in tele-
phone repeaters, sound-level meters, and condenser-

microphone assemblies. 
(71) F. A. Minks, "The V3 Repeater," Bell Lab. Rec., vol. 28, pp. 

45-47; February. 1949. 
(72) H. H. Scott, H. Chrystie, and E. G. Dyett, Jr., "Application of 

miniature circuit techniques to the sound level meter," Proc. 
NEC, vol. 4, pp. 33-45, 1948. 

(73) J. K. Hilliard. "An omnidirectional microphone," Audio Eng., 
vol. 33, pp. 20-21; April, 1949. 

The continued attention to audio-frequency meas-
urements is typified by several reports appearing during 
the year. One of these reviews, in correlated form, the 
theory involved in making measurements of gain, fre-
quency responie, distortion, and noise at audio fre-
quencies, with particular emphasis on such measure-
ments made on high-gain systems. Another, presented 
at the IRE National Convention in March, 1949, dis-
cussed the measurement of distortion with particular 
emphasis on comparisons among single-frequency har-
monic measurement results and two intermodulation 
methods result. Another, an English report, reported 
measurement of audio-frequency noise. Two others re-
ported the use of the cathode-ray oscilloscope and audio 
sweep frequency. Another report considered a method 
for the conversion of an audio signal to an output volt-

age which is proportional to sound level. 
(74) W. L. Black and H. H. Scott, "Audio frequency measure-

ments," PROC. I.R.E., vol. 37, pp. 1108-1115 (condensed); 
October, 1949. Also Audio Eng., vol. 33, pp. 13-16, 38-43; 
October, 1949 and pp. 18-19, 48-50; November, 1949. 

(75) A. P. G. Peterson, The measurement of non-linear distor-
tion," Engineering Department, General Radio Company, 
Technical Publication B-3; 1949. 

(76) H. G. M. Spratt, "Noise and its measurement," Elec. Rev. 
(London), vol. 144, pp. 565-567; April 8, 1949. 

(77) G. A. Argabrite, "Audio sweep frequency generator," Audio 
Eng., vol. 33, pp. 11-13, 40-41; May, 1949. 

(78) R. Toomin, "A new electronic audio sweep-frequency gener-
ator," Audio Eng., vol. 33, pp. 23-26, 28-29; August, 1949. 

(79) C. J. LeBel, "New developments in logarithmic amplifiers," 
Audio Eng., vol. 33, pp. 15-17, 45-46; September, 1949. 

Significant progress was made in standardization. 
"Definitions and Symbols for Audio Systems and 
Components," and "Methods of Measurement and Test 
for Audio Systems and Components," are the titles of 
two IRE subcommittees working in this field. In ad-
dition, the Engineering Department of the Radio Man-
ufacturers Association brought to final stage a number 
of audio standards. In addition to those cited as ac-
tually published during the year, particular note 
should be taken of several others originated by the 
committee on Audio Facilities of the Transmitter Sec-
tion of the RMA Engineering Department which were 
declared as RMA Standards: "Audio Facilities: Symbols 
and Designations for Single Line Diagrams," "Cable 
Connectors for Audio Facilities for Radio Broadcast-

361 
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ing," and "Standards for Audio Facilities for Radio 
Broadcasting Systems," the last of these being a re-
vision and expansion of RMA Standard TR105A of the 
same title, published in May, 1948. 

(80) RMA Standard, "Amplifiers for Sound Equipment," Engineer-
ing Department, RMA, SE-101-A; July, 1949. 

(81) RMA Standard, "Panel Mounting Racks, Panels, and Asso-
ciated Equipment," Engineering Department, RMA, SE-102; 
February, 1949. 

(82) RMA Standard, "Speakers for Sound Equipment," Engineer-
ing Department, RMA, SE-103; April, 1949. 

(83) RMA Standard, "Engineering Specifications for Amplifiers for 
Sound Equipment," Engineering Department, RMA, SE-104; 
May, 1949. 

(84) RMA Standard, "Sound Systems," Engineering Department, 
RMA, SE-106; July, 1949. 

Network and Circuit Theory 
Linear Lumped-Constant Passive Circuits 

The year was marked by the appearance of a book 
which presents a complete mathematical structure for 
the theory of circuit analysis, and the announcement of 
a surprising theorem. The theorem asserts that any 
driving-point impedance function has a physical repre-
sentation which is free of transformers. It detracrs but 
little from this astonishing and useful result that the 
representation may include a large number of super-
fluous elements. 

(85) E. A. Guillemin, "The Mathematics of Circuit Analysis," John 
Wiley and Sons, New York, N. Y.; 1949. 

(86) R. Bott and R. J. Duffin, "Impedance synthesis without use 
of transformers," Jour. App!. Phys., vol. 20, p. 816; August, 
1949. 

There has been continuing interest in the develop-
ment of analogue devices to facilitate solution of the 
synthesis problem. These devices, of which the electro-
lytic tank is the prime example, make use of the 
analogue relating network functions to the two-
dimensional electrostatic potential function. 
(87) J. F. Klinkhamer, "Empirical determination of wave-filter 

transfer functions with specified properties," Philips Res. Re-
ports, vol. 3, pp. 60-80; February, and pp. 378-400; October, 
1948. 

(88) A. R. Boothroyd, E. C. Cherry, and R. Makar, "An electrolytic 
tank for the measurement of steady-state response, transient 
response and allied properties of networks," Proc. IRE, part 
I, vol. 96, pp. 163-177; May, 1949. 

Linear Varying—Parameter Circuits and Nonlinear Cir-
cuits 

Several general reviews appeared summarizing past 
work and bringing the reader up to date concerning the 
types of problems which have been studied and the 
methods which are available for their solution. 
(89) Mary L. Cartwright, 'Nonlinear vibrations," Adranc. Sc., 

vol. 6, pp. 64-75; April, 1949. 
(90) A. A. Andronow and C. E. Chaikin, 'Theory of Oscillations." 

English edition edited under direction of S. Lefschetz from 1937 
Russian edition. Princeton University Press, Princeton, N J., 
358 p. 

(91) W. R. Bennett, "A general review of linear varying parameter 
and nonlinear circuit analysis," presented, 1949 IRE National 
Convention, New York, N. Y., March 7,1949. 

Linear Active Networks 

There was a noticeable consolidation of the theoreti-
cal progress of recent years. The versatility of feedback 
networks was emphasized in several novel applications. 

Of considerable interest was the increased use of com-
bined positive and negative feedback. One such applica-
tion employed controlled regeneration to compensate 
degenerative losses resulting from the elimination of 
bulky bypass capacitors. 

(92) J. M. Miller, "Cathode neutralization of video amplifiers, 
PROC. I.R.E., vol. 37, pp. 1070-1073; September, 1949. 

(93) P. G. Sulzer, "Circvit techniques for miniaturization," Elec-
tronics, vol. 22, pp. 98-99: August, 1949. 

(94) A. B. Bereskin, "Cathode-compensated video amplification," 
Electronics, vol. 22. Part I, pp. 98-103; June, 1949. Part II, 
pp. 104-107; July, 1949. 

(95) G Newstead and D. L. H. Gibbings, "Error-actuated power 
filters," PROC. 1.R.E , vol. 37, pp. 1115-1119; October, 1949. 

(96) C. F. Brockelsby, "Negative-feedback amplifiers," Wireless 
Eng., vol. 26. pp. 43-49; February, 1949. 

(97) H. Mayr, "Feedback amplifier design," Wireless Eng, vol. 26, 
pp. 297-305; September, 1949. 

(98) F. D. Clapp. 'Some aspects of cathode-follower design at radio 
frequencies," PROC. I.R.E., vol. 37, pp. 932-937; August, 
1949. 

(99) P. R. Aigrain, B. R. Teare, Jr., and E. M. Williams, "General-
ized theory of the band-pass low-pass analogy," PROC. 1.R.E.. 
vol. 37, pp. 1152-1155; October, 1949. 

(100) E. Labin, "Wideband television transmission systems," Elec-
tronics, vol. 22, pp. 86-89; May, 1949. 

(101) P. A. T. Bevan, "Earthed-grid power amplifiers," Wireless 
Eng., vol. 26, part I, pp. 182-192; June, 1949. Part II, pp 
235-242; July, 1949. 

(102) A. Pinciroli and A. Taraboletti. "On the matrix analysis of 
linear networks comprising active four-terminal networks," 
Alta Frequenza, vol. 18, pp. 73-82. April, 1949. 

(103) E. de Gruyter, "Resonance phenomena in oscillating circuits," 
A19s4s 80.c. Suisse Elect. Bull., vol. 39, pp 791-801 ; Novem ber  27, 

Time Domain Analysis and Synthesis 

There appears to be a growing interest in the prop-
erties of signals and circuits expressed as functions of 
time rather than frequency. Despite the fact that much 
of our network theory and practice has grown around 
the sinusoidal function of time, the steady-state con-
cepts of the frequency domain possess a certain arti-
ficiality when applied to communication systems that 
must transmit information. A sinusoidal signal is com-
pletely determined for all time from the outset whereas 
a signal that represents a message must contain un-
predictable elements if it is to carry information. For 
this reason, the statistical properties of messages may 
best be formulated in the time domain, as may also 
various criteria of performance for the linear circuits 
and filters through which these messages must pass. 
Many of our familiar concepts in the frequency domain 
have their counterparts in the time domain (e.g., the 
correlation function versus the power-frequency spec-
trum, or the impulse response versus the gain and phase 
characteristics). The up-to-date communication engi-
neer will find travel between the two domains necessary 
for a complete understanding of some problems. Two 
useful guides are: 

(104) S. Goldman, "Transformation Calculus and Electric Tran-
sients," Prentice Hall, Inc., New York, N. Y.; 1949. 

(105) C. Cherry, "Pulses and Transients  in Commun ication  Cir-
cuits," Chapman and Hall, Ltd., London 

The main benefit of working in the time domain is 
that one may formulate logical design criteria for 
optimizing the performance of the circuit under a given 
set of conditions. There is, for example, the matched-
filter criterion for obtaining the greatest peak-signal 

ar• 
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thise ratio from an input consisting of pulses of known 
ihape corrupted by white noise. This criterion, which 
itates that the impulse response of the filter should 
lave the same shape as the input pulse except reversed 
n time, does not appear to be well known, even though 
.t was stated several years ago in language of the fre-
pency domain by Van Vleck and Middleton. 
For optimum recovery and preservation of the wave-

form of a message that has been corrupted by noise, the 
"least-square" criterion is a reasonable basis for design. 
This criterion, which minimizes the average squared-
difference between the desired response and that ac-
tually obtained, was used by N. Wiener in 1942 to de-
velop a statistical theory of prediction and filtering. 
With the recent publication of his work, and the exposi-
tion, application, and extension of the theory by Y. W. 
'Lee and others, the importance of the statistical point of 
view in communication engineering is emphasized. 
(106) N. Wiener, "Extrapolation, Interpolation and Smoothing of 

Stationary Time Series," The Technology Press, MIT, and 
John Wiley and Sons, Inc., New York, N. Y.; 1949. 

(107) Y. W. Lee, "Filtering and prediction," Lecture 5, AIEE-IRE 
Theory of Communication Series, New York, May 9,1949. 

(108) Y. W. Lee and C. A. Stutt, "Statistical prediction of noise," 
MIT Research Labora tory of Electronics Technical Report No. 
129, July 12,1949. Also, Proc. NEC, vol. 5; 1949. 

(109) Y. W. Lee. T. P. Cheatham, and J B. Wiesner, "The applica-
tion of correlation functions in the detection of small signals in 
noise," MIT Research Lab. of Electronics Technical Report 
No. 141; October, 1949. 

Unfortunately, the mathematical machinery avail-
able for use in the time domain is far more cumbersome 

delay of the circuit should be constant over the fre-
quency band of importance. This has been the subject 

of the following papers: 
(116) M. H. Hebb, C. W. Horton, and F. B. Jones, "On the design of 

networks for constant time delay," Jour. Appl. Phys., vol. 
20, pp. 616-620; June, 1949. 

(117) J. Laplume, "On the reduction of phase distortion in stages 
with coupled circuits," Comp. Rend. Acad. Sci. (Paris), vol. 227, 
pp. 1213-1215. See also pp. 187-188 and pp. 675-677; vol. 227, 
1948. 

(118) R. D. Kell and G. L. Fredendall, "Standardization of the 
transient response of television transmitters," RCA Rev., vol. 
10, pp. 17-34; March, 1949. 

Circuit Components 
A useful book, and one of the few written on the sub-

ject by the equipment designer rather than the manu-
facturer, is the "Components Handbook," which was 
released in 1949 as one of the MIT Radiation Labora-

tory Series. 
The principle of the magnetic-fluid clutch has now 

been applied to several other applications. In one, a 
remote-controlled resistor is obtained by varying the 
magnetic field through a magnetic-fluid resistor consist-
ing of an oil and ferrous-particle mixture, thus causing 
the suspended particles to reorient themselves and 
change the resistivity. In another, the material is used 
as a mold for small castings. This is done by placing the 
object to be cast in the fluid mixture, solidifying the 
mixture by means of a magnetic field, removing the pat-
tern and pouring the casting, then liquifying the mold 

by removing the magnetic field. 
and less satisfactory than that available  in the  fre- The use of miniature tubes and components has be-
quency domain. Several related papers dealing with this come standard practice, and there is accelerated activ-
difficulty were presented at the IRE National Conven-

tion last March. Summaries of these papers  ma y be  
ity in subminiature development. Printed  circuit  tech-
niques are also gaining ground. 

found in the PROCEEDINGS OF THE I.R.E.  for  Februar y, 1949. (119) J. Markus, "Magnetic fluid uses," Electronics, vol. 22, pp. 120-
122: September, 1949. 

Several interesting methods for approximating a (120) W. G. Tuller, "Potted subassemblies for subminiature equip-
ment," Electronics, vol. 22, pp. 104-105; September, 1949. 

specified time response appeared during the year. These  (121) M. A. Coler, "Properties of conductive plastics," Electronics, 
methods include a continued-fraction expansion of the  vol. 22, pp. 96-99; October, 1949. 

Poisson-Stieltjes integral to obtain directly the drivin g- 
(1) 22 A. I. Dranetz G. N. Howatt, and J. W. Crownover, "Barium  

titanates as circuit elements," Tele-Tech, vol. 8, in three parts, 

point impedance in the form of a ladder; expansion of  April, May, June:1949. 
) G. Shapiro and R. L. Henry, "Subminiaturization  of i-f  ampli-

the specified time response into a set of Laguerre func-  (123  fiers," presented, 1949 IRE National Convention, New York, 

tions and a network approximation thereunto in the N. Y., March, 1949. (124) J. F. Blackburn ed. "Components Handbook," vol. 16  of 
sense of least-square error; and an interpretation of the  MIT Rad. Lab. 'Series, McGraw-Hill, Book Co., New York, 

transient response in terms of the critical frequencies of  N. Y.; 1949. ?cl A A. Pascucci "New applications of a four-terminal titanate  
capacitor, the system. The potential analogue was used to interpret  (1--•  A. . ' presented, 1949 IRE National Convention, New 

the initial amplitudes of the transient oscillations in York,  N.  Y.,  March, 1949. 

terms of the critical frequencies. Servomechanisms 
(110) M. Nadler, "The synthesis of electric networks according to 

prescribed transient conditions," PROC. I.R.E., vol.  pp. June, 1949. Progress in the field of servomechanisms and closed -

(111)627-630; 37,   P. R. Aigrain and E. M. Williams, "Design of optimum tran-  loop control systems has been in the direction of con-
sient response amplifiers," PROC. I.R.E., vol. 37,  pp.August.  873-879;  1949. solidation of theory, and in the refinement of techni ques  

(112) J. H. Mulligan, Jr., "The effect of pole and zero locations on the  and computation aids. A number of analogue computers 
transient response of linear dynamic systems," PROC. I.R.E.,  which can be used to solve control system equations 

(113) W. E. Thomson, "Transient response of wideband amplifiers," have been developed. In addition, some  work  on  the  
vol. 37, pp. 516-529; May, 1949. 

(114) R. C. Palmer anWireless Eng., vol. 26, pp. 264-266 ; August, 1949.  proper choice of error criterion to fit particular re quire-d L. Mautner, "A new figure of merit for the 
transient response of video amplifiers," PROC. I.R.E., vol. 37,  ments has been done. Techniques for correlating 

(115) P. transient with frequency response using simple methods  
R. Aigrain and E. M. Williams, "Synthesis of n-reactance  
P,  September, 1949. 

networks for desired transient response," Jour. Appl. Phys.,  have been developed. A notable factor is that the type of 
vol. 20, pp. 597-600; June, 1949.  thinking developed in the field of servomechanisms has 

To minimize the dispersion of pulsed signals, the time  been applied to studies of many forms of active net-
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works and even to the behav ior  of the human  being  as  a 
control element. Considera ble act ivity  in the field of 
servomechanisms was apparen t in fore ign  pu blicat ions.  

(126) G. S. Brown and D. P. Camp bell, "Princ iples  of Servomecha-
nisms," John Wiley and Sons , Inc.,  New  Yor k, N. Y.,; 1948.  

(127) A. B. MacNee, "An elec tron ic different ial analyser, " PROC.  
I.R.E., vol. 37, pp. 1315-1324 ; Novem ber,  1949. 

(128) G. D. McCann, C. H. Wilts, an d B. N. Locant hi, "Electronic  
techniques applied to ana logue  met hods of computat ion, " 
PROC. I.R.E., vol. 37, pp. 954-961 ; August,  1949. 

(129) H. Chestnut and R. W. Mayer,  "Compar ison  of stea dy-state 
and transient performance  of servomec han isms, " Trans.  A IEE  
vol. 68, T-9196; 1949. 

(130) G. Newstead and D. L. H. Gibbings,  "Error -actuated  power  
filters," PROC. I.R.E., vol. 37, pp. 1115-1119 ; Octo ber,  1949.  

(131) K. J. W. Craik, "Theor y of human  operator  in control  sys-
tems," Brit. Jour. Psych., vo l. 138, pp.  56-62 ; 1947, pp.  142 — 
148; 1948. 

(132) E. A. Mechler, J. B. Russe ll, an d M . G. Preston,  "The  basis  
for the optimum aided-trac king  constant," Jour. Frank. Inst., 
vol. 248, pp. 327-334; October , 1949. 

(133) E. G. Uderman, "A me thod of determ ining  the parameters  of  
linear automatic regulation  systems, " Automat.  i Telemakh.,  
vol. 10, 1949 (in Russian). 

(134) W. Z. Oppelt, "Locus  me thods for  regu lat ion  processes  with  
friction," Zeit. Ver. dtsc h. Ing . (VD1) , vo l. 90 : June,  1948.  

(135) H. T. Marcy, M. Yac hter , an d J. Zau derer,  "Instrument  in-
accuracies in feedback control systems  with part icu lar  emp ha-
sis on backlash," Trans . A IEE, vo l. 68, T-9197 ; 1949.  

Electroacoustics 

Acoustic Propagation and Impedance  

Theory and experiment advance d toget her in the 
measurement and calculation of the acoust ic impe dance,  
both of acoustic elemen ts suc h as  ducts  an d or ifices  and  
of materials used as sound absor bers . Severa l simp lified  
techniques for the measuremen t of the impe dance  of  
acoustic materials were deve loped. Theoret ica l re fine -
ments resulted in calculated absor ption  coe fficients  in 
fair agreement with measure d va lues  even  for  rather  
complex structures. 

(136) C. T. Molloy, "The line d tube as  an  element  of acoust ic cir-
cuits," Jour. Acous. Soc . Amer ., vo l. 21, pp.  413-418 ; July,  
1949. 

(137) R. H. Bolt, S. Labate, an d U. Ing Ard, "The acoustic reactance 
of small circular orifices," Jour . Acous . Soc.  Amer.,  vo l. 21, pp.  
94-97; March, 1949. 

(138) 0. K. Marwardi, "Measuremen t of acoust ic impe dance, " Jour.  
Acous. Soc. Amer., vol. 21, pp. 84-91 ; Marc h, 1949. 

(139) R. W. Leonard, "Sim plified acoustic impedance measure-
ments," Jour. Acous. Soc. Amer ., vo l. 21, p. 460 ; July, 1949 
(abstract). 

(140) R. K. Cook and Peter Chrzanows ki, "Absorpt ion  by soun d-
absorbent spheres," Jour . Acous . Soc . Amer,  vo l. 21, pp.  167— 
170; May, 1949. 

(141) A. London, "Transmission of rever berant  soun d throug h dou-
ble walls," Jour. Acous. Soc. Amer ., vo l. 21, pp. 466 ; July, 1949 
(abstract). 

(142) L. L. Beranek and G. A. W or k, "Sound transmission through 
multiple structures containing flexible blan kets, " Jour.  Acous.  
Soc. Amer., vol. 21, pp. 419-428 ; July, 1949. 

An interesting group of ex per iments  in the re fract ion  
of sound waves was performe d. Acoust ic lenses  for  air-
borne sound consisted of arra ys of obstac les sma ll com -
pared to the wavelength. The small obstac les increase d 
the effective density of the medium  of propagat ion  an d 
so altered the refractive index. The princ iple is sim ilar  
to that used in recently developed elec tromagnet ic 
lenses for microwaves. 

(143) W. E. Kock and F. K. Harvey, "Refracting soun d waves," 
Jour. Acous. Soc. Amer., vol. 21, pp. 471-481; Septem ber , 1949. 

Pickup and Dispersion of Sound 

The continuing desire of television and motion picture  
producers for smaller, less conspicuous microphones , 
resulted in a light-weight directional microphone with, 
improved response as compared to older model. Also, 
omnidirectional condenser microphones having dimen -
sions well under one inch were developed. Concurrent  I 
with this development, subminiature circuit tec hniques  
were applied to preamplifiers for use with the tiny con -•• 
denser microphones. In another approac h to the prob- • 
lem of microphone placement for telev ision  soun d pick-
up, three or more highly directiona l m icrop hones  were  
placed at fixed locations out of the camera  line  of sight. 
Action on the set was followe d by fading  from  one  micro- r 
phone to another, this opera tion  being  per forme d at  a 1! 
monitoring console. The direct iona l m icrop hones,  con-
structed especially for this applica tion , were  of a secon d 
order gradient type hav ing  un iform  response  and  direc-
tivity between 50 an d 15,000 cps.  They  could  be used  
effectively at distances up to 12 feet  with speec h in con-
ventional studios. 
(144) H. F. Olson and J. Preston,  "Sing le-element  unidirectional 

microphone," _four. Soc. Mot. Eng., vo l. 52, pp.  293-302 ; 
March, 1949. 

(145) J. K. Hilliard, "An omn idirect iona l m icrophone, " Audio  Eng.,  
vol. 33, pp. 20-21; April, 1949. i 

(146) C. J. LeBel, "New  developments n preamplifiers," Audio Eng ., 
vol. 33, pp. 9-12, 35 ; June,  1949. 

(147) H. F. Olson and J. Preston,  "Direct ional  microphone, " RCA  
Rev., vol. 10, pp. 339-347 ; Septem ber,  1949.  

Interest in wide-range  repro duc ing  systems  for  the  
home increased. A num ber  of high-quality  amplifiers  
were developed, some  with triodes and  others  with  beam  
tubes in the ou tput  stage,  with  and  without  feedback.  
Loudspeaker developments  range d from  constructional  
details for resident ial insta llat ions  to  a new  duo -cone  
speaker mechanism  hav ing  relat ively  uniform  response  
from 50 to 11,000 cps.  

(148) J. D. Goodell an d C. W. Fritze, "An unusua l au dio ampl ifier, " 
Radio Telev. News, Radio-Electronic Edition, vol. 42, pp. 8— 
10, 31; Marc h, 1949. 

(149) D. T. N. Williamson,  "High  quality amplifier: new version," 
Wireless Wor ld, vo l. 55, pp.  282-287;  August,  1949.  

(150) C. S. Mayeda, "A mo dern  wide-range phono-amplifier," Radio 
Telev. News, Radio-Electronic Edition, vol. 42, pp. 46-48, 131— 
134; November , 1949. 

(151) D. Sarsar an d M . S. Spr inkle,  "Musician's  amplifier, " Audio  
Eng., vol. 33, pp. 11-13, 53-55;  November,  1949.  

(152) C. G. McProu d, "New  corner  speaker  design, " Audio  Eng.,  vol.  
33, pp. 14-17, 39 ; January,  1949.  

(153) J. D. Goodell, "Lou dspea ker  enclosures, " Radio  Telev.  News,  
Radio Electronic Edition , vo l. 42 , pp.  35-38,  118;  November,  
1949. 

(154) M. Alixant, "Modern  loudspeaker  technique, " Radio  Tech.  
Dig. (France), vo l. 3, pp.  83 -99;  April,  1949.  

(155) C. T. Chapman,  "Vented  loudspeaker cabinets," Wireless 
World, vol. 55, pp. 398-400;  October,  1949.  

(156) H. F. Olson , J. Preston,  and  D.  H.  Cunningham,  "New  15-inch  
duo-cone loudspea ker, " Audio  Eng.,  vol.  33,  pp.  20-23;  Oc-
tober, 1949. 

Speech and Hear ing  

Relatively few papers  dealing  with  the  intelligibility  
of speech under var ious  listening  conditions  appeared  
during 1949. The visua l portrayal  of  speech  seems  to  
have become routine  an d reports  of  progress  deal  largely  
with improvements  in apparatus.  No  recent  outstanding  
advances in hear ing  aid instrumentation  or  techniques  
were noted. 

ir 
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(157) I. Pollack, "The effect of white noise on the loudness of speech, 
Jour. Acous. Soc. Amer., vol. 21, pp. 255-258; May, 1949. 

(158) T. H. Schafer and R. S. Gales, "Auditory masking of multiple 
tones by random noise," Jour. Acous. Soc. Amer., vol. 21, pp. 
392-398; July, 1949. 

(159) 0. 0. Gruenz and L. 0. Schott, "Extraction and portrayal of 
pitch in speech sounds," Jour. Acous. Soc. Amer., vol. 21, pp. 
487-495; September, 1949. 

(160) R. C. Mathes, A. C. Norwine, and K. H. Davis, "The cathode-
ray sound spectroscope," Jour. Acous. Soc. Amer., vol. 21, pp. 
527-537; September, 1949. 

Miscellaneous Transducers 

A theory for piezoelectric crystal transducers based on 
the equation for the propagation of acoustic plane waves 
in solid media yields expressions for vibrational ampli-
tude, radiated power, and electrical admittance, as well 
as the response for the entire frequency spectrum when 
the geometry and elastic parameters of the backing 
plate, crystal, diaphragm and surrounding medium are 
known. Transducer applications of the recently dis-
covered ferroelectric ceramic, barium titanate, have 
received additional attention. A skillfully designed, 
direct-reading microdisplacement meter for use in meas-
uring vibrational amplitudes of small objects, such as 
phonograph styli, was described. Amplitudes as small as 
10-4 cm can be measured without imposing any load on 
the vibrating system. The theory of the reciprocity 
calibration of transducers was further unified and cer-
tain of the limits of the validity of reciprocity tech-
niques have been established. 
(161) W. G. Cady, "Crystal transducer theory," Jour. Acous Soc. 

Amer., vol. 21, pp. 65-73; March, 1949. 
(162) H. W. Koren, "Application of activated ceramics to trans-

ducers," Jour. Acous. Soc. Amer., vol. 21, pp. 198-201; May, 
1949. 

(163) J. P. Arndt, Jr., "Direct reading microdisplacement meter," 
Jour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949. 

(164) S. P. Thompson, "Theoretical aspects of the reciprocity cali-
bration of electromechanical transducers," Jour. Acous. Soc. 
Amer., vol. 21, pp. 538-542; September, 1949. 

(165) W. Wathen-Dunn, "On the reciprocity free-field calibration of 
microphones," Jour. Acous. Soc. Amer, vol. 21, pp. 542-546; 
September, 1949. 

Electroacoustic Applications 

Electroacoustic instrumentation and techniques at 
audio frequencies were found useful in the study of the 
physical properties of high polymer solids and solutions. 
Certain high polymer solutions which behave like liquids 
in steady flow were found to be able to support trans-
verse waves at audio frequencies. 
(166) J. D. Ferry, J. N. Ashworth, and W. M. Sawyer, "Rigidities of 

polyisobutylene and polyvinyl acetate solutions," Phys. Rev., 
vol. 75, p. 1284; April 15,1949 (abstract). 

(167) R. S. Witte, B. A. Mrowca, and E. Guth, "Velocity and at-
tenuation of sound in butyl and Gr-S rubbers," Phys. Rev., vol. 
75, p. 1284; April 15,1939 (abstract). 

(168) J. W. Ballou and J. C. Smith, 'Acoustic measurements of 
polymer physical properties," Phys. Rev., vol. 75, p. 1284; 
April 15,1949 (abstract). 

Iltrasonics 

Additions in 1949 to literature in electroacoustics 
showed a rapid growth in the field of ultrasonics. Im-
proved optical methods were devised for studying the 
propagation of ultrasonic beams in liquids. High con-
centrations of ultrasonic power in small regions were 
achieved by the use of curved radiators, reflectors, and 
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lenses. Interferometric techniques were developed for 
the accurate measurement of absorption coefficients of 

liquids at ultrasonic frequencies. 
(169) R. B. Barnes and C. J. Burton, "Visual methods for studying 

ultrasonic phenomena," Jour. App!. Phys., vol. 20, pp. 286-
294; March, 1949. 

(170) G. W. Willard, "Focusing ultrasonic radiators." Jour. Acous. 
Soc. Amer., vol. 21, pp. 360-375; July, 1949. 

(171) F. E. Fox and Virginia Griffing, "Experimental investigation of 
ultrasonic intensit) gain in water due to concave reflectors," 
Jour. Acous Soc. Amer., vol. 21, pp. 352-359; July, 1949. 

(172) Daniele Sette, "Ultrasonic lenses of plastic materials," Jour. 
Acous. Soc. Amer., vol. 21, pp. 375-381; July, 1049. 

(173) F. E. Fox and J. L. Hunter, "The ultrasonic interferometer 
with resonant liquid column," PROC. I.R.E., vol. 36, pp. 150°-
1503; December, 1948. 

Ultrasonic techniques were found useful as tools of 
research in many fields of investigation. This was true 
in studies of the molecular structure and other prop-
erties of liquids. Shear elasticity of polymer liquids was 
demonstrated at ultrasonic frequencies. Depolymeriza-
tion by ultrasonic irradiation was shown to be an effect 
of cavitation. Hydrolyzation was accelerated in certain 
instances by ultrasonic waves. The existence of alternat-
ing potentials accompanying the passage of ultrasonic 
waves through electrolytic solutions was established 
experimentally. The degree of dispersion of suspensions 
of clay by ultrasonic waves was shown to vary with fre-
quency, passing through a maximum at a frequency 
characteristic of the type of clay. 
(174) J. M. M. Pinkerton, "The absorption of ultrasonic waves in 

liquids and its relation to molecular constitution," Proc. Phys. 
Soc. (London). vol. B62, pp. 129-141; February, 1949. 

(175) E. Bauer, "A theory of ultrasonic absorption in unassociated 
liquids," Proc. Phys. Soc. (London), vol. A62, pp. 141-154; 
March, 1949. 

(176) W. P. Mason, W. 0. Baker. H. J. McSkimin, and J. H Heiss, 
"Measurement of the mechanical properties of polymer liquids 
by ultrasonic methods," Phys. Rev., vol. 75, p. 1285; April 15, 
1949 (abstract). 

(177) A. Weissler, "Depolymerization by ultrasonic irradiation: The 
role of cavitation," Phys. Rev., vol. 75, p. 1313; April 15,1949 
(abstract). 

(178) Pierre Mastagli and Andre P. Mahoux, "Hydrolyzing effect of 
ultrasonic waves," Compt. Rend. Acad. Sci. (Paris), vol. 228, 
pp. 684-686; February 21,1949. 

(179) E Yeager, J. Bughosh, F. Hovorka, and J. McCarthy, "The 
application of ultrasonic waves to the study of electrolytic 
solutions. II. The detection of the Debye effect," Jour. Chem. 
Phys.. vol. 17, pp. 411-415; April, 1949. 

(180) Agnes Mathieu-Sicaud and Gustave Levavasseur, "Dispersion 
of suspensions of clay by ultrasonic waves. Interpretation of 
the results with the electron microscope," Compt. Rend. Acad. 
Sci. (Paris), vol. 228, pp. 393-395; January 31,1949. 

In gaseous media, the velocity of sound in super-
heated steam was measured by ultrasonic means, and 
the fringe displacement in an ultrasonic interferometer 
furnished a measure of the supersonic velocity of a 

stream of air. 
(181) J. Woodburn, "Experimental determination of velocity of 

sound in superheated steam," Trans. Amer. Soc. Mech. Engrs., 
vol. 71, pp. 65-70; January, 1949. 

(182) Genevieve Dubois and Roger Kling, "Measuring the character-
istics of a rapid current of gas by means of an ultrasonic beam," 
Compt. Rend. Acad. Sci. (Paris), vol. 228, pp. 363-364; Janu-
ary 31,1949. 

In the study of solids, ultrasonic techniques have 
yielded values of the mechanical parameters of Rochelle 
salt crystals. The elastic constants of both metals and 
plastics were measured. Ultrasonic methods circumvent 
the difficulties due to plastic flow in the case of thermo-
plastic materials. 
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ing," and "Standards for Audio Facilities for Radio 
Broadcasting Systems," the last of these being a re-
vision and expansion of RMA Standard TR105A of the 
same title, published in May, 1948. 

(80) RMA Standard, "Amplifiers for Sound Equipment," Engineer-
ing Department, RMA, SE-101-A; July, 1949. 

(81) RMA Standard, "Panel Mounting Racks, Panels, and Asso-
ciated Equipment," Engineering Department, RMA, SE-IO2; 
February, 1949. ' 

(82) RMA Standard, "Speakers for Sound Equipment," Engineer-
ing Department, RMA, SE-I03; April, 1940. 

(83) RMA Standard, "Engineering Specifications for Amplifiers for 
Sound Equipment," Engineering Department, RMA, SE-104; 
May, 1949. 

(84) RMA Standard, "Sound Systems," Engineering Department, 
R MA , SE-106; July, 1949. 

Network and Circuit Theory 
Linear Lumped-Constant Passive Circuits 

The year was marked by the appearance of a book 
which presents a complete mathematical structure for 
the theory of circuit analysis, and the announcement of 
a surprising theorem. The theorem asserts that any 
driving-point impedance function has a physical repre-
sentation which is free of transformers. It detracts but 
little from this astonishing and useful result that the 
representation may include a large number of super-
fluous elements. 
(85) E. A. Guillemin, "The Mathematics of Circuit Analysis," John 

Wiley and Sons, New York, N. Y.; 1949. 
(86) R. Bott and R. J. Duffin, "Impedance synthesis without use 

of transformers," _four. App!. Phys., vol. 20, p. 816; August, 
1949. 

There has been continuing interest in the develop-
ment of analogue devices to facilitate solution of the 
synthesis problem. These devices, of which the electro-
lytic tank is the prime example, make use of the 
analogue relating network functions to the two-
dimensional electrostatic potential function. 
(87) J. F. Klinkhamer, "Empirical determination of wave-filter 

transfer functions with specified properties," Philips Res. Re-
ports, vol. 3, pp. 60-80; February, and pp. 378-400; October, 
1948. 

(88) A. R. Boothroyd, E. C. Cherry, and R. Makar, "An electrolytic 
tank for the measurement of steady-state response, transient 
response and allied properties of networks," Proc. IEE, part 
I, vol. 96, pp. 163-177; Max', 1949. 

Linear Varying—Parameter Circuits and Nonlinear Cir-
cuits 

Several general reviews appeared summarizing past 
work and bringing the reader up to date concerning the 
types of problems which have been studied and the 
methods which are available for their solution. 

(89) Mary L. Cartwright, "Nonlinear vibrations," Advent. Sci., 
vol. 6, pp. 64-75; April, 1949. 

(90) A. A. Andronow and C. E. Chaikin, "Theory of Oscillations," 
English edition edited under direction of S. Lefschetz from 1937 
Russian edition. Princeton University Press, Princeton, N J., 
358 p. 

(91) W. R. Bennett, "A general review of linear varying parameter 
and nonlinear circuit analysis," presented, 1949 IRE National 
Convention, New York, N. Y., March 7,1949. 

Linear Active Networks 

There was a noticeable consolidation of the theoreti-
cal progress of recent years. The versatility of feedback 
networks was emphasized in several novel applications. 

Of considerable interest was the increascd use of com-
bined positive and negative feedback. One  h applica-
tion employed controlled regener:.t ion h) I (IiIIIa'IisaIe 
degenerative losses resulting from the elimination of 
bulky bypass capacitors. 

(92) J. M. Miller, *Cathode neutralization of  ideo amplifiers," 
PROC. 1.R.E., vol. 37, pp. 1070-1073; Septciiiher, 1949. 

(93) P. G. Sulzer, "Circeit techniques for 1111111.11116/:16011,  Elec-
tronics, vol. 22, pp. 98-99; August, 1949. 

(94) A. B. Bereskin, "Cathode-compensated  amplification," 
Electronics, vol. 22, Part I, pp. 98-10.3;  1949 Part If, 
pp. 104-107; July, 1949. 

(95) G. Newstead and D. L. H. Gibbings, "I•rr r-actuated power 
filters," PROC. I.R.E , vol. 37, pp. 1115-11'), October, 1949. 

(96) C. F. Brockelsby, "Negative-feedback ATI:diners," Wireless 
Eng., vol. 26, pp. 43-49; February, 1949 

(97) H. Mayr, "Feedback amplifier design,"  less Eng , vol. 26, 
pp. 297-305; September, 1949. 

(98) F. D. Clapp, "Some aspects of cathode-f ' . er design at radio 
frequencies," PROC. IRE., vol. 37, ; 912-937; August, 
1949. 

(99) P. R. Aigrain, B. R. Teare, Jr., and E ‘̀. :Iliams, "General-
ized theory of the band-pass low-pass al,  V. " PROC. IR E., 
vol. 37, pp. 1152-1155; October, 1949. 

(100) E. Labin, "Wideband television tratisi 
Ironies, vol. 22, pp. 86-89; May, 1949. 

(101) P. A. T. Bevan, "Earthed-grid powe. !'Idlers," Wireless 
Eng., vol. 26, part I, pp. 182-192; Pi. , :9-19. Part II, pp. 
235-242; July, 1949. 

(102) A. Pinciroli and A. Taraboletti, "On tl matrix analysis of 
linear networks comprising active fo,, •••1 mina! networks," 
Alta Frequenza, vol. 18, pp. 73-82. Al, 1949. 

(103) E. de Gruyter, "Resonance phenomen., : -cilia ling circuits," 
Assoc. Suisse Elect. Bull., vol. 39, pp 7 ): ti01; November 27, 
1948. 

systems," Eke-

Time Domain Analysis and Synthe ,. 

There appears to be a growing i• lei-est in the prop-
erties of signals and circuits exprt• —• I as functions of 
time rather than frequency. Despit. I..• fact that much 
of our network theory and practi. I s grown around 
the sinusoidal function of time, th,• steady-state con-
cepts of the frequency domain p.—ess a certain arti-
ficiality when applied to commutii, .it on systems that 
must transmit information. A  signal is com-
pletely determined for all time fr,,m the outset whereas 
a signal that represents a mess..1;.• must contain un-
predictable elements if it is to C.ITUY information. For 
this reason, the statistical proper t of messages may 
best be formulated in the time  as may also 
various criteria of performance for the linear circuits 
and filters through which these messages must pass. 
Many of our familiar concepts in t lie frequency domain 
have their counterparts in the time domain (e.g., the 
correlation function versus the p.m er-frequency spec-
trum, or the impulse response versu s the gain and phase 
characteristics). The up-to-date communication engi-
neer will find travel between the two domains necessary 
for a complete understanding of sonic problems. Two 
useful guides are: 

(104) S. Goldman, "Transformation CA;ctilus and Electric Tran-
sients," Prentice Hall, Inc.. New York, N. Y.; 1949. 

(105) C. Cherry, "Pulses and Tran,ients in Communication Cir-
cuits," Chapman and Hall, Ltd., London. 

The main benefit of working in the time domain is 
that one may formulate logical design  cr iter ia for 
optimizing the performance of the circuit under a given 
set of conditions. There is, for examp le, the  matched -

filter criterion for obtaining the greatest peak-signal 
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noise ratio from an input consisting of pulses of known 
shape corrupted by white noise. This criterion, which 
states that the impulse response of the filter should 
have the same shape as the input pulse except reversed 
in timer does not appear to be well known, even though 
it was stated several years ago in language of the fre-
quency domain by Van Vleck and Middleton. 
For optimum recovery and preservation of the wave-

form of a message that has been corrupted by noise, the 
"least-square" criterion is a reasonable basis for design. 
This criterion, which minimizes the average squared-
difference between the desired response and that ac-
tually obtained, was used by N. Wiener in 1942 to de-
velop a statistical theory of prediction and filtering. 
With the recent publication of his work, and the exposi-
tion, application, and extension of the theory by Y. W. 
Lee and others, the importance of the statistical point of 
view in communication engineering is emphasized. 
(106) N. Wiener, "Extrapolation, Interpolation and Smoothing of 

Stationary Time Series," The Technology Press, MIT, and 
John Wiley and Sons, Inc., New York, N. Y.; 1949. 

(107) Y. W. Lee, "Filtering and prediction," Lecture 5, AIEE-IRE 
Theory of Communication Series, New York, May 9,1949. 

(108) Y. \V. Lee and C. A. Stutt, "Statistical prediction of noise," 
MIT Research Labora tory of Electronics Technical Report No. 
129, July 12,1949. Also, Proc. NEC, vol. 5; 1949. 

(109) Y. W. Lee, T. P. Cheatham, and J B. Wiesner, "The applica-
tion of correlation functions in the detection of small signals in 
noise," MIT Research Lab. of Electronics Technical Report 
No. 141; October, 1949. 

Unfortunately, the mathematical machinery avail-
able for use in the time domain is far more cumbersome 
and less satisfactory than that available in the fre-
quency domain. Several related papers dealing with this 
difficulty were presented at the IRE National Conven-
tion last March. Summaries of these papers may be 
found in the PROCEEDINGS OF THE I.R.E. for February, 

1949. 
Several interesting methods for approximating a 

specified time response appeared during the year. These 
methods include a continued-fraction expansion of the 
Poisson-Stieltjes integral to obtain directly the driving-
point impedance in the form of a ladder; expansion of 
the specified time response into a set of Laguerre func-
tions and a network approximation thereunto in the 
sense of least-square error; and an interpretation of the 
transient response in terms of the critical frequencies of 
the system. The potential analogue was used to interpret 
the initial amplitudes of the transient oscillations in 
terms of the critical frequencies. 
(no) M. Nadler, "The synthesis of electric networks according to 

prescribed transient conditions," PROC. I.R.E., vol. 37, pp. 
627-630; June, 1949. 

(111) P. R. Aigrain and E. M. Williams, "Design of optimum tran-
sient response amplifiers," PROC. I.R.E., vol. 37, pp. 873-879; 
August. 1949. 

(112) J. H. Mulligan, Jr., "The effect of pole and zero locations on the 
transient response of linear dynamic systems," PROC. I.R.E., 
vol. 37, pp. 516-529; May, 1949. 

(113) W. E. Thomson, "Transient response of wideband amplifiers," 
Wireless Eng., vol. 26, pp. 264-266; August, 1949. 

(114) R. C. Palmer and L. Mautner, "A new figure of merit for the 
transient response of video amplifiers," PROC. I.R.E., vol. 37, 
pp. 1073-1077; September, 1949. 

(115) F'. R. Aigrain and E. M. Williams, "Synthesis of n-reactance 
networks for desired transient response," Jour. Appl. Phys., 
vol. 20, pp. 597-600; June, 1949. 

To minimize the dispersion of pulsed signals, the time 

delay of the circuit should be constant over the fre-
quency band of importance. This has been the subject 
of the following papers: 

(116) M. H. Hebb, C. W. Horton, and F. B. Jones, "On the design of 
networks for constant time delay," Jour. Appl. Phys., vol. 
20, pp. 616-620; June, 1949. 

(117) J. Laplume, "On the reduction of phase distortion in stages 
with coupled circuits," Comp. Rend. Acad. Sci. (Paris), vol. 227, 
pp. 1213-1215. See also pp. 187-188 and pp. 675-677; vol. 227, 
1948. 

(118) R. D. Kell and G. L. Fredendall, "Standardization of the 
transient response of television transmitters," RCA Rev., vol. 
10, pp. 17-34; March, 1949. 

Circuit Components 

A useful book, and one of the few written on the sub-
ject by the equipment designer rather than the manu-
facturer, is the "Components Handbook," which was 
released in 1949 as one of the MIT Radiation Labora-

tory Series. 
The principle of the magnetic-fluid clutch has now 

been applied to several other applications. In one, a 
remote-controlled resistor is obtained by varying the 
magnetic field through a magnetic-fluid resistor consist-
ing of an oil and ferrous-particle mixture, thus causing 
the suspended particles to reorient themselves and 
change the resistivity. In another, the material is used 
as a mold for small castings. This is done by placing the 
object to be cast in the fluid mixture, solidifying the 
mixture by means of a magnetic field, removing the pat-
tern and pouring the casting, then liquifying the mold 
by removing the magnetic field. 
The use of miniature tubes and components has be-

come standard practice, and there is accelerated activ-
ity in subminiature development. Printed circuit tech-
niques are also gaining ground. 
(119) J. Markus, "Magnetic fluid uses," Electronics, vol. 22, pp. 120-

122: September, 1949. 
(120) W. G. Tuller, "Potted subassemblies for subminiature equip-

ment," Electronics, vol. 22, pp. 104-105; September, 1949. 
(121) M. A. Coler, "Properties of conductive plastics," Electronics, 

vol. 22, pp. 96-99; October, 1949. 
(122) A. I. Dranetz, G. N. Howatt, and J. W. Crownover, "Barium 

titanates as circuit elements," Tele-Tech, vol. 8, in three parts, 
April, May, June,1949. 

(123) G. Shapiro and R. L. Henry, "Subminiaturization of i-f ampli-
fiers," presented, 1949 IRE National Convention, New York, 
N. Y., March, 1949. 

(124) J. F. Blackburn, ed., "Components Handbook," vol. 16 of 
MIT Rad. Lab. Series, McGraw-Hill, Book Co., New York, 
N. Y.; 1949. 

(125) A. A. Pascucci, "New applications of a four-terminal titanate 
capacitor," presented, 1949 IRE National Convention, New 
York, N. Y., March, 1949. 

Servomechanisms 

Progress in the field of servomechanisms and closed-
loop control systems has been in the direction of con-
solidation of theory, and in the refinement of techniques 
and computation aids. A number of analogue computers 
which can be used to solve control system equations 
have been developed. In addition, some work on the 
proper choice of error criterion to fit particular require-
ments has been done. Techniques for correlating 
transient with frequency response using simple methods 
have been developed. A notable factor is that the type of 
thinking developed in the field of servomechanisms has 
been applied to studies of many forms of active net-
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works and even to the behavior of the human being as a 
control element. Considerable activity in the field of 
servomechanisms was apparent in foreign publications. 

(126) G. S. Brown and D. P. Campbell, "Principles of Servomecha-
nisms," John Wiley and Sons, Inc., New York, N. Y.,; 1948. 

(127) A. B. MacNee, "An electronic differential analyser," PROC. 
I.R.E., vol. 37, pp. 1315-1324; November, 1949. 

(128) G. D. McCann, C. H. Wilts, and B. N. Locanthi, 'Electronic 
techniques applied to analogue methods of computation," 
PROC. I.R.E., vol.'37, pp. 954-961; August, 1949. 

(129) H. Chestnut and R. W. Mayer, "Comparison of steady-state 
and transient performance of servomechanisms," Trans. A IEE 
vol. 68, T-9196; 1949. 

(130) G. Newstead and D. L. H. Gibbings, "Error-actuated power 
filters," PROC. I.R.E., vol. 37, pp. 1115-1119; October, 1949. 

(131) K. J. W. Craik, "Theory of human operator in control sys-
tems," Brit. Jour. Psych., vol. 138, pp. 56-62; 1947, pp. 142-
148; 1948. 

(132) E. A. Mechler, J. B. Russell, and M. G. Preston, "The basis 
for the optimum aided-tracking constant," Jour. Frank. Inst., 
vol. 248, pp. 327-334; October, 1949. 

(133) E. G. Uderman, "A method of determining the parameters of 
linear automatic regulation systems," Automat. i Tekmakh., 
vol. 10, 1949 (in Russian). 

(134) W. Z. Oppelt, "Locus methods for regulation processes with 
friction," Zeit. Ver. dtsch. leg. ('Dl), vol. 90: June, 1948. 

(135) H. T. Marcy, M. Yachter, and J. Zauderer, "Instrument in-
accuracies in feedback control systems with particular empha-
sis on backlash," Trans. AIEE, vol. 68, T-9197; 1949. 

Electroacoustics 

Acoustic Propagation and Impedance 

Theory and experiment advanced together in the 
measurement and calculation of the acoustic impedance, 
both of acoustic elements such as ducts and orifices and 
of materials used as sound absorbers. Several simplified 
techniques for the measurement of the impedance of 
acoustic materials were developed. Theoretical refine-
ments resulted in calculated absorption coefficients in 
fair agreement with measured values even for rather 
complex structures. 

(136) C. T. Molloy, "The lined tube as an element of acoustic cir-
cuits," Jour. Aeons. Soc. Amer., vol. 21, pp. 413-418; July, 
1949. 

(137) R. H. Bolt, S. Labate, and U. Ingard, "The acoustic reactance 
of small circular orifices," Jour. A cous. Soc. Amer., vol. 21, pp. 
94-97; March, 1049. 

(138) 0. K. MarAardi, "Measurement of acoustic impedance," Jour. 
ACCIUS. SOC. Amer., vol. 21. pp. 84-91; March, 1949. 

(139) R. W. Leonard, "Simplified acoustic impedance measure-
ments," Jour. Acous. Soc. Amer., vol. 21, p. 460; July, 1949 
(abstract). 

(140) R. K. Cook and Peter Chrzanowski, "Absorption by sound-
absorbent spheres," Jour. Acous. Soc. Amer, vol. 21, pp. 167-
170; May, 1949. 

(141) A. London, "Transmission of reverberant sound through dou-
ble walls," Jour. Acous. Soc. Amer., vol. 21, pp. 466; July, 1949 
(abstract). 

(142) L. L. Beranek and G. A. Work, "Sound transmission through 
multiple structures containing flexible blankets," Jour. Acous. 
Soc. Amer., vol. 21, pp. 419-428; July, 1949. 

An interesting group of experiments in the refraction 
of sound waves was performed. Acoustic lenses for air-
borne sound consisted of arrays of obstacles small com-
pared to the wavelength. The small obstacles increased 
the effective density of the medium of propagation and 
so altered the refractive index. The principle is similar 
to that used in recently developed electromagnetic 
lenses for microwaves. 

(143) W. E. Kock and F. K. Harvey, "Refracting sound waves," 
Jour. Acous. Soc. Amer., vol. 21, pp. 471-481; September, 1949. 

Pickup and Dispersion of Sound 

The continuing desire of television and motion picture 
producers for smaller, less conspicuous microphones 
resulted in a light-weight directional microphone with 
improved response as compared to older model. Also, 
omnidirectional condenser microphones having dimen-
sions well under one inch were developed. Concurrent 
with this development, subminiature circuit techniques 
were applied to preamplifiers for use with the tiny con-
denser microphones. In another approach to the prob-
lem of microphone placement for television sound pick-
up, three or more highly directional microphones were 
placed at fixed locations out of the camera line of sight. 
Action on the set was followed by fading from one micro-
phone to another, this operation being performed at a 
monitoring console. The directional microphones, con-
structed especially for this application, were of a second 
order gradient type having uniform response and direc-
tivity between 50 and 15,000 cps. They could be used 
effectively at distances up to 12 feet with speech in con-
ventional studios. 
(144) H. F. Olson and J. Preston, "Single-element unidirectional 

microphone," Jour. Soc. Mot. Eng., vol. 52, pp. 293-302; 
March, 1949. 

(145) J. K. Hilliard, "An omnidirectional microphone," Audio Eng., 
vol. 33, pp. 20-21; April, 1949. 

(146) C. J. LeBel, "New developments in preamplifiers," Audio Eng., 
vol. 33, pp. 9-12, 35; June, 1949. 

(147) H. F. Olson and J. Preston, "Directional microphone," RCA 
Rev., vol. 10, pp. 339-347; September, 1949. 

Interest in wide-range reproducing systems for the 
home increased. A number of high-quality amplifiers 
were developed, some with triodes and others with beam 
tubes in the output stage, with and without feedback. 
Loudspeaker developments ranged from constructional 
details for residential installations to -a new duo-cone 
speaker mechanism having relatively uniform response 
from 50 to 11,000 cps. 

(148) J. D. Goodell and C. W. Fritze, "An unusual audio amplifier, 
Radio Telev. News, Radio-Electronic Edition, vol. 42, pp. 8-
10, 31; March, 1949. 

(149) D. T. N. Williamson, "High quality amplifier: new version," 
Wireless 1Vorld, vol. 55, pp. 282-287; August, 1949. 

(150) C. S. Mayeda, "A modern wide-range phono-amplifier," Radio 
Telev. News, Radio-Electronic Ed;tion, vol. 42, pp. 46-48, 131-
134; November, 1949. 

(151) D. Sarsar and M. S. Sprinkle, "Musician's amplifier," Audio 
Eng., vol. 33, pp. 11-13, 53-55; November, 1949. 

(152) C. G. McProud, "New corner speaker design," Audio Eng., vol. 
33, pp. 14-17, 39; Januar y. 1949. 

(153) J. D. Goodell, 'Loudspeaker enclosures," Radio Telev. News, 
Radio Electronic Edition, vol. 42, pp. 35-38, 118; November, 
1949. 

(154) M. Alixant, "Modern loudspeaker technique," Radio Tech. 
Dig. (France), vol. 3, pp. 83-99; April, 1949. 

(155) C. T. Chapman, "Vented loudspeaker cabinets," Wireless 
World, vol. 55, pp. 398-400; October, 1949. 

(156) H. F. Olson, J. Preston, and D. H. Cunningham, "New I5-inch 
duo-cone loudspeaker," Audio Eng., vol. 33, pp. 20-23; Oc-
tober, 1949. 

Speech and Hearing 

Relatively few papers dealing with the intelligibility 
of speech under various listening conditions appeared 
during 1949. The visual portrayal of speech seems to 
have become routine and reports of progress deal largely 
with improvements in apparatus. No recent outstanding 
advances in hearing aid instrumentation or techniques 
were noted. 
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(157) I. Pollack, "The effect of white noise on the loudness of speech, 
Jour. Aeolis. Soc. Amer., vol. 21, pp. 255-258; May, 1949. 

(158) T. H. Schafer and R. S. Gales, "Auditory masking of multiple 
tones by random noise," Jour. Acous. Soc. Amer., vol. 21, pp. 
392-398; July, 1949. 

(159) 0. 0. Gruenz and L. 0. Schott, "Extraction and portrayal of 
pitch in speech sounds," Jour. Acous. Soc. Amer., vol. 21, pp. 
487-495; September, 1949. 

(160) R. C. Mathes, A. C. Norwine, and K. H. Davis, "The cathode-
ray sound spectroscope," Jour. Acous. Soc. Amer., vol. 21, pp. 
527-537; September, 1949. 

Miscellaneous Transducers 

A theory for piezoelectric crystal transducers based on 
the equation for the propagation of acoustic plane waves 
in solid media yields expressions for vibrational ampli-
tude, radiated power, and electrical admittance, as well 
as the response for the entire frequency spectrum when 
the geometry and elastic parameters of the backing 
plate, crystal, diaphragm and surrounding medium are 
known. Transducer applications of the recently dis-
covered ferroelectric ceramic, barium titanate, have 
received additional attention. A skillfully designed, 
direct-reading microdisplacement meter for use in meas-
uring vibrational amplitudes of small objects, such as 
phonograph styli, was described. Amplitudes as small as 
10—' cm can be measured without imposing any load on 
the vibrating system. The theory of the reciprocity 
calibration of transducers was further unified and cer-
tain of the limits of the validity of reciprocity tech-
niques have been established. 
(161) W. G. Cady, "Crystal transducer theory," Jour. Acous Soc. 

A mer ., vol. 21, pp. 65-73; March, 1949. 
(162) H. W. Koren, "Application of activated ceramics to trans-

ducers," Jour. Acous. Soc. Amer., vol. 21, pp. 198-201; May, 
1949. 

(163) J. P. Arndt, Jr., "Direct reading microdisplacement meter," 
Jour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949. 

(164) S. P. Thompson, "Theoretical aspects of the reciprocity cali-
bration of electromechanical transducers," Jour. Acous. Soc. 
Amer., vol. 21, pp. 538-542; September, 1949. 

(165) W. Wathen-Dunn, "On the reciprocity free-field calibration of 
microphones," Jour. Acous. Soc. Amer, vol. 21, pp. 542-546; 
September, 1949. 

Elearoacouslic A pp/ications 

Electroacoustic instrumentation and techniques at 
audio frequencies were found useful in the study of the 
physical properties of high polymer solids and solutions. 
Certain high polymer solutions which behave like liquids 
in steady flow were found to be able to support trans-
verse waves at audio frequencies. 
(166) J. D. Ferry, J. N. Ashworth, and W. M. Sawyer, "Rigidities of 

polyisobutylene and polyvinyl acetate solutions," Phys. Rev., 
vol. 75, p. 1284; April 15,1949 (abstract). 

(167) R. S. Witte, B. A. Mrowca, and E. Guth, "Velocity and at-
tenuation of sound in butyl and Gr-S rubbers," Phys. Rev., vol. 
75, p. 1284; April 15,1939 (abstract). 

(168) J. W. Ballou and J. C. Smith, "Acoustic measurements of 
polymer physical properties," Phys. Rev., vol. 75, p. 1284; 
April 15,1949 (abstract). 

ltrasonics 

Additions in 1949 to literature in electroacoustics 
showed a rapid growth in the field of ultrasonics. Im-
proved optical methods were devised for studying the 
propagation of ultrasonic beams in liquids. High con-
centrations of ultrasonic power in small regions were 
achieved by the use of curved radiators, reflectors, and 

lenses. Interferometric techniques were developed for 
the accurate measurement of absorption coefficients of 
liquids at ultrasonic frequencies. 
(169) R. B. Barnes and C. J. Burton, "Visual methods for studying 

ultrasonic phenomena," Jour. Appi. Phys., vol. 20, pp. 286-
294; March, 1949. 

(170) G. %V. Willard, "Focusing ultrasonic radiators." Jour. Acous. 
Soc. Amer., vol. 21, pp. 360-375; July, 1949. 

(171) F. E. Fox and Virginia Griffing, "Experimental investigation of 
ultrasonic intensit) gain in water due to concave reflectors," 
Jour. Acous Soc. Amer., vol. 21, pp. 352-359; July, 1949. 

(172) Daniele Sette, "Ultrasonic lenses of plastic materials," Jour. 
Acous. Soc. Amer., vol. 21, pp. 375-381; July, 1949. 

(173) F. E. Fox and J. L. Hunter, "The ultrasonic interferometer 
with resonant liquid column," PROC. I.R.E., vol. 36, pp. 1500-
1503; December, 1948. 

Ultrasonic techniques were found useful as tools of 
research in many fields of investigation. This was true 
in studies of the molecular structure and other prop-
erties of liquids. Shear elasticity of polymer liquids was 
demonstrated at ultrasonic frequencies. Depolymeriza-
tion by ultrasonic irradiation was shown to be an effect 
of cavitation. Hydrolyzation v:as accelerated in certain 
instances by ultrasonic waves. The existence of alternat-
ing potentials accompanying the passage of ultrasonic 
waves through electrolytic solutions was established 
experimentally. The degree of dispersion of suspensions 
of clay by ultrasonic waves was shown to vary with fre-
quency, passing through a maximum at a frequency 

characteristic of the type of clay. 
(174) J. M. M. Pinkerton, "The absorption of ultrasonic waves in 

liquids and its relation to molecular constitution," Proc. Phys. 
Soc. (London), vol. B62, pp. 129-141; February, 1949. 

(175) E. Bauer, "A theory of ultrasonic absorption in unassociated 
liquids," Proc. Phys. Soc. (London), vol. A62, pp. 141-154; 
March, 1949. 

(176) W. P. Mason, W. 0. Baker. H. J. McSkimin, and J. H Heiss, 
"Measurement of the mechanical properties of polymer liquids 
by ultrasonic methods," Phys. Rev., vol 75, p. 1285; April 15, 
1949 (abstract). 

(177) A. Weissler, "Depolymerization by ultrasonic irradiation: The 
role of cavitation," Phys. Rev., vol. 75, p. 1313; April 15,1949 
(abstract). 

(178) Pierre Mastagli and Andre P. Mahoux, "Hydrolyzing effect of 
ultrasonic waves," Compt. Rend. Acad. Sci. (Paris), vol. 228, 
pp. 684-686; February 21,1949. 

(179) E Yeager, J. Bughosh, F. Hovorka, and J. McCarthy, "The 
application of ultrasonic waves to the study of electrolytic 
solutions. II. The detection of the Debye effect," Jour. Chem. 
Phys.. vol. 17, pp. 411-415; April, 1949. 

(180) Agnes Mathieu-Sicaud and Gustave Levavasseur, "Dispersion 
of suspensions of clay by ultrasonic waves. Interpretation of 
the results with the electron microscope," Contpt. Rend. Acad. 
Sci. (Paris), vol. 228, pp. 393-395; January 31,1949. 

In gaseous media, the velocity of sound in super-
heated steam was measured by ultrasonic means, and 
the fringe displacement in an ultrasonic interferometer 
furnished a measure of the supersonic velocity of a 

stream of air. 
(181) J. Woodburn, "Experimental determination of velocity of 

sound in superheated steam," Trans. Amer. Soc. Mech. Engrs., 
vol. 71, pp. 65-70; January, 1949. 

(182) Genevieve Dubois and Roger Kling, "Measuring the character-
istics of a rapid current of gas by means of an ultrasonic beam," 
Conspt. Rend. Acad. Sci. (Paris), vol. 228, pp. 363-364; Janu-
ary 31,1949. 

In the study of solids, ultrasonic techniques have 
yielded values of the mechanical parameters of Rochelle 
salt crystals. The elastic constants of both metals and 
plastics were measured. Ultrasonic methods circumvent 
the difficulties due to plastic flow in the case of thermo-

plastic materials. 
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(183) W. J. Price, "Ultrasonic measurements on Rochelle salt crys-
tals," Phys. Rev., vol. 75, pp. 946-952; March 15,1949. 

(184) William C. Schneider and Charles J. Burton, "Determination 
of the elastic constants of solids by ultrasonic methods," Jour. 
A ppl. Phys., vol. 20, pp. 48-58; January, 1949. 

(185) H. S. Sack and R. W. Aldrich, "Elastic losses of elastomers at 
ultrasonic frequencies," Phys. Rev., vol. 75, p. 1285; April 15, 
1949 (abstract). 

(186) T. Htlter, "Propagation of ultrasonic waves in solid rods,* 
Zeits. Angew .Phys., vol. 1, pp. 274-289; January, 1949. 

Research programs Were initiated to investigate pos-
sible applications of ultrasonics in the fields of agricul-
ture, biology, and medicine. The destructive effect of 
high-intensity ultrasonic fields on seeds and small 
plants was studied. Other agricultural interests were 
concerned with the influence of ultrasonic waves in in-
sect and bacteria control, vitamin-C content, the oc-
currence of mutations in grains and plants, and others. 
In biology it was demonstrated that the disruption of 
cells, such as haemoglobin, in aqueous suspension in an 
ultrasonic field is due to the high acceleration of the 
cells rather than to cavitation. The use of ultrasonic 
irradiation as a therapeutic measure was the basis of 
several research projects. The absorption of ultrasonic 
waves in the 2-5 Mc region by animal tissue was found 
to increase as the first power of the frequency as con-
trasted with the frequency-squared relation for unas-
sociated liquids. A new design of ultrasonic applicator 
was recently disclosed. It is intended for use in the 
treatment of various nerve and muscular disorders. The 
results of clinical tests were not yet reported. 

(187) Jean Loza, "Effect of ultrasonic waves on the seeds and sprouts 
of higher plants," Compt. Rend. Acad. Sci. (Paris), vol. 228, pp. 
595-596; February 14,1949. 

(188) L. E. Campbell and L. G. Schoenleber, "The use of ultrasonic 
energy in agriculture," Agricult. Engng., vol. 30, pp. 239-241; 
May, 1949. 

(189) 0. A. Angerer, "On the question of the effective component of 
ultrasonic waves," Naturwiss., vol. 36, No. 7, pp. 217-218; 
1949. 

(190) Th. Hilter, 'Measurement of ultrasonic absorption in animal 
tissues," Naturwiss., vol. 35, No. 9, pp. 285-286; 1948. 

(191) F. Kopecik "Ultrasonics in biology and medicine," Ann. Me-
commun., vol. 4, pp. 21221-21222; January, 1949. 

(192) Amadeo Giacomini, "A contribution to the technique of re-
search on the biological action of ultrasonic waves," Nuovo 
Cim., vol. 6, pp. 39-49; January, 1949. 

(193) Arthur Roberts, "Ultrasonic applicator," Radio Tel6v. News, 
Radio-Electronic Edition, vol. 12, pp. 3-5,25; January, 1949. 

Electron Tubes and Solid-State 
Devices 

Small-Signal High-Vacuum Tubes 

Traveling- Wave Tubes. Work on beam tubes employ-
ing continuous interaction, of which the beam traveling-
wave tube may be considered as the prototype, was 
continued. It is shown that traveling-wave tubes will 
produce a gain even if the rf field at the mean position 
of the electron stream is purely transverse. The addition 
of a longitudinal magnetic focusing field reduces the gain 
due to transverse fields and increases the electron veloc-
ity for optimum gain. 
(194) J. R. Pierce, "Transverse fields in traveling-wave tubes," Bell 

Sys. Tech. Jour., vol. 27, pp. 732-746; October, 1948. 

A new type of amplifier is described in which use is 
made of an electron flow consisting of two streams of 

April 

electrons having different average velocities traveling in 
closely associated parallel paths. Experimental results 
are given showing 33-decibel gain at 255 megacycles 
with a 110-megacycle bandwidth. The power was less 

than one milliwatt. 

(195) J. R. Pierce and W. B. Hebenstreit, "A new type of high-fre-

quency amplifier," Bell Sys. Tech. Jour., vol. 28, pp. 33-51; 
January, 1949. 

(196) A. V. Haeff, "The electron-wave tube—a novel method of 
generation and amplification of microwave energy," PRoc. 
I.R.E., vol. 37, pp. 4-10; January, 1949. 

(197) A. V. Hollenberg, "The double-stream amplifier," Bell Lab. 
Rec., vol. 27, pp. 290-292; August, 1949. 

(198) L. S. Nergaard, "Analysis of a simple model of a two-beam 
growing-wave tube," RCA Rev., vol. 9, pp. 585-601; December, 
1948. 

(199) P. Guenard, R. Berterottiere, and 0. Doehler, "Amplification 
by direct electronic interaction in valves without circuits," 
Ann. Radioelec., vol. 4, pp. 171-177; July, 1949. 

A traveling-wave amplifier tube operating over the 
6-to-8-centimeter band and designed for use as a re-
peater amplifier in a microwave communication link has 
been described. The tube operates at a beam voltage of 
1,400, has a gain of 25 decibels, a power output of 140 
milliwatts, efficiency of 2 per cent, bandwidth of 1,400 
megacycles, and a noise factor of 18 to 20 decibels. 

(200) D. C. Rogers, "Traveling-wave amplifier for 6 to 8 centime-
ters," Elec. Commun. (London), vol. 26, pp. 144-152; June, 
1949. 

A comparison of four slow wave propagating struc-
tures was made: the grid helix, the disk-loaded rod, aper-
tured•disk, and spiraled waveguide. 

(201) L. M. Field, "Some slow wave structures for traveling-wave 
tubes," PROC. I.R.E., vol. 37, pp. 34-40; January, 1949. 

Traveling-wave- technique applied to an oscilloscope 
tube has resulted in a tube with flat frequency response 
from 0 to 500 megacycles for the recording of short re-
current high-frequency pulses. 

(202) J. R. Pierce, "Traveling-wave oscilloscope," Electronics, vol. 
22, No. 11, pp. 97-99; November, 1949._ 

A traveling-wave oscillator producing oscillations 
over a band of several octaves, the frequency being con-
trolled by the dc voltage, was described. 

(203) R. Schnitzer and D. Weber, Frequenz, vol. 3, pp. 189-196; 
July, 1949. 

Several other papers concerned with theoretical stud-
ies of traveling-wave tubes appeared. 

(204) 0. Dohler and \V. Kleen, "On the mode of operation of the 
traveling-wave valve," Arch. clek. ilebertragung, vol. 3, pp. 
54-63,93-100; February and March, 1949. 

(205) J. Laplume, "Theory of the traveling-wave valve," L'Onde 
Elec., vol. 29, pp. 66-72, February, 1949. 

(206) 0. Doehler and W. Kleen, "On the efficiency of the traveling-
wave valve," Ann. Radialec., vol. 4, pp. 216-222; July, 1949. 

(207) L. N. Loshakov, "On the propagation of waves along a coaxial 
spiral line in the presence of an electron beam," Jour. Tech. 
Phys. (USSR), N,ol. 19, pp. 578-595; May, 1949. 

(208) J. R. Pierce, "Circuits for traveling-wave tubes," PROC. I.R.E., 
vol. 37, pp. 510-515; May, 1949. 

(209) J. R. Pierce and N. Wax, "A note on filter-type traveling-wave 
amplifiers," PROC. I.R.E., vol. 37, pp. 622-625; June, 1949. 

New Tubes. A number of new tubes having interesting 
features were described, many of them being intended 
for operation at very-high frequencies. An oscillator 
tetrode, suitable for automatic frequency control in a 
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(219) G. M. Rose, D. W. Power, and W. A. Harris, "Pencil-type uhf 
triodes," RCA Rev., vol. 10, pp. 321-338; September, 1949. frequency-modulated set, was described in which a re-

flector electrode controls the transit time and hence the 
oscillation frequency. 
(210) J. Kurshan, "The tTansitrol, an experimental automatic-fre-

quency-control tube," RCA Rev., vol. 9, pp 687-703; Decem-
ber, 1948. 

The design and possible application of a miniature 
secondary-emission type amplifier tube TR-1032-J was 
described. The second zero voltage characteristic of the 
dynode was utilized to obtain critically high conduct-
ance. Applications as a relaxation oscillator, multivi-
brator, pulse inverter, triangular wave generator and 
for dynatron service were suggested. 
(211) C. F. Miller and W. S. McLean, "New design for a secondary 

emission trigger tube," PROC. I.R.E., vol. 37, pp. 952-954; 
August, 1949. 

The application, design and limiting factors of elec-
trometer tubes were discussed. Low grid current and 
high leakage resistance techniques were presented. 
(212) J A. Victoreen, "Electrometer tubes for the measurement of 

small currents," PROC. I.R.E., vol. 37, pp. 432-441; April, 1949. 
(211) H. J Starke, "A new subminiature electrometer tube," Proc. 

NEC, vol. 4, pp. 200-208; 1948. 

An experimental beam-deflection tube for frequency 
modulation detection was described, which exhibits high 
sensitivity and amplitude to frequency modulation re-
jection but has small audio-frequency output. 

(214) L. J. Giacoletto, "Experimental tube for FM detection," 
Electronics, vol. 22, pp. 87-89; Novembei , 1949. 

An experimental dual-control-grid pentode was de-
scribed which used space-charge effects and grid align-
ments to give sharp cutoff characteristics for grids 1 and 

3. 
(215) R.F. Slinkman, "Design considerations for a dual control grid 

pentode," Proc. NEC, vol. 4, pp. 209-219; 1948. 

Among a number of tubes for use at very-high fre-
quencies was a new intermediate-frequency amplifier 

tube designed to operate with a bandwidth of 10 mega-
cycles at a frequency of 15 megacycles. It has a trans-
conductance of 12,500 micromhos and a gain-band prod-
uct of 123. 
(216) G. T. Ford, "The 404A, a broadband amplifier tube," Bell. Lab. 

Rec., vol. 27, pp. 59-61; February, 1949. 

A new microwave triode for radio relay amplifiers has 
a transconductance of 50,000 micromhos and gives a 
gain of 7-10 db with a 120- to 170-megacycle bandwidth 
at 4,000 Mc. 
(217) J. A. Morton, "A microwave triode for radio relay," Bell Lab. 

Rec., vol. 27, pp. 166-170; May, 1949. 

A small planar triode for operation with a 10- to 15-
megacycle bandwidth at 45 megacycles was described 
having a transconductance of 8,000 micromhos and in-
put and output capacitances of 2.6 µid and 1.1 µAl, re-

spectively. 
(218) "Planar electrode valves for vhf," Wireless World, vol. 45, pp. 

165-167; May, 1949. 

A new construction of disk-seal triode for ultra-high-
frequency use has cylindrical elements arranged co-
axially. Advantages of small size and of low heater 
wattage were obtained. 

Two receiving triodes, an amplifier EC80 and an os-
cillator EC81 were described, the first featuring greatly 
reduced series resistance and inductance in the leads 
which make it useful as a grounded-grid amplifier to 
about 600 megacycles. The EC81 oscillator has an upper 
frequency limit of 1,500 Mc and will deliver 1.3 watts at 
20 per cent efficiency at 750 megacycles. Both may be 
made on a production line and neither requires special 
circuits as with the disk-seal types. 
(220) K. Rodenhuis, "Two triodes for reception of decimeter waves," 

Philips Tech. Rev., vol. 11, pp. 79-89; September, 1949. 

The beam-deflection principle has been applied to the 
design of mixer tubes for use at from 300 to 1,500 mega-
cycles and for frequency-modulation detection. 
(221) E. W. Herold and C. W. Mueller, "Beam-deflection mixer 

tubes for uhf," Electronics, vol. 22, pp. 76-80; May, 1949. 

Electron-Tube Theory and Measurements. A number of 
papers contributing to the understanding of the general 
behavior of electron tubes appeared. 
A universal set of diode characteristic curves based on 

the Epstein-Fry-Langmuir solution for the space-
charge-limited current of a diode was published. These 
curves and the measured tube characteristics were used 
to estimate the series resistance of the cathode coating of 

some diodes. 
(222) W. R. Ferris, "Some characteristics of diodes with oxide-coated 

cathodes," RCA Rev., vol. 10, pp. 134-149; March, 1949. 

A previously published solution of the electrostatic 
field in a parallel plane triode is discussed for cases 
where the spacing between grid wires is not small com-
pared to the grid-cathode and grid-anode spacings. 

(223) W. R. Bennett and L. C. Peterson, "The electrostatic field in 
vacuum tubes with arbitrarily spaced elements," Bell Sys 
Tech. Jour., vol. 28 pp. 303-314; April, 1949. 

Space-charge free potential functions for a filamentary 
triode are obtained by the method of conformal trans-

formation. 
(224) E. C. Okress, "Potential functions for a thermionic vacuum 

tube," Jour. Appt. Phys., vol. 20, pp. 850-855; September, 
1949. 

The input loading as a function of frequency was cal-
culated for a diode drawing no direct current. 
(225) N. A. Begovitch, "High-frequency total emission loading in 

diodes," Jour. ApPl. Phys., vol. 20, pp. 457-462; May, 1949. 

A simplified method of determining the nonlinear 
characteristics of vacuum tubes was presented where the 
transconductance/grid voltage curve (especially its cur-
vature at the operating point) determines performance 
as a niodulator, frequency doubler, rectifier, etc. 
(226) T. Slonczewski, "Transconductance as a criterion of electron 

tube performance," Bell. Sys. Tech. Jour., vol. 28, pp. 315-328; 
April, 1949. 

The variation of mutual conductance with frequency 
in a vacuum tube after 1,000 hours of life was found to 
be due to the deterioration of the contact between the 
oxide coating and the base material. This deterioration 
is evidenced by the increased capacitance and resistance 
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of the interface. This phenomena can be reduced by ap-

propriate cathode shape. Cathode sparking and contact 

resistance were found to be related and the coating-to-

core contact resistance must be less than 10 ohms per 

square centimeter to prevent sparking when emission 

current density is above 1 ampere per square centi-

meter. 

(227) W. Raudorf, "Change of mutual conductance with frequency," 
Wireless Eng., vol. 26, pp. 331-337; October, 1949. 

The theory of the behavior of resistances at different 

frequencies is applied to resistive films existing between 

electrodes in vacuu m tubes. It was shown that the ca-• 

pacitances of such films vary inversely as the square 

root of the frequency at high frequencies and approaches 

a limit at low frequencies. Experimental data given 

showed that the known frequency dependence of vac-

uum-tube interelectrode capacitances can be attributed 

to these resistive films. 

(228) E. G. James and B. L. Humphreys, "Resistive films in valves," 
Wireless Eng., vol. 26, pp. 93-95; March, 1949. 

Measurements were made of the changes in grid-

cathode and grid-anode capacitances of triode tubes as 

the operating conditions were changed. The influence of 

mutual conductance, amplification factor, and supply 

voltages were shown and a theory derived which is in 

fair agreement with experimental results. 

(229) E. E Zepler and J. Hekner, "Triode interelectrode capaci-
tances," Wireless Eng., vol. 26, pp. 53-58; February, 1949. 

Results are given of measurements of the variation of 

interelectrode capacitance with change in operating 

conditions for several experimental electron tubes. Ac-

tual changes are considerably larger than those pre-

dicted by theory and indications are that the geometry 

and construction of the tubes play an important part in 

the magnitude of this change. 

(230) B. L. Humphreys and E.G. James, "Interelectrode capacitance 
of valves," Wireless Eng., vol. 26, pp. 26-30; January, 1949. 

Formal expressions for properties of tubes in terms of 

integrals of the space currents u ere obtained which may 

eventually contribute to the solution of the multiveloc-

ity problem. 

(231) J. K. Knipp, "On the velocity dependent characteristics of high 
frequency tubes," Jour. A ppl. Phys, vol. 20, pp. 425-431; May, 
1949. 

A paper on hum reduction has appeared on cathode-

type tubes with particular regard to the influence of ex-

ternal and internal magnetic fields. 

(232) A. F. Dickerson, "Hum reduction," Electronics, vol. 21, pp. 
112-116; December, 1948. 

Metallic elements of complex configuration and of 

high precision may be made by a new photogravure 

process. 

(233) M. P. Wilder, "Electrodes for vacuum tubes by photogravure," 
PROC. I.R.E., vol. 37, pp. 1182-1184; October, 1949. 

Noise. The noise spectrum of temperature-limited 
diodes was derived and the effects of transit time for 

both the cylindrical and planar case described. A curve 

showing the relation between transit angle and the nec-

essary correction was given. The noise generated by 

electron movements can be easily determined by a new 

method described. 

(234) D. B. Fraser, "Noise spectrum of temperature limited diodes," 
Wirekss Eng., vol. 26, pp. 129-131; April, 1949. 

A general expression for the noise-power spectrum 

generated by the random emission of electrons of arbi-

trary trajectories within a waveguide was obtained. It 

was utilized to derive the equivalent mean-square fluc-

tuation current due to the space charge within a diode 

for two cases of potential distribution, namely, linear 

distribution and that which occurs at the edge of the re-

tarding field. 

(235) J. J. Freeman, "Noise spectrum of a diode with a retarding 
field," Jour. Res. Nat. Bur. Stand., vol. 42, pp. 75-88; January, 
1949. 

Emission. Significant new work on thermionic and 
secondary emission was reported. The use of a standard 

diode in evaluating emissive properties of a number of 

melts of base metal for oxide-coated cathodes was dis-

cussed. Methods of emission measurements were de-

scribed that gave a reliable evaluation of melt lots re-

sulting in a better control of the base metal. 

(236) Robert L. McCormack, "A standard diode for electron-tube 
oxide-coated cathode-core-material approval tests," PRoc. 
I.R.E., vol. 37, pp. 683-687; June, 1949. 

The result of production tests on a number of cathode 

melt' lots showed agreement (based on a figure of merit) 

among the receiving tube manufacturers on the poorest 

melt lot. However, agreement was not so conclusive re-

garding the best melt lot. 

(237) J. T. Acker, "Testing cathode materials in factory production." 
PROC. I.R.E., vol. 37, pp. 688-690; June, 1949. 

The free energy of some chemical reactions involving 

dissociation or reduction of alkaline earth oxides were 
computed. 

(238) A. H. White, "Applications of thermOdynarnics to chemical 
problems involving the oxide cathode,' Jour. A ppl. Phys., vol. 
20, pp. 856-860; September, 1949. 

The anode of output pentode DL41 coated with floc-
cular soot was found to reduce the number of secondary 

electrons under conditions of low anode voltage. In-

creased power output with no increase in distortion re-

sults. 

(239) J. L. H. Jonker, "Secondary emission in output valves," Philips 
Tech. Rev., vol. 10, pp. 346-351; May, 1949. 

Power-Output High-Vacuum Tubes 

Triodes and Tetrodes. While not much attention has 
been paid to developing high power tubes for the lower 

frequencies in the past year, one paper describes an 

interesting method for surge testing such tubes. A 20-

kilovolt, or higher, condenser discharge is used to reveal 

structural weakness and to study the effectiveness of a 

series resistor in the plate circuit to minimize destruc-

tive arcs during operation. 

(240) H. J. Dailey, "Surge testing of high-voltage tubes," Tele-Tech., 
vol. 8, pp. 26-29,58-60; October, 1949. 

The problem of obtaining more efficient cooling of 

power tubes was studied by several authors. In general, 
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t more efficient heat transfer was obtained by increasing 
the turbulence of the cooling fluid. 
(241) "Water-cooling vs. air-cooling for high-power valves," Proc. 

IEE (London), vol. 96, pp. 220-221; May, 1949. 
(242) J. Prevost, J. Boissiere, and A. Loukobski, "Study and re-

alization of a new system of forced-air-cooling for transmitting 
valves," Ann. Radioilec., vol. 4, pp. 138-148; April, 1949. 

(243) A. J. Young, "Radiators for transmitting valves," Marconi 
Rev., vol. 12, pp. 85-91; July and September, 1949. 

(244) M. J. Snijders, "A transmitting valve cooler with increased 
tubulence of the cooling water, Philips Tech. Rev., vol. 10, 
pp. 239-246; February, 1949. 

Continued interest in the development of power tubes 
for operation at frequencies above 100 megacycles is 
evident. Design considerations for a new series of glass 
power tubes having concentric cylindrical electrodes 
were discussed. 
(245) E. G. Dorgelo, "Glass transmitting valves of high efficiency in 

the 100 mc/s range," Philips Tech. Rev., vol. 10, pp. 273-281; 
March, 1949. 

Other tubes for ultra-high frequencies, including one 
capable of producing 1.5 kilowatts at 300 megacycles, 
were reported. 
(246) J. Bell and J. W. Davis, "The development of radio transmit-

ting valves," GEC Jour., vol. 16, pp. 138-149; July, 1949. 

The problem of obtaining high power at high frequen-
cies was attacked also by devising means for combining 
the outputs of several tubes. One method employs a 
bridge-type circuit which eliminates interaction of 
tubes. This approach may have considerable influence 
on power tube development. 
(247) D. L. Balthis, "A coaxial 50 kw FM broadcast amplifier," 

Electronics, vol. 22, pp. 68-73; May, 1949. 
(248) R. R. Law, W. B. Whalley, and R. P. Stone, "Developmental 

television transmitter for 500-900 megacycles," RCA Rev., 
vol. 9, pp. 643-652; December, 1948. 

(249) G. H. Brown, W. C. Morrison, W. L. Behrend, and J. G. Red-
deck, "Method of multiple operation of transmitter tubes 
particularly adapted for television transmission in the ultra-
high-frequency band," RCA Rev., vol. 10, pp. 161-172; June, 
1949. 

General Theory and Design. Several studies of a theo-
retical nature were made in regard to tube structure and 
operation. 
(250) G. R. Partridge, "Factors influencing the perveance of power-

output triodes," PROC. I.R.E., vol. 37, pp. 87-94; January, 
1949. 

(251) T. Slonczewski, "Transconductance as a criterion of electron 
tube performance," Bell Sys. Tech. Jour., vol. 28, pp. 315-328; 
April, 1949. 

(252) W. R. Bennett and L. C. Peterson, "The electrostatic field in 
vacuum tubes with arbitrarily spaced elements," Bell Sys. 
Tech. Jour., vol. 28, pp. 303-314; April, 1949. 

(253) R. R. Law, "Electronics of ultra-high-frequency triodes," 
PROC. I.R.E., vol. 37, pp. 273-274; March, 1949. 

Other papers touched on many practical aspects of 
tube design. 
(254) J. Becquemont, "Series of modern tubes for frequency modula-

tion and television," L'Onde Elec., vol. 28, pp. 145-152; April, 
1949. 

(255) R. Remillon, "Modern methods for measurement of character-
:stics and limitations of electron tubes at uhf and vhf." 
L'Onde Elec., vol. 29, pp. 273-285; 330-346; July and August, 
1949. 

(256) B. Aumont, "Problems of manufacture of tubes for very-high 
frequencies," L'Onde Elec., vol. 29, pp. 271-273; July, 1949. 

(257) H. D. Doolittle, "Design problems in triodes and tetrodes for 
hf," Communications, vol. 29, pp. 14-17; June, 1949. 

New Developments. In a new device, suitable for the 
amplitude modulation of magnetrons or other genera-

tors of radio-frequency power not otherwise easily mod-
ulated, a beam of electrons is passed through a resonant 
cavity where the radio-frequency energy, along with a 
fixed magnetic field, causes the beam to spiral as it ab-
sorbs power from the circuit. The amount of energy ab-
sorbed may be controlled by varying the voltage or cur-
rent of the beam. 
(258) J. S. Donal, Jr., and R. R. Bush, "A spiral beam method for 

amplitude modulation of magnetrons," PROC, I.R.E., vol. 37, 
pp. 375-382; April, 1949. 

A further extension of the above device has also an 
output cavity where the energy of the spiral beam may 
be extracted and fed to a load. This results in a much 
more efficient modulator. 
(259) C. L. Cuccia, "The electron coupler—a developmental tube for 

amplitude modulation and power control at ultra-high fre-
quencies," RCA Rev., vol. 10, pp. 270-303; June, 1949. 

Gas Tubes 

The ability of the tube to deionize during the noncon-
ducting portion of the cycle depends on a number of 
factors, such as grid voltage, grid resistance, and 
mercury temperature. New methods of measuring de-
ionization time using pulse methods of application of 
tube voltages have been presented. 
(260) H. A. Rowanowitz, "Measurements, Analysis, and Statistical 

Nature of Delonization Time in a Mercury Thyratron," Uni-
versity of Kentucky, College of Engineering, Lexington, 
Kentucky. 

(261) H. de B. Knight, "Deionization time of thyratrons—a new 
method of measurement," Proc. IEE (London), vol. 96, part 3; 
July, 1949. 

A detailed study was made on the effect of gas pres-
sures and other design features which have an impor-
tant bearing on the usefulness of thyratrons in high-

pulse-rate modulators. 
(262) H. H. Wittenberg, "Thyratrons in radar modulator service," 

RCA Rev., vol. 10, p. 116; March, 1949. 

Photocubes 

A wide variety of photoconductive materials were 
studied. Lead sulfide cells appear to advantage over 
conventional phototubes as pickup devices for motion 
picture sound; the sensitivity is high, the noise low, re-
sponse to low color temperature good, and the frequency 
response adequate. Lead telluride and lead selenide 
which have infrared responses to 5.5 and 4.5 µ are better 
than the lead sulfide cells only for the infrared beyond 
the PbS threshold (3.5 i.t) or when they are cooled to 
improve the signal-to-noise ratio. Excess metal and oxy-
gen activation appear necessary in most photoconduc-
tors reported. Of the many metallic sulfides, selenides, 
and tellurides, those of the following may be listed: 
Pb, Sn, In, TI, Cd, Bi, Sb. Many are characterized by 
poor frequency response. 
(263) S. Pakswer, "Lead sulfide photoconductive cells," Electronics, 

vol. 22, p. III; May, 1949. 
(264) E. Schwarz, "New photoconductive cells," Nature (London), 

vol. 162, pp. 614-615; October 16,1948. 
(265) C. J. Milner and B. N. Watts, "Lead selenide photoconductive 

cells," Nature, (London) vol. 163, p. 322; February 26,1949. 
(266) P. Gorlich and J. Heyne, "On a new photoconductive cell for 

the visible," Optik, vol. 4, pp. 206-212; Novembei and De-
cember, 1948. 
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Geiger-Muller Counter Tubes. The optimum proportions 
for Geiger-MUller tubes of small size, the effects of vari-
ous hydrocarbon mixtures on the starting voltage, the 
effects of the tube proportions and filling gas on the 
plateau shapes, and the occurrence of spurious dis-
charges were described. The poor performance of 
methylene bromide as a quenching agent was attributed 
to electron attachment. 

(267) C. V. Robinson and R. E. Peterson, "Study of small ether-
argon Geiger-Mueller counters," Rev. Sci. Instr., vol. 19, pp. 
911-914; December, 1948. 

(268) P. B. Weisz 'Starting potential of the Geiger-Mueller counter 
discharge," Phys. Rev., vol. 74, pp. 1807-1812; December 15, 
1948. 

(269) A. G. Fenton and E. W. Fuller, "Further experiments with an 
adjustable Geiger-Mueller counter," Proc. Phys. Soc. (London) 
vol. 62A, pp. 32-40: January, 1949. 

(270) J. H. Carver and G. K. White "Methylene bromide as a 
quenching agent in Geiger-Mueller counters," Nature (London) 
vol. 163, pp. 526-527; April 2,1949 

Construction details of counter tubes for special pur-
poses were also described. 

(271) J. R. Beyster, et al., "Cell-type gamma counter," Rey. Sci. Instr., 
vol. 19, pp. 819-820; November, 1948. 

(272) M. Lesage, et al., "Sur lalconstruction des compteurs Geiger-
Muller in type metallique, Jour. Phys. Radium, Series 8, vol. 
10, pp. 212-214; June, 1949. 

(273) E. J. Harris, "A Geiger tube for liquid radioactivity measure-
ments," Jour. Sci. Instr. and Phys. in lad., vol. 26, p. 245; 
July, 1949. 

(274) F. E. Senftleet al., "Construction of beta-Geiger counters from 
prefabricated thin wall tubing," Rev. Sri. Instr., 'o1. 20, pp. 
370-371; May, 1949. 

Success was reported in rejuvenating defunct counter 
tubes by glowing the anode wire in a vacuum before re-
filling. The temperature dependence of self-quenching 
counters may be attributed to the condensation of liquid 
films on the inside of the tube forming leakage paths. 
Spurious counting rate was attributed to the emission of 
an ionizing agent from freshly polished or N'armed 
metals. 

(275) L. Shepard, "Rejuvenation of Geiger-Mueller tubes," Rev. 
Sci. Thar., vol. 20, pp. 217-218; March, 1949. 

(276) 0. Parkash, "On temperature dependence of counter charac-
teristics in self-quenching G-M counters," Phys. Rev., vol. 76, 
pp. 568-569; August, 15,1949. 

(277) J. D. Louw and S. M. Naude, "Spurious counts in Geiger 
counters and the pretreatment of the electrodes," Phys. Rev., 
vol. 76, pp. 571-572; August,15,1949. 

A marked reduction in the background rate of a 
gamma counter can be achieved by surrounding it with 
auxiliary counters in anticoincidence inside the cus-
tomary lead shield. A quench circuit with a "self-
quenching" counter tube was investigated. 
(278) J. L. Putman, "A study of background rate in Geiger-Muller 

coubters and the pretreatment of the electrodes," Jour. Sci. 
Instr. and Phys. in fad., vol. 26, pp. 198-201; June, 1949. 

(279) H. Elliot, "The effect of external quenching on the life of argon-
alcohol counters," Proc. Phys. Soc., vol. 62A, pp. 369-373; 
June, 1949. 

An article described various types of counter tube 
construction and summarized a great deal of informa-
tion on filling gases. Another article reviewed the factors 
such as time lag, quenching, and dead time, which af-
fect the speed of operation of counters. - 
(280) H. Friedman, "Geiger counter tubes," Puoc. I.R.E., vol. 37, 

no. 791-808; July, 1949. 
(281) H. den Hartog, "Speed of operation of Geiger-Muller coun-

ters," Nucleonics, vol. 5, pp. 33-47; September, 1949. 

Cathode-Ray Tubes and Television Tubes 

The trend toward larger television pictures was ac-
celerated by introduction of a new 16-inch metal kine-
scope. The metal construction greatly facilitated the 
production of large direct-view tubes. Late in the year, 
a 19-inch metal kinescope was also introduced. In-
creased interest and development of theater projection 
tubes has continued. 
(282) H. P. Steier, J. Kelar, C. T. Lattimer, and R. D. Faulkner, 

"Development of a large metal kinescope for television," RCA 
Rev., vol. 10, pp. 43-58; March, 1949. 

In the camera tube field, a new tube was described, 
called the image isocon, which is similar to the image 
orthicon but generates a video signal of opposite polar-
ity, with maximum signal in the light, resulting in im-
proved signal-to-noise ratio in the dark parts of the pic-
ture. The image isocon is more complicated to make, 
more critical to adjust, and has a resolution and time 
lag somewhat inferior to those of the image orthicon. 
A detailed account of the development, construction, 

and operation of several types of image orthicon camera 
tubes was published. A description was given of the new 
type image orthicon having improved spectral response, 
higher sensitivity, and greater range in flexibility in 
television pickup, outside or in the studio. 
(283) P. K. Weimer, "The image isocon—an experimental television 

pickup tube based on the scattering of low velocity electrons," 
RCA Rev., vol. 10, pp. 366-386; September, 1949. 

(284) R. B. Janes, R. E. Johnson, and R. S. Moore, "Development 
and performance of television camera tubes," RCA Rev., vol. 
10, pp. 191-223; June, 1949. 

(285) R. B. Janes. R. E. Johnson. and R. R. Handel, "A new image 
orthicon," RCA Rev., vol. 10, pp. 586-592; December, 1949. 

A new type of picture storage tube, the graphecon, 
has two electron guns which can operate simultaneously 
to write and read information from an insulated target. 
The target is a thin film insulator which in addition to 
having long-time storage capability has the important 
feature that electron bombardment.induced conduction 
provides high sensitivity and stability. 
The problems of negative-ion blemish in cathode-ray 

tubes were discussed and various methods of eliminating 
ion blemish were summarized. An interesting summary 
of several methods of preparation of luminescent screens 
for cathode-ray tubes was given, along with a discussion 
of the problems of making and the performance charac-
teristics of screens applied by the different methods. 
(286) L. Pensak, "The graphecon—A picture storage tube," RC.4 

Rev., vol. 10, pp. 59-73; March, 1949. 
(287) R. M. Bowie, "The negative-ion blemish in a cathode-ray tube 

and its elimination," Puoc. I.R.E., vol. 36, pp. 1482-1486: 
December, 1948. 

(288) M. Sadowsky, "The preparation of luminescent screens," 
Jour. Electro Chem. Soc., vol. 95, pp. 112-128; March, 1949. 

A secondary-emission trigger tube having a long-life 
secondary-emission dynode surface and provided with 
two output electrodes for rapid switching and signal 
generator applications was described. 
An important contribution in the field of electron op-

tics is the theory and design of electron beams treated in 
a recent book by J. R. Pierce. 
The measured properties of strong unipotential lenses 

of various types were reported. These measurements re-
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suited in the design of a unipotential lens from which the 
diverging parts of the electrostatic field are removed, 
giving a lens with as low spherical aberration as a mag-
netic lens of comparable size. 
A calculation was made of the potential distribution, 

maximum current density and beam spread for tubular 
electron beams which shows that such beams have ad-
vantages in greater maximum current density and less 
spreading—at least for current densities less than the 
maximum. 
A particular aberration phenomena in electrostatic 

electron lenses was reported, where a dark kidney-
shaped object in a bright field appears when one of two 
limiting apertures is in a cross-over region of the elec-
tron beam. 
(289) C. F. Miller and W. S. McLean, "New design for a secondary-

emission trigger tube," PROC. I.R.E., vol. 37, pp. 952-954; 
August, 1949. 

(290) J. R. Pierce, "Theory and Design of Electron Beams," D. Van 
Nostrand Co., Inc., New York, N. Y.; 1949. 

(291) G. Liebmann, "Measured properties of strong unipotential 
electron lenses," Proc. Phys. Soc. (London), vol. 62, pp. 213-
228; April, 1949. 

(292) N. Wax, "Some properties of tubular electron beams," Jour. 
A ppl. Phys., vol. 20, pp. 242-247; March, 1949. 

(293) S. Harrison, "Aberration phenomeonon in electrostatic lenses," 
Jour. A ppl. Phys., vol. 20, pp. 412-413; April, 1949. 

The general theory of magnetic focusing in a plane 
was applied to the asymmetric case and the possibility 
of a reduction of aberrations was found. These result's 
were shown to be special cases of a further general sec-
ond-order focusing condition. Calculations of the theo-
retical limit of resolution of the electron microscope 
show that the condition for spherical correction is in 
contradiction to the principles of good design. 
In electron microscopes it was shown that the con-

trast of thin films can be increased by introduction of a 
phase delay and defocusing. An experimental simple 
magnetic beam-splitting device of interest to operators 
of electron microscopes was also described. 

(294) L. Kerwin and C. Geofferton, "Further improvements in mag-
netic focusing," Rev. Sci. Instr., vol. 20, pp. 381-384; June, 
1949. 

(295) H. Hintenberger, "Improved magnetic focusing of charged 
particles," Rev. Sci. Instr., vol. 20, pp. 748-750; October, 1949. 

(296) 0. Scherzer, "Theoretical resolution limit of the electron micro-
scope," Jour. App!. Phys., vol. 20, pp. 20-29; January, 1949. 

(297) E. G. Ramberg, "Phase contrast in electron microscope im-
ages," Jour. A ppl. Phys., vol. 20, pp. 441-444; May, 1949. 

(298) F. W. Bishop, "Magnetic beam-splitting focusing device for 
the electron microscope." Rev. Sci. Instr., vol. 20, pp. 532; 
July, 1949. 

Solid-State Devices 

The invention of the transistor in 1948 gave great 
stimulus to research in the theory of semiconductors. 
Development of the device and circuit applications 
seems to be proceeding rapidly but their characteristics 
are not sufficiently stabilized nor reproducible to war-
rant large-scale commercial application as yet. 
Introductory articles on this art are: 

(299) W. C. Dunlap, "Germanium, important new semiconductor," 
Gen. Elec., Rev., pp. 9-17; February, 1949. 

(300) S. J. Angello, "Semiconductor rectifiers," Elec. Eng., pp. 865-
872; October, 1949. 

(301) J. A. Becker, "Photoeffects in semiconductors," Elec. Eng., 
pp. 937-942; November, 1949. 

(302) K. Lark-Horovitz, "Conductivity in semiconductors," Eke. 
Eng., pp. 1047-1056; December, 1949. 

(303) J. Bardeen and W. H. Brattain, "Physical principles involved 
in transistor action," Phys. Rev., vol. 75, pp. 1208-1225; April 
15,1949. 

Physical Theory and Experiment. Important new ma-
terial on the properties, metallurgy, and processing of 
germanium and silicon was disclosed. Heat treatment, 
addition of chemical impurities, and nuclear bombard-
ment methods were described for altering the type and 
degree of conductivity of these important semiconduc-

tors. 
(304) W. E. Johnson and K. Lark-Horovitz, "Neutron irradiated 

semiconductors," Phys. Rev., vol. 76, p. 442; August 1,1949. 
(305) J. Bardeen and W. Brattain, "Conductivity of germanium," 

Phys. Rev., vol. 75, p. 1216; April 15,1949. 
(306) J. Bardeen and G. L. Pearson, "Electrical properties of pure 

silicon and silicon alloys," Phys. Rev., vol. 75, pp. 865-883; 
March 1,1949. 

(307) M. Becker and H. Y. Fan, "Photovoltaic effect of p-n barriers 
produced in germanium by alpha and deuteron bombard-
ment," Phys. Rev., vol. 75, p. 1631; May 15,1949. 

(308) J. H. Scaff, H. C. Theuerer, and E. E. Schumacker, "P-type 
and n-type silicon," Jour. of Metals., vol. 185, pp. 383-388; 
June, 1949. 

(309) G. L. Pearson, J. D. Struthers, and H. C. Theuerer, "Correla-
tion of Geiger counter and Hall effect measurements in alloys 
containing germanium and radioactive antimony 124," Phys. 
Rev., vol. 75, p. 344; January 15,1949. 

Extensive work on high-back-voltage rectifiers dis-
closed many of the important techniques and properties 
of germanium rectifiers. 

(310) S. Benzer, "High inverse voltage germanium rectifiers," Jour. 
App!. Phys., vol. 20, pp. 804-805; August, 1949. 

Experiments on amplification produced by hole-flow 
directly through n-type material were demonstrated by 
means of a transistor having emitter and collector points 
on opposite sides of a thin wedge of germanium. 

(311) J. N. Shive, "Double surface transistors," Phys. Rev., vol. 75, 
pp. 689-690; February 15,1949. 

(312) J. R. Haynes and W. Shockley, "Investigation of hole injection 
in transistor action," Phys. Rev., vol. 75, p. 691; February, 
1949. 

Experimental work on the external photoelectric ef-
fect of germanium and other semiconductors seems to 
confirm the picture presented for transistor action by 
measuring hole-electron distributions, contact poten-
tials, and surface-states densities for germanium. 

(313) L. Apker, E. Loft, and J. Dickey, "Photoelectric emission and 
contact potentials of semiconductors," Phys. Rev., vol. 74, pp. 
1462-1474; November. 15,1948. 

Other experiments on the behavior of holes in n-type 
germanium showed how their numbers, velocities, and 
lifetimes may be measured and used to modulate the 
conductivity of a germanium filament. A companion 
paper explored a number of processes encountered in 
previous experimental studies and brought out the na-
ture of an advancing wave front of holes. 

(314) W. Shockley, G. L. Pearson, and J. R. Haynes, "Hole injection 
in germanium,—quantitative studies and filamentary tran-
sistors," Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949. 

(315) C. Herring, "Theory of transient phenomena in the transport 
of holes in an excess semiconductor," Bell Sys. Tech. Jour., vol. 
28, pp. 401-427; July, 1949. 

Theoretical studies of metal-semiconductor rectifier 
impedances at high frequencies were presented for the 
case where current is carried by one type of carrier only. 
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A companion paper presented the theory of p-n rectify-
ing barriers in a mechanically continuous piece of semi-
conductor where both types of carriers must be consid-
ered. Based on this theory, a p-n-p transistor employing 
no point contacts was proposed and its theory devel-
oped. 
(316) J. Bardeen, "On the theory of the ac impedance of a contact 

rectifier," Bell Sys.' Tech. Jour., vol. 28, pp. 428-434; July, 
1949. 

(317) W. Shockley, 'The theory of p-n junctions in semiconductors 
and p-n junction transistors," Bell Sys. Tech. Jour., vol. 78, 
pp. 435-489; July, 1949. 

Circuit Properties of Transistors and Applications. A 
number of papers were published that disclosed the cir-
cuit characteristics for the point-contact transistor in 
the form of static characteristics and equivalent circuits 
based on the small-signal open-circuit impedances. 
Design formulas were given for gain, driving point 

impedances, stability margins, and noise figure for the 
grounded-base, grounded-emitter, and grounded-col-
lector single-stage and iterated amplifiers. Data were 
presented on the large-signal properties of point-contact 
transistors indicating that class-A efficiencies of 20 to 
35 per cent, comparable to electron-tube triodes, may 
be obtained. Output powers up to 200 milliwatts with 
less than 10 per cent distortion were reported. 
The variation of gain with frequency and direct-cur-

rent operating biases indicated operating power gains 
of about 17 decibels per stage, to frequencies of the order 
of 10 megacycles. 
The dependence of noise figure on direct-current 

operating biases and frequency showed that at normal 
operating biases the noise figure is about 60 db at 1,000 
cps, falls off inversely with the frequency and decreases 
with decreasing collector voltage. 
Circuits were presented for several types of oscil-

lators and negative-resistance trigger devices. 
(318) J. A. Becker and J. N. Shive, 'Transistor—A new semicon-

ductor amplifier," Elec. Eng., vol. 68, pp. 215-221; March, 
1949. 

(319) R. M. Ryder, "Type A transistor," Bell Lab. Rec., vol. 27, pp. 
89-93; March, 1949. 

(320) W. M. Webster, E. Eberhard, and L. E. Barton, 'Some novel 
circuits for the three-terminal semiconductor amplifier," RCA 
Rev., vol. 10, pp. 5-16; March, 1949. 

(321) R. M. Ryder and R. J. Kircher, "Some circuit aspects of tran-
sistors," Bell. Sys. Tech. Jour., vol. 28, pp. 367-400; July. 1949. 

(322) F. W. Lehans, "Transistor oscillator for telemetering," Ekc-
tronics, vol. 22, pp. 90-91; August, 1949. 

(323) H. J. Reich, "Transistor trigger circuits," Rev. Sci. Instr. vol. 
20, p. 586; August, 1949. 

A transistor test set was described for measuring the 
small-signal open-circuit impedances of transistors at 
5,000 cps as a function of the direct-current operating 
biases. 
(324) K. Lehovec, "Testing transistors," Ekctroncis, vol. 22, pp. 88-

89; June, 1949. 

New Semiconductor Devices. A "coaxial transistor" 
was announced in which the emitter and collector are 
on opposite sides of a thin doubly-concave disk of ger-
manium, clearly demonstrating the transmission of holes 
through the body of the semiconductor. 
A germanium photodiode bearing a strong physical 

resemblance to the coaxial transistor was described. In 

this device the emitter point is replaced by a beam of 
light such that the back impedance of the collector-point 
rectifier may be modulated by the light beam. This pho-
todiode is reported to have "effective quantum efficien-
cies" of the order of two to four and a spectral response 
peaking at 1.5 microns, decreasing beyond 1.6 microns 
and finally cutting off at about 1.9 microns. These high 
effective quantum yields are believed to be due to the 
same current multiplication process at the collector bar-
rier as is assumed to be operating in the transistor. Alter-
nating-current output powers were reported of the or-
der of one-half milliwatt per millilumen, with response 
flat up to at least 200 kilocycles. 
Single-surface point-contact transistors using p-type 

germanium were reported. These triodes, in contrast to 
the first reported n-type, operate with collector positive 
and emitter negative with respect to the base. It is be-
lieved in this case that electrons are the anomalous 
charge carriers being injected at the emitter and being 
collected at the collector. Reported gains, noise figures, 
and power output are essentially the same as for n-type 
transistors. The frequency response is reported to be 
about 50 per cent higher on the average. It is pointed 
out that this behavior is consistent with an electron-to-
hole mobility ratio of about three halves. 
(325) W. E. Kock and R. L. Wallace, Jr., "Coaxial transistors," 

Eke. Eng., vol. 68, pp. 222-223; March, 1949. 
(326) J. N. Shive, "New germanium photo-resistance cell," Phys. 

• Rev., vol. 76, p. 575; August 15,1949. 
(327) W. G. Pfann and J. H. Scaff, "P-type germanium transistors." 

Phys. Rev., vol. 76, p. 459; August, 1949. 
(328) R. M. Ryder and R. J. Kircher, "Some circuit aspects of tran-

sistors," Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949. 

A germanium tetrode mixer was announced having 
two emitters and one collector arranged in a triangle. 
spaced about 0.002 inch apart on a flat wafer of ger-
manium. The signal voltage is applied to one emitter. 
the local oscillator voltage is applied to the other emit-
ter, and the intermediate frequenc). is taken from the 
collector by means of a suitable resonant circuit. Con-
version voltage gains of 2.5 and a corresponding conver-
sion transconductance of 430 micromhos up to a signal 
frequency of 150 megacycles were reported. 
Conversion power gains of one decibel are reported 

in some cases. Interaction between signal and local os-
cillator sources are much lower than that attainable in 
diode or triode mixers. Input signal frequencies up to 
200 megacycles were described whereas the maximum 
intermediate frequency at wlelich it may be used seems 
to agree with the maximum amplifier frequency of ger-
manium triodes. 

(329) R. W. Haegele "Crystal-tetrode mixer," Electronics, vol. 22, 
pp. 80-81; October, 1949. 

The transistron, the French equivalent of the transis-
tor, was developed by the Service des Telecommunica-
tions. It was claimed that secrecy regulations have pre-
vented prior publication. It consists of a ceramic tube 
with metal ends through which the emitter and collector 
supports pass. A metal appendix in the middle of the 
ceramic tube supports the germanium crystal and pro-
vides the base contact. It is claimed that the transistron 
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is more stable and less subject to aging than the Ameri-
can transistor and this is attributed principally to the 
composition of the germanium. A four-transistron tele-
phone repeater is pictured having a gain of 45 db for a 
pass band from 40 to 10,000 cps, which indicates some-
what lower gain per stage than for the average transis-
tor. This may contribute to its greater stability. Other 
applications included a miniature 2-transistron amplifier 
with passive components printed on plexiglass, a similar 
amplifier inserted in a 4-wire telephone line, a 6-transis-
tron radio receiver, and a miniature transmitter for 300-
meter wavelengths. 

(330) E. Aisberg, "Transistron = Transistor±?" Toute la Radio, vol. 
16, pp. 218-220; July and August, 1949. 

A transistor using a thin filament of germanium 
(about 0.01 X0.01 cm in cross section) having an ohmic 
base contact at one end, an ohmic collector at the other 
end, and a point contact emitter on the filament very 
close to the emitter was described. For n-type material, 
these electrodes are biased in a manner similar to that 
for the 2-point contact transistor. It was pointed out 
that the gain of this device results from the modulation 
of the high body resistance of the filament between the 
emitter and collector in contrast to the situation in the 
2-point contact transistor where it is the high reverse 
impedance of the collector barrier that is modulated by 
hole injection from the emitter. Power gains of 15 deci-
bels up to frequencies of the order of a megacycle were 
reported and noise measurements were made indicating 
an improvement of 10 to 15 decibels over the average 2-
point contact transistor. 

(331) W. Shockley, G. L. Pearson, and J. R. Haynes, "Hole injection 
in germanium--quantitive studies and filamentary transis-
tors," Bell Sys. Tech. Jour., vol. 28, pp. 344-366; July, 1949. 

(332) W. Shockley, G. L. Pearson, M. Sparks, and W. H. Brattain, 
"Modulation of the resistance of a germanium filament by hole 
injection," Phys. Rev., vol. 76, p. 459; August, 1949. 

Electronic Computers 
Digital Computers 

Four large-scale digital computers were completed 
and put into operation during 1949. These represent a 
substantial addition to the previously completed ma-
chines. 
The Mark III Calculator was completed at Harvard 

and the event was celebrated by an excellent four-day 
symposium in September on large-scale digital calculat-
ing machinery and its application. This calculator stores 
on magnetic drums, 200 numbers and 150 constants with 
an access time of 4.3 milliseconds and 4,000 numbers 
with longer access. Sixteen-digit decimal numbers are 
used in a serial, quasi-fixed-point, arithmetic unit which 
multiplies in 12.9 milliseconds. Another drum contains 
4,000 3-address instructions. Input and output are on 
magnetic tape. 
The Bell Computer—Model VI is a general purpose 

digital relay computer with an electronically or tape 
controlled program. The electronic program arrange-
ment has access to combinations of several hundred 

semipermanent built-in standard formulas. The solu-
tion of any standard problem requires that the problem 
tape simply furnish the formula number and the input 
data of the problem. Nonstandard problems are pro-
grammed by individually coded instructions on the 

problem tape. 
International Business Machines Corporation deliv-

ered card-programmed calculators which combine an ac-
counting machine with an electronic calculating punch. 
Instructions and data are introduced on punched cards 
to make possible iterations and optional subroutines for 
involved engineering, scientific and actuarial calcula-
tions. Results appear on printed forms or punched cards. 
The BINAC, completed by the Eckert-Mauchly 

Computer Corporation, has twin memory, arithmetic 
control, and checking circuits operating in complete syn-
chronism. Each memory stores 512 30-binary-digit words 
in a 16-channel delay line. Multiplication time is about 
one millisecond. An octonary keyboard, octonary printer, 
and magnetic tape input and output are provided. 

(333) "Mark III," Digital Computer Newsletter," vol. 1, p. 4; April, 
1949. 

(334) E. G. Andrews, "The Bell computer, Model VI," Elec. Eng., 
vol. 68, pp. 751-756; September, 1949. 

(335) "IBM card-programmed electronic calculator," Digital Com-
puter Newsletter,* vol. I, p. 3; September, 1949. 

(336) 'Card-Programmed Electronic Calculator, Preliminary Man-
ual of Information," International Business Machines Corp., 
New York, N. Y., 1949; p. 37. 

(337) J. P. Eckert, Jr., J. W. Mauchly, and J. R. Weiner, "An octal 
system automatic computer," Elec. Eng., vol. 68, p. 335; 
April, 1949. 

(338) "The BINAC," Digital Computer Newsletter,* vol. I, p. 2; April, 
1949. 

(339) "The BINAC," Digital Computer Newsletter," vol. 1, p. 4; 
September, No. 

The completion of these instruments probably means 
that 1949 will mark the end of the first phase of postwar 
computer development in which there has been much 
discussion of the remarkable accomplishments which are 
anticipated and few reports on actual achievements. 
However, the completed machines are still outnumbered 

by the projected ones. 
Other major development projects now being carried 

out are listed in references (340) to (354). 

(340) "Institute for Advanced Study Computer," Digital Computer 
Newsletter," vol. 1, p. 2; April, 1949. 

(341) "Institute for Advanced Study Computer," Digital Computer 
Newsletter," vol. 1, p. 2; September, 1949. 

(342) "Whirlwind I," Digital Computer Newsletter,* vol. 1, p. 4; 
April, 1949. 

(343) "Whirlwind I," Digital Computer Newsletter," vol. 1, p. 3; 
September, 1949. 

(344) "ORDVAC," Digital Computer Newsletter," vol. I, p. 2; April, 
1949. 

(345) "Institute for Numerical Analysis computer," Digital Com-
puter Newsletter,* vol. 1, p. 3; April, 1949. 

(346) 'Institute for Numerical Analysis computer," Digital Com-
puter Newsletter,* vol. 1, p. 1; September, 1949. 

(347) R. M. Bloch, R. V. D. Campbell, and M. Ellis, "The logical 
design of the Raytheon computer," and "General design con-
siderations for the Raytheon computer," Math. Tables and 
Other Aids to Computation, vol. 3, pp. 286-295,317-332; Oc-
tober, 1948. 

(348) C. F. West and J. E. DeTurk, "A digital computer for scien-
tific application," PROC. I.R.E., vol. 36, pp. 1452-1460; De-
cember, 1948. Also, minor correction, vol. 37, p. 861; August, 
1949. 

(349) "Raytheon computer," Digital Computer Newsletter,* vol. 1, 
p. 3; April, 1949. 

• Office of Naval Research, Code 434. 
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(350) R. L. Snyder, "EDVAC test instrumentation," Elec. Eng., vol. 
68, p. 335; April, 1949. 

(351) F. Koons and S. Lubkin, 'Conversion of numbers from deci-
mal to binary form in the EDVAC," Math. Tables and Other 
Aids to Computation, vol. 3, pp. 427-431; April, 1949. 

(352) "EDVAC," Digital Computer Newsletter,' vol. I, P. 1; April, 
1949. 

(353) "EDVAC," Digital Computer Newsletter,* vol. 1, p. 2; Septem-
ber, 1949. 

(354) "CALDIC," Digital Computer Newsletter," vol. 1, p. 3; Sep-
tember, 1949. 

There is also considerable activity in other countries. 

(355) D. R. Hartree, "Modern calculating machines," Endeavour, 
vol. 8, pp. 65-69; April, 1949. 

(356) F. C. Williams and T. Kilburn, "Electronic digital computers," 
Nature (London), p. 487; September 25,1948. 

(357) M. V. Wilkes, "Programme design for a high-speed automatic 
calculating machine," Jour. Sci. Instr., vol. 26, pp. 217-220; 
June, 1949. 

(358) D. R. Hartree, M. H. A. Newman, M. V. Wilkes, F. C. Wil-
liams, J. H. Wilkinson, and A. D. Booth, "A discussion on com-
puting machines," Proc. Roy. Soc. A., vol. 195, pp. 265-287; 
December 22,1948. 

Many general surveys have been made and other de-
scriptive material written. 

(359) W. H. Bliss, "Electronic digital counters," Elec. Eng., vol. 68, 
pp. 309-314; April, 1949. 

(360) W. J. Eckert, "Electrons and computation," Sci. Mon., vol. 
67, pp. 315-323; November, 1948. 

(361) R. Davis and A. Berry, "Electromechanical and electronic cal-
culating devices," Trans. S. Air. Inst. Elec. Eng., vol. 40, 
part 3, pp. 55-73; March, 1949. 

(362) L. N. Ridenour, "Mechanical brains," Fortune, vol. 39, pp. 
109-118; May, 1949. 

(363) "ENIAC," Digital Computer Newsletter,* vol. 1, p. 1; April, 
1949. 

(364) D. R. Hartree, "Calculating Instruments and Machines," Uni-
versity of Illinois Press, Urbana, III., pp. 138; 1949. 

(365) R. D. Richtmyer and N. C. Metropolis, "Modern computing," 
Physics Today, vol. 2, pp. 8-15; October, 1949. 

The relation between digital calculators and the brain 
has been the subject of considerable discussion. 

(366) W. S. McCulloch, "The brain as a computing machine," Elec. 
Eng., vol. 68, pp. 492-497; June, 1949. 

(367) W. R. Ashby, "Design for a brain," Electronic Eng. (London), 
vol. 20, pp. 379-383; December, 1948. 

(368) N. Wiener, "Cybernetics or Control and Communication in the 
Animal and Machine," John Wiley and Sons, Inc., New York, 
N. Y.; 1948. 

The most difficult problem in the construction of a 
large-scale digital computers continues to be the ques-
tion of how to build a memory, and the few papers writ-
ten do not reflect the greatness of the effort which is 
being exerted. 

(369) J. P. Eckert, Jr., H. Lukoff, and G. Smoliar, "A dynamically 
regenerated memory tube," PROC. I.R.E., vol. 37, p. 165; Feb-
ruary, 1949. Abstract of oral paper. 

(370) L. Pensak, "The graphecon—a picture storage tube," RCA 
Rev., vol. 10, pp. 59-73; March, 1949. 

(371) A. V. Haeff, "The memory tube and its application to elec-
tronic computation," Math. Tables and Other Aids to Compu-
tation, vol. 3, pp. 281-286; October, 1948. 

(372) F. C. Williams and I. Kilburn, "A storage system for use with 
binary-digital machines," Proc. IEE (London), vol. 96, part 3, 
pp. 183-200; March, 1949. 

(373) M. V. Wilkes and W. Renwick, "An ultrasonic memory for the 
EDSAC," Electronic Eng. (London), vol. 20, pp. 208-213; 
July, 1948. 

(374) A. D. Booth, "A magnetic digital storage system," Electronic 
Eng. (London), vol. 21, pp. 234-238; July, 1949. 

(375) F. A. Metz, Jr. and W. M. A. Andersen, "Improved ultrasonic 
delay lines,' Electronics, vol. 22, pp. 96-100; July, 1949. 

(376) H. Alfven, L. Lindberg, K. G. TvIalmfors, T. Wallmark, and 
E. Astrtim, 'Theory and application of trochotrons," Kungl. 
Tekn. Hogsk., Handl. (Stockholm), No. 22, pp. 106; 1948 (In 
English). 

• Office of Naval Research, Code 434. 

(377) I. L. Auerbach, J. P. Eckert, Jr., R. F. Shaw, and C. B. Shep-
pard, "Mercury delay line using a pulse rate of several mega-
cycles," PROC. I.R.E., vol. 37, pp. 855-861; August, 1949. 

The development of circuits, usually of an electronic 
nature, continued at a great pace. A few papers have 
appeared describing some of this work. 

(378) K. H. Barney, "The binary quantizer," Elec. Eng., vol. 68, pp. 
962-967; November, 1949. 

(379) R. D. O'Neal and A. W. Tyler, "Progress Report No. 1, photo-
graphic digital recorder," Math. Tables and Other Aids to Com-
putation, vol. 3, pp. 444-445; April, 1949. Review of a Progress 
Report of Eastman Kodak Co., dated June 7,1948. 

(380) F. R. Martens, "Differential counting with reversible decade 
counting circuits," Rev. Sci. Instr., vol. 20, pp. 424-425; June, 
1949. 

(381) H. J. Reich, and R. L. Ungvary, "A transistor trigger circuit," 
Rev. Sci. Instr., vol. 20; pp. 586-588; August, 1949. 

(382) D. R. Brown and N. Rochester, "Rectifier networks for multi-
position switching," PROC. I.R.E., vol. 37, pp. 139-147; Feb-
ruary, 1949. 

(383) B. R. Gossick, "Predetermined electronic counter," PROC. 
I.R.E., vol. 37, p. 813; July, 1949. 

(384) S. H. Washburn, "Relay 'trees' and symmetric circuits," 
Elec. Eng., vol. 68, p. 958; November, 1949. 

(385) A. E. Ritchie, "Sequential aspects of relay circuits," Elec. Eng., 
vol. 68, p. 974; November, 1949. 

(386) G. R. F'rost, "Counting with relays," Elec. Eng., vol. 68, p. 
975; November, 1949. 

(387) W. Keister, "Logic of relay circuits," Elec. Eng., vol. 68, p. 
980; November, 1949. 

(388) "University of Illinois component research," Digital Computer 
Newsletter," vol. 1, p. 4; September, 1949. 

(389) E. C. Berkeley, "Giant Brains," John Wiley & Sons, Inc., 
New York, N. Y.; 1949. 

Analogue Computers 

Rapid progress has been made in analogue computers, 
(distinguished from digital computers in that the varia-
bles are represented as analogous voltages, shaft rota-
tions, etc., rather than by discrete digits). The mathe-
matical operations are performed through analogous 
physical relations such as addition of voltages in an elec-
tric circuit by a series connection or integration as with 
a planimeter. Because of the continuous character of the 
analogue, such computers are also referred to as the 
continuous-variable type. 
Alternating-current networks calC'ulators for power 

system problems have undergone important improve-
ments in equipment and techniques and a number of 
new calculators are under construction. 
The Anacom (at Westinghouse)., the Northwestern 

University computer (Bureau of Aeronautics, Arma-
ment Division), and the California Institute of Tech-
nology analog computer are large-scale general purpose 
electric computers of the direct-analogue type. The 
Westinghouse and California Institute of Technology 
units were jointly developed, the former being used 
principally for solving transient problems involved in 
the electrical ard mechanical design of machinery and 
power systems. The California Institute of Technology 
unit is used for a wide variety of problems, includirg 
many aircraft structural and servo problems. The 
Northwestern computer is composed of the basic-cir-
cuit-elements section of the Anacom, together with 
special electronic sections developed by the Aerial 
Measurements Laboratory at Northwestern University. 
It has been used chiefly on armament problems. 
(390) W. A. Morgan, F. S. Rothe, and J. J. Winsness, "An improved 

ac network analyzer," paper 49-164, presented, A I EE Summer 
General Meeting, Swampscott, Mass., June 20-24,1949. 
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(391) P. 0. Bobo, "Technique of handling power system problems 
on a modern ac calculator," presented, AIEE Winter General 
Meeting, New York, N. Y., January 31, 1950. 

(392) E. L. Harder and J. T. Carleton, "New techniques on the Ana-
corn" paper 50-85, presented, AIEE Winter General Meeting, 
New York, N. Y., January 31, 1950. 

(393) J. P. Corbett, "Summary of transformation useful in con-
structing analogs of linear vibration problems," AIEE paper 
49-166, presented, AIEE Summer General Meeting, Swamp-
scott, Mass., June 20-24, 1949. 

(394) G. D. McCann, C. H. Wilts, and B. N. Locanthi, "Electronic 
techniques applied to analogue methods of computation," 
PROC. I.R.E., vol. 37. p. 954; August, 1949. 

(395) G. D. McCann, C. H. Wilts, and B. N. Locanthi, "Applica-
tion of the Cal Tech electric analog computer to nonlinear 
mechanics and servomechanisms," Paper 49-165, presented, 
AIEE Summer General Meeting, Swampscott, Mass., June 
20-24, 1949. 

Differential Analyzer. The earliest of the differential 
analyzers have been in service for a considerable num-
ber of years. The latest machine at Massachusetts Insti-
tute of Technology is electrically connected and oper-
ated through servos and a cross-bar switching system. 
Setups and much of the problem data are fed in through 
punched tapes. The usefulness of differential analyzers 
has been extended recently by the Michel techniques. 
Meteor (Massachusetts Institute of Technology) is a 

large-scale, combined electric-analogue computer and 
flight simulator. In flight simulation a flight table is 
positioned at normal speed, the computer solving the 
aerodynamic equation of flight, i.e., simulating the ac-
tion of the plane. An auto pilot can thus be tested on the 
flight table just as though it were in the plane under the 

specified flight conditions. 
In straight computing, the time base is arbitrary and 

the computer functions as an electronic differential ana-
lyzer. Integrating amplifiers provide integration with 
respect to time. Multipliers are of the carrier-strain-

gauge type. 
Development has also continued on electronic-dif-

ferential-analyzer-type computers by Reeves, Phi!brick, 
Goodyear, and others. Over thirty of the Reeves com-
puters are now in use, principally by the Air Force and 
its contractors. 
(396) A. C. Cook and F. J. Maginniss, "More differential analyzer 

application," Gen. Elec. Rev., August, 1949. 
(397) G. L. Michel, "Extensions in differential analyzer technique," 

Jour. Sci. Instr., p. 357; 1948. 
(398) V. Paschkis, "Comparison of long time and short time analog 

computers," Paper 49-13, presented, AIEE Summer General 
Meeting, Swampscott, Mass., June 20-24, 1949. 

(399) A. C. Hall, "A generalized analog computer for flight simula-
tion," paper 50-48, presented, AIEE Winter General Meeting, 
New York, N. Y., January 31, 1950. 

(400) H. S. Kirschbaum and C. E. Warren, "A method for designing 
pulse transformers," paper 49-198, presented, AIEE Summer 
General Meeting, Swampscott, Mass., June 20-24, 1949. 

Facsimile 
An analysis of facsimile as viewed by the armed serv-

ices was presented. Facsimile applications to commercial 
telegraph systems have been expanded. A new recording 
medium utilizing selenium coatings for fine-grain repro-
duction has been described. 
(401) "Fascimile and its place in telegraphy," Western Union Tech. 

Rev., vol. 3, pp. 1-5; January, 1949. 
(402) "The xerographic process," Western Union Tech. Rev., vol. 3, 

pp. 43-44; January, 1949. 
(403) H. F. Burkhard, "Considerations on facsimile transmission 

speed," AIEE Technical Paper 49-108; December, 1948. 

There was developed by the Philips Research Labo-
ratories in Holland, a very high-speed facsimile com-
munication system employing a continuous belt scan-
ning unit for transmission and a continuous photo-
graphic method for reception, described in five articles: 

(404) "Experimental transmitting and receiving equipment for high-
speed facsimile transmission," 
(a) H. Rinia, D. Kleis, and M. van Tol, "General," Philips 

Tech. Rev., vol. 10, pp. 189-220; January, 1949. 
(b) D. Kleis, F. C. W. Sloof, and J. M. Unk, "Details of the 

transmitter," Philips Tech. Rev., vol. 10, pp. 257-264; 
March, 1949. 

(c) F. C. W. Sloof, M. van Tol, and J. M. Unk, "Details of the 
receiver," Philips Tech. Rev., vol. 10, pp. 265-272; March, 
1949. 

(d) D. Kleis and M. van Tol, "Transmission of the signals," 
Philips Tech. Rev., vol. 10, pp. 289-298; April, 1949. 

(e) D. Kleis and M. van Tol, "Synchronization of transmitter 
and receiver," Philips Tech. Rev., vol. 10, pp. 325-333; 
May, 1949. 

Applications of FM broadcast facsimile equipment in 
educational fields, particularly journalism, increased 
throughout the year. 
(405) D. Z. Shefrin, "Talking newspaper," The Quill, vol. 37, p. 

8010; March, 1949. 

Descriptive material for broadcast engineers appeared 
as a brief treatment of systems operation. 
(406) "Facsimile," Engineering Handbook, National Association of 

Broadcasters, fourth edition, section 2, article 6; 1949. 

A book related the experiences of two newspapermen 
in installing and operating a multi-edition broadcast 
facsimile publication in Florida over a three-year period. 
(407) Lee Hills and T. J. Sullivan, "Facsimile," McGraw-Hill Book 

Co., New York, N. Y.; 1949. 

Another book, contained data on circuit analysis and 
equipment as designed and fabricated in the United 

States. 
(408) C. R. Jones, "Facsimile," Murray Hill Books, Inc., New 

York, N. Y.; 1949. 

The further interest of government agencies in weather 
map distribution by facsimile was followed by contin-
ued development and production of improved equip-

ments. 
(409) "New facsimile recorder," Tel. and Tel. Age, vol. 67, pp. 10, 12; 

January, 1949. 

One development of significance was the introduction 
of a high-speed system for the transmission of graphic 

material. 
(410) "Ultrafax," Electronics, vol. 22, pp. 77-79; January, 1949. 
(411) D. S. Bond and V. J. Duke, "Ultrafax," RCA Rev., vol. 10, pp. 

99-115; March, 1949. 

Industrial Electronics 
The applications of electronics to the solution of in-

dustrial problems have grown at an accelerated rate in 
1949. A conference held in April in Buffalo, N. V., fo-
cused attention on problems of greater reliability. Pa-
pers were presented on the application of electron tubes 
to motor control, electronic regulators, ac power con-
trol, life tests of vacuum tubes and maintenance prob-
lems of tubes in industry, and regulation of supply volt-
age needs. The inadequacies of tube ratings, needed im-
provements in tube characteristics and ratings and use 
of capacitors in electronic circuits, etc., were also dis-
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cussed. The transactions of this conference are available 
in limited quantities. 
(412) Digests of papers presented at Conference on Electron Tubes in 

Industry, Elec. Eng., vol. 68, pp. 525-530; June, 1949. 

Modulation Systems 
In the field of abstract communications theory, the 

application of the geometry of n-dimensional space led 
to expressions for the capacity of a system for transmit-
ting information in terms of upper and lower bounds 
which may be converted to an equality when the system 
is adequately specified. Similar results were obtained 
for the rate of generating information by a message 
source. In general these results are included in the state-
ments that: 

P  Ni P  N 
W loge   C W loge   

W log2 W loge —(2 
N2  N2 

where 
W= the bandwidth of the system or the source 
P= the average power handling capacity of the sys-

tem 
= the average power of a white thermal noise 
source having the same entropy as the actual 
noise on the system 

N= the average noise power on the system 
the capacity of the system for transmitting infor-
mation 
= the average entropy power of the message source 

Q= its average power • 
N2= the mean-square permissible error in transmit-

ting the message and 
R= the rate of generating information by the source. 
It is always possible to encode the message so that 

transmission is possible with errors reduced to any de-
sirable value if R C, but it is not possible to do so if 
R> C. 
(413) C. E. Shannon, "Communication in the presence of noise," 

PROC. I.R.E., vol. 37, pp. 10-21; January, 1949. 

By a similar approach, it was shown that under as-
sumptions which amount to peak limited noise the per-
formance of a coded type system is expressed by: 

S 
log2 (1 — 

N  B 
=  -  

—C) logs (1 +  
N 

while for a system not involving coding 

N) B 
(1 + — 

C 
(1 + --

) fc 

N 

where in both cases S/N is the received signal-to-noise 
ratio, C/N is the system carrier-to-noise ratio, B is the 
system bandwidth and f. is the message bandwidth. 
The transmission efficiencies (the rate of transmitting 

information over a given system compared to the rate 

at which it could have been transmitted by a single 
sideband system over the same medium) for several 
commonly used modulation systems were calculated. 

(414) W. G. Tuller, "Theoretical limitations on the rate of transmis-
sion of information," PROC. I.R.E., vol. 37, pp. 468-478; 
May, 1949. 

(415) A. G. Clavier, "Evaluation of transmission efficiency according 
to Hartley's expression of information content," Elec. Com-
mun., vol. 25, pp. 414-420; December, 1948. 

An analysis of the significance of signal bandwidth 
and frequency occupancy in relation to other transmis-
sion factors such as power, noise, interference, and over-
all performance was carried out for eight types of multi-
plex systems under assumed operating conditions. The 
eight systems are the possible combinations of PAM, 
PPM, PCM, or F M primary multiplex with either 
AM or FM the final carrier. The results were summa-
rized in a set of charts and tables. 
(416) \V. R. Bennett and C. B. Feldman, "Bandwidth transmission 

performance," Bell. Sys. Tech. Jour., vol. 28, pp. 490-595; 
July, 1949. 

In the field of pulse modulation several papers were 
written describing the principles of the method from 
various elementary points of view. 

(417) P. Breant, "Time and amplitude pulse modulation," Ann. 
Telecommun., vol. 3. pp. 309-316; October, 1948. 

(418) E. M. Deloraine, "Pulse modulation," PROC. I.R.E., vol. 37, 
pp. 702-705; June, 1949. 

(419) J. R. Hyneman, "Puke modulation systems," Western Union 
Tech. Rel.leu., vol. 3, pp. 69-76; April, 1949. 

(420). R. B. Long. "Application of pulse modulation to multiplex 
communication systems," Proc. IRE (Australia), vol. 10, pp. 
10-17; January, 1949. 

(421) H. Rindfleisch. "On the stage of development of pulse code 
modulation," Fernmeldtech. Z., vol. 2, pp. 25-26; January, 
1949. 

Two new pulse modulation systems were described. 
One modulates both the amplitude of the-pulses and the 
carrier frequency, thereby producing 2N channels with 
a synchronizing and gating system which is required to 
produce only N gates. The second .keduced the band-
width of the transmitting medium to the minimum value 
required to transmit the information, and then equal-
ized the system at the receiver by a transversal type 
equalizer so as to eliminate intersymbol interference. 
The adjustment of this equalizer seems to be quite sim-
ple. 

(422) H. Goldberg and C. C. Bath, "Multiplex employing pulse-
time and pulsed-frequency modulation, PROC. I.R.E., vol. 37, 
pp. 22-28; January, 1949. 

(423) V. P. Boothroyd and E. M. Creamer, Jr., "Time division mul-
tiplexing system," PROC. I.R.E.. vol. 68, pp. 583-588; July, 
1949. 

A statistical study of the effect of white thermal noise 
on a PCM system showed that the signal-to-noise ratio 
in the output of such a system when expressed in db is 
equal to the signal-to-noise ratio in the input expressed 
as a power ratio. 

(424) A. G. Clavier, P. F. Panter, and XV. Dite, "Signal-to-noise 
ratio improvement in a PCM system," PROC. I.R.E., vol. 37, 
pp. 355-359; April, 1949. 

Navigation Aids 
Interest continued in phase-sensitive devices based 

upon the synthetic rotation of an antenna array. Be-
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cause of the high rotational velocities desired, the effec-
tive rotation is produced electronically by suitably com-
mutating a fixed receiving array (for direction-finder 
applications), or by driving a fixed transmitting array 
with polyphase voltages (for omnirange-beacon appli-
cations). 
Synthetic-rotation has long been used in ionospheric 

polarization measurements, yielding sum-and-difference 
frequencies with amplitudes dependent upon polariza-
tion components. Applications to navigation problems 
were based on a variety of phase-meters, having essen-
tially instantaneous response, together with a 360-de-
gree uniform scale. Rotation causes the envelope of the 
received signal to be sinusoidally modulated, usually at 
30 cycles. This is compared with a reference voltage of 
similar frequency, having a fixed and known phase-rela-
tion with respect to the source of "rotation." 
(425) E. K. Sandeman, "Spiral-phase fields," Wireless Eng., vol. 26, 

pp. 96-105; March, 1949. 
(426) C. W. Earp and R. M. Godfrey, "Radio direction-finding by 

the cyclical differential measurement of phase," Elec. Com-
mun., vol. 26, pp. 52-75; March, 1949. 

(427) Gunnar Wennerberg, "VHF direction-finder for light planes," 
Electronics, vol. 22, p. 118; August, 1949. 

Interest continued in distance-measuring-equipment 
(DM E) and related subjects. Papers in this field were 
chiefly concerned with incidental refinements appearing 
in the engineering design offered by a particular sup-
plier or national research group. 
(428) V. D. Burgmann, "Distance-measuring equipment for aircraft 

navigation," (Radio Section) Proc. IEE, vol. 96, pp. 395-402; 
September, 1949. 

(429) Charles J. Hirsh, "Pulse-multiplex system for distance measur-
ing equipment," PROC. I.R.E., vol. 37, pp. 1236-1242; Novem-
ber, 1949. 

(430) L. B. Hallman, "Considerations in the design of a universal 
beacon system," PROC. I.R.E., vol. 36, pp. 1526-1529; Decem-
ber, 1948. 

The utility of the Decca system was extended and ap-
plied to hydrographic survey and oil exploration in the 
Persian Gulf. 
(431) "The Decca navigator system with Lane identification," The 

Engineer, vol. 187, pp. 101-102; January 28,1949. 
(432) "The Decca navigator system," Engineering, vol. 167, pp. 439-

442; May 13,1949. 
(433) "Decca navigator chain for oil survey," The Engineer, vol. 

187, p. 287; March 11,1949. 
(434) M. P. Giroud and M. L. Couillard, "Le Navigateur 'Decca,'" 

L'Onde Ekctrique, vol. 29, pp. 5-20; January, 1949. 

A number of papers relate to operational experience 
and plans for the improvement of navigational aids, 
including Ground Control Approach and Instrument 

Landing Systems. 
(435) "'ABAS' instrument landing system," The Engineer, vol. 187, 

p. 479; April 29,1949. 
(436) "Aircraft landing aids," The Engineer, vol. 187, p. 679; June 

24,1949. 
(437) M. A. Chaffee and R. B. Corby, "What we learned from the 

Berlin airlift," Ekaronics, vol. 22, pp. 78-83; August, 1949. 
(438) Annual Reports of the Technical Committees, Institute of 

Navigation; August 16,1949. 

The "five-year-interim-plan" and the "fifteen-year-
plan" set forth by the Radio Technical Commission for 
Aeronautics were well publicized. 
(439) P. C. Sandretto, "System of air navigation and traffic control 

recommended by the radio technical commission for aero-
nautics," Ekc. Comma's., vol. 26, pp. 17-27; March, 1949. 
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(440) "Radio Aids to Navigation (Symposium)," PROC. I.R.E., vol. 
37, pp. 169-170; February, 1949. 

(441) "The program of new aids to air navigation," PROC. I.R.E., 
vol. 37, pp. 1041-1042; September, 1949. 

Several writers have performed a useful liaison serv-
ice by describing current trends in other countries. 

(442) "Radio distance-measuring equipment for aerial navigation," 
Engineering, vol. 167, p. 187; February 25,1949. 

(443) Pierre David, "Introduction a la radionavigation," L'Onde 
Elec., vol. 29, pp. 3-4; January, 1949. 

(444) Lt. Guigonis, "La radionavigation aerienne en temps de 
guerre," L'Onde. Elec., vol. 29, pp. 21-25; January, 1949 

(445) A. Violet, "Aides radioelectriques a l'approche et a l'at-
terrissage controle du trafic aerien," L'Onde Elec., vol. 29, 
pp. 91-109; March, 1949. 

(446) H. Portier, "Les Radiophares du type 'Consol,'" L'Onde 
Elec., vol. 29, pp. 57-65; February; 1949. 

(447) P. Besson, "Le systeme 'OBOE,  L'Onde Elec., vol. 29, pp. 
351-367; October, 1949. 

Isolated topics included description of an offset-
course computer, theory of an improved cable system 
for possible use in defining a glide-slope description of 
the elaborate telephone network used in air-traffic-con-
trol, and an extensive discussion of the theory of errors, 
in its application to the evaluation of navigational data. 

(448) F. J. Gross, "The course-line computer for radio navigation of 
aircraft," PROC. I.R.E., vol. 37, pp. 830-834; July, 1949. 

(449) S. Ostridow, "Le cable d'atterrisage et ses applications mo-
dernes possibles," L'Onde Elec., vol. 29, pp. 255-267; June, 
1949. 

(450) W. 0. Arnold, "The 111A key equipment for air traffic con-
trol," Bell Lab. Rec., vol. 27, pp. 394-398; November, 1949. 

(451) P. F. Duncan, "Theory of error distribution," Wireless Eng., 
vol. 26, pp. 49-52; February, 1949. 

Nuclear Science 
General 

Radio engineers have developed an increased aware-
ness of the impact of nuclear energy on their profession. 
An Institute Professional Group on Nuclear Science was 
established in addition to the already active Nuclear 
Studies Committee. An RMA Committee on Nuclear 
Instrumentation was also formed. The IRE Professional 
Group on Nuclear Science sponsored jointly with the 
American Institute of Electrical Engineering a Confer-
ence on Electronic Instrumentation in Nucleonics and 
Medicine. The Atomic Energy Commission sponsored 
several meetings on instrumentation: at Oak Ridge, on 
scintillation counters; at Fort Monmouth, on ionization 
chambers; and at the Naval Research Laboratory, on 

Geiger Tubes. 
A series of eleven articles in Electrical Engineering 

were combined in a single publication entitled "Ele-
ments of Nucleonics for Engineers," published in 
March, 1949, by the American Institute of Electrical 
Engineering. For those seriously interested in this field, 
attention is called to a bi-weekly publication entitled 
"Nuclear Science Abstracts" published by Atomic En-
ergy Commission Document Sales Agency, P. 0. Box 
62, Oak Ridge, Tenn. A number of general survey ar-
ticles appear below. 
(452) W. E. Shoupp, "Electronics in nuclear physics," PROC. 

I.R.E., vol. 36, pp. 1518-1526; December, 1948. 
(453) K. Z. Morgan, "Instrumentation in the field of health physics," 

PROC. I.R.E., vol. 37, pp. 74-82; January, 1949. 
(454) J. A. Victoreen, "Ionization chambers," PROC. I.R.E., vol. 37, 

pp. 189-199; February, 1949. 
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(455) J. A. Victoreen, "Electrometer tubes for the measurement of 
small currents," PROC. I.R.E., vol. 37, pp. 332-441; April, 
1949. 

(456) R. A. Nlillikan, "Atomic energy—its release, utilization, and 
control," PROC. I.R.E., vol. 37, pp. 545-547; May, 1949. 

(457) L. F. Curtis, "Radioactive standards and methods of testing 
instruments used in the measurement of radioactivity," PRoc. 
I.R.E., vol. 37, pp. 913-922; August, 1949. 

(458) T. W. Dietze and T. M. Dickinson, "Electronics applied to the 
betatron," PROC. I.R.E., vol. 37, pp. 1171-1178; October, 
1949. 

(459) A. P. Schreiber, "Radioisotopes for industry," Electronics, vol. 
22, pp, 90-95; January, 1949. 

(460) G. W. Morgan, "Surveying and monitoring of radiation from 
radioisotopes," Nucleonics, vol. 4, pp. 24-37; March, 1949. 

(461) "Nuclear instrument handbook," Nucleonics, vol. 4, pp. 100-
152; May, 1949. 

(462) H. H. Goldsmith, "Bibliography on radiation protection," 
Nucleonics, vol. 4, pp. 62-69; June, 1949. 

Instruments 

With 42 different manufacturers engaged in the pro-
duction of nuclear instruments and components, there 
were many new and improved instruments for radiation 
detection put on the market during this year, including 
two radioactive thickness gauges. This marks one of the 
first instances of the commercial use of radioactivity in 
process control. 

(463) J. R. Carlin, "Radioactive thickness gauge for rapidly moving 
materials," Electronics, vol. 22, pp. 110-113; October, 1949. 

(464) W. E. Glenn, Jr., "Pulse height distribution analyzer," Nuck-
onics, vol. 4, pp. 50-61; June, 1949. 

(465) W. C. Elmore, "Fast pulse amplifiers for nuclear research," 
Nucleonics, vol. 5, pp. 48-55; September, 1949. 

(466) W. F. Hornyak, T. Lauritsen, and V. K. Rasmussen, "Gamma-
ray measurements with a magnetic lens spectrometer," Phys. 
Rev., vol. 76, pp. 731-738; September 15,1949. 

(467) W. Bernstein and R. Ballentine, "Methane flow beta-propor-
tional counter," Rev. Sci. Instr., vol. 20, pp. 347-348; May, 
1949. 

(468) F. H. Martens, "Differential counting with reversible decade 
counting circuits," Rev. Sci. Instr., vol. 20, pp. 424-425; 
June, 1949. 

Microwave spectroscopy continued to be an active 
field but results for the most part were of interest to 
physicists, and, not radio engineers. One exception was 
the development of the so-called "atomic clock" which 
utilizes an absorption frequency (23,870.1 megacycles) 
of ammonia to furnish frequency stabilization. 

(469) "The atomic clock," Tech. Bull. Nat. Bur. Stand., vol. 33, pp. 
17-24; February, 1949. 

Ionization Chambers 

While ionization chambers remain a very important 
factor in measuring radiant energy, there was little pub-
lished during the past year. 

(470) C. G. Montgomery and D. D. Montgomery, "Coincident 
bursts in small ionization chambers," Phys. Rev., vol. 75, 
p. 980; March 15,1949. 

(471) N. M. Blachman, "Counting volume of a cylindrical ionization 
chamber," Rev. Sci. Instr., vol. 20, pp. 477-479; July, 1949. 

(472) B. Rossi and H. H. Staub, "Ionization Chambers and Count-
ers: Experimental Techniques," McGraw-Hill Book Co., New 
York, N. Y.; 1949. 

Geiger Tubes 

The continued wide use of Geiger tubes for measure-
ment purposes has led to numerous brief reports on 
various peculiarities in their operation. The feeling in 
some quarters that the discharge processes within the 
tubes are poorly understood received support in a paper 

by George Kelley of Oak Ridge presented at the Naval 
Research Laboratory conference and not yet published. 
Kelley reported experiments indicating that at least 20 
per cent of the current flow in the Geiger discharge is 
contributed by electrons and not ions as has heretofore 
been believed. 

(473) H. Friedman, "Geiger counter tubes," PROC. I.R.E., vol. 37, 
pp. 791-808; July, 1949. 

(474) H. den Hartog, "Speed of operation of Geiger-Muller 
counters," Nucleonics, vol. 5, pp. 33-47; September, 1949. 

(475) H. R. Crane, "Discharge of a Geiger counter at voltages above 
the plateau," Phys. Rev., vol. 75, p. 985; March 15,1949. 

(476) 0. M. Parkash, "On temperature dependence of counter char-
acteristics in self-quenching G-M counters," Phys. Rev., vol. 
76, p. 568; August 15,1949. 

(477) J. D. Louw and S. M. Naude, "Spurious counts in Geiger 
counters and the pre-treatment of the electrodes," Phys. Rev., 
vol. 76, p. 571; August 15,1949. 

(478) S. A. Korff and A. D. Krumbein, "Tests of self-regenerating 
fillings for Geiger counters," Phys. Rev., vol. 76, p. 1412; 
November 1, 1949. 

(479) W. B. Mann and G. B. Parkinson, "Geiger-Mueller counting 
unit and external quenching equipment for the estimation of 
C I4  in carbon dioxide," Rev. Sci. Instr., vol. 20, pp. 41-47; 
January, 1949. 

(480) C. D. Thomas, "Counter pulse shape," Rev. Sci. Instr., vol. 20, 
pp. 147-149; March, 1949. 

(481) M. Ter-Pogossian, J. E. Robinson, and J. Townsend, "Pressure 
regulated thin window Geiger-Mueller counter," Rev. Sci. 
Instr., vol. 20, pp. 289-290; April, 1949. 

(482) M. A. Guimaraes and P. A. Sampaio, "Circuit for the study of 
the operation of the Geiger-Muller counter," Rev. Sci. Instr., 
vol. 20, pp. 485-488; July, 1949. 

(483) H. E. Newell and E. C. Pressly, "Counting with Geiger 
counters," Rev. Sci. Instr., vol. 20, pp. 568-572; August, 1949. 

Crystal Counters 

Developments in this field, as shown by the lack of 
published articles, seemed to indicate that some of the 
early hopes for the widespread utilization of crystal 
counters, particularly diamonds, might not be realized. 
A new type of crystal counter was described by R. M. 
Lichtenstein at the Joint IRE-AIEE Symposium. He 
used crystals of alkali halides, such as KBr, which be-
came discolored upon exposure to radiation. They can 
be bleached by exposure to strong light, the bleaching 
resulting in a voltage pulse appearing across electrodes 
on the crystal faces. 

(484) R. Hofstodter, "Crystal counters," Nucleonics, vol. 4, part I, 
pp. 2-27; April, 1949. Part II, pp. 29-43; May, 1949. 

(485) R. R. Newton, "Space charge effects in bombardment con-
ductivity through diamond," Phys. Rev., vol. 75, pp. 234-245; 
January 15,1949. 

(486) A. J. Ahearn, "Search for crystals that exhibit conduction 
pulses under alpha-particle bombardment," Phys. Rev., vol. 
75, p. 1966; June 15,1949. 

(487) K. A. Yamakawa, "Suggested slow neutron crystal counter," 
Phys. Rev., vol. 75, p. 1774; June 1,1949. 

Scintillation Counters 

There was steady progress in the scintillation counter 
field. One instrument manufacturer announced the pro-
duction of a commercial scintillation counter. Consid-
erable impetus was given to this field by the production 
of an electron multiplier tube, type 5819, designed spe-
cifically for scintillation counting. 
(488) J. W. Coltman, "The scintillation counter," PROC. I.R.E., vol. 

37, pp. 671-682; June, 1949. 
(489) G. A. Morton and J. A. Mitchell, "Performance of 931-A type 

multiplier as a scintillation counter," Nucleonics, vol. 4, pp. 
16-23; January, 1949. 

(490) G. A. Morton and K. W. Robinson, "A coincidence scintilla-
tion counter," Nucleonics, vol. 4, pp. 25-29; February, 1949. 
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(491) N. H. Jordan and P. R. Bell, "Scintillation counters," Nucle-
onics, vol. 5, pp. 30-41; October, 1949. 

(492) B. Cassen, C. W. Reed, L. Curtis, and L. Baurmash, "Low-
rate alpha scintillation counter," Nucleonics, vol. 5, pp. 55-59; 
October, 1949. 

(493) H. G. Gittings, R. F. Taschek, A. R. Ronzio, E. Jones, and 
W. J. Masilun, "Relative sensitivities of some organic com-
pounds for scintillation counters," Phys. Rev., vol. 75, p. 205; 
January 1, 1949. 

(494) W. C. Elmore and R. Hofstadter, "Temperature dependence of 
scintillations in sodium iodide crystals," Phys. Rev., vol. 75, 
p. 203; January 1, 1949. 

(495) H. Kallmann, "Quantitative measurements with scintillation 
counters," Phys. Rev., vol. 75, p. 623; February 15, 1949. 

(496) R. Hofstadter, "Detection of gamma-rays with thallium-
activated sodium iodide crystals," Phys. Rev., vol. 75, p. 796; 
March 1, 1949. 

(497) E. J. Schillinger, Jr., B. Waldman, and XV. C. Miller, "Scin-
tillation counting with chrysene," Phys. Rev., vol. 75, p. 900; 
March I, 1949. 

(498) G. C. Hanna and B. Pontecorvo, "Fluorescence of anthracene 
excited by high energy radiation," Phys. Rev., vol. 75, p. 983; 
March 15, 1949. 

(499) W. J. MacIntyre, "Decay of scintillations in calcium fluoride 
crystals," Phys. Rev., vol. 75, p. 1439; May I, 1949. 

(500) G. F. J. Garlick and R. A. Fatehally, "Measurement of parti-
cle energies with scintillation counters," Phys. Rev., vol. 75, 
p. 1446; May 1, 1949. 

(501) XV. S. Koski and C. 0. Thomas, "Scintillations produced by a-
particles in a series of structurally related organic crystals," 
Phys. Rev., vol. 76, P. 308; July 15, 1949. 

(502) L. B. Robinson and J. R. Arnold, "Scintillation counter I. 
The existence of plateaus," Rev. Sci. Instr., vol. 20, pp. 549-
552; August, 1949. 

(503) J. D. Graves and J. P. Dyson, "Scintillation counter for lab-
oratory counting of alpha-particles," Rev. Sci. Instr., vol. 20, 
pp. 560-565; August, 1949. 

Piezoelectric Crystals 
A new standards report on piezoelectricity was issued 

by the Institute. 
(501) 'Standards on Piezoelectric Crystals, 1949," PROC. I.R.E., 

vol. 37, pp. 1378-1395; December, 1949. 

Books 

The following books have appeared. 

(305) W. J. Fry, J. M. Taylor, and B. W. Henvis, "Design of Crystal 
Vibrating Systems for Projectors and Other Applications," 
Dover Publications, Inc., New York, N. Y.; 1948. 

(506) W. Herzog, "Siebschaltungen mit Schwingkristallen," (Filter 
Circuits with Vibrating Crystals), Dieterich'sche Verlagsbuch-
handlung, Inh. W. Klemm GMBH, Wiesbaden; July, 1949. 

(507) K. S. Van Dyke, "A Manual of Piezoelectric Data," Part 2 of 
Fifth Semi-Annual Report on Contract W28-003 sc-I556, 
Wesleyan University to the U. S. Signal Corps; January 20, 
1948; Second Volume, Part 2 of Sixth Semi-Annual Report; 
July 28, 1948. 

(510) K. Huang, "Lattice theory of dielectric and piezoelectric con-
stants in crystals," Phil. Meg., vol.•40, pp. 733-747; July, 
'1949. 

(511) J. J. Kyame, "Wave propagation in piezoelectric crystals," 
Jour. Acous. Soc. Amer., vol. 21, pp. 159-167; May, 1949. 

(512) B. D. Saxena and K. G. Srivastava, "Calculation of the piezo-
electric constants of a-quartz on Born's theory," Indian Jour. 
Phys., vol. 22, pp. 475-482; November, 1948. 

(513) B. D. Saxena and K. G. Srivastava, "New method of calculat-
ing the piezoelectric constants of a-quartz," Proc. Indi a 
Acad. Sci., A, 28, 423-436; November, 1948. (Phys. Abstr., 
vol. 52, p. 397; July, 1949.) 

(514) B. D. Saxena and K. G. Srivastava, "Variation of the piezo-
electric constants cof a-quartz with temperature," Proc. Indian 
Acad. Sci., A, 28, pp. 437-146; November, 1948. (Phys. Abstr., 
vol. 52, p. 397; July, 1949.) 

(515) S. Zerfoss and L. R. Johnson, "Crystal chemical relations in 
inorganic piezoelectric materials," Amer. Mineralogist, vol. 34, 
pp. 61-67; January-February, 1949. 

Synthetic Crystals and Detwinning 

The long search for methods of growing quartz crys-
tals artificially made good progress. Crystals of 150 
grams were grown from 12-gram seeds,' and the growth 
in a single bomb of 650 grams of quartz in 13 days, dis-
tributed over 30 seeds,2 was reported. Meanwhile, the 
detwinning of natural quartz crystals—which, in any 
case, is possible only with electrical twinning—seemed 
to be beset with technical difficulties. It is fortunate that 
EDT (ethylene diamine tartrate) crystals are relatively 
easy to grow, and that they are better than quartz for 

some purposes. 
(516) C. F. Booth and J. P. Johns, "The development of quartz 

crystal production," Jour. IEE (London), vol. 84 (16), Part 3A, 
pp. 899-911; 1947. 

(517) E. Buehler and A. C. Walker, "Synthetic crystals of quartz," 
Bell Lab. Rec., vol. 26, pp. 384-385; September, 1948. 

(518) I. Franke and M. H. de Longchamp, "Production of large 
artificial quartz crystals," Compt. Rend. Acad. Sci. (Paris), 
vol. 228, pp. 1136-1137; March 28, 1949. 

(519) D. R. Hale, "Artificial quartz crystals," Quarterly Progress 
Report No. 9, The Brush Development Co.; July 15, 1948. 

(520) W. Parrish, "Techniques for detwinning electrically twinned 
quartz," Technical Information Pilot, p. 781; July 20, 1949. 

(521) A. C. Walker and G. T. Kohman, "Growing crystals of Ethy-
lene diamine tartrate," Trans. AIEE, vol. 67, 565-570; 1948. 

Piezo-oscillators, Equivalent Networks, and Techniques 

Oscillator circuits for great constancy of frequency 
have been described, especially of bridge-stabilized 
types. Piezo-oscillator circuits have been investigated 
further with respect to variability of frequency. A com-
bination of coil and condenser associated with the crys-
tal for widening the range of frequency control has been 

There appeared a compilation of papers by authors in 
various countries on theory of growth, nucleation and 
normal growth, abnormal and modified growth, mineral 
synthesis, and other technical aspects together with pa-
pers on quartz, ammonium dihydrogen phosphate, and 
other important piezoelectric crystals. 

(508) "Crystal Growth," Discussions of the Faraday Society, No. 5, 
1949, Gurney and Jackson, London; 1949. 

Fundamental Theory 

On the theoretical side, progress has been made in 
correlating the piezoelectric properties with structural 
and other characteristics. 

(509) S. Bhagavantam and D. Suryanarayana, "Crystal symmetry 
and physical properties: application of group theory," Ada 
Crystallographica, vol. 2, part 1, pp. 21-26; March, 1949. 

proposed. 
(522) J. L. Creighton: H. B. Law, and R. J. Turner, "Crystal oscil-

lators and thew application to radio transmitter control," 
Jour. IEE (London), vol. 94, Part 3A, pp. 331-344; 1947; 
PROC. I.R.E, vol. 36, p. 1182; September, 1948. 

(523) W. Herzog, "Oszillatorschaltungen hoher Frequenzkonstanz; 
(Oscillator circuits of very constant frequency), A. E. U., 
vol. 3, pp. 203-207; 1949. 

(524) W. Herzog, "Verfahren zur Veranderung der Resonanzfrequenz 
von Kristalloszillatoren," (Means for varying the resonant fre-
quency of crystal oscillators), A. E. O., vol. 2, pp. 153-163; 
1948. 

(525) W. Herzog, "Die Frequenzveranderung eines Kristallbruck-
enoszillators," (Frequency variation of a crystal bridge oscilla-
tor), A. E. O., vol. 2, pp. 357-361; June, 1948. 

(526) H. B. Meahl, "Absolute accuracy. Primary frequency stand-
ard," Proc. NEC, vol. 4, pp. 446-450; 1948. And PROC. I.R.E., 
vol. 37, p. 1226; October, 1949. 

1 Unpublished data from (521). 
2 Unpublished data from (519). 
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(527) A. E. Miller, "Frequency-control units," PROC. I.R.E., vol. 37, 
p. 167; February 1949. 

(528) FL Stanesby and P. W. Fryer, "Variable-frequency crystal os-
cillators," Jour. IEE (London), vol. 94, part 3A, pp. 368-378; 
1947. Also, PROC. I.R.E., vol. 36, p. 1182; September, 1948. 
(Abstracts and References) 

A theoretical treatment of the effect of mechanical 
loading on resonant and antiresonant frequencies has 
been made. The equivalent network of the Curie double 
strip (two thin bars cemented together, for flexural vi-
brations) has been derived. Considerable attention is 
being given to the study of coupling between modes and 
the effect of partial plating, and of a spherical or cylin-
drical contour on the vibrating faces. 

(529) W. J. Fry, "Low loss crystal systems," Jour. Acous. Soc* 
Amer., vol. 21, pp. 29-34; January, 1949. 

(530) B. A. Mamyrin and L. N. Sosnovkin, "The effect of spurious 
resonances and parallel losses on the equivalent parameters of 
quartz crystals," Zh. Tikh. Fiz., vol. 18, pp. 955-958; July; 
1948 (In Russian). Also, PROC. I.R.E , vol. 37, p. 329; March; 
1949. 

(531) E. J. Post, "The equivalent circuit of the Curie double strip," 
A ppi. Sci. Res., BI, pp. 168-180; 1948; (Phys. Abstr., vol. 52, 
p. 236; May, 1949). 

(532) IC. S. Van Dyke, E. A. Pendleton, and G. D. Gordon, "The 
Equivalent Circuit of Partially Plated Thickness-Shear Piezo-
electric Resonators," Presented Williams College Meeting of 
New England Section of the American Physical Society, Oc-
tober 22, 1949; (Abstract in a forthcoming issue of Phys. Rev.). 

(533) R. S. Bever, V. E. Bottom, and L. R. Weber, "Factors which 
affect the rate of change of equivalent reactance of the crystal 
unit v. ith frequency," Quarterly Progress Rep:. No. 4, June 30, 
1948; Quarterly Progress Rep:. No. 5, September 15, 1948; 
Colorado Agriculture and Mechanical College; Technical In-
formation Pilot, pp. 520-521; April I, 1949. 

Vibrational characteristics have been examined by a 
probing device, and improved by annealing. Devices 
have been described for measuring the equivalent re-
sistance of a vibrating crystal. 

(534) C. R. Mingins, C. A. Stevens, and D. W. MacLeod, Jr., 
"Studies of the vibrational characteristics of a piezoid," Phys. 
Rev., vol. 76, p. 467; August 1, 1949. 

(535) A. C. Prichard, M. A. A. Druesne, and D. G. McC_aa, "Increase 
in Q-value and reduction of aging of quartz crystal blanks," 
Jour. A ppi. Phys., vol. 20, p. 1011; October, 1949. 

(536) L. A. Rosenthal and T. A. Peterson, Jr., "The measurement of 
the series-resonant resistance of a quartz crystal," Rev. Sci. 
Instr., vol. 20, pp. 426-429; June, 1949. 

Measurements of Crystal Properties 

Measurements of piezoelectric constants of potassium 
hydrogen arsenate (KDA) and their temperature de-
pendence have been made by balancing static mechani-
cal displacements piezoelectrically produced against a 
quartz standard. Thirty-five different water-soluble 
crystals have been tested and compared. A measure-
ment has been made of the piezoelectric properties of 
alpha and of beta quartz over a wide temperature range. 
Other properties of piezoelectric crystals have also had 
attention, namely the elastic properties of Rochelle salt 
by an ultrasonic-pulse technique, the pyroelectric prop-
erties of lithium sulfate monohydrate, and the electro-
optical properties of ammonium dihydrogen phosphate 
(ADP). 
The measurement of the piezoelectric coefficients of 

ethylene diamine tartrate were made at the British Post 
Office. 

(537) R. Bechmann and A. C. Lynch, "Piezoelectric coefficients of 
ethylene diamine tartrate," Nature (London), vol. 163, pp. 
915-916; June 11, 1949. 

(538) R. O'B. Carpenter, "Dynamic measurement of electro-optic 
coefficients in ADP crystals," Phys. Rev., vol. 76, p. 467; 
August 1, 1949. 

(539) B. H. Billings, "The electro-optic effect in uniaxial crystals of 
the type XH2PO4," Jour. Opt. Soc. Amer., vol. 39, pp. 797-808; 
October, 1949. 

(540) R. K. Cook and P. G. Weissler, "Measurement of the piezo-
electric constants of alpha- and beta-quartz," Phys. Rev., vol. 
75, p. 1283; April 15, 1949. 

(541) H. Jaffe, "Compressional piezoelectric coefficients of mono-
clinic crystals," Phys. Rev., vol. 73, p. 1467; June 15, 1948. 

(542) H. Jaffe, "Study of Synthetic Water Soluble Piezoelectric 
Crystals for Frequency Control," Final Report, April 1, 1948, 
The Brush Development Company; Technical Information 
Pilot, p. 924, September 9, 1949. 

(543) H. Jaffe. "Primary and secondary pyroelectric effect in lithium 
sulfate monohydrate," Phys. Rev., vol. 75, p. 1625; May 15, 
1949. 

(544) T. Niemiec. "A method of measurement of small periodic dis-
placements and its application to determining the piezoelectric 
constants of potassium dihydrogen arsenate," Phys. Rev., 
vol. 75, pp. 215-216; January 1, 1949. 

(545) W. J. Price, "Ultrasonic measurements on Rochelle salt 
crystals," Phys. Rev., vol. 75, pp. 946-952; March 15, 1949. 

Barium Titartate 

BaTiO3 ceramics are being used for resonators, pho-
nograph pickups, and microphones. Transducers for 
underwater work are described, and it is found that 
great improvement is provided by the addition of a few 
per cent of lead titanate. Another promising application 
is for flexural films with high dielectric constant, for 
which SiO2 is used as the binding agent. 

(546) A. I. Dranetz, G. N. Howatt, and J. W. Crownover, "Barium 
titanates as circuit elements," Tele-Tech., vol. 8, pp. 29-31, 
53, 54; April, 1949; pp. 28-30, 54, 56, 57; May, 1949; and pp. 
36-39, 52, 53; June, 1949. 

(547) C. H. Allen, "A small high-frequency barium titanate micro-
phone," Bull. A C0145 . SOC. Amer., p. 11; November 17-19, 1949. 

(548) M. U. Cohen, and others, "A study of high dielectric constant 
films for high temperature operation," Final Report, July 1, 
1946, to June 30, 1945, Balco Research Laboratories, July 15, 
1948; Technical Inforrnati m Pilot, p. 373; December 31, 1948. 

(549) H. L. Donley, "Barium titanate and barium strontium titanate 
resona tors," RCA Rev., vol. 9. pp. 218-228; June, 1948. 

(530) G. N. Howatt, J. \V. Crownover, and A. Dranetz, "New syn-
thetic piezoelectric material." Electronics, vol. 21, pp. 97-99; 
December, 1948. 

(551) H. W. Koren, "Application of activated ceramics to trans-
ducers," Jour. Acous. Soc. Amer., vol. 214, pp. 198-201; May. 
1949. 

(552) W. P. Mason, "Barium-titanate ceramic as an electromechani-
cal transducer. - PrIl Lab. RC( , vol. 27, pp 285-289; August, 
1949. 

Among the crystals that have recently been found to 
have ferroelectric properties are columbates and tan-
talates of potassium and sodium. Tungsten trioxide ap-
pears to have similar properties. 

(553) B. T. Matthias, "New Ferroelectric crystals," Phys. Rev., 
vol. 75, p. 1771; June 1, 1949. 

(554) B. T. Matthias, "Ferro-electric properties of W03," Phys. 
Rev., vol. 76, pp. 430-431; August 1, 1949. 

Miscellaneous Applications 

Both theoretical and practical papers have appeared 
on the use of crystals in filters, and also in transducers 
for ultrasonics. Among other applications described are 
devices for measuring atmospheric temperature, pres-
sure, and humidity, by observation of changes in reso-
nator frequency or damping; a dynamometer for varia-
(555) E. A. Roberts, and others, "Investigation of use of crystals as 

meteorologic elements for measurements of temperature, pres-
sure, and humidity," Quarterly Report No. 3, December 21, 
1948, to March 8,1949; Armour Research Foundation; Techni-
cal Information Pilot, p. 964; September 19, 1949. 
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(556) J. K. Tyson and S. Siegel, "Investigation of  use  of cr ystals  as  
meteorologic elements for measurements of temperature, pres-
sure, and humidity," Quarterly Report No. I, Armour Research 
Foundation, Technical Information Pilot, p. 372; December 31, 
1948. 

(557) J. K. Tyson and S. Siegel, "Investigation of use of crystals as 
meteorologic elements for measurements of temperature, 
pressure, and humidity," Quarterly Report No. Z, September 9 
to December 20,1948, Armour Research Foundation, Techni-
cal Informaton Pilot p. 506; March 30,1949. 

(558) W. P. Mason, W. 0. Baker, H. J. McSkimin, and J. H. Heiss, 
"Measurement of shear elasticity and viscosity of liquids at 
ultrasonic frequencies," Phys. Rev., vol. 75. pp. 936-946; 
March 15,1949. 

(559) H. T. O'Neil, "Reflection and refraction of plane shear waves in 
visco-elastic media," Phys. Rev., vol. 75, pp. 928-935; March 
15,1949. 

tions in cutting forces; as a means for measuring elastic 
properties of viscous liquids; and for measuring very 
small mechanical displacements. Improvements have 
been recorded in mercury delay lines containing quartz 
crystals. By taking advantage of the electro-optic ef-
fect in ammonium dihydrogen phosphate, high-fre-
quency modulation of a beam of light has been achieved. 
Finally, piezoelectricity has invaded the field of biology: 
evidence has been adduced of injurious effects caused by 
the injection of dusts of piezoelectric crystals in animal 

tissues. 
(560) J. P. Arndt, Jr., "Direct reading microdisplacement meter," 

Jour. Acous. Soc. Amer., vol. 21, pp. 385-391; July, 1949. 
(561) I. L. Auerbach, J. P. Eckert, Jr., R. F. Shaw, and C. B. Shep-

pard, "Mercury delay line memory using a pulse rate of several 
megacycles," PROC. I.R.E., vol. 37, pp. 855-861; August, 1949. 

(562) G. D. Gotschall, "Light modulation by p-type crystals," Jour. 
Soc. Mot. Pic. Eng., vol. 51, pp. 13-20; July, 1948; PROC. 
I.R.E., vol. 37, p. 215; February, 1949. 

(563) S. M. Evans, "Tissue responses to physical forces. I. The path-
ogenesis of silicosis. A preliminary report," Jour. Ind. Hygiene 
and Toxicology, vol. 30, pp. 353-357; November, 1948. 

(564) S. M. Evans and W. Zeit, "Tissue responses to physical forces 
II. The response of connective tissue to piezoelectrically active 
crystals," Jour. Lab. and Clinical Med., vol. 34, pp. 592-609; 
May, 1949. Also "III. The ability of galvanic current flow to 
stimulate fibrogenesis," ibid., pp. 592-615. 

(565) H. Bommel, "Ober die Eignung von Ammoniumphosphat-
Icristallen als Ultraschallgeneratoren," (The utility of ammoni-
um phosphate crystals as ultrasonic generators), Hely. Phys. 
Ada, vol. 21, pp. 403-410; September 30,1948 . 

(566) VV. G. Cady, “A theory of the crystal transducer for plane 
waves," Technical Report No. 2, Wesleyan University, Sep-
tember 29,1948; Jour. Acous. Soc. Amer., vol. 21, pp. 65-73; 
March, 1949. 

(567) F. S. Farkas, F. J. Hallenbeck, and F. E. Stehlik, "Band pass 
filter, band elimination filter and phase stimulating network 
for carrier program systems," Bell Sys. Tech. Jour., vol. 28, 
pp. 196-220; April, 1949. 

(568) C. F. Floyd and R. L. Corke, "Crystal filters for radio re-
ceivers," Jour. IEE (London), vol. 94, part 3A, pp. 915-926; 
1947. 

(569) W. Herzog, "Bandsperren mit Schwingkristallen," (Band fil-
ters with vibrating crystals), A. E.  vol. 2, pp. 22-38; 1948. 

(570) P. Naslin, "Piezoelectric dynamometer for recording varia-
tions in cutting forces," Rev. Gin. Elic., vol. 57, pp. 361-364; 
September, 1948; (Phys. Abstr., vol. 52, p. 212; May, 1949.) 

(571) B. Sandal, "Variable bandwidth crystal filters," Radiotronics, 
pp. 78-87; September and October, 1948. Also, PROC. I.R.E., 
vol. 37, p. 967; August, 1949. 

(572) P. K. Taylor, "Single-sideband crystal filters," Electronics, vol. 
21, pp. 116-120; October, 1948. 

(573) G. W. Willard, "Focusing ultrasonic radiators," Jour. Acous. 
Soc. Amer., vol. 21, pp. 360-375; July, 1949. 

(574) E. S. Willis, "Crystal filters using ethylene diamine tartrate 
in place of quartz," Trans. A.I.E.E. (Elec. Eng.), vol. 67, pp. 
552-556; 1948. 

Radio Transmitters 
The television industry was responsible for the great-

est activity despite the fact that no new construction 
permits were granted in the United States. The number 

of operating television stations almost doubled during 
1949, the number increasing from 51 to 98. Considerable 
work was done in an effort to improve the quality of the 
transmitted picture within the bandwidth limitations 
of the allocated channels. 
(575) F. J. Bingley, "Design for the future," Electronics, vol. 22, pp. 

70-81; September, 1949. 
(576) R. D. Kell and G. L. Fredendall, "Standardization of the tran-

sient response of television transmitters," RCA Rev., vol. 10, 
pp. 17-34; March, 1949. 

(577) E. D. Goodale and R. C. Kennedy, "Phase and amplitude 
eNlauracliff,s  erifoz . se television u," RCA Rev., vol. 10, pp. 35-42; 

The likelihood of new television channel allocations 
in the ultra-high-frequency region stimulated a great 
deal of interest in the generation of ultra-high-frequency 

energy. 
(578) C. L. Cuccia, "Certain aspects of triode reactance tube per-

formance for frequency modulation at ultra-high frequencies," 
RCA Rev., vol. 10, pp. 79-98; March, 1949. 

(579) G. M. Rose, D. W. Pawer, and W. A. Harris, "Pencil type uhf 
triodes," RCA Rev., vol. 10, pp. 321-338; September, 1949. 

(580) J. S. Donal, Jr. and R. R. Bush, "A spiral-beam method for the 
amplitude modulation of magnetrons," PROC. I.R.E., vol. 37, 
pp. 375-382; April, 1949. 

(581) R. M. Wilmotte and P. A. DeMars, "Polycast system for TV 
on uhf," FM and Telev., vol. 8, pp. 26-28,32,44-46; December, 
1948. 

Less activity was noted this year in FM broadcasting 
than in previous years, with only about 60 new construc-
tion permits issued. Some advances were made in FM 
transmitter design and performance measurement. 

(582) D. L. Balthis, 'Coaxial 50 kw FM broadcast amplifier," Elec-
tronics, vol. 22, pp. 68-73; May, 1949. 

(583) F. E. Talmage, "FM proof of performance techniques," Com-
munications, vol. 29, pp. 22-23,32; April, 1949. 

The relaying of video signals by microwave transmit-
ters was expanded and techniques were improved. 

(584) W. Forster, "6000-Mc television relay system," Electronics, 
vol. 22, pp. 80-85; January, 1949. 

(585) F. J. Budelman, 'Equipment for remote pickup," FM and 
Telco., vol. 9, pp. 13-16; June, 1949. 

The mobile radio field continued its rapid growth 
both here and abroad. The end of the year saw over 
200,000 licensed mobile transmitters in existence in the 
United States alone. New rules and frequency alloca-
tions became effective July 1, 1949, making way for even 
further expansion. 
(586) G. H. Underhill, "New frequency assignments for mobile radio 

systems," Elec. Eng., vol. 68, pp. 951-955; November, 1949. 
(587) W. D. Hailes, "Railroad radio," Elec. Eng., vol. 68, pp. 1-6; 

January, 1949. 
(588) J. Courtney, "New FCC rules mean more mobile radio," 

Electronics, vol. 22, pp. 66-69; August, 1949. 
(589) H. Kappler, "The introduction into Switzerland of public 

telephone service in vehicles," Bull. Ass. Swisse Elec., July 9, 
1949. 

Coaxial and annular tank circuits were used as a 
means of obtaining multiple tube operation at high fre-
quencies. Using coaxial type circuits, it was found prac-
tical to obtain powers in excess of 50 kw in the FM fre-
quency band and powers of 1 kw at frequencies up to 
1,000 Mc. 
The construction of 150 new broadcasting stations 

was planned or completed during the year in the United 
States, and many stations increased power. Work on 
low-frequency transmitters was featured by 'the use of 
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iron-core interstage and output transformers capable of 
operating over the frequency range of 100 to 500 kc. 
The elimination of tube rectifiers was accomplished 

by using newly developed high-voltage metallic recti-
fiers. 

(590) I. F. Deise and L. W. Gregory, "3 kw ml transmitter design 
using iron-core interstage and output transformers," Com-
munications, vol. 29, pp. 12-14, 35, October; pp. 12-13, No-
vember; pp. 10-11, December, 1949. 

(591) N. 13. Tharp and C: K. Hooper, "High voltage metallic recti-
fiers applied to broadcast transmitters," Communications, vol. 
29, pp. 12-13,27; September, 1949. 

Microwave communications systems employing pulse-
time and pulsed-frequency modulation were described. 

(592) A. E. Ross, "Theoretical study of pulse-frequency modula-
tion," PROC. I.R.E., vol. 37, pp. 1277-1286; November, 1949. 

(593) K. S. Kunz, "Bilinear transformations applied to the tuning 
of the output network of a transmitter," PROC. I.R.E., vol. 37, 
pp. 1211-1217; October, 1949. 

(594) H. Goldberg and C. C. Bath, "Multiplex employing pulse-
time and pulsed-frequency modulation," PROC. I.R.E., vol. 37, 
pp. 22-28; January, 1949. 

(595) A. G. Kandoian and A. M. Levine, "Experimental ultra-high-
frequency multiplex broadcasting system," PROC. I.R.E.,vol. 
37, pp. 694-701; June, 1949. 

(596) W. H. Doherty, 'Operation of AM broadcast transmitters into 
sharply tuned antenna systems," PROC. I.R.E., vol. 37, pp. 
729-734; July, 1949. 

(597) L. E. Norton, "Broad-band power-measuring methods at 
microwave frequencies," PROC. I.R.E., vol. 37, pp. 759-766; 
July, 1949. 

Railroad and Vehicular 
Communications 

An outstanding development in the mobile communi-
cations field was the issuance of permanent rules for 
general mobile services by the Federal Communications 
Commission. The new rules recognized and provided 
frequency allocations for four major classes of mobile 
radio service: (1) domestic public land mobile radio 
services; (2) public safety including police, fire, forestry-
conservation, highway maintenance and special emer-
gency radio services; (3) industrial, including power 
petroleum, forest products, motion pictures, relay press, 
special industrial and low-power industrial services; and 
(4) land transportation including intercity bus, highway 
truck, railroad, taxicab, urban transit and automobile 
emergency services. 

(598) "Title 47—Telecommunication," Federal Register, vol. 14, pp. 
2264-2358; May 6,1949. 

Service expansion in diversified fields of application 
continued throughout the year. The expansion was 
marked more by growth in existing fields of application 
than by new applications. Several applications in other 
countries were noted. 

(599) "Radio on 347 Miles of the Erie," Ry. Signaling, vol. 41, pp. 
754-760; December, 1948. 

(600) W. R. Triem, "Communication services and improvements 
on the Pennsylvania Railroad," Tel. and Tel. Age, vol. 66, pp. 
7-9,30; December, 1948. 

(601) R. H. Herrick, "Great Lakes radiotelephone system," Elec. 
Eng., vol. 68, pp. 152-157; February, 1949. 

(602) R. E. Kolo, "Telephone Company mobile radiotelephone  for  
power utility use, Edison Elec. Inst. Bull., vol. 17, pp. 73-74, 
82; March, 1949. 

(603) "Radio-Telephony at Whitemoor marshalling yard," Engineer, 
vol. 187, pp. 326-327; March 25,1949. 

(604) "Communications," Ry. Age, vol. 126, pp. 1052-1053; May 21, 
1949. 

(605) F. J. Corporon,  "New  space  radio  relay  system," 
Ry. Signaling, vol. 42, pp. 374-377; June, 1949. 

(606) "Installation of two-way space radio equipment on the Rio 
Grande in Denver ,Colo" Ry .Signaling and Commun., vol. 
42, pp. 438-441; July, 1949. 

(607) "Modern communication in train and yard service," Ry. Sig-
naling and Commun., vol. 42, pp. 442-444; 446; July, 1949. 

(608) S. W. Miller, "Radio communication on the nickel plate," 
Tel. and Tel. Age, vol. 67, pp. 6-7; August, 1949. 

(609) R. W. Goss, "South Australian police FM network," Communi-
cations, vol. 29, pp. 14-16; September, 1949. 

Equipment developments during the year were di-
rected toward reduction in size, reduction of power con-
sumption, and reduction of interference. There were a 
number of new antennas developed specifically for mo-
bile radio applications. 

(610) A. A. Curry, "Mobile FM equipment design for railroads," 
Tele-Tech., vol. 7, pp. 40-43; December, 1948. 

(611) R. G. Rowe, "Collinear coaxial array for 152 megacycles, 
Tele-Tech., vol. 8, pp. 34-35,60; January, 1949. 

(612) D. H. Hughes, "Vhf radio equipment for mobile services, 
British IRE Jour., vol. 9, pp. 30-44; January, 1949. 

(613) J. K. Kulanski, "Pushbutton selective calling," Electronics 
vol. 22, pp. 92-96; February, 1949. 

(614) J. S. Brown and V. J. Moffatt, "Directional antenna for th 
152-162 megacycle communications band," Communications 
vol. 29, pp. 14-16,35; March, 1949. 

(615) D. R. Rhodes, "Flush-mounted antenna for mobile applica 
tion," Electronics, vol. 22, pp. 115-117; March, 1949. 

(616) R. A. Ratcliffe and R. S. Zucker, "Mobile FM communica-
tions equipment for Australian conditions," Proc. IRE 
(Australia), vol. 10, pp. 101-113; April, 1949. 

(617) D. E. Noble, "Adjacent-channel operation of mobile equip-
ment," Electronics, vol. 22, pp. 90-95; June, 1949. 

(618) W. C. Babcock, "Mobile radio antennas for railroads," Tel. 
and Tel. Age, vol. 67, pp. 8,10,27; July, 1949. 

(619) H. Magnuski, "Cavity resonators in mobile communications," 
Communications, vol. 29, pp. 8-11; August, 1949. 

(620) M. R. Winkler, "Instantaneous deviation control," Electronics, 
vol. 22, pp. 97-99; September, 1949. 

The following papeis of general interest in the mobile 
radio field were published. 

(621) E. Toth, "AM and narrow band FM vhf communications," 
Electronics, vol. 22, pp. 84-91; February, 1949. Also, Elec-
tronics, vol. 22, pp. 102-108; March, 1949. 

(622) D. K. Gannett and W. R. Young, "Ratio of frequency swing 
to phase swing in phase and frequency modulation systems 
transmitting speech," PROC. I.R.E., vol. 37, pp. 258-263; 
March, 1949. 

Receivers 
Television Receivers 

To reduce interference from local oscillator radiation, 
the intermediate frequency was raised to almost double 
its former value. Intercarrier sound systems became in-
creasingly popular. Built-in antenna systems were intro-
duced, provision being made in some cases for tuning of 
the antenna by the user. Transformerless models and 
even ac/dc designs were described, one of the latter be-
ing of the tuned radio-frequency type. Increasing em-
phasis was placed on obtaining better sound fidelity 
from television receivers. Receivers capable of providing 
pictures in color in accordance with several basically 
different systems of transmission were operated experi-
mentally and demonstrated to the FCC. 

(623) R. R. Batcher, "Trends in television and radio receiver de-
sign," Tele-Tech., vol. 8, pp. 22-24,52; January, 1949. 

(624) D. D. Cole, "Video receiver circuits simplified," Tele-Tech., 
vol. 8, p. 33; January, 1949. 
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(625) W. Stroh, "An intercarrier sound system for television re-
ceivers using the 6BN6," presented, Radio Fall Meeting, Syra-
cuse, N. Y., November 1, 1949. 

(626) R. B. Albright, "A tunable built-in TV antenna," Electronics, 
vol. 22, pp. 134, 136, 140, 144, 146 and 150; November, 1949. 

(627) W. H. Buchsbaum, "Designing a TRF television receiver," 
Tek-Tech, vol. 8, pp. 36-39; August, 1949. 

(628) C. G. McProud, "Improved audio quality from standard TV 
receiver," Audio Eng., vol. 33, pp. 28, 30; October, 1949. 

(629) J. H. Battison, "Color television transmission systems," Tek-
Tech, vol. 8, pp. 18-20, 52; October, 1949. 

(630) E. W. Engstrom, "How RCA's color TV works," FM and 
Telev., vol. 9, pp. 11-13, 15, 30; October, 1949. 

Particular attention was given to improving the front-
end design of television receivers. Several different ar-
rangements in current use were noted. In some in-
stances, separate amplifiers were provided for the high 
and low television bands. Synchronization methods were 
improved to reduce the detrimental effect of noise. 
Smaller components, such as deflection yokes, also re-
ceived attention. Special attention was given to the 
problem of improving horizontal deflection circuits to 
reduce power consumption and heating. 
(631) J. A. Hansen, "Simplified TV receiver channel switching mech-

anism," Tek-Tech, vol. 7, pp. 36-38, 72; December, 1948. 
(632) J. 0. SiIvey, "A front end for television receivers," Tek-Tech, 

vol. 8, pp. 36-37, 54-55; January, 1949. 
(633) D. E. Foster, "Antenna input systems for television re-

ceivers," Tek-Tech, vol. 8, pp. 28-30, 56; February, 1949. 
(634) F. R. Norton, "Oscillator and mixer circuits for TV receivers," 

Tele-Tech, vol. 8, pp. 31, 42-43; February, 1949. 
(635) H. M. Watts, "Television front-end design," Electronics, vol. 

22, pt. I, pp. 92-97, April, 1949; pt. II, pp. 106-110, May, 
1949. 

(636) K. Schlesinger, "Locked oscillator for television synchroniza-
tion," Electronics, vol. 22, pp. 112-117; January, 1949. 

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

(638) A. Easton, "Stagger-peaked video amplifiers," Electronics, 
vol. 22, pp. 118-120; February, 1949. 

(639) A. B. Bereskin, "Cathode-compensated video amplification," 
Electronics, vol. 22, pt. I, pp. 98-103, June, 1949; pt. II, pp. 
104-107, July, 1949. 

(640) J. M. Miller, Jr., "Cathode neutralization of video ampli-
fiers," PROC. I.R.E., vol. 37, pp. 1070-1073; September, 1949. 

(641) R. C. Palmer and L. Mantner, "A new figure of merit for the 
transient response of video amplifiers," PROC. I.R.E., vol. 37, 
pp. 1073-1077; September, 1949. 

(642) K. Schlesinger, "Anastigmatic yoke for picture tubes," Elec-
tronics, vol. 22, pp. 102-107; October, 1949. 

(643) 0. H. Schade, "Characteristics of high-efficiency deflection and 
high-voltage supply systems for kinescopes," presented, Radio 
Fall Meeting, Syracuse, N. Y., November I, 1949. 

developed. Although both ratio detectors and limiter-
discriminator combinations continued to be widely used, 
a new arrangement requiring a special tube was pro-

posed. 
(646) E. C. Freeland, "FM receiver design problems," Electronics, 

vol. 22, pp. 104-110; January, 1949. 
(647) G. E. Gustafson, "Low-cost receivers can give genuine FM 

performance," FM and Telev., vol. 9, pp. 13-14, 34; April, 
1949. 

(648) F. A. Spindell, "Fixed-frequency FM tuners," FM and Telev., 
vol. 9, pp. 16-17, 32; April, 1949. 

(649) L. J. Giacoletto, "Experimental tube for FM detection," 
Electronics, vol. 22, pp. 87-89; November, 1949. 

Further theoretical work was done on super-regenera-
tive receivers, and on the evaluation of the performance 
of receiver input circuits and linear detectors. An in-
creasing tendency to utilize crystal detectors, particu-
larly germanium diodes, was noted, and a new type of 
crystal receiver for local broadcasts was described. 
(650) G. V. Eltgroth, "An examination of performance capabilities 

of supreregenerative receivers," Tek-Tech, vol. 8, pt. I, pp. 
24-27, 57, February, 1949; pt. II, pp. 40-43, 71, March, 1949. 

(651) H. A. Glucksman, "Superregeneration—an analysis of the 
linear mode' PROC. I.R.E., vol. 37, pp. 500-504; May, 1949. 

(652) P. G. Sulzer, "Noise figures for receiver input circuits," Tek-
Tech, vol. 8, pp. 40-42, 57; May, 1949. 

(653) R. H. De Lano, "Signal-to-noise ratios of linear detectors," 
PROC. I.R.E., vol. 37, pp. 1120-1126; October, 1949. 

The proposal by the Federal Communications Com-
mission that frequencies in the band 475 to 890 Mc be 
utilized for television broadcasting resulted in the de-
velopment of converters to permit an ordinary television 
receiver to receive such broadcasts. The proposal also 
caused a re-examination of the choice of the optimum 
intermediate frequency for a receiver capable of cover-
ing both the new band and the old vhf bands. 
(644) R. P. Wakeman, "Continuously tuned converter for uhf 

television," Electronics, vol. 22, pp. 68-71; July, 1949. 
(645) J. D. Reid, "The influence of uhf allocations on receiver de-

sign," PROC. I.R.E., vol. 37, pp. 1179-1181; October, 1949. 

Radio Receivers 
As in the past with AM receivers, it was found possi-

ble to reduce still further the cost of FM receivers by 
using an ac/dc arrangement. Improved receivers of this 
type were described. Special-purpose fixed-frequency 
FM receivers, both with and without supersonic control 
for varying the output level from the transmitter, were 

Research 
Work on subjects of basic and applied research has 

covered entirely the ever-expanding electronics field. 
Contributions have been widespread, coming from re-
search workers in the academic field, from government 
laboratories, and from the various industry laboratories. 
In addition to reporting the end results of research, a 

considerable amount of thought and discussion was di-
rected to management of and facilities for research. 

(654) R. D. Bennett, "Research management for the government," 
Proc. NEC, vol. 5; 1949. 

(655) H. A. Leedy, "Research management for the research founda-
tion," Proc. NEC, vol. 5; 1949. 

(656) F. A. Rohrman, "Research management for the universities," 
Proc. NEC, vol. 5; 1949 

(657) D. E. Chambers, "Research management for industry," Proc. 
NEC, vol. 5; 1949. 

(658) R. B. Dittmar, "The development of physical facilities for re-
search," PROC. I.R.E., vol. 37, pp. 423-426; April, 1949. 

(659) C. E. Barthel, Jr., "Personnel administration in research and 
development organizations," PROC. I.R.E., vol. 37, pp. 426-
429; April, 1949. 

(660) A. H Schooley, "Information exchange as a management tool 
in a large research organization," PROC. I.R.E., vol. 37, pp. 
429-432; April, 1949. 

Sound Recording and Reproducing 
Disk Recording and Reproduction 

The fine groove long-playing record for the home 
market created a demand for reproducing equipment 
and many manufacturers are producing special pickups 
and turntables. Several new reproducers were an-
nounced, one utilizing the variation in electrode spacing 
of an electron tube and the other a new ceramic mate-
rial having piezoelectric properties. 
Increased fidelity and reduction of distortion were 

discussed in several papers. Flutter and wow measure-
ments continued to receive attention, particularly the 
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evaluation of the subjective effects of wow and flutter; 
tracing distortion was also treated. 

(661) H. Davies, "Design of high fidelity disk recording equipment," 
Jour. IEE (London), vol. 95, part 3, pp. 467-4701, November, 
1948. 

(662) H. E. Roys and M. S. Corrington, "Tracing distortion in pho-
nograph recording," RCA Rev., vol. 10, pp. 241-253; June, 
1949. 

(663) S. J. Begun, "Limitation of sound recording," Communica-
tion, vol. 29, pp. 28-29; August, 1949. 

(664) N. C. Pickering, "Misconception about record wear," Audio 
Eng., vol. 32, pp. 11-14; June, 1948. 

(665) L. S. Goodfriend, "Subjective testing of sound recording equip-
ment," Jour. Acous. Soc. Amer., vol. 21, pp. 81-84; March, 
1949. 

(666) M. J. L. Pulling, "Sound recording as applied to broadcast-
ing," BBC Quarterly, vol. 3, pp. 108-111; July, 1948. 

(667) R. G. Peter, "Broadcast transcription reproducting system 
maintenance," Communications, vol. 28, pp. 26; October, 
1948. 

(668) L. G. Hector, "Ceramic phono pickups," Electronics, vol. 21, 
pp. 94-96; December, 1948. 

(669) H. F. Olsen and J. Preston, "Electron tube phonograph pick-
up," Audio Eng., vol. 32, pp. 17-20; August, 1948. 

Radio Phonographs 

Improved record changers, some of which are capable 
of operating at three different turntable speeds and with 
records of several different diameters, were developed 
and supplied with many radio-phonograph combina-
tions, to cope with the multiplicity of record types of-
fered during the year. In some cases, a separate changer 
was provided for 45-rpm records. Ingenious circuits were 
devised for improving the performance of inexpensive 
pickups, some of these circuits utilizing feedback ar-
rangements. 

(670) B. R. Carson, A. D. Burt, and H. I. Reiskind, "A record 
changer and record of complementary design," RCA Rev., 
vol. 10, pp. 173-190; June, 1949. 

(671) P. C. Goldmark, R. Snepvangers, and W. S. Bachman, "The 
Columbia long-playing microgroove recording system," PROC. 
I.R.E., vol. 37, pp. 923-927; August, 1949. 

(672) E. J. O'Brien, "High-fidelity response from phonograph pick-
ups," Electronics, vol. 22, pp. 118-120; March, 191C. 

Magnetic Recording and Reproduction 

The stringent demands of broadcasting, motion pic-
tures, and recording studios for high-quality reproduc-
tion led to extensive study of magnetic recording media. 
Spurious printing, correct bias, noise, and distortion 
were discussed in the literature; several articles for op-
erating personnel have appeared, which discussed the 
relation between correct bias and operating level con-
sistent with minimum distortion. Several editing ma-
chines for magnetic tape recorders were introduced. 
Stereophonic magnetic recordings were demonstrated. 
The duplication of magnetic recordings received much 
attention and an interesting method of direct printing 
of magnetic recording was introduced. 
The synchronism of magnetic playback system to ex-

isting motion picture projection was introduced; one 
method employed a stroboscopic comparison between 
marks printed on the magnetic tape and the flicker pro-
duced on the motion picture screen, another uses a phase 
comparison between a tone simultaneously recorded 
with the program material and the driving source which 
also supplies the synchronous motor of the projector. 

Nearly all major motion picture studios experimented 
with, or were actually using, magnetic recording for 
many of their recording requirements. 

(673) J. G. Frayne and H. Wolfe, "Magnetic recording in motion 
picture techniques," Jour. Soc. Mot. Pic. Eng., vol. 53, pp. 217-
234; September, 1949. 

(674) E. Masterson, "35 mm magnetic sound," Jour. Soc. Mot. Pic., 
Eng., vol. 51, pp. 481-488; November, 1948. 

(675) J. W. Gratian, "Noise in magnetic recording systems as influ-
enced by the characteristics of bias and erase signals," Jour. 
Acous. Soc. Amer., vol. 21, pp. 74-81; March, 1949. 

(676) G. L. Dimmick and S. W. Johnson, "Optimum high-frequency 
bias in magnetic recording," Jour. Soc. Afot. Pic. Eng., vol. 51, 
pp. 489-499; November, 1948. 

(677) R. Marchant, "Tape characteristics for audio quality," Tek-
Tech, vol. 8, pp. 30-34; July, 1949. 

(678) D. O'Dea, "Magnetic recording for the technical man," Jour. 
Soc. Mot. Pic. Eng., vol. 51, pp. 468-480; November, 1948. 

(679) S. W. Johnson, "Factors affecting spurious printing," Jour. 
Soc. Mot. Pic. Eng., vol. 52, pp. 619-628; June, 1949. 

(680) L. C. Holmes, "An evaluation of new and old techniques to 
improvements of the magnetic recording system," Proc. 
NEC, vol. 4; 1948. 

(681) M. Camras, "A stereophonic magnetic recorder," PROC. I.R.E., 
vol. 37, pp. 442-447; April, 1949. 

(682) R. S. O'Brien, "Edispot, tape editor," Audio Eng., vol. 32, pp. 
11-13; July, 1948. 

(683) S. J. Begun, "Magnetic Recording," Murray Hill Books, Inc., 
New York, N. Y.; 1949. 

Symbols 
The ASA published during 1949 the following stand-

ards concerning symbols: 

(684) Z10.5-1949; Letter Symbols for Electrical Quantities. 
(685) Z10.6-1948; Letter Symbols for Physics. 
(686) Z32.10-1948; Graphical Symbols for Electron Devices. 

The Munitions Board Standards Agency published 
during 1949 the JAN-STD-15 -1948 National Military 
Establishment Standard for Electrical and Electronic 
Symbols, of interest to manufacturers selling electrical 
equipment to the Armed Services. 

Television Systems 
Devehpments in Color Television 

W :irk on three television color systems progressed 
during the year, including demonstrations by RCA of 
their dot-sequential system, by CBS of a field-sequential 
system, and by Color Television, Inc., of a line-sequen-
tial system. 

(687) "Interlaced-dot color television announced by RCA," Elec-
tronics, vol. 22, p. 122; November, 1949. 

(688) Boothroyd and Wilson, "Dot systems of color television, 
Part I," Electronics, vol. 22, p. 88; December, 1949. 

(689) D. G. Fink, "New directions in color television," Electronics, 
vol. 22, p. 66; December, 1949. 

Over-all System Characteristics 

Additional work was reported on phase and ampli-
tude characteristics of commercial television transmit-
ters. Equipment was described which can equalize or 
correct for transient distortion caused by the transmitter 
vestigial-sideband filter and the 4.5-megacycle cutoff of 
the average receiver. General use of this type of equali-
zation is expected to offer considerable system improve-
ment. 
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(690) R. D. Kell and G. L. Frendendall, "Standardization of the 
transient response of television transmitters," RC.4 Rev., 
vol. 10, pp. 17-34; March, 1949. 

(691) E. D. Goodale and R. C. Kennedy, "Phase and amplitude 
equalizer for television use," RCA Rev., vol. 10, pp. 35-42; 
March, 1949. 

Video Techniques and Television 
Television broadcasting activity continued to grow 

rapidly despite the continuation of the "freeze" by the 
Federal Communications Commission on applications 
for new construction permits. To resolve the problem of 
tilling the need for new television stations in the best 
interest of the public, the Federal Communications 
Commission opened a hearing in September that prom-

• ised to last, with some intermissions, well into 1950. 

(692) "JTAC requests technical co-operation in connection with FCC 
television hearings," PROC. 1.R.E., vol. 36, pp. 1515-1517; 
December, 1948. 

(693) R. Lewis, "The Ad Hoc Committee Report,' Communications, 
vol. 29, pp. 6-9; July, 1949. 

(694) 'Television and the FCC vs. tropospheric interference,' Tel.-
Tech, vol. 8, pp. 68-69; March, 1949. 

(695) 'FCC's plans for future of TV,' Tele-Tech, vol. 8, pp. 52-53; 
July, 1949. 

• (696) "DuNIont's TV allocation plan,' Tek-Tech, vol. 8, p. 41; 
October, 1949. 

(697) R. M. Wilmotte and P. A. DeMars, 'Polycast system for TV 
on uhf," FM-Teter., vol. 8, pp. 26-28; December, 1948. 

(698) W. Co'. "FCC plans for "f V expansion,' FM-Teier., vol. 9, 
p. 22; May, 1949. 

(699) M. B. Sleeper, 'Nationwide TV service,' FM-Tries., vol. -9, 
pp. 10-19; August, 1949. 

The three major questions were: 

(1) In terstation interference among present commer-
cial very-high-frequency channels due largely to unex-
pected tropospheric *propagation. 
(2) The opening of some ultra-high-frequency chan-

nels to commercial television broadcasting to accommo-
date present needs. 
(3) The role that color television is to play. 
Color television aroused some of the most heated 

discussions in the hearing. It centered around three basic 
proposed systems: field-sequential, line-sequential, and 
dot-sequential transmission of the three primary colors. 
In addition, several demonstrations were made of the 
field sequential system for educational purposes in the 
medical field. 
Emphasis was laid on five factors relative to proposed 

color television systems: (a) compatability with present 
standard receivers or ability to receive the color trans-
mission in black and white with little or no modifica-
tions to existing sets; (b) ease of conversion of existing 
sets to display color; (c) cost of new color receivers; 
(d) the degree to which the system had been field tested; 
and (e) the quality of the color system both present and 
potential. 

(700) J. H. Battison, 'Color television transmission systems," Tek-
Tech, vol. 8, pp. 18-20; October, 1949. 

(701) 'Report on FCC color TV demonstrations at Washington," 
Tele-Tech, vol. 8, pp. 24-27, (cont'd.); November, 1949. 

(702) W. H. Cherry. "Colorimetry in television," Jour. Soc. Mot. 
Pic. Ext., vol. 51, pp. 613-642; December, 1948. 

Experiments to see what could be done to ease the 
severity of the effects of co-channel interference were 
carried on by industry through the use of offset carriers 
(intentionally 10 kilocycles displaced from the as-
signed frequency) in lieu of synchronized carriers pro-
posed earlier. Some 15 decibels of improvement ap-
peared realizable with either system. The advantage 
of the newer system is that the intermediate station 
equipment and connections are eliminated. 
(703) A. Francis, 'Synchronization of TV carriers to reduce co-

channel interference," Tek-Tech, vol. 8, p. 29; January, 1949. 

In addition, the Federal Communications Commis-
sion laboratories demonstrated simulated transmission 
and interference using FM for the visual system to ex-
plore its potential in the ultra-high-frequency band. The 
results were interesting but not conclusive. 
Actual field transmission in the ultra-high- and very-

high-frequency ranges were carried out to study com-
parative propagation effects. The tests showed the ad-
vantage of the lower very-high-frequency channels over 
the upper with respect to received signal strength, and 
the practicality of ultra-high-frequency transmission. 

(704) T. T. Goldsmith, Jr., R. P. Wakeman, and J. D. O'Neil, 'A 
field survey of television Channel 5 propagation of New York 
metropolitan area,' PROC. I.R.E., vol. 37, pp. 556-563; May, 
1949. 

(705) G. H. Brown, 'Field test of ultra-high-frequency television in 
Washington area," RCA Rev., vol. 9, pp. 565-5114; December, 
1948. 

(706) E. W. Allen, Jr., "Uhf propagation characteristics,' Ekctrox-
ice, vol. 22, pp. 86-89; August, 1949. 

(707) J. Fisher, 'Field test of uhf television,' Electroxics, vol. 22, pp. 
106-111; September, 1949. 

(708) T. T. Goldsmith, Jr., 'Progress on uhf television,' FM-Telex., 
vol. 9, pp. 24-26; May, 1949. 

To produce television programs the following three 
techniques were in use: 
(1) Direct connections through the rapidly expand-

ing intercity channel facilities of the telephone com-
panies. Some 8,500 channel miles of interconnecting 
television service were available by the year's end serv-
ing twenty-nine communities. The network extended 
along the eastern seaboard north to Boston, and south 
to Richmond. It linked the east with the middle west 
along the northern section of the United States reach-
ing northwest to Madison, Wisconsin, and southwest 
to St. Louis. 

(709) R. Hertzberg, 'Coaxial cable joins East & Mid-West TV net-
works," Tee-Tech, vol. 8, pp. 18-20; February, 1949. 

(710) G. N. Thayer, A. A. Raetken, R. W. Friis, and A. L. Durkee, 
"A broadband microwave relay system between New York 
and Boston," PROC. I .R.E., vol. 37, pp. 183-188; February, 
1949. 

(2) Delayed transmission through the use of film 
most of which were taken as "video recordings" of pri-
mary transmission, but others as specially recorded 
scenes and still others as reprojections of old film. The 
art of taking and projecting these films improved 
markedly as the year progressed. 
(711) G. H. Gordon, 'Video recording technics," Tek-Tech, vol. II, 

pp. 31-33, May, 1949; and pp. 29-31, June, 1949. 
(712) J. A. Maurer, "16-mm film suitable for TV," FM-Teter., vol. 

9, pp. 20-21; January, 1949. 
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(713) "Films in television," Jour. Soc. Ma. Pic. Eng., vol. 52, pp. 
363-379; April, 1949. 

(3) A "spur" connection to an existing transmission 
through an off-the-air pickup receiver and, in most 
cases, one or more privately owned microwave relays. 
(714) W. McCord, "Simplified handling of television remotes," 

Tek-Tech, vol. 8, pp. 26-31; June, 1949. 
(715) E. Labin, "Wide-band television transmission system," Ekc-

Ironies, vol. 22, pp. 86-89; May, 1949. 
(716) E. H. Schreiber, "Video distribution facilities for television 

transmission," Jour. Soc. Mot. Pic. Eng., vol. 51, pp. 574-585; 
December, 1948. 

In the field of standardization the IRE Video Tech-
niques Committee proposed definitions and methods of 
measurement which have been adopted and are being 
made available to the industry. Of particular concern 
have been those factors where lack of standardization 
has created considerable confusion and handicaps in 
the interconnection of video facilities such as measure-
ment of levels, picture resolution and wave shapes. 
A major effort along technical lines to improve the 

quality of picture reproduction and transmission was 
evident. In particular, emphasis was laid on techniques 
for measuring and specifying response. 
(717) P. M. Seal, "Square-wave analysis of compensated amplifiers," 

PROC. I.R.E., vol. 37, pp. 48-58; January, 1949. 
(718) W. J. Kessler, "Transient-response equalization through steady-

state methods," PROC. I.R.E, vol. 37, pp. 447-450; April, 1949. 
(719) M. Nadler, "The synthesis of electric networks according to 

prescribed transient conditions," PROC. I.R.E., vol. 37, pp. 
627-630; June, 1949. 

(720) P. R. Aigrain, "Design of optimum transient response ampli-
fiers," PROC. I.R.E., vol. 37, pp. 873-879; August, 1949. 

(721) R. C. Palmer and L. Mautner, "A new figure of merit for the 
transient response of video amplifiers," PROC. I.R.E., vol. 37, 
pp. 1073-1077; September, 1949. 

(722) T. N1urakami and M. S. Corrington, "Relation between 
amplitude and phase in electrical networks," RCA Rev., voL 9, 
pp. 602-631; December, 1948. 

(723) R. D. Kell and G. L. Fredendall, "Standardization of the tran-
sient response of television transmitters," RCA Rev., vol. 10, 
pp. 17-34; March, 1949. 

(724) M. S. Corrington, "Transient response of_filters,",RCA Rev., 
vol. 10, pp. 397-429; September, 1949. 

(725) D. A. Alsberg and D. Leed, "A precise direct reading phase and 
transmission measuring system for video frequencies," Bell 
Sys. Tech. Jour., vol. 28, pp. 221-238; April, 1949. 

In addition, gray-scale rendition came in for a great 
deal of study although there still appear to be many 
uncontrolled factors. This is particularly true where the 
intermediate use of film cascades the number of points 
where fidelity can be lost. Added to the many electronic 
circuits where distortion may occur are six operations 
that potentiality introduce errors: (1) studio camera-
tube response to incident light; (2) kinescope light out-
put from an electrical signal; (3) film-emulsion response 
to light; (4) film processing, including printing; (5) 
television-film camera-tube response to light from pro-
jector; and (6) receiver kinescope response to electrical 
signal. 
(726) 0. H. Schade, "Electro-optical characteristics of television 

systems; Part 4—Correlation and evaluation of electro-optical 
characteristics of imaging systems," RCA Rev., vol. 9, pp. 
653-686; December, 1948. 

(727) R. E. Blount, 'Lighting requirements of television studios," 
Tek-Tech, vol. 8, pp. 24-25; May, 1949. 

(728) H. M. Gurin, "Illumination for television studios," Tek-Tech, 
vol. 8, Part 1, pp. 54-56; September, 1949; Part 2, pp. 34-36; 
October, 1949. 

The installation of television transmitters in the 
present very-high-frequency bands has become com-
monplace enough to be routine in nature. In the ultra-
high-frequency bands, however, tubes and techniques 
were still reaching into the unknown, both in circuits 

and tubes. 
(729) R. R. Law, W. B. Whalley, and R. P. Stone, "Developmental 

television transmitter for 500-900 megacycles," RCA Rev., 
vol. 9, pp. 643-652; December, 1948. 

(730) G. H. Brown, W. C. Morrison, W. L. Behrend, and J. G. 
Reddeck, "Method of multiple operation of transmitting tubes 
particularly adapted for television transmission with ultra-
high-frequency band," RCA Rev., vol. 10, pp. 161-172; June 
1949. 

The motion picture industry has embarked on a 
program with two systems: (1) using the standard thea-
ter projectors with film which has been exposed by 
video recording techniques and processes quickly for 
immediate projection and (2) direct projection of the 
television image on to the screen by means of highly 
efficient optics with special kinescopes. 

(731) "Theater television," Jour. Soc. Mot. Pic. Eng., vol. 52, pp. 
243-267; March, 1949. 

(732) R. Hodgson, "Theater television system," Jour. Soc. Mot. 
Pic. Eng., vol. 52, pp. 540-548; May, 1949. 

(733) R. Wilcox and H. J. Schlafly, "Demonstration of large-screen 
television at Philadelphia," Jour. Soc. Mot. Pic. Eng., vol. 52, 
pp. 549-560; May, 1949. 

(734) B. Kreuzer, "Progress report—theater television," Jour. 
Soc. Mot. Pic. Eng., vol. 53, pp. 128-136; August, 1949. 

(735) J. E. McCoy and H. P. \Varner, "Theater television today," 
Jour. Soc. Mot. Pic. Eng., vol. 53, pp. 321-350; October, 1949. 

(736) "Statement on theater television," Jour. Soc. Mot. Pic. Eng., 
vol. 53, pp. 354-362; October, 1949. 

Also proposed is a system of interconnection of thea-
ters in a given area by means of privately owned micro-
wave relays. The Federal Communications Commission 
was asked for assignment of the necessary channels. 
(737) "FCC allocations of frequencies for theater television," Jour. 

Soc. Mot. Pic. Eng., vol. 53, pp. 351-353; October, 1949. 

Wave Propagation 
Tropospheric Propagation 

Very-high-frequency and microwave field intensities 
are far stronger well beyond the horizon than can be 
accounted for by conventional theory. Possibly, scat-
tering of radio waves from atmospheric turbulences 
may be responsible for this. 
Books. Perhaps 1949 may be said to mark the coming 

of age of the subject of tropospheric propagation of 
radio waves, in that the first book written by a single 
author was published. 

(738) H. Bremmer, "Terrestrial Radio ‘Vaves," Elsevier Publishing 
Co., New York, N. Y.; 1949. 

Mathematical Theory. Another contribution to the 
controversy over the surface wave of Sommerfeld ap-
peared in English and in French. A difficulty in Som-
merfeld's argument was uncovered, and the final re-
sults were found to be in accord with Weyl's solution 
and Burrows' experimental findings. 
A treatment by Sommerfeld himself became available 

in English. 
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(739) T. Kahan and G. Eckart, "On the electromagnetic surface (746) 
wave of Sommerfeld," Phys. Rev., vol. 76, pp. 406-410; August 
1,1949. 

(740) T. Kahan and G. Eckart, "Propagation of electromagnetic 
waves above the ground. Solution of the problem of the surface 
wave," Jour. Phys. Radium, vol. 10, pp. 165-176; May, 1949. 

(741) A. Sommerfeld, "Partial Differential Equations in Physics," 
Academic Press Inc., New York, N. Y.; chap. 6. 

(742) B. A. Vvedenski, "Work of the Soviet scientists in the field of 
propagation of ultra-short radio waves," Bull. Acad. Sci. 
(USSR), pp. 835-854; June, 1948 (In Russian). 

(743) V. A. Fock, "Propagation of a direct wave around the earth, 
taking into account diffraction and refraction," Bull. Acad. 
Sci. (USSR), vol. 12, pp. 81-97; March-April, 1948 (In 
Russian). English abstract, PROC. I.R.E., vol. 37, p. 108; Janu-
ary, 1949. 

(744) 0. E. H. Rydbeck, "On the propagation of waves in an inhomo-
geneous medium," Trans. of the Chalmers University of Tech-
nology, Gothenberg, Sweden, no. 74,35 pp.; 1948 (In English). 

(745) W. Pfister, "Theorie der Wellenausbreitung Langs der Erde, 
Einschliesslich Des Einflusses Der Troposphase," FIAT Re-
view of German Science, 1936-1946; Electronics II, pp. 127-
133. 

Propagation Experiments. An elaborate microwave 
propagation experiment was that performed during 
1943-1946 across Cardigan Bay. A detailed analysis of 
five months of data on wavelengths of 3 and 9 centi-
meters was published, along with conclusions drawn 
from the entire experiment. 
Observational material on propagation from very-

high-frequency coastal radars in Australia was sum-
marized. 
The first results from the Navy Electronic Labora-

tory's experimental station in Arizona were published. 
The measured height-gain relations in the lowest 200 
feet over a 47-mile desert path were compared with 
theory for frequencies between 25 and 9,000 megacycles, 
both for standard and non-standard meteorological con-
ditions. The outstanding anomaly was much stronger 
than standard field intensities observed for low an-
tennas at microwave frequencies even under standard 
or substandard meteorological conditions. 
At the University of Texas, both relative phase and 

signal strength have been measured as a function of 
antenna height above sea. The most puzzling dis-
crepancy was the different shapes of the height-gain 
curves depending on whether the transmitting or re-
ceiving antenna was moved. 
Rather unusual types of propagation measurements 

are described in connection with determining the service 
areas of television and frequency-modulation broadcast 
stations in urban areas, where terrain roughness be-
comes a dominant factor. 
Some of the estimates used by the Federal Com-

munications Commission for time and space variations 
of tropospheric field intensities at very- and ultra-high 
frequencies have been published. 
Almost all work on tropospheric propagation has 

been at frequencies higher than those affected by the 
ionosphere. In 1949, however, several papers appeared 
that indicate statistically that the troposphere does af-
fect field intensities in the broadcast and high-fre-
quency bands, even though such effects are usually 
masked by larger ionosphere-caused changes. 

J. S. McPetrie, B. Starnecki, H. Jarkowski, and L. Sicinski, 
"Oversea propagation on wavelengths of 3 and 9 centimeters," 
PROC. I.R.E., vol. 37, pp. 243-257; March, 1949. 

(747) F. J. Kerr, "Radio superrefraction in the coastal regions of 
Australia," Aust. Jour. Sci. Res., ser. A, vol. 1, pp. 443-463; 
December, 1948. 

(748) M. D. Rocco and J. B. Smyth, "Diffraction of high-frequency 
radio waves around the earth," PROC. I.R.E., vol. 37, pp. 1195-
1203; October, 1949. 

(749) A. W. Straiton, "Microwave phase front measurements for 
overwater paths of 12 and 32 miles," PROC. I.R.E., vol. 37, 
pp. 808-813; July, 1949. 

(750) T. T. Goldsmith, R. P. Wakeman, and J. D. O'Neill, 'A field 
survey of television channel 5 propagation of New York 
Metropolitan Area," PROC. I.R.E., vol. 37, pp. 556-568; May, 
1949. 

(751) E. W. Allen, Jr., "Uhf propagation characteristics," Electron-
ics, vol. 22, pp. 86-89; August, 1949. 

(752) H. R. Gracely, "Temperature variations of ground wave sig-
nal intensity at standard broadcast frequencies," PROC. I.R.E, 
vol. 37, pp. 360-363; April, 1949. 

(753) G. W. Pickard and H. T. Stetson, "Tropospheric effects in 
ionosphere-supported radio transmission," PROC. I.R.E., vol. 
37, pp. 596-599; June, 1949. 

Angle of Arrival. A new approach was made in deter-
mining accurately the angle of arrival of microwaves 
over a smooth surface. The method involved the rela-
tive signal strengths and phases in three vertically 
spaced antennas. 
The first comprehensive discussion of site errors in 

very-high-frequency direction finders was published. 

(754) E. W. Hamlin, P. A. Seay, and W. E. Gordon, "A new solution 
to the problem of vertical angle-of-arrival of radio waves," 
Jour. A ppl. Phys., vol. 20, pp. 248-251; March, 1949. 

(755) H. G. Hopkins and F. Horner, 'Direction-finding site errors at 
very-high frequencies." Jour. IEE (London), vol. 96, part 3, 
pp. 321-332; July, 1949. 

Radio Meteorology 

Ever since variable atmospheric refraction was recog-
nized, it has been hoped that purely meteorological 
measurements and theory might explain, and even pre-
dict, the index-of-refraction profiles in the atmosphere 
that affect field intensities. A review of this problem 
was published. 
Further meteorological analysis was made of the 

low-level soundings made at Radiation Laboratory in 
1944. 
Eddy diffusion in the lower atmosphere was treated 

in a recent monograph. 
The original attempt to predict radio-field intensities 

from meteorological measurements proved more diffi-
cult than had been anticipated, and now the reverse 
was tried, that is, deduction of the refractive-index 
profiles from radio measurements made over a path. 
MacFarlane enunciated the method and Straiton ex-
tended the idea by using phase-versus-height as well as 
signal strength-versus-height radio measurements to 
deduce the refractive-index profiles and to compare the 
attenuations deduced from the profiles with those 
actually measured. 

(756) H. G. Booker, 'Some problems in radio meteorology," Quart. 
Jour. Roy. Met. Soc., vol. 74, pp. 277-315; July-October, 1948. 

(757) R. A. Craig, "Vertical eddy transfer of heat and water vapor in 
stable air," Jour. Met., vol. 6, pp. 123-133; April, 1949. 

(7 58) 0. G. Sutton, "Atmospheric Turbulence," Methuen, 1949. 
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(759) A. W. Straiton, "An extension of MacFarlane's method of de-
ducing refractive index from radio observations," Jour. A pig. 
Phys., vol. 20, p. 228; February, 1949. 

Meteorological Echoes and Scattering. Some short-
range echoes obtained from an otherwise clear at-
mosphere on suitable microwave radars, appear almost 
certain to be caused by insects, and not by atmospheric 
discontinuities. 
A comprehensive summary of some observations on 

reflection of radio signals from the troposphere was 
published. 
Atmospheric turbulence has been proposed as a possi-

ble cause of observed tropospheric fields beyond the 
horizon far in excess of what can be accounted for on 
conventional theory. Booker and Gordon presented a 
paper on "Radio scattering in the troposphere" at a 
symposium at the Navy Electronics Laboratory, San 
Diego, Calif., in July, 1949, which appears on pp. 401-
412 of this issue of PROCEEDINGS. A Russian paper has 
appeared on the subject. 

(760) A. B. Crawford, "Radar reflections in the lower atmosphere," 
PROC. I.R.E.' vol. 37, pp. 404-405; April, 1949. 

(761) A. W. Friend, *Theory and practice of tropospheric sounding 
by radar," PROC. I.R.E., vol. 37, pp. 116-130; February, 1949. 

(762) V. A. Krasilnikov, "The effect of pulsations of refractive index 
of the atmosphere on the propagation of ultra-short waves," 
Bull. Acad. Sci. (USSR), vol. 13, pp. 33-57; 1949 (In Russian). 
Abstract in English, PROC. I.R.E., vol. 37, p. 972; August, 
1949. 

Velocity of Propagation. Certain Shoran observations 
between very accurately surveyed points indicated that 
the velocity of radio waves in vacuo should be increased 
by 16 kilometers per second over the previously ac-
cepted most accurate value for the velocity of light in 
vacuo. 
Measurements at microwave frequencies with the 

Oboe system have disclosed the change in velocity of 
propagation with the height of the aircraft over an air-
to-ground path. Values somewhat greater than that ac-
cepted have been reported. 
A new optical determination of the velocity of light 

in vacuo was published in Sweden, which is in good 
agreement with the new Shoran value. 

(763) C. 1. Aslakson, "Can the velocity of propagation of radio 
waves be measured by Shoran?" Trans. Amer. Geophys. Union, 
vol. 30, pp. 475-487; August, 1949. 

(764) F. E. Jones and E. C. Cornford, "The measurement of the 
velocity of propagation of centimeter radio waves as a function 
of height above the earth. Part 2—The measurement of the 
velocity of propagation over a path between ground and air-
craft at 10,000, 20,000, 30,000 ft.," Jour. IEE (London), vol. 
96, part 3, pp. 447-452; September, 1949. 

(765) E. Bergstrand, "A preliminary determination of the velocity 
of light," Ark. Mat. Asir. Fys., vol. 36A, no. 20; 1949. (See also 
Nature (London), vol. 163, p. 338; February 26, 1949). 

Atmospheric Attenuation. The absorption of micro-
waves by the oxygen and water vapor of the air will 
probably set the limit to the upward expansion of the 
radio spectrum for communication purposes. The sub-
ject interests physicists also because it makes possible 
for the first time a thorough experimental study of the 
effect of pressure on the shape of the absorption lines. 

The first out-of-doors measurement of the atmospheric 
attenuation of millimeter waves by oxygen was re-
ported. 
Laboratory measurements of absorption of 5-milli-

meter waves by pure oxygen at atmospheric pressure 
were reported. Partial resolution of the spectral lines 
was achieved. The precise frequencies of the lines at 
low pressures remain to be determined, as well as an 
understanding of the observed unexpected nonlinear 
variation of absorption with partial pressure of oxygen. 

(766) H. R. L. Lamont, "Atmospheric absorption of the millimeter 
waves," Proc. Phys. Soc. (London), vol. 61, pp. 562-569; 
December, 1948. 

(767) M. \V. P. Strandberg, C. Y. Meng, and J. G. Ingersoll, "The 
microwave absorption spectrum of oxygen," Phys. Rev., vol. 
75, pp. 1524-1528; May 15,1949. 

Radio Astronomy 

Galactic Radio Waves. An important development 
was the announcement by the Australians of radio 
waves coming from the Crab nebula. These measure-
ments were the first to relate a source of radio waves 
to any visible celestial object other than the sun. A 
further list of possible celestial point sources was given 
by Hey. Work at Manchester and Cambridge, England, 
showed that the variability of the point source in 
Cygnus is not coherent at the two localities, but only 
over distances of a mile or so. Thus, this phenomenon 
is one superimposed by the atmosphere or, probably, 
ionosphere of the earth. It was suggested that the radio-
frequency radiation is produced in late-type stars by 
flare activity similar to that of the sun but on a scale 
roughly 10" times la.-ger. Least-squares solutions of 
observations at 160 and 480 megacycles indicated the 
plane of the galaxy to be inclined to the visual galactic 
equator by 1.61 and 0.72 degrees, respectively. 

(768) J. G. Bolton, G. J. Stanley, and 0. B. Sloe, "Positions of three 
discrete sources of galactic radio-frequelacy radiation,"Nature 
(London), no. 4159, pp. 101-102; July 16,1949. 

(769) J. S. Hey, "Point sources of radio waves," Observatory, vol. 49, 
no. 849; April, 1949. 

(770) A. Unsold, "Origin of the radio-frequency emission and cosmic 
radiation in the Milky Way," Nature (London), vol. 163, pp. 
489-491; March 26, 1949. 

(771) Ruth J. Northcott and Ralph E. Williamson, "Galactic noise 
and the plane of the galaxy," Jour. Roy. Astr. Soc. Canada, 
vol. 42, pp. 269-279; November-December, 1948. 

Solar Radio Waves. Solar noise at 10.7 centimeters 
showed that the radiation from the quiet sun is ran-
domly polarized, whereas sunspots can produce circu-
larly polarized radiation. The daily mean intensity of 
solar radiation on 10.7 centimeters was compared to 
relative sunspot numbers. The correlation coefficients 
increase with successive comparisons. It was suggested 
that the radiation consists of: (1) a continuous back-
ground corresponding to an apparent temperature near 
60,000 degrees and due to free transitions in the chro-
mosphere and corona, (2) a slowly variable component 
dependent on the sums of the areas of the spots, and (3) 
sharp increases of intensity usually related to modifi-
cations in the topography of spots or spot groups. 
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Observations during a partial eclipse of the sun were 
inconclusive in determining whether the sun appears in 
the centimeter band as a brilliant ring. The fact that 
bursts of solar noise were not observed coinciding with a 
particular intense solar flare suggests that certain mag-
netic conditions are also required in the production of 
solar noise. 
The theory of oscillations of an unbounded plasma 

was extended to consider the effects of collisions and 
special groups of particles having well-defined ranges of 
velocities. The latter produced a tendency toward an 
instability that may be responsible for solar and galactic 
radio noises. 
The formulas for the radiation of long-wave energy 

from an ionized medium were modified to treat cases 
in which the index of refraction of the medium differs 
considerably from unity. For the solar corona the radia-
tion so derived can be five times weaker than that 
calculated from the unmodified formulas, and concepts 
regarding the effective level observed on a given fre-
quency must be revised. 
The theory of generation of radio energy resulting 

from space-charge interaction between streams of 
charged particles was applied to the problem of solar 
radio noise. Interaction of two streams may not be re-
quired for the generation but may serve to amplify the 
solar noise. 

(772) A. E. Covington, "Circularly polarized solar radiation on 10.7 
centimeters," PROC. I.R.E., vol. 37, p. 407; April, 1949. 

(773) J. F. Denisse, "Relation entre les emissions radioelectriques 
solaires decimentriques et les taches du soleil," Compt. Rend. 
(Paris), vol. 228, pp. 1571-1572; May 16, 1949. 

(774) M. Laffineur, R. Michard, J. L. Steinberg, and S. Zisler, 
"Observations radioelectriques de l'eclipse de soliel du 28 
Avril 1948," Compt. Rend. (Paris), vol. 228, pp. 1636-1637; 
May 23, 1949. 

(775) N. W. Newton, "Solar notes," Observatory, vol. 69, pp. 74-75; 
April, 1949. 

(776) "Royal Astronomical Society, Meeting of 1949 March 11," 
Observatory, vol. 69, pp. 47-54; April, 1949. 

(777) D. Bohm and E. P. Gross, "Theory of plasma oscillations. B. 
Excitation and damping of oscillations," Phys. Rev., vol. 75, 
series II, pp. 1864-1876; June 15, 1949; abstracted under sub-
title in Phys. Rev., vol. 75, series II, p. 1323; April 15, 1949. 

(778) J. F. Denisse, "Influence de l'indice de refraction sur les emis-
sions radioelectriques d'un milieu ionise," Compt. Rend. 
(Paris), vol. 228, pp. 751-753; February 28, 1949. 

(779) A. V. Haeff, "On the origin of solar radio noise," Phys. Rev., 
vol. 75, series II, pp. 1546-1551; May 15, 1949; abstracted in 
Phys. Rev., vol. 75, series II, p. 1333; April 15, 1949; and, with 
minor variations, in PROC. I.R.E., vol. 37, p. 172; February, 
1949. 

(780) V. A. Bailey, "Space-charge wave amplification effects," Phys. 
Rev., vol. 75, series II, pp. 1104-1105; April 1, 1949. 

Reviews. A number of review articles on radio astron-
omy appeared during the year. 

(781) C. R. Burrows, "Radio astronomy," Electronics, vol. 22, pp. 
75-79; February, 1949; reprinted as Cornell University, School 
of Electrical Engineering, Radio Astronomy Report No. 3. 

(782) A. C. Clarke, "The radio telescope," Jour. Brit. Asir. Assn., 
vol. 59, pp. 156-159 (and discussion under different title on pp. 
146-148); April, 1949. 

(783) M. A. Ellison, 'Solar flares and their terrestrial effects," 
Nature (London), vol. 163, pp. 749-753; May 14, 1949. 

(784) W. Menzel, "Recent results of solar investigations," Ekk. 
Wiss. Tech., vol. 3, pp. 55-61; February, 1949. 

(785) G. Reber, "Galactic radio waves," Sky and Telescope, vol. 8, 
pp. 139-141; April, 1949. 

(786) "Symposium: Microwave astronomy," Ask. Jour., vol. 54, 
pp. 121-122; April, 1949. (J. L. Greenstein, "The origin of 
galactic radio noise"; J. P. Hagen, "The measurement of extra-
terrestrial radio wave emission.") 

Ionospheric Propagation 

Theoretical advances were made in the fields of 
solar relationships, oblique-incidence propagation, and 
electron distribution in the ionosphere. 

(787) C. W. Allen, "Critical frequencies, sunspots, and the sun's 
ultra-violet radiation," Terr. Mag. Atmo. Elec., vol. 53, pp. 
433-448; December, 1948. 

(788) H. G. Booker, "Application of the magneto-ionic theory to ra-
dio waves incident obliquely upon a horizontally stratified 
ionosphere," Jour. Geophys. Res., vol. 54, pp. 243-274; Septem-
ber, 1949. 

(789) L. A. Manning, "The reliability of ionospheric height deter-
minations," PROC. I.R.E., vol. 37, pp. 599-603; June, 1949. 

(790) 0. E. H. Rydbeck, "On the propagation of waves in an in-
homogeneous medium," Report No. 7, Research Laboratory 
of Electronics, Chalmers University of Technology, Gothen-
burg, Sweden. 

(791) N. C. Gerson, "Maintenance of nocturnal ionization," Nature 
(London), vol. 163, p. 491; March, 1949. 

(792) H. Bremmer, "Some remarks on the ionosphere double refrac-
tion," Philips Res. Rep., Part I, vol. 4, pp. 1-19; February, 
1949. 

(793) H. Bremmer, "Some remarks on the ionosphere double refrac-
tion," Philips Res. Rep., Part II, vol. 4, pp. 189-205; June, 
1949. 

(794) R. Payne-Scott and L. L. McCready, "Ionospheric effects 
noted during dawn observation on solar noise," Terr. Mag. 
Atmo. Elec., vol. 53, pp. 429-432: December, 1949. 

(795) R. Penndorf, "The vertical distribution of atomic oxygen in the 
upper atmosphere," Jour. Geophys. Res., vol. 54, pp. 7-38; 
March, 1949. 

A rebirth of interest in ionosphere behavior below one 
megacycle is currently providing information on the 
detailed structure of the E region, and higher strata as 
well. 

(796) R. A. Helliwell, "Ionospheric virtual-eight measurements at 
100 kilocycles," PROC. I.R.E., vol. 37, pp. 887-894; August, 
1949. 

Considerable work continued in the investigation of 
the effects of atmospheric tidal oscillations. 

(797) D. F. Martyn, "Atmospheric tides in the ionosphere: Part 3— 
Lunar tidal variations at Canberra," Proc. Roy. Soc. A, vol. 
194, pp. 429-444; November 9, 1948. 

(798) D. F. Martyn, "Atmospheric tides in the ionosphere: Part 4— 
Studies of the solar tide, and the location of the regions pro-
ducing the diurnal magnetic variations," Proc. Roy. Soc. A, 
vol. 194, pp. 445-463; November 9, 1948. 

(799) D. F. Martyn, "Lunar variations in the principal ionospheric 
regions," Nature (London), vol. 163, pp. 34-36; January 1, 
1949. 

(800) A. G. McNish and T. N. Gautier, "Theory of lunar effects and 
midday decrease in F2 ion-density at Huancayo," Jour. 
Geophys. Res., vol. 54, p. 181; June, 1949. 

From analysis of fading phenomena and of rapidly 
moving disturbances in sweep-frequency virtual-height 
records, methods of determining wind and pressure-
wave velocities were suggested. 

(801) J. A. Ratcliffe, "Diffraction from the ionosphere and the fading 
of radio waves," Nature (London), vol. 162, pp. 9-11; July 3, 
1948. 

(802) G. H. Munro, "Short-period changes in the F region of the 
ionosphet e," Nature (London), vol. 162, pp. 886-887; Decem-
ber 4, 1948. 

(803) G. H. Munro, "Short-period variations in the ionosphere," 
Nature (London), vol. 163, pp. 812-814; May 21, 1949. 

(804) W. J. G. Beynon, "Evidence of horizontal motion in region 
F3-ionization," Nature (London), vol. 162, p. 887; December 4, 
1948. 
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(805) S. N. Mitra, "A radio method of measuring winds in the iono-
sphere," Proc. IEE (London), vol. 96, pp. 441-446; September, 
1949. 

Study of meteoric ionization brought forth new 
means of obtaining both meteoric velocities and radi-
ants and new ways of studying ionospheric structure. 

(806) P. M. Millman and D. W. F. McKinley, "Three-station-radar 
and visual triangulation of meteors," Sky and Telescope, vol. 8; 
March, 1949. 

(807) D. W. F. McKinley, "A phenomenological theory of radar 
echoes from meteors," PROC. I.R.E., vol. 37, pp. 364-375; 
April, 1949. 

(808) L. A. Manning, 0. G. Villard, Jr., and A. M. Peterson, "Radio 
doppler investigation of meteoric heights and velocities," Jour. 
A ppl. Phys., vol. 20, pp. 475-479; May, 1949. 

(809) D. D. Cherry and C. S. Shyman, "On meteor speed measure-
ments by the radio doppler method at low frequencies," Phys. 
Rev., vol. 75, pp. 1441-1442; May 1,1949. 

(810) J. G. Davies and C. D. Ellyett, "The diffraction of radio waves 
from meteor trails and the measurement of meteor velocities," 
Phil. Mag., vol. 40, pp. 614-626; June, 1949. 

(811) E. Eastwood and K. A. Mercer, "A study of transient radar 
echoes from the ionosphere," Proc. Phys. Soc. (London), vol. 
61, pp. 122-134; August, 1948. 

Many groups have been studying long-scatter, multi-
path, and oblique-incidence propagation effects, al-
though most of the results have not yet been published. 

(812) A. H. Benner, "Predicting maximum usable frequency from 
long-distance scatter," PROC. I.R.E., vol. 37, pp. 44-47; 
January, 1949. 

(813) W. L. Hartsfield, S. M. Ostrow, and R. Silberstein, "Back-
scatter observations by the Central Radio Propagation 
Laboratory, August I947—March 1948," Report CRPL-5-5, 
National Bureau of Standards, Central Radio Propagation 
Laboratory, Washington, D. C.; October, 1948. 

(814) W. J. G. Beynon, "Propagation of radio waves," Wireless Eng., 
vol. 25, pp. 322-330; October, 1948. 

Solar flares, absorption, and interaction of waves re-
ceived further attention. 

(815) 0. E. H. Rydbeck and D. Strauz, "Ionosphere effects of solar 
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Pictorial Display in Aircraft Navigation and Landing* 
LOREN F. JONESt, SENIOR MEMBER, IRE, H. J. SCHRADERt, SENIOR MEMBER, IRE, AND 

J. N. MARSHALLt, MEMBER, IRE 

Summary—The 15-year general plan formulated by the Radio 
Technical Commission for Aeronautics for developing and installing 
a comprehensive air-navigation system in the United States requires, 
among other things, ground .and!airborne "pictorial situation dis-
play." This display is to appear on the ground and in aircraft cockpits, 
and is to be used in the traffic-control zone, during landing, and to 
control taxiing on the surface of the airport. 
Displays for traffic control and instrument landing are illustrated. 

It is shown that, in traffic control, the picture can be used merely as a 
means of monitoring some other method of control and of enabling 
the pilot to avoid collisions with other aircraft; or the picture can con-
stitute the primary method of presenting traffic-control instructions 
to the pilot. Moving-block and fixed-block traffic-control patterns 
were flown by many pilots in a teleran Link trainer with favorable 

results. 
Teleran is discussed to indicate the nature and solution of some 

problems typical of pictorial display in aviation. Developments are 
described pertaining to self-identification:infthe picture, use of 
graphechon storage tubes, altitude coding, and picture brightness. 
After additional and varied developments, requiring several years 

for completion, it should be possible to select optimum methods for 
providing pictorial display. 

ru  HE EVER-INCREASING military, civil, and 

Jjcommercial importance of air transportation is 
widely recognized. In the United States alone at 

least five thousand engineers are engaged in the develop-
ment and design of air frames and engines. The efforts 
of these men and their predecessors have resulted in re-
markable increases in the speed, economy, and mechan-
ical reliability of air transportation, but poor weather 
causes too many aircraft to spend too much time on the 
ground. It causes others to spend too much time in the 
air because of congestion in the air lanes and on the run-

ways. 
It is interesting to note that the over-all problem of 

controlling, in three-dimensional air space filled with fog, 
the positions of numerous aircraft having different speed 
and maneuverability characteristics and different des-
tinations poses a complex and challenging technical 
problem. All workers in this field have recognized that 
only electronic methods are likely to result in a satisfac-
tory solution. In the last few years, the over-all prob-
lem was for the first time approached from the true 
systems viewpoint. Though many operational require-
ments were unspecified (some are still under study) and 
thus had to be estimated, several noteworthy systems 
developments were conducted in industrial laboratories, 
generally under the financial sponsorship of the United 
States Air Force. In 1947, when RTCA prepared rec-
ommendations' "for the safe control of expanding air 

• Decimal classification: R526. Original manuscript received by 
the Institute, March 2,1949; revised manuscript received, November 
29,1949. 
t Radio Corporation of America, Camden, N. J. 
"Air traffic control," Radio Technical Commission for Aero-

nautics, paper 27-48-D0-12; May, 1948. 

traffic," the major systems and methods under develop-
ment were teleran,2-6  navar,6 lanac,7.8 GRS block,6 and 
tricon.")," The RTCA recommendations are now serving 
as a nonobligatory guide for the permanent Air Naviga-
tion Development Board. The recommendations, too 
lengthy for presentation here, specify a "transition" sys-
tem and an ultimate or "common" system. Pictorial 
situation display is incorporated in the common system. 
The pictorial display, a new concept in aircraft flight, 

is recommended for all segments of flight and on the 
ground (take-off, terminal zone, en route, initial ap-
proach, final approach, landing, movement on the 
ground), and it is recommended that display equipment 
be designed to _fit all types of aircraft. Thus, pilots will 
someday have a new instrument which will produce a 
relatively large quantity and variety of information in 
diagrammatic or pictorial manner. It is the authors' 
contention that the value of pictorial presentation is, 
even today, only partly realized, and that actual flight 
experience may well prove that the picture itself can 
constitute the major facility for many of the operational 
functions herein considered. Since teleran (a generic 
word from teievision-radar-air-navigation) provides pic-
torial situation display to the extent recommended by 
RTCA, a brief description of it may be of interest at this 
point." 

TELERAN 

The basic concept of teleran is that all information 
necessary for general navigation, traffic control, collision 

prevention, landing, taxiing control, and weather de-
piction should be obtained on the ground and should be 
automatically combined into convenient pictorial dis-

P. J. Herbst, I. Wolff, D. Ewing, and L. Jones, "The teleran 
proposal," Electronics, vol. 19, pp. 125-127; February, 1946. 
a D. H. Ewing and R. W. K. Smith, "Teleran; air navigation and 

traffic control by means of television and radar," RCA Rev., vol. 7, 
pp. 601-620; December, 1946. 

L. F. Jones, "Teleran system of air navigation and traffic con-
trol" (abstract), Aeronaut. Eng. Rev., vol. 5, December. 1946. 

6 D. H. Ewing, H. J. Schrader, and R. W. K. Smith, "Teleran; 
first experimental installation," RCA Rev.,' vol. 8, pp. 612-622; 
December, 1947. 

6 H. Busignies, P. R. Adams, and R. I. Colin, "Aerial navigation 
and traffic control with navaglobe, never, navaglide, and navascreen," 
Elec. Commun., June, 1946. 

1 K. McIlwain, "Hazeltine lanac system of navigation and col-
lision prevention," Proc. Radio Club of America, February, 1949. 

"Lanac, two-signal navigation system," Tele-Tech; February, 
1947. 

9 "The block system for airway control," Electronic Ind.; De-
cember, 1946. 
la "They call it tricon; General Electric's triple coincidence elec-

tronic method of air navigation," Aero Digest; April-May. 1948. 
11 A. Francis, "Tricon—new system for airplane navigation," 

Tele-Tech; November, 1947. 
" The desirability of pictorial presentation was pointed out by 

V. K. Zworykin and A. N. Goldsmith, independently, more than fif-
teen years ago. Subsequent developments in ground radar and air-
borne transponders were necessary before it was possibile to devise an 
integrated, comprehensive, and practical system. 
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plays. These displays are then used on the ground, and 
also are continuously and simultaneously transmitted to 
all aircraft by television techniques. Altitude segrega-
tion is used so that the displays presented to ground and 
airborne personnel contain only relevant information. 
The composite picture for each altitude layer is pro-
duced by combining ground radar information regarding 
the location of all aircraft with map information and 
diagrammatic traffic-control displays and other visual 
data. Altitude-coded airborne transponders are em-
ployed so that the radar data can be automatically and 
accurately sorted by altitude layers. The airborne equip-
ment consists of only the transponder and a picture re-
ceiver. Means are provided to show each pilot continu-
ously which of the aircraft in the received composite 
picture is his own. Fig. 1 illustrates the main elements 
of the system. Time-division multiplex transmission is 
used so that a single transmitter for each control center 
can continuously provide the pictures for all altitude 
layers, for weather maps, for traffic control, etc. 
The instrument-landing situation is presented pic-

torially by means of data obtained from precision-beam 
radar (GCA) equipment. The picture received in the 
cockpit depicts position with respect to the glide path 

Composite picture, as transmitted „ 
Showing map, traffic control 
instructions, and location of all 
aircraft in this altitude layer 

Dichroic 
semi-reflecting 

rnirrOrS 

Mop of 
or no 
ShOwing 
airways, 
etc 

Screen 
Showing 
trot tic 
control 
instroCtiOr111 

Unit which 
originates 
trot tic control 
instructions 
Either movie projector 
Or traffic Central Computer 

Pictorial 
display 
unit 

(horizontally and vertically), with respect to the air-
port, and with respect to other aircraft on the glide path. 
Traffic control by several methods is made possible 

through the flexibility of pictorial presentation. Weather 
map reception is easily provided. 
The pictorial display is transmitted by means suffi-

ciently independent of other parts of the system that 
elements of the system are not so mutually interdepend-
ent as to limit their continuing improvement. For ex-
ample, as the art progresses, improvements can be made 
in the ground radar characteristics, in traffic-control 
techniques (as required by evolution in the traffic situa-
tion), in instrument-landing displays, and in airport-
taxiing control, without obsoleting or modifying the 
ground-to-aircraft picture link. By using storage tubes 
both on the ground and in the aircraft, in the manner 
described later, large savings in bandwidth are made 
possible. 

TYPICAL OPERATIONAL USES OF 
PICTORIAL DISPLAY 

Several of the operational aspects of pictorial display 
will serve to illustrate the flexibility and broad utility of 
such displays. 

Television Ca mer a 

PPI Radar 

indicator for 
aircraft at 
0-1000' 

— at 100 V -2000 

_ ./ altitudes 
s 

, 
, 

1,1. 4 

Received picture Some as 
transmitted picture, except for 
ootornatic oddit n of '00101 line 
snowing pilot whiCh aircraft is 
his, ond graphic heading .ndiC0-
',on obtained from aircraft'S 
own directional gyro 

Ground  radar 

Fig. 1—Essential elements of pictorial display system. 
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1. Graphic Presentation of Aircraft Heading 

It is desirable to add to the picture received from the 
ground, by superposition, information regarding the 
heading of the aircraft. A map-like picture gives dis-
placement information only. This is not sufficient to 
permit a pilot on manual control to fly a straight track, 
since some displacement from the track must be dis-
cerned before corrective action is taken, resulting in a 
zigzag flight path. The desired linearity of flight path is 
realized by the pilot's holding a steady heading as indi-
cated by the gyrocompass. To obviate the necessity of 
shifting sight back and forth between the pictorial dis-
play and the gyrocompass, a transparent overlay disk 
ruled with parallel lines is mounted immediately in 
front of the display tube and is rotated through a servo-
mechanism by the compass. Thus, without glancing 
away from the picture, the pilot at all times sees heading 
information superimposed on the picture in graphic 
form. An azimuth scale around the picture-tube periph-
ery permits reading the heading in degrees when de-
sired. Experience in a teleran trainer has shown that 
this graphic method of indicating heading is very desir-

able. 

2. Short-Range Navigation 
An important operational use is in short-range navi-

gation. Fig. 2 depicts a received picture typical of a gen-

Fig. 2—Typical navigation picture includes pilot's own aircraft 
(identified by radial line), other aircraft, air routes, obstruction. 
airport, etc. 

eral navigation situation. Airways, obstacles, airports, 
and other aircraft are shown. With just the basic dis-
play, including the heading indicator, it is interesting to 
note that for all short-range flight functions the single 
pictorial display instrument makes it unnecessary for 
the pilot to use his automatic direction finder, stand-
ard-range receiver, omnirange receiver, distance-meas-
uring equipment, directional gyro (except to occasion-
ally correct for precession), maps, and instrument-land-
ing system. In addition, the picture provides other 
important services such as weather-map reception and 
collision prevention. • 

3. Traffic Control in the Initial Approach Zone 

Before briefly discussing several ways in which pic-
torial display can be used to directly control aircraft 
traffic in the initial approach zone, it should be noted 
that, in case other means of direct control are employed, 
pictorial display can perform the important function of 
monitoring. A pilot whose aircraft is under the control 
of relatively complicated ground equipment will feel 
confidence in the operation of this equipment only if 
he is able to monitor its performance and the status of 
his flight by independent means. A pictorial situation 
display not only would provide him at a moment's 
glance with a complete check of the operation of the 
over-all system, but, furthermore, would enable him to 
take emergency action when desired. Only the picture 
will tell him the location of other aircraft and of ground-
based obstacles. For a more thorough discussion of the 
traffic-control problem and its relationship to pictorial 
presentations, reference should be made to a separate 
paper" describing specific methods for using pictorial 
display in the direct control of traffic. 
In the initial approach zone, two general methods are 

available for traffic control. One employs "fixed blocks" 
wherein blocks of air space are at fixed locations with 
respect to the ground. The other uses "moving blocks" 
wherein reserved air spaces constantly move in accord-
ance with the intended motion of aircraft. Fig. 3 depicts 
one form of fixed-block traffic control for the New York 
area. It will be noted that this particular picture is the 
one transmitted for southeast wind conditions. It shows 
all necessary landing paths for medium-speed aircraft 
arriving from the four approach directions, for any of 
the three New York fields. High-speed aircraft would 
see different series of blocks except for the final conver-
gence, and a still different picture would be transmitted 
for low-speed aircraft. The complexity of the traffic 
situation in the New York area is the greatest in the 
world, and it should be realized that much simpler pic-
tures than Fig. 3 will suffice in most locations. In addi-
tion to the pictorial display, traffic-control computers 
and other facilities not described in this paper will be 
required. 
If the moving-block principle is used, the automatic 

traffic-control computer on the ground is designed to 
produce and insert into the picture appropriate moving 
blocks. Each aircraft is assigned to a moving air space. 
Proposals and studies by the authors, continued under 
contract at Franklin Institute," showed that it is prac-
tical to design a computer which will immediately as-
sign a block to an aircraft upon its entry into the con-
trol zone, and then will so control the speed of the block 
in the picture (within the normal speed range of the 
aircraft) that the block will be brought to the final ap-
proach (start of glide path) with minimum delay, yet 

Is Loren F. Jones, "Traffic control by pictorial display,' Aeronaut. 
Eng. Rev., vol. 8, pp. 22-33; February, 1949. 
I' W. XV. Felton, "The application of a moving block system to 

RCA teleran," Franklin Institute Report; December, 1947. 
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with proper spacing from preceding and following blocks. 
The pilot need merely keep his aircraft within the 
block as seen in his pictorial display. About 100 pilots 
have flown this variable-speed, curved-path, moving-
block method in a teleran Link trainer. They commented 
very favorably. However, no attempt was made to com-
pare moving blocks with fixed blocks. 
Fig. 4 shows an installation in a C-47 cockpit. It in-

cludes an unretouched photograph of data transmitted 
through a pictorial system. 

4. Automatic Moving Blocks for Nonscheduled Aircraft 

Through the flexibility of the pictorial method, cer-
tain nonscheduled aircraft (chartered planes, larger 
sized private planes, military aircraft and cargo air-
craft, some of which will operate off the established air-
ways) can be rendered a unique service. Such aircraft 
already exceed commercial scheduled aircraft in num-
ber and in hours flown. In the future in the United 
States, it is likely that nonscheduled aircraft will fre-
quently employ separate airports, adequately spaced 
from those used by scheduled airlines. To avoid pre-
scheduling and other complications, nonscheduled air-

Fig. 4—An installation of a telcran inditator in a C-47 cot kpit. I he 
picture on the tube is an actual photograph of a moving-block dia-

. gram transmitted through a pictorial display system. 

Fig. 3—Suggested approach paths to the three New York airports. Fixed-block traffic control. Take-off paths not shown. 
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craft may fly off the established airways and may land 
at these nonscheduled airports. According to the RTCA 
recommendations, the established airways start at cer-
tain minimum altitudes and thus can be "crossed" 
without notice at low altitudes. But before a nonsched-
uled aircraft can fly to a nonscheduled airport with only 
the simplest advance clearance, the pilot must know 
that there is some means at the terminal airport for the 
orderly handling of traffic arriving at almost random 
timing. One method of accomplishing this is to add to 
the situation display transmitted from the terminal air-
port a set of moving blocks which would look like mov-
ing images on animated film. In fact, the blocks would 
originate on closed loops of animated film placed in the 
ground picture transmission equipment. Practical means 
for accomplishing this are available. No traffic-control 
computer is needed. Peculiarly shaped blocks are desir-
able in order to accomModate both slow and fast air-
craft. The blocks move constantly along the approach 
paths and down the glide path. Somewhat similar blocks 
move away from the airport for take-off. The entire 
process is continuous, much as is a moving stairway. 
Changes in wind direction, requiring the use of a dif-

ferent runway, can be indicated in a few minutes' time 
by the simple expedient of transmitting a transition film 
whose animation is specifically intended for the particu-
lar transition required. After the transition is completed, 
a "steady wind" film is repeatedly scanned for the new 
runway until another change is indicated. Fig. 5 typifies 
a runway shift. 

131 161 

L 
lal 141 

131 141 

1,1 

001 

Fig. 5—Display (1) depicts the relative size of the "moving stairway" 
traffic-control pattern in the complete pictorial display picture. 
In (2), (3), (4), etc., aircraft A flies within one of the moving 
blocks (originating from animated film transmitted from the 
ground) and proceeds to its landing. In (5), pilots of other aircraft 
such as B are shown that a change in runway has been necessi-
tated by wind shift. Succeeding scenes show how plane B proceeds 
to land on the new runway. (5) to (9) inclusive are produced by 
a transition film for runway shift. (10) is the start of a steady wind 
film for the new runway. 
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The successive scenes in this illustration are spaced 
about one minute apart. It will be noted that the entire 
runway shift requires about six minutes. Aircraft A 
completes its landing within the six-minute period, 
whereas aircraft B follows shortly afterward on the new 

runway. 
With this "moving stairway" technique, minimum 

skill and attention are required on the part of the pilot, 
and still less attention is required on the part of ground 
personnel. Yet, unless the airport is operated too near 
to saturation, aircraft of several speed capabilities and 
with random arrival times from any direction are han-
dled with little delay. This nearly automatic, economi-
cal method may prove to be desirable at some of the 
more isolated smaller airports. 

5. Instrument Landing 

After an aircraft has completed its initial approach, 
either by fixed--or moving-block or some other method, 
it undertakes an instrument landing. It is during this 
part of an aircraft's flight, when it is traveling at re-
duced speed and when all aircraft which are to land are 
converging on the same glide path, that the spacing be-
tween adjacent aircraft is intentionally at minimum. At 
this time it is especially important that each pilot know 
the location of other aircraft ahead of and behind him 
on the glide path. To date, pictorial display is the only 
method proposed which gives the pilot this information. 

(a) (b) 

(c)  (d) 

Fig. 6—Four successive pictorial displays during the landing process. 
In (a), the plane 7 miles from the airport is slightly to the right 
and slightly above the glidepath (another plane is 2 miles from the 
airport). In (b), the plane has proceeded to 4i miles from the air-
port and is at corrected altitude, but a little to the left. In (c), it is 
1 mile from the airport and is exactly on the glidepatb Upon con-
tacting the runway, the pilot shifts to picture (d) which shows the 
situation on the airport surface. 
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There are several convenient manners in which pictorial 
display can present instrument-landing information. 
One method is shown in Fig. 6. This particular method 
has been flown by 80 pilots in a teleran Link trainer. The 
successive scenes in Fig. 6 indicate an approach over an 
eight-mile glide path. Note that the pilot still sees his 
aircraft as a spot moving on a map. Added, however, is 
an automatically produced horizontal line which indi-
cates whether the aircraft is above or below the glide 
path. 

6. Taxiing Control 

Finally, after the aircraft is on the ground, possibly a 
mile from the ramp or hangar, means must be provided 
for controlling the surface traffic so that under true 
zero-zero conditions taxiing can be accomplished ex-
peditiously and safely. RTCA considered that, under 
conditions of poor visibility, pictorial situation display 
is the only known future means for making possible the 
adequate control of traffic on the airport surface. 

7. Weather-Map Reception 

The appropriateness of pictorial display for present-
ing weather data in easily understood form is quite ap-
parent. By means of the time-sharing and storage meth-
ods discussed below, sufficient channels should be avail-
able so that a number of weather maps can be trans-
mitted aloft, each specifically prepared for a given alti-
tude layer. 
Other graphical information, such as emergency in-

structions written in script or drawn in diagrammatic 
form, can readily be transmitted over the ground-to-air 
picture circuit. Possibly some of the most useful opera-
tional functions to be performed by pictorial display are 
yet to be proposed. 

EQUIPMENT CONSIDERATIONS 

Several technical aspects of pictorial display will now 
be described. Most of these technical developments have 
been tested and studied in the experimental teleran sys-
tem installed in Washington, D. C., but some of them 
are new ideas proposed for future investigation. The 
present system will not be described in detail as this has 
been done elsewhere.2-e 
In the Washington, D. C., experimental installation 

there are two ground installations, one representing an 
airway control center, the other an airport control cen-
ter. The airway control center transmits separate pic-
tures for three altitude layers (through three "altitude 
consoles") as well as a weather map. It operates in con-
junction with a long-range search radar which interro-
gates the airborne transponders. The airport control 
center includes two altitude consoles operating from a 
short-range search radar, and an approach console oper-
ating from a GCA precision radar. "Self-identification" 
signals are incorporated in the transmissions from both 
stations. 

1. Transmission Considerations 

A ground console is provided for each altitude layer 
and for the weather map. These conso:es contain means 
for converting the desired information into televsion 
video information, as well as a display tube to present 
the information to ground control personnel. 
Since it is highly desirable to transmit the multiplicity 

of information in a minimum bandwidth, the method 
known as time sharing or time multiplexing is used. 
With one picture sent from each console in a cyclical 
order, a bandwidth of 10 megacycles is required for, say, 
20 consoles providing 20 pictures of high definition. (As 
will be shown later, the bandwidth can be further econ-
omized through the use of storage tubes.) Time sharing 
is permissible as long as the cycle time is shorter than 
the radar scanning rate, that is, a new picture is trans-
mitted at least as often as new cadar data are available. 
Switching circuits connect each console to the video 
output circuits in the proper order, and, as the correct 
frame must be selected in the aircraft, a code identifying 
the following frame is sent during the vertical blanking 
time. The vertical sync pulse is a horizontal sync pulse 
identified from other horizontal sync pulses by being 10 
microseconds wide as compared to 2 microseconds for the 
other horizontal sync pulses. (See Fig. 7.) The nth hori-
zontal sync pulse after the vertical sync is also made 10 
microseconds wide to identify the nth frame in the time-
sharing cycle. In the airborne receiver, a selector switch 
sets up a decoder so that the receiver is "enabled" for 
one frame after the correct code is received. 
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Fig. 7—Television synchronizing wave form and 
picture identification code. 

The video signals which modulate the transmitter are 
clipped so there will be no variation in signal level, only 
"off" and "on" video conditions. The zero signal level is 
30 per cent of maximum output of the transmitter. Sync 
signals are transmitted as negative modulation, and 
video is transmitted as positive modulation. 

2. Self-Identtfication 

The absence of intermediate signal levels opens the 
possibility of sending two video signals on the same car-
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net but distinguished by different amplitudes. Advan-
tage is taken of this feature in producing the self-identifi-
cation line, which is a radial line from the center of the 
picture passing through the response of the aircraft in 
which the signals are being received. This line is gener-
ated at the ground station by a flying spot scanner and 
has at all times the same bearing as the radar beam. 
This video signal is transmitted at half the amplitude of 
the picture video and a clipping circuit in the television 
receiver normally prevents its being seen. The half-am-
plitude signals are completely separated from the nor-
mal video and are enabled only when the aircraft trans-
ponder is triggered by the rotating radar beam. At this 
triggering, one complete field of half-amplitude signal 
is passed so that the line which appears must pass 
through the response of the aircraft in the beam at that 
time. The normal video, which may be an undesired 
field, is not enabled by this gate. 

3. Airborne Display and Picture Repetition Rate 

The kinescope used in the airborne receiver has a 
high-efficiency phosphor which at 14 kv gives a bril-
liance sufficient for daylight viewing. The persistence of 
the phosphor is such that a signal is visible for about one-
fifth of a second after stimulation. The television pic-
tures are presently transmitted at 45 frames per second, 
and thus can be time-shared at the present rate of 4 to 1 
without serious flicker. 
Let us assume that probable future traffic require-

ments will necessitate the use of 20 altitude layers, i.e., 
20 separate time-shared pictures. If the airway radars 
have a rotational rate of 15 rpm, or once every 4 sec-
onds, and if the transmitted pictures are to follow the 
aircraft movement as rapidly as does the radar, 20 pic-
tures must be transmitted in four seconds. This is a rate 
of 5 pictures per second. During each radar sweep a 400-
mph plane would move about 4 mile or 4 per cent of the 
display diameter. When aircraft travel faster than 400 
mph, it will be desirable to utilize radars rotating faster 
than 15 rpm, which in turn will increase the frame rate 
to, say, 10 per second. 
For approach zone and landing operations, if trans-

mission of the four lower altitude layers were acceptable 
and if landing pictures from 3 GCA radars at 3 airports 
in the area were required, the total number of pictures 
transmitted would be 7. Since this is considerably less 
than 20 pictures envisioned for airways stations, the 
repetition rate for each individual picture will be about 
3 times higher. This increased picture rate will be suita-
ble for the relatively higher rate of motion of the GCA 
antennas. 
By using a simple type of storage tube in the airborne 

receiver, 20-to-1 time sharing will become quite feasible 
at the assumed future frame rate of 10 per second. Al-
though each single picture, such as for a single altitude 
layer, will arrive at an aircraft only once every 2 seconds 
(which is as fast as data are collected by the radar), the 
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storage tube will produce repeated and essentially flick-
erless copy of the input data. By using storage tubes in 
this manner and by using single sideband transmission, 
a complete rf signal carrying 20 separate pictures for 20 
altitude layers at a rate of 10 frames per second (to al-
low for future high-speed aircraft) can be accommo-
dated in a band of about 1.5 megacycles. 
The present airborne receiver consists of one pres-

surized unit containing the display components and the 
14-kv power supply and another unit containing the 
video amplifiers, power supplies, decoding circuits for 
picture selection, and the self-identification line gating 
circuits. Including the transponder, the complete air-
borne equipment weighs about 110 pounds. It is ex-
pected that further development will permit reducing 
the over-all weight to about 40 pounds, which should be 
suitable for all aircraft down to and including the four-

passenger category. 

4. Antennas arid Frequencies 

The television transmitter, a master oscillator type 
with three amplifier stages and transmission-line tank 
circuits, operates on 300 megacycles. The ideal antenna 
pattern would be omnidirectional in the horizontal plane 
with a cosec squared pattern in the vertical plane. To 
approximate this, the present antenna has four dipoles 
stacked vertically to obtain gain and are fed so that the 
beam is tilted upward into a flattened cone. Thus, ver-
tical coverage is improved and ground-wave interference 
effects are reduced. This antenna design, consisting of a 
vertical cylinder with a vertical slot cut in one side and 
fed in the center, is known as a pylon. (See Fig. 8.) The 
horizontal pattern varies by less than 3 db. The horizon-
tal polarization may be a disadvantage as it increases 
ground reflection, but the antenna has the physical ad-
vantage of simplicity and ruggedness. 
The transmitter antenna gain is limited to that which 

will give omnidirectional radiation out to 50 miles and 
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TO INCREASE VERTICAL COVERAGE. 

Fig. 8—Pylon antenna at television transmitting station. 
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up to 30,000 feet in altitude. Since the aircraft receiving 
antenna must also be omnidirectional, its gain is simi-
larly limited and, in addition, is further limited by the 
need to allow for changes in the aircraft's attitude. The 
required transmitter power therefore increases as the 
square of the frequency. This increased power require-
ment constitutes a disadvantage to operation in the new 
air-navigation frequenty band between 1,000 and 1,700 
megacycles. The storage-tube techniques previously de-
scribed for reducing the bandwidth will result in a 
reduction in receiver noise which will largely offset re-
quirements for increased power. Present teleran power, 
less than one kilowatt peak, gives good performance to 
50 miles. 
The transponder receiving antennas, X and S band, 

and transmitting antenna, S band, should all be omni-
directional. The S-band antennas used are simple quar-
ter-wave dipoles mounted under the fuselage. Unfortu-
nately, they do not solve the difficult problem of 
obtaining omnidirectional operation for all attitudes of 
the aircraft, and further work on this problem is needed. 

5. Altitude Coding 

To avoid confusion in the presentation of aircraft 
location information, it is highly desirable to eliminate 
all aircraft indications not essential to the particular 
display being viewed. Separating the airborne and 
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Fig. 9—Teleran transponder altitude-coding system. 
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Fig. 10—Decoder block diagram and wave forms; and 
schematic of pulse-shaping circuit. 

ground displays into altitude layer displays results in 
considerable simplification. This is accomplished in the 
teleran system by equipping the aircraft with trans-
ponders which, when interrogated, reply with a code 
indicative of barometric altitude. This method of height 
finding is of constant accuracy regardless of the distance 
of the aircraft from the radar station, and, at long dis-
tances, it is much more accurate than would be height-
finding radars. A transponder system has the further 
advantage of eliminating ground clutter and cloud 
echoes which are usually present in a radar-only system. 
The coding used is a three-pulse reply, the spacing be-

tween pulses being controlled by the altitude of the air-
craft. Conventional circuits, as shown in Fig. 9, are used 
to produce the three pulses. Coincident decoding cir-
cuits, as shown in Fig. 10, are used on the ground to 
separate the replies into the desired altitude layers. As 
replies from different aircraft may partly overlap, pulse-
line delay circuits are used in the decoders as a delay line 
can accept a new signal while carrying a previous signal, 
thus minimizing any decoder dead time. The width of 
the pulses in the decoder circuits determines the range 
of each decoder channel and thus the amount of altitude 
layer overlap of the system. This is carefully controlled 
by reshaping the received pulses to definite, controlled 
width. 

6. Altitude Console 

Having separated the transponder replies into groups 
representing altitude layers, the next problem is to 
superpose a map of the terrain and to provide a means 
of writing in special instructions such as diagrammatic 
traffic control patterns. (All of this information must be 
converted into television video signals for transmission 
to the aircraft.) The method used is shown in block form 
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Fig. 11—Diagram of optical mixing system in camera console. 

in Fig. 11. Optical mixing of the various sources of in-
formation easily produces a high degree of registry of 
the various sources, without introducing the problem of 
sweep linearity. Conversion to television video signals is 
accomplished by using a special storage orthicon tube. 
The signal from this tube not only produces a bright 
television-like picture, but its characteristic of storing 
the radar image for several seconds results in virtual 



1950  Jones, Schrader, and Marshall: Pictorial Display in Air Navigation 399 

elimination of the customary flicker or intermittent 
effect of radar displays. 
Optical methods of mixing require excessive space, 

are somewhat limited as to the number of sources which 
can be mixed, and are quite inefficient. Since the devel-
opment of the original teleran equipment, means have 
been found to produce sweeps with a high degree of lin-
earity. Thus any future developments will employ sep-
arate information-source generators and mixing will he 
done in the video circuits. 

7. Weather Maps 
The weather maps transmitted in the system are 

separate frames in the multiplexed television transmis-
sion. Their video signals are produced by a separate 

• camera. A flying spot camera operating from reflected 
light (see Fig. 12) is used, ‘vith resulting reasonably sat-
isfactory signal-to-noise ratio. The recent development 
of a 2-inch photomultiplier tube with a gain of 100,000 
should give much better performance in any future 
equipment. 

PROJECTI ON 
K1NE SCOPE 

MAP 

Fig. 12—Weather-map pickup. 

8. The Approach Zone 

The foregoing discussion has described several of the 
components needed to produce the airways display, 
which must cover the area within a radius of approxi-
mately fifty miles about the radar and possibly as many 
as twenty altitude layers. In the approach zone, more 
detailed information is needed. The airport radar station 
for approach-zone coverage operates with a range of 
fifteen miles and covers only the lower altitude layers. 
Multiplexed with the PPI information is a display for 
the final approach or glide path. 
The final approach display is developed from the 

GCA radar. As is well known, this radar has flat beams 
scanning in azimuth and elevation over a sufficiently 
wide angle to cover normal deviations of the aircraft 
from the glide path. The information from the azimuth 
scanning antenna is used to develop a sector PPI dis-
play with a scale expanded three times in the direction 
perpendicular to the runway so that the pilot can note 
more readily his horizontal deviations from the glide 
path (see Fig. 13). The display shows the airport at the 
top of the picture with the ground projection of the 
glide path as a vertical line. 
During the elevation antenna scan, the display sweep 

is vertical and its starting point near the top of the dis-
play is tied in to the angular position of the vertical 

AZIMUTH 
ANTENNA 

ELEVATION 
ANTENNA 

UP — DOWN 
INDICATING LINE 

PPI DISPLAY 

Fig. 13—Diagram of display combining elevation 
and azimuth information from GCA. 

scanning antenna. When a response is received, the out-
put from a blocking oscillator triggered by the response 
is applied to the horizontal deflection circuits to form a 
right and left horizontal line on alternate sweeps. If the 
response is received when the elevation of the antenna 
corresponds to.the proper glide-path angle, showing that 
the aircraft is at the correct altitude, the starting point 
of the high-speed vertical sweep of the display is so lo-
cated as to cause the horizontal line to pass through the 
pip representing the aircraft. As the vertical sweep is a 
range sweep, the line continues to pass through the pip 
as the aircraft approaches. But if the aircraft is above or 
below the correct glide path, response will be received 
when the vertical antenna is at an elevation above or be-
low the correct one. Since the starting point of the ver-
tical sweep of the display is tied in to the angular 
position of the vertical antenna, the starting position 
will be shifted down or up, and the horizontal line will 
fall below or above the pip. Thus, at all times the hori-
zontal line indicates the aircraft's position above or be-
low the glide path. Visually the extension of the runway 
and this horizontal line form an up-down-right-left in-
dicator similar to that of low-frequency localizers, but 
also indicating range information. 
A problem in this display results from the fact that 

the elevation lines are generated as long as the radar 
beam illuminates the aircraft. Thus, the width of the 
total line generated is proportional to the width of the 
beam. Several schemes for narrowing the line have since 
been proposed. 

9. Radar Picture Storage 
The storage orthicon's was mentioned above. A more 

recent development in the storage-tube field, the graph-
echon,'s is a much more efficient radar-to-television scan 
converter and storage device. With this tube, two or 
three radar pulses will produce 30-second storage (many 
hundred television scans). 
In addition, as no optical paths are required, consid-

erable space can be saved and expensive lens systems 
avoided. 

I S. V. Forgue, "The storage orthicon and its application to tele-
ran," RCA Rev., pp. 633-650; 'December, 1947. 
" L. Pensak, "The graphechon—a picture storage tube," RCA 

Rev.,vol. 10, pp. 59-73; March, 1949. 
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10. Types of Scans 

During the course of the teleran development, several 
system problems requiring considerable study appeared, 
among them the selection of a type of scan. The ad-
vantages of using a television raster to transmit infor-
mation such as radar data which are derived in R, 0 co-
ordinates are chiefly as follows. First, it is necessary to 
obtain uniform brilliance and this is generally imprac-
tical with radial scan. Also, radial scan does not produce 
uniform definition over the picture area. If equal defini-
tion is to obtained, it is necessary to resolve 2irr2 ele-
ments in the case of the radial scan, but only 4r2 in a 
television raster. Thus radial scan would require about 
50 per cent greater bandwidth.  • 
Second, radial sweep would necessitate a mechani-

cal rotation for the airborne receiver display equivalent 
to the antenna scan on the ground, and since three ra-
dars having different rates and types of scan are used, a 
very difficult problem would be presented. 
Third, and probably most important, if 20 altitude 

layers were to be sent cyclically, some storage of the in-
formation would be required, as it is only in this way 
that the picture could be repeated often enough to ob-
tain a bright and flickerless display. Also, as mentioned 
earlier, storage tubes bring about a reduction in trans-
mission bandwidth. With present types of storage de-
vices, there is no particular advantage to using the same 
scan in both reading and writing. 

11. Definition 

The best kinescopes today have a television resolution 
of about 1,500 lines in the center .and 1,000 lines at the 
edge. The present system uses 360 lines, but plans for 
the future include a move to higher definition, probably 
to the RMA standard of 525 lines. In terms of distance 
on the display, using 525 lines a line represents 1,000 
feet on the long range and 300 feet on the short range. 
Considerably greater sensitivity is provided in the final 
approach display. A variation of one per cent in the lin-
earity of the television scan results in a displacement 
error of four lines, though the relative position of near-
by aircraft will still be shown within the accuracy of the 
resolution. Experience indicates that this accuracy is 
satisfactory. 

12. Automatic l'olume Control and Side Lobes 

To prevent transponder replies to side lobes of the 
ground radar when the aircraft is close to the station, an 
automatic volume control decreases the transponder re-
ceiver gain so that the main lobe signal produces a rela-
tively constant output from the receiver. The side lobe 
signals are then too small to be received. This is satis-
factory for a single station, but if two or more ground 
stations interrogate the same aircraft, replies to the one 
producing the weaker signal in the aircraft may be lost. 
Omnidirectional pulse transmitted by the ground ra-

dar station before each directional radar pulse could set 

April 

an instantaneous automatic-volume-control level in the 
transponder. If this level were to last only a few micro-
seconds, it would adequately prevent side lobe reception 
(the side lobe signals being weak compared to the omni-
pulse), yet would permit reply to a second radar station. 
It is assumed that the pulses of the second station would 
not be synchronous with those of the first, except by 
random coincidence. 

RESULTS 

During flight tests with the experimental equipment, 
the following results were observed: 
A. Television transmission of navigational data, 

ground-to-air, was shown to be technically feasible. 
B. The combination of radar information (transpon-

der replies) with navigational information into a com-
posite picture for television transmission was demon-
strated. 
C. The appearance of radar pips having teardrop 

shape (due to the storage in the storage orthicon) 
showed that no fundamental obstacle exists which will, 
prevent the indication of flight paths (past) and ap-
proximate speeds of all aircraft in he picture. 
D. Self-identification by means of a radial line was es-

tablished as one practicable technique for indicating to 
the pilot his identity in the picture. 
E. Altitude decoding using the pulse-spacing tech-

nique was experimentally consistent to a precision of 
better than 500 feet. 
F. A pictorial situation display for final approach was 

developed from the fundamental data produced by pre-
cision-beam (GCA) radar equipment. This display was 
of high accuracy in the azimuth sense and of usable ac-
curacy in the elevation sense. 

CONCLUSIONS 

In view of the foregoing results, k appears that the 
combining of radar and television techniques is capable 
of producing satisfactory pictorial situation displays on 
the ground and in aircraft, and, in fact, is a method of 
considerable promise. Among the further developments 
needed are the design and location of airborne antennas 
so that pictorial reception will be reliable on the trans-
mission frequency ultimately selected and at all aircraft • 
altitudes. In fact, the broad problem of propagation, an-
tenna design, and multiplexing of services requires care-
ful study from the viewpoint of the over-all air naviga-
tion system, of which pictorial display is to be a part. 
In parallel with technical developments there should 

be a psychological evaluation of the pictorial technique. 
Whereas the teleran tests showed conclusively that pic-
torial situation displays offer unique and convenient 
services to ground personnel and to pilots, the authors 
made no attempt to quantitatively evaluate pictorial 
display or to ascertain the optimum content and form 
of such displays. With regard to these factors, a quanti-
tative and somewhat detailed investigation by psychol-
ogists and operating personnel would be of great value. 

1 
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A Theory of Radio Scattering in the Troposphere* 
H. G. BOOKERt, SENIOR MEMBER, IRE, AND W . E. GORDONt, MEMBER, IRE 

Summary—The theory of scattering by a turbulent medium is 
applied to scattering of radio waves in the troposphere. In the region 
below the horizon of the transmitter, energy is received (1) by diffrac-
tion round the curved surface of the earth (modified as appropriate by 
atmospheric refraction), and (2) by scattering from turbulence in the 
region of high field strength above the horizon. At distances beyond 
the horizon that are not too great, we may think of (1) as giving the 
mean signal received, and (2) as giving the fading. However, contri-
bution (2) usually decreases with distance more slowly than contribu-
tion (1). Beyond a certain distance, therefore, contribution (2) 
becomes predominant and the mean signal is no longer given by (1). 
(See Fig. 3.) Values of the scale of turbulence and of the departure of 
refractive index from mean expected on meteorological grounds are 
fully adequate to explain the scattered field strengths observed ex-
perimentally. 

INTRODUCTION 

LTHOUGH THE primary object of the experi-
ments made in the Caribbean Seal in 1945 was 
to explore the radio consequences of the evapora-

tion-duct that exists at the ocean surface, an important 
and highly interesting by-product was the discovery 
t at, at any rate under some circumstances, field. 
s rength well beyond the horizon decreases with dis-
"lice more slowly than could be explained on any exist-
ipg theory.' This phenomenon was experienced on a 
wavelength of 9 cm, but not on a wavelength of 3 cm, 
where, however, the effect of the evaporation duct was 
much more marked. It seemed quite clear that the un-
expectedly high field strengths obtained at long range 
on 9 cm were not due to duct propagation, and, on ac-

1 count of the rather violent fading associated with them, 
it was suggested that a scattering mechanism was in-
volved. Similar results have been obtained in overland 
transmission in Arizona on various centimeter wave-
lengths,3 and what would appear to be the same phe-
nomenon also plays an important role in meter-wave 
broadcasting.' It is the object of this paper to offer an 
explanation of these observations on the assumption 

i 
1 * Decimal classification: R113.308. Original manuscript received 
by the Institute, January 11, 1950. Presented, Joint Meeting, URSI 
id a d IRE, Washington, D. C., October, 1949; and Radio Wave Propa-
tion Symposium, Navy Electronics Laboratory, San Diego, Calif., 
ly, 1949. 
The research necessary for this paper was sponsored by the Air 

Materiel Command, under Contract Number AF 33(038)-1091. 
A t School of Electrical Engineering, Cornell University, Ithaca, 

I M. Katzin, R. W. Bauchman, and W. Binnian, "3- and 9-centi-
npeter propagation in low ocean ducts," PROC. I.R.E., vol. 35, p. 891-
905; September, 1949. i2 C. L. Pekeris, "Wave theoretical interpretation of propagation 
10-centimeter and 3-centimeter waves in low-level ocean ducts," 
oc. 1 R E vol 35 p 453-462; May, 1947. 
3 J. P. Day and L. G. Trolese, "Propagation of short radio waves 

citro.desert terrain," PRoc. I.R.E., vol. 38, pp. 165-175; February, 

' K. A. Norton, "Advances in Electronics," vol. 1, pp. 392-397; 
Academic Press, New York, N. Y.; 1948. 

that scattering by variations in the refractive index of 
the atmosphere is the cause of the phenomenon. 
Section I outlines the relevant meteorological facts 

about turbulent motion in the atmosphere, including the 
relatively slow, large-scale fluctuations that occur under 
calm, stable conditions. Section II recasts for radio 
purposes the theory of scattering by a turbid medium 
that has been developed by Pekeris5 in connection with 
the propagation of sound in water. The aspects of 
Section II required for practical application (including 
approximate formulas) are set out in Section III, and 
an elementary interpretation of these formulas is given 
in Section IV. The application of the basic scattering 
theory to commpnication between directional antennas 
is described in Section V, and the results are used to 
compare the theory with observations (particularly the 
Caribbean observations) in Section VI. In Sections VI 
and VII it is emphasized that atmospheric scattering or 
accidental refraction is not only the likely cause of 
high mean field strengths at long distance in the absence 
of marked superrefraction, but in all probability is also 
a main cause of fading at all ranges, and this point is 
elaborated in Section VII by a calculation of fading time 
on the basis of the Doppler principle. 

I. ATMOSPHERIC TURBULENCE 

The atmosphere is an inhomogeneous medium, al-
though mean values of refractive index usually have 
some horizontal homogeneity. The inhomogeneities are 
produced and supported by turbulent motion. This sec-
tion presents a qualitative discussion followed by a 
mathematical description of the characteristics of 
turbulence which are pertinent to the scattering of 
radio waves. Finally the magnitudes of the required 
parameters are indicated on the basis of available data. 
Turbulence may be defined6 as an irregular motion 

which in general makes its appearance in fluids, gaseous 
or liquid, when they flow past solid surfaces, when 
neighboring streams of the same fluid flow past or over 
one another, or when thermal instability is present. 
While the air has a mean speed and a mean direction 
which are reasonably constant for periods of hours, the 
instantaneous speed and direction at a particular point 
may differ widely from the mean values. There is no 
clear idea of how or why turbulence arises, or of the 
exact nature of the eddies which form in a fluid in 
turbulent flow, but something is known of the conditions 
which must be satisfied if the fluid is to flow without 

6 C. L. Pekeris, "Note on scattering in an inhomogeneous me-
dium," Phys. Rev., vol. 71, p. 268; February, 1947. 

6 D. Brunt, "Physical and Dynamical Meteorology," Cambridge 
Press, Cambridge, Mass., 1941. 
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turbulence (laminar flow), and some information has 
been accumulated concerning the magnitude of eddy 
velocities in certain cases. 
The local variations of velocity in a fluid are associ-

ated with, and are presumably due to, the variations of 
static pressure which travel downstream with the mean 
velocity of the stream. The eddy which becomes visible 
as a dimple in the surface of a stream of water travels 
in this manner and at the same time it appears to be a 
simple rotational circulation, the motion being essen-
tially two-dimensional. When a current of air moves 
over uneven ground we might be tempted to think of 
the eddies which form in it as cylindrical eddies having 
their axes in the horizontal plane perpendicular to the 
direction of the mean wind. Simultaneous records of 
wind speed and direction show that this is not the case. 
The results of investigations made under conditions of 
zero temperature lapse rate with height by Schmidt' 
and Scrase° indicate that the mean-square fluctuations 
of wind speed are approximately equal for the three co-
ordinate components. It is usual to define turbulent 
velocity at a point as the difference between the in-
stantaneous velocity at the point and the slowly vary-
ing mean velocity of the stream, and the intensity of 
turbulence as the ratio of turbulent velocity to mean 
velocity. It is found from the same investigations that 
(1) the intensity of turbulence may be as large as 2/5, 
with root-mean-square values of the order of 1/10 or 
1/20; (2) that the intensity is essentially independent of 
mean wind speed above about 5 meters per second; and 
(3) the turbulent velocity is Gaussianly distributed. 
Thus turbulent velocities occurring in the atmosphere 
will vary from a few tens of meters per second down to 
a few centimeters per second. 
The contribution to turbulence made by thermal 

conditions may be estimated from some work performed 
at the University of Texas.° Continuous records of tem-
perature in the lower atmosphere show standard devia-
tions from the mean of instantaneous temperatures of 
the order of one degree centigrade. The variation of the 
deviation with thermal conditions sampled seems to be 
from about 1.2° C under stable situations to 0.7°C for 
unstable conditions. The time constant of the fluctua-
tions is of the order of minutes for stable and less than a 
second for unstable conditions. A better estimate of the 
time constant for unstable conditions was obtained by 
the use of a hot wire anemometer whose output was 
examined with a frequency meter. The observed cutoff 
frequency of 100 cps indicates a time constant of the 
turbulent fluctuations of the order of one hundredth of 
a second. 
The concept of scale of turbulence is important in 

7 W. Schmidt, "Turbulence near the ground," Jour. Roy. Acro. 
Soc.. vol. 39, pp. 355-376; May, 1935. 

8 F. J. Scrase, "Some characteristics of eddy motion in the at-
mosphere," Geophys. Memoir of London Met. Office, no. 52; 1930. 

9 J. R. Gerhardt and W. E. Gordon, "Microtetnperature fluctua-
tions," Jour. Met., vol. 5, p. 197-203; October, 19 48. 

this presentation. The scale of turbulence is a quantity 
which has the dimension length and which is associated 
with the size of an eddy. It may be thought of as the 
average size of eddies.'° An eddy must be considered as 
any disturbance of the smooth flow. The description of 
turbulence in terms of intensity and scale resembles the 
description of the molecular motion of a gas by tempera-
ture and free path. In order to obtain mathematical 
expressions for scale and intensity, consider temperature 
T as a function of time t, consisting of a mean value T 
and an instantaneous deviation from the mean T', thus 

T =T + T'. (1) 

The intensity of turbulence is proportional to the 

ratio of the root mean square of T' to the value T. 
Records of temperature as a function of time show 

random variations, although there is some short period 
over which the instantaneous values are correlated. It is 
this characteristic short-period correlation that the 
scale of turbulence attempts to describe. The correlation 
of the temperature at time t with the temperature at 
time t+a may be written 

T' T' +a 
R(a) = (la) 

This is a function of the time interval a which decreases 
from unity (perfect correlation) for zero time interval 
to zero (no correlation) for sufficiently large time in-
tervals. As a simple first approach to the magnitude of 
the scale encountered in the atmosphere we might con-
vert the time constants into correlation distances by 
means of the wind speed factor. If R falls to zero and 
remains zero, a scale of turbulence may be defined 

I = f R(a)dt) (lb) 

in which U is the mean wind velocity. This yields scales 
varying from about 10 meters under stable conditions to 
10 cm under unstable conditions. Values of the scale 
are available from the results of the experiments quoted 
above; (1) Scrase found scales ranging from two to ten 
meters, and (2) the University of Texas temperature ob-
servations indicate scales ranging from about three 
meters in stable conditions down to just under one meter 
for unstable conditions. The hot wire anemometer with 
its considerably smaller time lag provides a lower limit 
for the scale of turbulence of the order of 10 cm. 
The position is therefore that experiments have shown 

the time constants of the turbulent fluctuations vary 
from a small fraction of a second to several minutes; 
that the intensity is Gaussianly distributed with a value 
which has been observed to be as large as 2/5; that the 

" G. 1 Taylor, "Statistical theory of turbulence," Proc. Roy. Soc. 
London., A 151, p. 421; A 156, p. 307; A 157, p. 540; 1935. 
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size of the eddies may vary from about 10 cm to 10 
meters. 
The indicated turbulent nature of the atmosphere 

permits an examination of the fluctuations of the index 
of refraction. An estimate of this fluctuation can be 
obtained from the measured values of the standard 
deviation from the mean of the instantaneous tempera-
ture. Starting with Debye's" expression for radio re-
fractive index in terms of temperature, pressure, and 
moisture, and inserting mean values appropriate for 
summer conditions in the temperate zones (300°A, 20 
mb water vapor, 1,000 mb total pressure) the change in 
index An in terms of changes of temperature AT, vapor 
pressure Ae, and pressure Ap is found to be 

An106 1.4AT  4.2e  0.264.  (lc) 

The application of the adiabatic law, a good approxima-
tion for eddy motion in the atmosphere, leads to 

An106 zaT.  (1d) 

For the data considered, this corresponds to a standard 
deviation from the mean of 2 M units. 
The atmosphere may therefore be pictured near 

ground level as subject to accidental fluctuations in re-
fractive index of the order of 1 M unit. These fluctua— 
tions are autocorrelated only over distances of the order 
of 1, which varies from 10 cm in unstable conditions to 
10 meters in stable conditions. The fluctuations are 
associated with random motion of the atmosphere with 
velocities which vary from a few tens of meters per 
second in turbulent conditions to a few centimeters per 
second in calm conditions. However, as we go up in the 
atmosphere we must expect the magnitude of the 
fluctuations to change and probably to decrease, and 
the same is no doubt true for the value of the scale 1 of 
turbulence. 

11. AUTOCORRELATION ANALYSIS OF RADIO SCATTERING 

Scattering of waves by a turbulent medium is a phe-
nomenon of great importance in connection with the 
propagation of sound in water, and the problem has 
been considered with this application in mind by at 
least two authors.'m The viewpoint which we shall 
adopt for scattering of radio waves by a turbulent 
atmosphere is that outlined by Pekeriss in connection 
with sound. 
Let e be the average capacitivity (permitivity, di-

electric constant) of the atmosphere in a certain region, 
and let (Ac) be the departure of the capacitivity from 
its average value at a point P. Let (Ac)' be the departure 
at a neighboring point P'. Then the variation (Ac)  at P 

" P. Debye, "Polar Molecules," Chem. Cat. Co., New York, N. 
Y.; 1929. 
" I'. G. Bergman, "Propagation of radiation in a med   with 

random inhomogenei ties," Phys. Rev., vol. 70, pp. 486-492; October, 
1946. 

is not completely correlated with the variation (AO' at 
P' unless P coincides with P'. As P departs from P', 
the degree of correlation decreases and at no great dis-
tance becomes negligible. The distance PP' at which 
correlation begins to disappear is essentially the same 
as the scale of turbulence as defined by Taylor.° Define 
the mean-square departure of the capacitivity from 
average in a certain volume v as 

(AO' =  Ael'dv.  (2) 
v 

Then define the autocorrelation function of capactivity 
as 

1 
p —   (Ae)(Aer*dv.   v(Ae)2f  (2a). 

The asterisk denotes complex conjugate and assumes 
that a complex capacitivity is used to take account of 
losses in the medium if they are important. p is a func-
tion of the position of P with respect to P'. Its value 
tends to unity as PP' tends to zero, and to zero as PP' 
tends to infinity. 
As described in the previous section, turbulence in the 

atmosphere at the height in which we shall be primarily 
interested may be regarded as isotropic. This means 
that the autocorrelation function defined by (2a) may 
be regarded as independent of the direction of PP' and 
dependent only on the magnitude of PP'. It is quite 
common° to take the autocorrelation function as 

p = exp (- 0)  (2b) 

where r=PP' and 1 is the scale of turbulence, and we 
shall use this function in detailed work. 
If the transmitter and receiver with which we are 

concerned are omnidirectional, scattering is in general 
important from nearly the whole of the atmosphere 
above the horizons of both transmitter and receiver. 
However, in practice, both transmitter and receiver 
usually have some directivity, and scattering is then 
important only in the region of atmosphere where the 
transmitting and receiving beams overlap. The im-
portant scattering volume may be further restricted, if 
energy is radiated in short pulses rather than continu-
ously. We are thus usually interested in any particular 
case in scattering from a fairly restricted region of the 
atmosphere. 
We shall be assuming for lack of detailed information 

that such quantities as the scale of turbulence are uni-
form throughout the important scattering volume. 
Strictly speaking, however, some variation of these 
quantities throughout the scattering volume should be 
taken into account. This of course would be done by 
dividing up the scattering volume into elements of 
volume and integrating. If this is done, it is important 
to notice that an element of volume in this context must 
not be too small. Its linear dimensions must be large 
compared with the scale of turbulence. An element of 
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volume in this sense is the volume v in equation (2a). 
The element of volume dv in (2a), on the other hand, has 
linear dimensions small compared with the scale of 
turbulence, and compared with the wavelength: dv in 
(2a) is the element of volume used in studying the 
anatomy of turbulence. We now proceed to consider 
the scattering from a macroscopic element of volume v 
regarded as the sum of many microscopic elements of 

volume dv. 
Let the point P of v be at distance Ro from the trans-

mitter and R from the receiver. Let the electric field at 

P due to the transmitter be 

Eo exP {i(wi — kRo)}. (2c) 

We suppose that the variations of Eo in magnitude 
and direction throughout v may be neglected. We also 
suppose that multiple scattering may be neglected so 
that (2c) is the total field at P. Under the influence of 
the field (2c) an element of volume dv at P, where the 
departure of capacitivity from average is (Lle), becomes 

a dipole of moment 

dtdeEo exp Mud — kRo)1.  (2d) 

The polarization (Hertzian) potential produced by this 

dipole at the receiver is 

dv.leE0 exp Mug — kRo)1 exp (—jkR) 

4re 
(2e) 

The complete polarization potential at the receiver due 
to scattering from the volume v is therefore 

II = (E0/47R) f (1e/e) exp bled — k(Ro  R) ]dv, (21) 

if we neglect variations of R in the magnitudes of con-
tributions from different parts of v, but not in the 
phases. In terms of H the scattered electromagnetic field 

at the receiver may be taken as 

E = k2II sin X  (2g-1) 

H = YE,  (2g-2) 

where Y is the mean characteristic admittance of the 
atmosphere, and X is the angle between the direction of 
Eo in v and the direction from v to the receiver. Sub-
stituting from (2f) into (2g-1) and (2g-2) we obtain 
for the scattered electromagnetic field at the receiver 

E = (k2E0 sin X)/(4irR) f( 'e) 

•exp 1j1co/ — k(Ro R)) .1dv  (2h-1) 

H = (Vie& sin X)/ (47R) f (Ae/e) 

• [exp jlcut — k(Ro  R) ]dv.  (2h-2) 

The complex power-density at the receiver due to 

scattering in v is therefore 

Ell* = 117*E021(k2 sin X)/(47rR) 1 2/,  (2i) 

where 

I = J f 0,0)( 6,0)#* 
J v. 
• exp L — j k (Ro — R0') — R')) jdvdv', (2j) 

primed and imprinted symbols referring to two different 
points P' and P of v. The actual power density at the 
receiver is the real part of E//*, and the power scat-
tered by v towards the receiver measured per unit solid 
angle is the real part of E//* multiplied by R2. More-
over,  YE 2o in (2i) is the power density incident upon 
v. I-knee (2i) implies that the ratio of the power scat-
tered by v towards the receiver per unit solid angle to 
the power-density incident upon v is 

1 (k2 sin X)/ (47r) 1 2 (2k) 

times the real part of I, defined by (2j). 
To evaluate I we make the following change in (2j). 

At present the co-ordinates of dv at P and of (Iv' at P' 
are both measured from an origin o, and either of the 
two volume-integrations could be carried out first. Let 
us now regard (Iv' as the inner integration and let the 
co-ordinates of P be measured relative to P' instead of 
o. This makes no formal change in (2j), which may be 
rewritten 

I = f [ f (-Nei e)(-Se/e)'*d d 

• exp 1— /le{ (Ro — Ro')  (R — R') Hd v. 

But, from (2a)," 

1 
P =  

e)2 

Hence 

I= v(Ae/e)2 p exp —jk 1 (Ro—  (R — R') 1 Pi.. (21) 

To proceed further we shall need to insert a value for 
the autocorrelation function p and also to transform 
the index of the exponential. 
In (21) Ro—Ro' is the excess of the distance from dv 

to the transmitter over the distance from the origin to 
the transmitter, while R— R' is the same quantity for 
the receiver. We shall now employ spherical polar co-
ordinates (r, 0, 0) with the same origin and with the 
axis 0=0 in the direction from transmitter to v. Let the 
position vector of dv be 

r = r(sin 0 cos 0, sin 0 sin 0, cos 0), (2m) 

and the position vector of the receiver be 

R = R(sin e cos 4), sin 0 cos (13, cos (13). (2n) 

Then 

R0—Ro'=r cos 0 

R— R' = r Icos 0 cos() + sin 0 sin  cos 

(2o-1 ) 

(20-2) 
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Hence 

(Ro — R0')  (R — R') 

= r{1 ± cos  cos0 + sin 0 sin 0 cos ((t) — 4') 

= 2r sin 10 1 sin 1 0 cos 0 

— cos 10 sin 0 cos (4) — 491 

= 2r sin 101 cos 1(0 — r) cos 0 

+ sin 1(0 — r) sin 0 cos (0 — 43)1 

= 2r sin 10 cos 4. (2p) 

whereik is the angle between the direction 1 1(8 —7), (13 1 
and the direction (0, 0). 
Substitute from (2p) into (21), replace dv by r2drcal 

(dS2 being an element of solid angle) and assume that p 
is a function of r only, corresponding to isotropic 
turbulence. We then have 

I =v(.1e/e) 2 f pr2dr f exp 1 — j(2k sin 1 0)r cosi', 1 di (2q) 

The radial integration may be taken from zero to in-
finity since p-00 as  oc , and the angular integration 
is to be taken over all directions. This angular integra-
tion is simply that corresponding to a uniform angular 
spectrum of plane waves cophased at r =0 and having 
propagation constant 2k sin 10. This corresponds to an, 
isotropic spherical wave having the same propagation-
constant. The value of the angular integral in (2q) is 
therefore 

exp 1 — j(2k sin 10),1 
47j   (2r) 

(2k sin 10)r 

the numerical factor following from the behavior for 
large r. We therefore deduce that 

v(Ae/e)2 f 
I = 47j   p exp — j(2k sin 0)r I rdr 

2k sin 10 o 

v(Ae/e)2 
= 4rj   (2s) 

2k sin 10  1(1/1) + j(2k sin 10)1 2 

on inserting the value (2b) for p and carrying out the 
radial integration. The real part of I is 

firv(Ae/e)213 

(2k1 sin 1 0) 212 

With this value for the real part of I, the statement 
made in connection with (2k) reads as follows. The ratio 
of the power scattered by v toward the receiver per unit 
solid angle to the power density incident upon v is 

k2 sin x) 2 8rv(Ae/ )213 

k 4r + (2k1 sin  e)212 

(2t) 

(2u) 

For scattering in the direction making an angle 0 with 
the direction of incidence and an angle X with the direc-
tion of the incident electric field, let us define 7(0, X) 
as the scattered power measured 

(i) per unit solid angle 
(ii) per unit incident power density 
(iii) per unit macroscopic element of volume. 

Putting v= 1 in (2u), and also replacing k by 27 divided 
by the mean wavelength X in the medium, we deduce 
that 

(Ae/e)2(2r1/X)3 sin2 X 
0.((4, X) —   • (2v) 

Xli ± 1 (4.7//X) sin  0112 

This important result differs from that obtained by 
Pekeris5 for sound only in the respects in which one 
would expect a vector wave to differ from a scalar 
wave. What we have deduced is the energy scattered in 
any direction by a turbulent medium in which the 
scale of turbulence is 1 and the mean-square fractional 
deviation of dielectric constant from average is (Ae/e)2 

I II. APPROXIMATE FORMULAS FOR SCATTERING 
' BY TURBULENCE 

The general formula (2v) for scattering by turbulence 
is subject to various simplifications under appropriate 
circumstances. For example, in forward or backward 
scattering, or indeed for scattering in any direction at 
right angles to the incident electric field, sin2 X in (2v) 
may be omitted since it is unity. On the other hand, 
scattering parallel to the direction of the incident elec-
tric field is negligible since X is then zero. Moreover, in 
many applications it will be possible to assume that the 
scale of turbulence is either small or large in comparison 
with the wavelength and so to simplify (2v). 
If the scale of turbulence is small compared with 

(X/27), we may neglect to term 1 (4r//X) sin 10/ 2 in 
the denominator of (2v) in comparison with unity, 
thereby obtaining 

cr(e, X) = (1/X)(Ae/e)2(27 0)2 sin' X. (3) 

If the scale of turbulence is large compared with 
X(2r), we cannot neglect 1(47//X) sin 181 2 in com-
parison with unity except for small values of 8. The de-
nominator of (2v) implies that, for large-scale turbu-
lence, scattering takes place mainly in a beam directed 
forwards. Maximum scattering takes place in the direc-
tion 8 = 0 and the semi-angle of the beam is given by 

(47//X) sin 10 4-. 1. (3a) 

Since the beam angle is small when 1 >>X/(2r), (3a) be-
comes 

-t- X/(27/).  (3b) 

Most of the scattering by large-scale turbulence there-
fore takes place within the angle X/(27/) of the forward 
direction. 
For scattering in the forward direction we put 

0=0, X = 17 in (2v) and obtain 

7(0,1r) = (1/X)(Ae/e)2(271/X)2.  (3c) 
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This formula for forward scattering applies no matter 
what may be the relation of the scale of turbulence to 
the wavelength. For other than forward scattering (3c) 
only requires the modified by the factor sin' X for small-
scale turbulence in accordance with (3). But for large-
scale turbulence (3c) could only be applied within the 
angle (3b) of the forward direction; outside this angle 
we would have to neglect the 1 in the denomination of 
(2v) in comparison with the  (47r//X) sin le )2, thereby 
obtaining 

1   sin' X 
0(0, X) = (Aei e)2   

32irl  sin4 

In back scattering by large-scale turbulence we 
0 =7r, X= lir in (3d) obtaining 

1 
a(r, =   

32w1 

(3d) 

pu t 

(3e) 

The position therefore is that for scattering by a macro-
scopic element of volume v of a turbulent atmosphere 
in which (Ae/e)2 is the mean-square fractional devia-
tion of dielectric constant and / is the scale of turbulence, 
the ratio of the scatter power per unit solid angle in the 
forward direction to the incident power density is (3c) 
regardless of the numerical value of 27r//X. Moreover the 
same formula applies to back scattering when 27r//X is 
small, but when it is large we must use (3e). For large 
values of 27r//X, scattering is mainly confined to direc-
tions within an angle X/(27r1) of the forward direction. 

IV. ELEMENTARY TREATMENT OF SCATTERING 
BY TURBULENCE 

The autocorrelation method has been used for arriving 
at suitable formulas for scattering of radio waves in a 
turbulent atmosphere because of the closeness with 
which the basic assumptions of this method follow 
modern views concerning the nature of turbulence. 
With a cruder description of a turbulent medium it is 
possible, however, to arrive at essentially the same 
formulas with much less trouble. 
Let us think of a turbulent medium as one which 

contains a large number of spherical blobs. Let e be the 
mean capacitivity of the medium and (Ae) the excess 
capacitivity of a typical blob. Let / be the radius of a 
typical blob. To ensure that the variation of capacitivity 
along a line drawn through the radius is reasonably 
random, it would be necessary for the blobs to be 
packed fairly closely together so that the number per 
unit volume would be of the order of 1//3. With this 
model of a turbulent medium, let us calculate the 
scattering to be expected from a macroscopic element of 
volume v whose linear dimensions are large compared 
with /. 
Let us consider first the case of small-scale turbulence, 

taking / small compared with X/(271-). Each blob then 
scatters like an elementary dipole oriented along the in-
cident electric field. Let X be an angle measured from 

this direction, so that scattered power is proportional to 
sin' X. Then elementary arguments show that the ratio 
of the power scattered by a single blob per unit solid 
angle to the incident power density is 

(2ry ( 1r/3Lle } 2 
<  sin2 X. (4) 

X k 4re 

Taking the number of blobs in a volume v as v//3, we ob-

tain for scattering by a macroscopic element of volume 

v (27r\  1r13(Ae) )2 
  sin' X, (4a) 

13 \X/ 4re 

or, on rearrangement, 

(2r/9)(1/X)(.1e/e)2(2r//X) 3 sin2 X. (4b) 

This differs from (3) only by a numerical factor 27r/9, 
which could be absorbed by taking a suitable ratio be-
tween the radius of the blobs and the scale of turbulence 
as defined by (2b). 
In the same way the formulas for large-scale turbu-

lence developed by the autocorrelation method may be 
obtained from a model involving closely packed blobs. A 
blob whose radius / is large compared with the wave-
length scatters energy mainly forwards, and the beam 
angle of the scattered radiation is related to the size of 
the blob by the usual antenna formulas connecting beam 
width with aperture width. The beam angle of the ra-
diation scattered by a blob, and therefore also by many 
randomly located blobs, is of the order of X//, in agree-
ment with (3b). 
The complete-scattering polar diagram given by (2v) 

for large-scale turbulence may be reproduced either by 
taking a suitable statistical distribution- of blob size or 
by using a suitable cross-sectional profile for the blobs. 
In this connection it is interesting to notice a relation 
between the cross-sectional profile of.,blobs and the auto-
correlation function defined by (2a). The relation fol-
lows from the integral in (21), which, in accordance with 
(2i), is proportional to the power polar diagram of the 
scattered radiation, except for the sin2 X dipole-factor. 
The index of the exponential in (21) represents the phase 
difference between two paths from transmitter to re-
ceiver, one via the point P of v and the other via the 
point F'. The function of the exponential factor is 
therefore to ensure that the contributions from different 
microscopic elements of volume of v are added in the ap-
propriate phase. The integral is in fact precisely what 
one would write down for the amplitude polar diagram 
of a blob whose cross-sectional profile of dielectric con-
stant deviation is proportional to the autocorrelation 
function (2a). We must notice however, that (2i) gives, 
not the amplitude polar diagram of scattering by v, but 
the power polar diagram. We thus see that the power 
polar diagram of scattering by a turbulent medium is 
the same as the amplitude polar diagram of a single 
blob whose cross-sectional profile of Ae is proportional 
to the autocorrelation function of the dielectric con-
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stant of the medium. This is a three-dimensional version 
of a result used by Booker, Ratcliffe, and Shinn" in con-
nection with ionospheric propagation. 
The upshot is that scattering by a turbulent medium 

may be quite well described in terms of closely packed 
blobs whose size is roughly equal to the scale of the tur-
bulence. The blobs would of course have to be thought 
of as moving with the wind, and in addition having a 
random motion of the order of magnitude mentioned in 
Section I. This approach to scattering by turbulence is 
useful in relating the problem to others of which one has 
previous experience, such as scattering of microwaves by 
rain, or scattering of light waves by molecules. Funda-
mentally however, the approach in terms of the autocor-
relation function of the turbulent medium is to be pre-
ferred. 

V. APPLICATION TO BEAM COMMUNICATION 

Let us consider transmission from a point T to a point 
R at distance d round the curved surface of the earth by 
means of beamed antennas pointed more or less at each 
other as indicated in Fig. 1. It is assumed that there are 
no ducts and that as far as ordinary refraction is con-
cerned propagation is orthodox. We suppose that both 

Fig. I 

antennas are pointed horizontally at their respective lo-
cations, and that their axes lie in the vertical plane 
through T and R. The two beams then intersect in a 
common volume, and it is scattering in this volume that 
is mainly responsible for the scattered signal received 
from T at R. 
For simplicity, let us suppose that the T and R anten-

nas are identical. Let b be the vertical dimension and b' 
the horizontal dimension of either aperture (or equiva-
lent aperture), and let the aperture area be A =bb'. The 
linear dimensions of A are supposed large compared 
with the wavelength X, so that the beams are narrow. 
They have solid angle W A and again 

G = 42•A /X2,  (5) 

relative to an isotropic radiator. The vertical beam 

II. G. Booker, J. A. Ratcliffe, and I). H. Shinn, "Diffraction 
from a random screen with applications to ionospheric problems," to 
be published. 

widths of the T and R beams are halved by the presence 
of the earth. For a smooth earth, we may assume that 
all the radiated power is concentrated in the half beam 
width, but for a rough earth, half the power would be 
scattered more or less isotropically by the earth. We 
shall take the solid angles of the beams as 

= X2/(2A),  (5a) 

but use the expression (5) for gain. 
Consider scattering by a macroscopic element of vol-

ume dV at a point Q of the volume common to the T and 
R beams. Let Ro and R be the distances of Q from trans-
mitter and receiver, respectively. Let a (0, X) describe 
the scattering properties of the element dV in accord-
ance with the formula (2v), or one of the approximations 
thereto given in Section III. If Po is the power radiated 
by T then, allowing for gain, the power density at Q is 

Po 4TA 

4i1-R02 X2 
(5b) 

Hence the power scattered per unit solid angle by dV 
towards R is 

Po 42rA 
a(0, X)(dV), 

47R02 X2 
(5c) 

and the corresponding power received at R is 

Po 42rA  A 
  cr(0, X)(dV) — • (5d) 

47R02 X2 R2 

We obtain the total power P received at R by integrat-
ing with respect to dV over the volume of atmosphere 
common to the T and R beams 

P  A2 f a(0, X) 

po x2  Ro2R2 
dV.  (5e) 

Precise evaluation of the integral (5e) over the com-
mon volume of the T and R beams is tiresome. The dif-
ficulty is reduced however if we can take a (0, X) as a 
constant given by (3c), so that 

P = A 2rr  dV 

Po  X2 f Ro2R2 (5f) 

This simplification requires that turbulence be more or 
less uniform throughout the scattering volume. For 1 
large compared with X/(27r), it is also necessary that the 
receiver should be within the main scattering beam of 
the atmosphere. Now the semi-angle of the scattering 
beam, from (3b), is X/(2 4, the horizontal and vertical 
angles of the T and R beams are X/b' and X/2b, and the 
angle between the axes of the beams is d/a approxi-
mately, a being the radius of the earth. Hence the con-
ditions that the receiver is within the scattering beam 
are 

21d  > —6' 

d 
and --- + —. 

b a 
(5g) 
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For d appreciably less than Xa/b, this simply means that 
the scale of turbulence must be appreciably less than the 
linear dimensions of the antennas. Let us assume in ac-
cordance with (5g) that 

b'  b/2ir 
1 < — and   (5h) 

2ir 1 + (bd/aX) 

and use the formula (5f) for the ratio of scattered power 
received to power transmitted, with the value (3c) for 
a. 
Even the remaining integral in (51) is tiresome to 

evaluate precisely, on account of the shape of the vol-
ume enclosed by the T and R beams. Let us consider 

and whose edge is the direction normal to this plane is 
of length (X/b') (r//2). The scattering volume is thus 

(Xa)7 Ad 

4b  2b 

Xaad2 

a  32b2b1 

The scattering volume is now sufficiently restricted so 

that in (5f) we may take 

Ro = R 

Hence (51) becomes 

p  ,7 A2 2v r 
_ =  di,  

Po A2 k d J 

20. / 2N 4 xadd2 
from (5n) 

X2 d ) 32b2b' 

= lAaab7d2. (Si') 

Tsing the expression (30 for a, we deduce for the ratio 
of scattered power received to power transmitted 

P  tatN 2 27r1 N3 

Po  2d3k 

Fig. 2  this formula applying when 

first the case of a flat earth illustrated in Fig. 2. At dis-
tance x from T and (d-x) from R the cross-sectional area 
of the scattering volume at right angles to the vertical 
plane of transmission is (X2/2A)x2. Hence the integral in 
(50 may be taken approximately as 

2 
d/2 Ot2/2 .1) X 2d X  A2 r 412  dx 

fo x2(d — x)2 A J (d — x)2 

= )1/42/ (Ad).  (Si) 

Substituting into (50, the ratio of scattered power re-
ceived to power transmitted becomes 

P,'Po = /laid  (5j) 

= tAtyt 2r/V 

Xdkeik Xi 
(5k) 

on using the expression (3c) for a. 
Formula (5k) for a flat earth may be applied to a 

curved earth provided the angle between the axes of the 
T and R beams is appreciably less than their vertical 
beam angle, that is, provided 

< 
a  2b 

Formula (5k) thus applies up to ranges of the order of 
Xa/2b. For ranges appreciably greater than this we may 
regard the scattering volume as a fairly restricted 
parallelopiped (see Fig. I) whose edges in the vertical 
plane of propagation are of length 

X/(2b) d  Xa 
  = — (5m) 
d/ a  2  4b 

d > Xa/(2b). (5r) 

Since in (5q) we have used the expression (3c) for a, 
the formula is subject to the restrictions (510 which, 
under the condition (Sr), become 

X" 
and - 

2rd 
(5s) 

The second of these conditions clearly breaks down at 
sufficiently large distances, and we then have to use the 
expressions (3) or (3d) for a instead. of (3c). This makes 
no difference when / is small compared with X/(2w) and 
polarization is horizontal (X = if- in (3)), and even for 
vertical polarization the correction is usually negligible. 
But when I is large compared with X/(2r), we must use 
the expression (3(l) for a. Putting X =r/2 in (3d) (ex-
act for horizontal polarization, approximate for verti-
cal) and taking 0 as the angle d /a between the axes of 
the T and R beams, (3(l) becomes approximately 

= 
/AN  

27rik ()  d 
and, using this value of a in (5), we obtain 

P  Xablo' 

Po 4r/d6 / 
This formula gives the ratio of the scattered power re-
ceived to the power radiated for ranges appreciably 
greater than both Xa/(2b) and, from (5s), Xa/(2r/), pro-
vided 1 is significantly greater than X/(2r); for 1 signifi-

(5u) 
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cantly less than X/(27r) formula (5k) applies for all 
ranges appreciably greater than Xa/(2b) (but not as 
large as a) regardless of the exact value of 1. 
Comparing formulas (5k), (5q), and (5u) we see that 

the scattered energy received decreases inversely pro-
portional to range up to ranges of the order of Xa/(2b), 
then inversely proportional to the square of range up to 
ranges of the order of )a/(27r/). This rate of decrease 
continues unless 1 is appreciably greater than X/(27r), in 
which case it becomes inversely proportional to the 
sixth power of range. This assumes that the scale of tur-
bulence is appreciably less than the vertical dimension 
of the antennas. If the reverse were true, the transition 
from formula (5q) to formula (5u) would involve a situa-
tion in which the receiver was in the main scattering 
beam for only part of the complete scattering volume. 
It will be noticed that, according both to formulas 

(5k) and (5q), the scattered energy received increases 
proportionally to the cube of the scale of turbulence, 
whereas according to (5u) it decreases inversely propor-
tional to the scale of turbulence. The reason for the de-
crease in the last case is that scattering is beamed and 
the receiver is outside the scattering beam, so that 
further beaming reduces the scattered energy received. 
For a receiver within the scattering beam however, the 
scattered energy received increases proportional to the 

cube of the scale of turbulence, so that a variation of 
from 10 cm to 10 meters, as suggested in Section I on 
meteorological grounds, would cause a 60-db variation in 
the scattered energy received. 
We see that the scattered energy received is inversely 

proportional to X according to (5k) but directly propor-
tional to X according to (5u). This behavior in formula 
(5k) may be considered as a consequence of the Ray-
leigh scattering law when 1 is less than X/(27r). But when 
1 is greater than X/(27r) it is a consequence of the in-
creased forward beaming of the scattering as the wave-
length decreases. This continues (apart from introduc-
tion of earth's curvature in (5q)) until the scattering 
beam is so narrow that the receiver is outside it. Then a 
further decrease of wavelength, with its consequent in-
creased beaming, causes a decrease of scattered energy 
received as exhibited by (5u). 
All three formulas (5k), (5q), and (5u) for scattered 

energy received are proportional to the horizontal di-

mensions of the antenna aperture. Only (5k) is, how-
ever, proportional to the vertical dimension. The reason 
for this is that, at ranges greater than about Xa/(2b), the 
increase in gain corresponding to an increase in b is just 
compensated by a decrease in the scattering volume (see 
Fig. 1). 
While calculations such as those outlined above are 

satisfactory for continuous-wave transmissions, some 
further consideration is necessary when the radiation is 
modulated, for example, by short pulses. Such a pulse 
would only illuminate at any one instant a small slice of 
the scattering volume over which we have integrated, 
and we have to consider whether scattering from the 

various parts of the scattering volume would arrive at 
the receiver at more or less the same time. We may re-
gard the shortest scattering path from T to R as passing 
along the bottom edge of the transmitting beam and 
then along the bottom edge of the receiving beam. In the 
same way, the longest path may be taken to go along the 
top edges of the beams, and we wish to calculate the dif-
ference between the shortest and longest paths. For 
ranges less than Xa/(2b) we may use Fig. 2 and arrive at 
a path difference (X/b)2 (d/2) approximately, while for 
ranges greater than Xa/(2b) we use Fig. 1 and deduce a 
path difference of approximately (X/b)d2/(4a). Dividing 
by c, the velocity of light, we see that modulation whose 
time constant is shorter than 

—1 ( —X )2 —d d < Xa/(2b), 
c b  2 

1 X d2 
— — — d > Xa/(2b), 
c b 4a 

(5v) 

is blurred, so far as reception by scattering is concerned. 
In particular, pulses of length greater than (5v) are un-
distorted as a result of the spread of scattering path 
length. 
In a number of practical cases of pulse communication 

at centimeter wavelengths, the range is sufficiently short 
for distortion of the pulse by scattered radiation to be 
unimportant. Moreover, the range is frequently short 
enough to permit application of formula (5k). This for-
mula therefore emerges as the most important result of 
this section, and may be modified for practical applica-
tion as follows. In the first place, the formulas for scat-
tered energy are proportional to (/)2,  and if AM is the 
mean-square deviation from mean of the refractive in-
dex measured in M units as used in (1), then 

(Ae/f)2 = 4.10-12  (AM)2.  (5w) 

Moreover, when using formula (5k) (or even (5q)), tur-
bulence enters into the expression for scattered energy 
through the factors /3(Ae/e)2, or /3 (A M)2. Since (5k) is 
the formula with which we shall be actively concerned, 
it will be convenient to measure the degree of turbulence 
in the atmosphere in terms of the quantity 

= 4,1111)213 .  (5x) 

As described in Section I, AM near the earth's surface 
does not usually differ much from 1 M unit, so that 
may be thought of roughly as the scale of turbulence it-
self, and might be described as the modified scale of tur-
bulence. In terms of the modified scale of turbulence 
(5x), the important formula (5k) becomes 

A (271-1' )3 
4.1 0-19  -  -  - (5y) 

Po Ad X 

If we measure the received power P in micromicrowatts, 
the transmitted power Po in kilowatts, the distance d be-
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tween transmitter and receiver in kilometers, the area A 
of the antennas in square meters, the wavelength X in 
meters, and the modified scale of turbulence l' in meters, 
(5y) becomes 

P _4A (241\3 

Po — Xd \ X ) 

and this formula gives the scattered power received for a 
wide range of practical cases of beam communication be-
tween nearly identical antennas. 

(5z) 

VI. COMPARISON OF THEORY 
WITH EXPERIMENTS 

What has been calculated in the preceding sections is 
purely the signal received by scattering, and to this 
must be added the conventional signal that would be 
received in the absence of turbulence in the atmos-
phere. At short range the conventional signal is much 
greater than the scattered signal, so that the conven-
tional signal is the mean signal observed, while the scat-
tering is responsible for fading. The observed signal 
amplitude would be expected to be more or le,ss nor-
mally distributed about the conventional signal ampli-
tude as mean, with a standard deviation given by the 
scattered signal amplitude calculated above. 
What a formula such as (5k) purports to give, there-

fore, is the variation with distance, etc., of the fading 
range, suitably defined. Now it will be noticed that, ac-
cording to (5k), the scattered energy decreases with dis-
tance inversely proportional to d. On the other hand the 
conventional signal energy within the horizon decreases 
inversely as d2, apart from interference between a direct 
wave and one reflected from the earth's surface. Hence 
the ratio of fading range to mean signal increases as we 
recede from the transmitter. Beyond the horizon, the 
conventional signal (except under conditions of marked 
superrefraction) begins to decrease exponentially with 
distance, while the fading range only decreases in-
versely proportional to some power of d in accordance 
with a formula such as (5k), (5q), or (5u). Thus, a dis-
tance is ultimately reached at which the conventional 
signal is no bigger than the scattered signal. At greater 
distances, scattered energy provides the main signal re-
ceived. At these distances observed signal amplitude 
should be distributed according to the Rayleigh distri-
bution. Moreover, the mean signal will no longer be de-
termined by the conventional calculation omitting tur-
bulence of the atmosphere, but instead will be given by 
a formula of the type developed in the preceding sec-
tion. If, therefore, only mean signal is observed as a 
function of distance, a kink will appear in the curve 
where the mean signal is no longer determined by the 
conventional mechanism of propagation, but instead by 
the phenomenon of scattering, which at shorter range is 
the primary cause of fading. The situation may be 
roughly described by saying that fading decreases with 
increase of distance more slowly than the conventional 

signal, so that at long range the conventional signal be-
comes unimportant and one is left merely with the fad-

ing. 
The slow decrease of scattered energy with increase 

of distance is illustrated in Fig. 3, which is drawn to cor-
respond to the observations made on a wavelength of 9 
cm in the Caribbean Sea and reported by Katzin and 
co-workers. 1 In these experiments the transmitting and 
receiving antennas were circular dishes with diameters 
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Fig. 3 

of 4 feet and 3 feet, respectively, so that the assumption 
of identical antennas made in Section V is not precisely 
fulfilled. However, we assume that results would not 
have been very different if the apertures of both anten-
nas had had horizontal and vertical dimensions of 10 
wavelengths. We also take the radius of the earth to be 
8,000 kilometers to allow for orthodox atmospheric re-
fraction above the surface duct that was present during 
the experiment. For these observations, therefore, we 
have 

Xa 
= 400 km. 

—2b 
(6) 

Since observations were not made at ranges beyond 
about 275 km, we may use approximate formulas valid 
for distances appreciably less than Xa/(2b). It follows 
from (5v) that the maximum path difference involved 
in scattering, even at maximum range, is only about 1 
microsecond, so that no marked distortion of the 1-mi-
crosecond pulses used in the experiment is to be ex-
pected. Moreover, if we assume tentatively that the 
scale of turbulence is of the order of 10 cm or less, con-
ditions (5h) are satisfied and we may use formula (5k), 



I 
' or its modified form (5z), for the scattered ener gy re-
ceived. 
In Fig. 3 two curves marked mode theory represent 

the variations of field strength with distance as deduced 
from calculations by Pekeris2 for the conditions under 
which the experiments were carried out; the two curves 
correspond to different heights of transmitter and re-
ceiver. The corresponding mean field strengths observed 
are indicated in Fig. 3 by the experimental points which 
are taken from Fig. 7 of the paper' describing the Carib-
bean measurements. The agreement between the mode 
theory and the observations is satisfactory, except at 
long range. The other three curves in Fig. 3 represent 
the scattered energy received as a function of distance 

. on the basis of formula (5z) using modified scales of tur-
bulence of 4, 6, and 8 cm. It will be seen that, at ranges 
beyond those at which conventional theory agrees ap-
proximately with the observations, the field strengths 
received may be interpreted roughly in terms of a uni-
formly turbulent atmosphere having a modified scale of 
turbulence of about 6 cm. What the theory predicts is 
that the curves of mean field strength as a function of 
distance for the various heights of transmitter and re-
ceiver concerned should follow the mode-theory curves 
in Fig. 3 up to roughly the range where they intersect 
the unbroken curve for the scattering theory, and that 
they should then all turn and follow the curve for the 
scattering theory. It is clear that a theory derived in 
this way is in much better agreement with the observa-
tions than one in which scattering is neglected. 
The Caribbean experiments were carried out in an 

unstable atmosphere, and for such an atmosphere values 
of 10 cm for / and 1 M unit for AM were mentioned in 
Section I as appropriate near the earth's surface. This 
figure would give a modified scale of turbulence of 10 
cm, somewhat greater than that suggested by the ob-
servations reproduced in Fig. 3. It must be remembered, 
however, that the values quoted in Section I referred to 
conditions over land, whereas the Caribbean experi-
ments were carried out over sea. Moreover, the modified 
scale of turbulence is expected to decrease with height 
above the earth's surface, and we are concerned more 
with turbulence at a height than with turbulence near 

the surface. 
It will also be noticed in Fig. 3 that the theory of at-

mospheric scattering seems to predict a decrease of scat-
tered field strength with distance that is too low to agree 
with the observations. Again, however, it must be re-
membered that we have assumed in our simple applica-
tion in Section V of the results of Sections II and III 
that the modified scale of atmospheric turbulence is in-
dependent of height above the earth's surface, whereas 
in fact it almost certainly decreases with height in most 
practical cases. Now, as illustrated in Fig. 1, the height 
of the important scattering volume increases with in-
crease of distance between transmitter and receiver, and 
an associated decrease of the modified scale of atmos-
pheric turbulence would cause the scattered signal re 
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ceived to decrease more rapidly with increase of range 
than for a uniformly turbulent atmosphere. It might 
even be possible from observations of radio scattering as 
a function of range to draw some deductions about at-

mospheric turbulence as a function of height. 
If our interpretation of the relatively high field 

strengths observed at long range on the 9-cm wave-
length in the Caribbean experiments is correct, formula 
(5z) should not only give the field strength observed at 
sufficiently long ranges, but should also give the stand-
ard deviation of field strength at shorter ranges. This 
aspect of the theory could not however be checked from 
the Caribbean observations as published.' 
We are of the opinion that many of the existing di-

vergences between observations and conventional the-
ory can be explained along the lines that we have used 
in connection with the Caribbean experiments. Thus is 
is reported, both in connection with centimeter-wave 
communications and in connection with meter-wave 
broadcasting, that increasing the height of the trans-
mitting antenna often has little or no influence on the 
field strength received well beyond the horizon. This is 
what might be expected when the scattered signal ex-
ceeds the signal anticipated on conventional theory. 
Norton' reports that, even with a well-mixed atmos-
phere, the Richmond, Va., frequency-modulation sta-
tion on a wavelength of 3 meters produces at the Central 
Radio Propagation Laboratory, Washington, D. C., a 
field strength some 30 db above what would be expected 
under orthodox propagation conditions, according to 
the usual theory of diffraction round the curved surface 
of the earth. This suggests that, at the range of 98 miles 
involved in these observations, the scattered energy re-
ceived exceeds that which would be expected on con-
ventional theory. The scattered energy per unit volume 

of atmosphere is of course a good deal less at a wave-
length of 3 meters than it is at 9 cm (see equation (5k)). 
But the beam widths involved in broadcasting are so 
great that the volume of atmosphere contributing to the 
scattered energy is quite large. The volume concerned 
is indeed so large that even approximate evaluation of 
the integral involved in (5f) is by no means easy. A 
rough calculation shows however that a scattered field 
strength of the order of magnitude reported by Norton 
can be explained in terms of a value for the modified 
scale of turbulence of an order of magnitude that is rea-
sonable from the meteorological standpoint. 
In connection with meter-wave broadcasting, it 

should be noted that there is a possibility of an inter-
esting difference in scattering behavior between hori-
zontal and vertical polarizations. There are probably 
many occasions on which the scale of turbulence in the 
atmosphere is appreciably less than the wavelength in-
volved, so that (3) is the appropriate scattering formula. 
This implies that each macroscopic element of volume 
scatters uniformly in all directions except for the dipole-
factor sin2 X. With an almost nondirectional receiving 

- antenna, therefore, the region of atmosphere more or 



412  PROCEEDINGS OF THE I.R.E. April • 

less vertically above the receiver will be of great impor-
tance. But for vertical polarization a dipole vertically 
above the receiver will be end-on to the vertical di-
pole(s) used for reception, whereas for horizontal polari-
zation the two dipoles are parallel. Consequently rather 
less scattered energy should be received with vertical 
polarization than with horizontal. Whether the differ-
ence is sufficiently important to affect the spacing of 
meter-wave broadcasting stations operating in the same 
frequency channel is doubtful, however. 
We conclude that atmospheric scattering due to tur-

bulence is the cause of the slow variation of mean field 
strength with distance experienced on a wavelength of 9 
cm at long range in the Caribbean experiments, and 
probably also in other cases. Moreover we predict that 
the same theory which is used for calculating the scat-
tered signal at long distances may also be used in most 
cases for calculating the fading range at shorter dis-
tances. 

VII. SPEED OF FADING 

If fading is largely due to scattering in a turbulent at-
mosphere as suggested above, it should be possible to 
calculate the speed of fading from the velocities of tur-
bulence quoted in Section I. This is done by the method 
used by Ratcliffe" in connection with ionospheric propa-
gation and depends on an application of the Doppler 
principle. If a scattering element is moving with velocity 
v, the scattered radiation differs very slightly in fre-
quency from the incident radiation. Radiation received 
from the various scattering elements is therefore spread 
over a narrow band of frequencies, and it is beating be-
tween these frequencies that causes fading. 
For backward scattering by an element moving in the 

direction of incidence with velocity v, the fractional 
Doppler shift in frequency is (2v/c). In forward scatter-
ing however, there is no Doppler shift at all, and for 
scattering through an angle 0, the fractional Doppler 
shift frequency is 

2(v/c) sin (10).  (7) 

Fading is therefore caused by beating between frequen-
cies which differ by roughly this fraction of the operat-
ing frequency f, so that the quasifrequency of fading is 

2f(v/c) sin (10) 

= (2v/X) sin (be).  (7a) 

The quasiperiod of fading is therefore 

2v sin (10) 

= XAve) (7b) 

14  J. A. Ratcliffe, "Diffraction from the ionosphere and the fading 
of radio waves," Nature, vol. 162, p. 9; 1948. 

for scattering through small angles. 
For two-directional antennas of beam width 8 facing 

one another, the greatest angle of scatter that need be 
considered is 8 so that the shortest fading time is given 
by interpreting 8 in (7a) as beam width. We see that, 
for a fixed beam width, fading time is proportional to 
wavelength. For fixed linear dimensions b of the anten-
nas, however, we have 

= X/b  (7c) 

approximately, so that the fading time may be taken as 

bit). (7d) 

This result implies that, for communication between 
beam antennas of fixed linear dimensions, fading time is 
independent of frequency, and is of the order of magni-
tude of the time taken to traverse a distance equal to the 
linear dimensions of the antennas at a speed equal to the 
mean velocity of turbulence. The expression (7d) for the 
fading time is however based on the assumption that 
the scattering angle is limited by beam width, but if the 
scale of turbulence / is appreciably greater than the lin-
ear dimensions b of the antennas, the angle of scattering 
would be limited rather by the scattering beam width of 
the atmosphere given by (3b). We would then use the 
value (3b) for 0 in (7b) and deduce for the fading 
time 

2T1 
(7e) 

We thus see that the fading time is given by (7d), or 
(7e) which ever is the longer. 

At ranges such that the curvature of the earth is im-
portant (d comparable with or greAter than Xb/a; see 
equations (5q), (5u), and Fig. 1) the angle d/a between 
the axes of horizontally pointed transmitting and re-
ceiving antennas would have to be taken into account, 
leading to a situation in which fading time is inversely 
proportional to range when the range is appreciably 
greater than Xb/a. 

Unfortunately we have not been able to find in the 
literature enough information on fading time to test 
the above statements. However, there seems no doubt 
that the expressions (7d) and (7e) give fading periods 
of the right order of magnitude. For example, under 
turbulent conditions, with typical antennas, either b or 
27r1 is of the order of a meter and v is of the order of a 
few meters per second, giving a fading time of rather 
less than a second. On the other hand, under stable con-
ditions I would be larger and v smaller leading to much 
slower fading. 
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Summary—Helix parameters used in the normal mode solution 
of the traveling-wave tube are evaluated by comparison with the field 
equations for a thin electron beam. Corresponding parameters for a 
thick electron beam are found by finding a thin beam with approxi-

mately the same rf admittance. 

INTRODUCTION 

T
- HE THEORY OF traveling-wave tubes has  been  

treated by two different methods; (1) solution of 
the field equations" and (2) expansion in the nor-

mal modes of propagation." The field solution has the 
advantage of being directly applicable to a particular 
physical situation without the introduction of unknown 
parameters, while the normal mode solution has the ad-
vantage of being more generally applicable and more 
easily manipulatable, but requires the independent 
evaluation of such parameters as the circuit imped-
ance, the unloaded propagation constant, and the pas-
sive mode or "space-charge" parameter. It is the pur-
pose of the present paper to show the equivalence of the 
two methods, and to use this equivalence to evaluate 
the parameters appearing in the normal mode solution, 
for the particular case of an electron beam within a 

helix. 

EQUIVALENCE OF METHODS FOR A 
THIN BEAM 

Let us first consider a thin beam whose breadth is 
small enough so that the field acting on the electrons is 
essentially constant. The normal mode solutions ob-
tained by Pierce.' apply only to this case. The more 
practical situation of a thick beam will be considered 
later. The normal mode method consists of simultane-
ously solving two equations, one relating the rf field pro-
duced on the circuit by an impressed rf current from the 
electron stream, and the other relating rf current pro-
duced in the electron stream by an impressed rf field 
from the circuit. Using the following as symbols, 

E= rf field acting on the electron beam 
q = rf current in the electron beam 
I' =propagation constant. Field quantities vary as 

exp ( — Fz) 

• Decimal classification: R339.2.0riginal manuscript received by 
the Institute, December 19,1949. 
t Bell "Felephone Laboratories, Inc., Murray Hill, N. J. 
L. J. Chu and J. D. Jackson, "Field theory of traveling-wave 

tubes," PROC. IK E., vol. 36, pp. 853-863; July, 1948. 
3 0. E. H. Itydbeck, "Theory of the traveling-wave tube," 

Ericsson Tech., no. 46, pp. 3-18; 1948. 
$ J. K. Pierce, 'I'heory of the beam-type traveling-wave tube," 

Pkoc.  vol. 35, pp. 111-123; February, 1947. 
4 J. K. Pierce, "Effect of passive modes in traveling-wave tubes," 
1.R.E., vol. 36, pp. 993-997; August, 1948. 

Helix Parameters Used in Traveling-
Wave-Tube Theory* 

R. C. FLETCHERt 

ro = natural propagation constant of the mode which 
is principally being excited by the electrons 

K =circuit impedance of this mode ( = EV2132P of 

Pierce)" 
Q = a parameter which represents the effect of pas-

sive modes" 

whio 
w = impressed frequency 
uo=dc velocity of the electrons 
/0= dc current of the electrons 
Vo=dc accelerating voltage 
k =w(tie)'/2, 

we can write the circuit equation as 

E = [  r2rox 2jQKri   q,  (1) 
12 _ F02  0. 

and the electronic equation as 

02 I o E. (2) 

q =  — 2V0 

The solution of these two equations gives r in terms of 
ro, K, and Q, which must be evaluated separately for 
the particular circuit being considered. 
The field solution is obtained by solving the field 

equations in various regions and appropriately match-
ing at the boundaries. For a hollow beam of electrons of 
radius b traveling in the z direction inside a helix of ra-
dius a and pitch angle 4/, the matching consists of find-
ing the admittances (//0/E.) inside and outside the 

beam and setting the difference equal to the admittance 
of the beam. Thus the admittance just outside the beam 

for an idealized helix will be" 

11 cf.0 
170 = 

we /1(1,b) — ÔC,(74) 

F20 = 7 10(70 + OK o(7b) 
(3) 

where ' 

1  = (( ka cot 4) , 2 
II(7a)Ki(ya)— lo(ya)Ko(7a) , 

K o'(7(I) 

and 

k2 = w2ue, 

2 — — r2 _ k2. 

(The /'s and K's are modified Bessel functions.) The ad-
mittance inside the beam is 

Y./ = 

11  jwe 11(70  

7 10(70 
(4) 
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Boundary conditions require that Ego= E.i= E. and  the helix without electrons present. The evaluation of 
.1-110—H.,=g/27rb. Combining the boundary conditions,  -y and thus Q, represents a new contribution. Values of 
we see that 

1 q 
17 — V. = —  (5) 

2rb E. 

where the ratio of q/ E. is given by (2). Thus the field 
method gives two equations which are equivalent to the 
circuit and electronic equations of the normal mode 
method. 

NORMAL MODE PARAMETERS FOR 
THIN BEAM 

The constants appearing in (I) can be evaluated by 
equating the circuit equation (1) to the circuit equation 
(5). Thus if Ft=  Vi, 

r2roK  2jQKr2 1 

F2 — ro=  tie  = 27 W, (6) 

The constants can be obtained by expanding each side 
of (6) in terms of the zero and pole occurring in the 
virinii y of 1'0. Thus if 70 and 7„ are the zero and pole of 

respectfully, 

'Y — 'Yo) 
Yc — (7p — 7o) ( — 

— yp 

and the two sides of (6) will be equivalent if 

ro2 = _ 70 2 _ k2, 

1 + 
2Q  (  k2r 2 
= 

70 

O. 10/ 

and 

70 2 

(7) 

(8) 

(9) 

1 
= ,hrb7o2 (1 + —k2--) 312  . (10) 

A. 7o2 a7 

7o and Tp can be obtained from (3) and (4) through the 
implicit equations 

foeY oa) K o() 0a)  
(ka cot 1,02 = (701)2 

/t(7oa)Ki(yoa) 

'Yo( k2 )-112 
Q  1 + -  

fie 70 2 

are plotted in Fig. 1 as a function of 70a for various ra-
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Fig. 1—Passive mode parameter Q for a hollow beam of electrons of 
radius b inside a helix of radius a and natural propagation con-
stant 'yo. The solid line was obtained by equating the circuit 
equation of the normal mode method, which defines Q, with a 
corresponding circuit equation found from the field theory 
method. The dashed line was obtained by Pierce from a solution 
of the field equations for a conductor replacing the helix. 

(11) tios of b/a. (It should be noted that for most practical 
applications the factor 

Ko(-yb) Ko2(1,0) R  77,a (1 
e  702 

— 0(7 pa)K o(i pa)],  (12)  is very close to unity, so  that  the ord inate  is practically  
the value of Q itse lf.) 

and 1/K is found to be Pierce has given  a met hod for  estimating (15 based on 
the solution of the field equat ions  for  a conductor re-

1 )312  ka I &you)  placing the helix an d cons ider ing  the  resultant  field  to  
= ( be 

K 702 /02(70b) Ko(70a) 
2jKQ1'' r/i(-yoa)  /o(7oa)  Ko(7oa) Ki(70)  4 

(13)    q• Lroeyoa) /1(70a) Ki(70)  Ko("Yoa)  -yoa 
His estimate of Q is plotted as  the dashed  lines  of  Fig.  1. 

The equations for -yo and K are the same as  those  given  

by Pierce,c4 evaluated by solving the field equa tions  for  6 J. R. Pierce, "Traveling -wave  tu bes, " (in  process  of publication).  

I oey,,b) 1 ka cot 0) 2. 
  I ley „a)K 70  

AP 
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THICK BEAM CASE 

For an electron beam which entirely fills the space out 
to the radius b, the electronic equations of both the nor-
mal mode method and the field method are altered in 
such a way as to complicate the solution considerably. 
In order to find a solution for this case, some simplify-
ing assumptions must be made. A convenient type of as-
sumption is to replace the thick beam by an "equiva-
lent" thin beam, for which the solutions have already 

been worked out. 
Two beams will be equivalent if the value of //o/E, is 

the same outside the beams, since the matching to the 
circuit depends only on this admittance. The problem 
then of making a thin beam equivalent of a thick beam 
is the problem of arranging the position and current of a 
thin beam to give the same admittance at the radius b 
of the thick beam. This is, of course, impossible for all 
values of 7. It is desirable, therefore, that the admit-
tances be the same close to the complex values of 7 
which will eventually solve the equations. 
The solution of the field equations for the solid beam 
ields the value for //4/E," at the radius b as 

IL° jcae nIi(n-yb) 
-  = 
E,  10(n7b) 

where 

10  1 
= 1 + -1 V  i38 

k e hrb21'0 - r) 2 

Thus the electronic equation for the solid beam which 
must be solved simultaneously with the circuit equation 
(given above by either the normal mode approximation 

or the field solution) must be 

110 jweb nri(n-yb) /1( 7b) 1. 

E,  7b L 10(n7b)  10(-,'b) J 

Complex roots for 7 will be expected in the vicinity of 
real values of 7 for which Y. Y, and 

dY,  dY, 

dy  d-y 

By plotting V. and Y, versus real values of 7, it is found 
that the two curves become tangent close to the value 
of 7 for which n = 0, using typical operating conditions 
(Fig. 2). Our procedure for choosing a hollow beam 
equivalent of the solid beam then will be to equate the 
values of V. and dY./dy at n =O. This will give us two 
equations from which to solve for the electron beam 
diameter and dc current for the equivalent hollow beam. 
If the hollow beam is placed at the radius sb with a 

current of lie, the value of //e/E, at the radius b gives 

the value for V.11 as 

(14) 

# I  .102(s7b) 
=  - = - jweb -- 0 - n2)   

E, b  2  102(70 

(15) 

(16) 
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Fig. 2-Electronic admittance Y. of a solid electron beam of radius 
b and circuit admittance Y. of a helix of radius a plotted versus 
real values of the propagation constant in the vicinity of where 
dYddy =dYddy where complex solutions for 7 are expected, for 
two typical sets of operating conditions. Plotted on the same 
graph is the electron admittance 17.11 for two equivalent hollow 
electron beams: the dashed curve (Fletcher) is matched to Y. at 
n =0, while the dot-dashed curve (Pierce) is matched at n=1 (off 
the graph). 
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(17) 

Equating this with (16) at n = 0 yields the equation 

1  1  [Ka(s0)  K1(0)1 
- = - 02/02(sO)   ,  (18) 

2 /0(0)  /1(0 

where 0= 7,b and 7. is the value of 7 at n = 0; i.e., for 
7.>> k 
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/ 1  /At  Piro 

'Ye = IS° +  e 2r0Vo (19) 

In the vicinity of n=0, n varies very rapidly with 7, 
and hence matching (a /7./an)7 is practically the same 
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Fig. 3---Parameters of the hollow electron beam which is matched to 
the solid electron beam of radius band current /0 at  
where n =0. sb is the radius and ho is the current of the equivalent 
hollow beam. 
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Fig. 4—Passive mode parameter Q. for a solid beam of electrons of 
radius b inside a helix of radius a and natural propagation con-
stant 70, obtained from the equivalent hollow beam parameters 
of Fig. 3 taken at 7.=—Yo. All the normal mode solutions which 
have been found " for a hollow beam will be approximately valid 
for a solid beam if Q is replaced by Q. and K is replaced by K. 
(Fig. 5). 

as matching dY./(17. With this approximation (16) and 
(17) can be differentiated with respect to n and set 
equal at n=0 to yield the second relation 

1  [Ko(s0)  til(0)1 2. 
— = 02/02(0)/02(s0)  (20) 

./u(s0)  /1(0)_1 

Equations (18) and (20) can then be solved to give the 
implicit equation for s as 

lio(s0)  Ki(0)  1 

lo(s0)  11(0)  2I12(0) 

and the simpler equation for 

4 /120) 
= 

02 /0 2(SO) 

(21) 

(22) 

s and I are plotted as a function of 0 in Fig. 3. The value 
of Ygii  using these values of s and I is compared in Fig. 
2 with Y. in the vicinity of where V is almost tangent 
to V. for two typical sets of operating conditions. 
It is of course possible to pick other criteria for de-

termining an "equivalent" hollow beam. Pierce has sug-
gested5 expanding the V. and Ye,/ in terms of (1 —712) 
and equating the coefficients of the first two terms. The 

0. 
0. 

0 

0. 

0. 

o. 

INJV 

80 

60 , I 
I

 
1
1
 
1 
1
 
1
 
1
 
1

 
1

 
1

 
1
 
1

 
1
 
1

 
1

 
1 

 

2 

§.„. 
d 
' 40 

II 
..) 

)1 

0 , 
3  4 
7o a 

5 6 7 

Fig. 5—Circuit impedance K. for a solid beam of electrons of radius 
b inside a helix of radius a and natural propagation constant 70, 
obtained from the equivalent hollow beam parameters of Fig. 3 
taken at 7, = 70. K. should replace K = (E2/202P) " in order for the 
normal mode solutions for a hollow beam to be applicable to a 
solid beam. 
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values of s and t found by this method determine values 

of Y.,/ shown in Fig. 2. The greater departure from the 

true curve of Y. would indicate that this approximation 

is not as good as that described above. 

It is now possible to find the values of Q. and K. ap-
propriate to the solid beam. Thus if Q(-yoa, b/a) and 
K(-yoa, b/a) are the values for the hollow beam calcu-
lated from (9), (12), and (13), 

and 

Q. = Q(-yoa, s 
a 

K, = tK(-yoa, sa . 

tual value of the current in the solid beam in the solu-
tions instead of /To, the equivalent current. Values of 

Q.  70  / 1 +  k2 \ —1/2 

7o ) 

k2 )+3/2 

K, —• (1 + —  are plotted versus 
7o  72/ 

0a  in Figs. 4 and 5 for different values of b/a and for 
(23)  values of t and s taken at 7.= 70. All the solutions ob-

tained by Pierce3-5  for the hollow beam will be valid for 

the solid beam if Q. and IC, are substituted for Q and K. 

(24) 

The t is placed in front of K in (24) because tro and K ap-
pear in the thin beam solutions only in the combination 

t/o K. Using tK instead of K allows us to use hi, the ac-

2 
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Simplified Derivation of Linear Least Square 
Smoothing and Prediction Theory* 

H. W . BODEt, SENIOR MEMBER, M E, AND C. E. SHANNONt, FELLO W, IRE 

Summary—The central results— of the Wiener-Kolmogoroff 

smoothing and prediction theory for stationary time series are de-

veloped by a new method. The approach is motivated by physical 
considerations based on electric circuit theory and does not involve 
integral equations or the autocorrelation function. The cases treated 
are the "infinite lag" smoothing problem, the case of pure prediction 

(without noise), and the general smoothing prediction problem. 
Finally, the basic assumptions of the theory are discussed in order to 

clarify the question of when the theory will be appropriate, and to 

avoid possible misapplication. 

I. INTRODUCTION 

IN A CLASSIC REPORT written for the National Defense Research Council,' Wiener has developed a 

mathematical theory of smoothing and prediction of 

considerable importance in com munication theory. A 

similar theory was independently developed by Kol-

mogoroff2 at about the same time. Unfortunately the 

work of Kolmogoroff and Wiener involves some rather 

formidable mathematics— Wiener's yellow-bound re-

port soon came to be known among bewildered engi-

neers as "The Yellow Peril" —and this has prevented the 

• Decimal classification: 510. Original manuscript received by 
the Institute, July 13, 1949; revised manuscript received, January 17, 
1950. 
t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 
' N. Wiener, "The Interpolation, Extrapolation, and Smoothing 

of Stationary I ime Series," National Defense Research Committee; 
reprinted as a book, together with two expository papers by N. Levin-
son, published by John Wiley and Sons, Inc., New York, N. Y., 1949. 

2 A. Kolmogoroff, "Interpolation und Extrapolation von Sta-
tionaren Zufalligen Folgen," Bull. Acad. Sci. (URSS) Sr. Math. 5, 
pp. 3-14; 1941. 

wide circulation and use that the theory deserves. In 

this paper the chief results of smoothing theory will be 

developed by a new method which, while not as rigorous 

or general as the methods of Wiener and Kolmogoroff, 

has the advantage of greater simplicity, particularly for 

readers with a background of electric circuit theory. The 

mathematical steps in the present derivation have, for 

the most part, a direct physical interpretation, which 

enables one to see intuitively what the mathematics is 

doing. 

I I. THE PROBLEM AND BASIC ASSUMPTIONS 

The main problem to be considered may be formu-

lated as follows. We are given a perturbed signal f(t) 
which is the sum of a true signal s(t), and a perturbing 

noise n(t) 

1(1) = 5(0 n(I). 

It is desired to operate on f(t) in such a way as to obtain, 
as well as possible, the true signal s(t). More generally, 

one may wish to combine this smoothing operation with 

prediction, i.e., to operate on f(t) in such a way as to ob-
tain a good approximation to what s(t) will be in the 

future, say a seconds from now, or to what it was in the 

past, a seconds ago. In these cases we wish to approxi-

mate s(t+a) with a positive or negative, respectively. 
The situation is indicated schematically in Fig. 1; the 
problem is that of filling the box marked " ?." 
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It will be seen that this problem and its generaliza-
tions are of wide application, not only in communication 
theory, but also in such diverse fields as economic pre-
diction, weather forecasting, gunnery, statistics, and the 
like. 

f(t). st)•rxti „) APPROXIMATION 
• =  TO  S(T +00 H F  

Fig. I —The smoo hing and prediction problem. 

The Wiener-Kolmogoroff theory rests on three main 
assumptions which determine the range of application of 
the results. These assumptions are: 
1. The time series represented by the signal s(t) and 

the noise n(t) are stationary. This means essentially that 
the statistical properties of the signal and of the noise 
do not change with time. The theory cannot properly 
be applied, for example, to long-term economic effects, 
since the statistics of, say, the stock market were not the 
same in 1850 as they are today. 

2. The criterion of error of approximation is taken to 
be the mean-square discrepancy between the actual out-
put and the desired output. In Fig. 1 this means that we 
fill the box"?" in such a way as to minimize the mean-
square error [g(t)—s(t+a)]2, the average being taken 
over all possible signal and noise functions with each 
weighted according to its probability of occurrence. 
This is called the ensemble average. 
3. The operation to be used for prediction and smooth-

ing is assumed to be a linear operation on the available 
information, or, in communication terms, the box is to 
be filled with a linear, physically realizable, filter. The 
available information consists of the past history of the 
perturbed signal, i.e., the function f(t) with tti, where 
is the present time. A linear, physically realizable filter 
performs a linear operation on f(t) over just this range, 
as we will see later in connection with equations (3) and 
(4). 
The theory may therefore be described as linear least 

square prediction and smoothing of stationary time series. 
It should be clearly realized that the theory applies only 
when these three assumptions are satisfied, or at least 
are approximately satisfied. If any one of the conditions 
is changed or eliminated, the prediction and smoothing 
problem becomes very difficult mathematically, and lit-
tle is known about usable explicit solutions. Some of the 
limitations imposed by these assumptions will be dis-
cussed later. 
How is it possible to predict at all the future behavior 

of a function when all that is known is a perturbed ver-
sion of its past history? This question is closely asso-
ciated with the problems of causality and induction in 
philosophy and with the significance of physical laws. In 
general, physical prediction depends basically on an as-
sumption that regularities which have been observed in 
the past will obtain in the future. This assumption can 

never be proved deductively, i.e., by purely mathemati-
cal argument, since we can easily conceive mathematical 
universes in which the assumption fails. Neither can it 
be established inductively, i.e., by it generalization from 
experiments, for this very generalization would assume 
the proposition we were attempting to establish. The 
assumption can be regarded only as a central postulate 

of physics. 
Classical physics attempted to reduce the physical 

world to a set of strict causal laws. The future behavior 
of a physical system is then exactly predictable from a 
knowledge of its past history, and in fact all that is re-
quired is a knowledge of the present state of the system. 
Modern quantum physics has forced us to abandon this 
view as untenable. The laws of physics are now believed 
to be only statistical laws, and the only predictions are 
statistical predictions. The "exact" laws of classical 
physics are subject to uncertainties which are small 
when the objects involved are large, but are relatively 
large for objects on the atomic scale. 
Linear least square smoothing and prediction theory 

is based on statistical prediction. The basic assumption 
that statistical regularities of the past will hold in the 
future appears in the mathematics as the assumption 
that the signal and noise are stationary time series. This 
implies, for example, that a statistical parameter of the 
signal averaged over the past will give the same value as 
this parameter averaged over the future. 
The prediction depends essentially on the existence of 

correlations between the future value of the signal 
s(ti+a) where ti is the present time, and the known 
data f(t)= s(t)-E'n(t) ior t 11. The assumption that the 
prediction is to be done by a linear operation implies 
that the only type of correlation that can be used is 
linear correlation, i.e., s(t1-1--a) f(t). If this correlation 
were zero for all t•_ti, no significant linear prediction 
would be possible, as will appear later. The best mean-
square estimate of s(li+a) would then be zero. 

M . PROPERTIES OF LINEAR FILTERS 

In this section, a number of well-known results con-
cerning filters will be summarized for easy reference. A 
linear filter can be characterized in two different but 
equivalent ways. The first and most common descrip-
tion is in terms of the complex transfer function Y(w). 
If a pure sine wave of angular frequency col and ampli-
tude E is used as input to the filter, the output is also a 
pure sine wave of frequency col and amplitude Y(coi) I E. 
The phase of the output is advanced by the angle of. 
Y(wi), the phase of the filter at this frequency. It is fre-
quently convenient to write the complex transfer func-
tion Y(w) in the form Y(w)= eAm elm where A (w) = log 
I It(o))1 is the gain, and B(w) = angle [ Y(w)] is the phase. 
Since we will assume that the filter can contain an ideal 
amplifier as well as passive elements, we can add any 
constant to A to make the absolute level of the gain as 
high as we please. 
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A 

The second characterization of a filter is in terms of 
time functions. Let K(t) be the inverse Fourier trans-
form of Y(w) 

1  a' 
K(t) = .1 l'(w)eiw'dx.4. 

271- , 

Then Y(w) is the direct Fourier transform of K(t) 

Y(w) = I K(t)e—'wldt. 

(1) 

(2) 

Knowledge of K(t) is completely equivalent to knowl-
edge of Y(w) ; either of these may be calculated if the 
other is known. 
The time function K(t) is equal to the output ob-

tained from the filter in response to a unit impulse im-
pressed upon its input at time t= 0, as illustrated by Fig. 
2. From this relation we can readily obtain the response 

IMPULSE I 

INPUT   y(L,)  F 
RESPONSE = K(t) 

Fig. 2—Impulsive response of a network. 

of the filter to any artibrary input f(t). It is merely nec-
essary to divide the input wave into a large number of 
thin vertical slices, as shown by Fig. 3. Each slice can be 
regarded as an impulse of strength f(t)dt, which will pro-

Fig. 3 —Response to an arbitrary input as a sum 
of impulsive responses. 

duce a response f(t)dt K(51—t) at any subsequent time t. 
Upon adding together the contributions of all the slices 
we have the well-known formula 

s, 
g(ti) = f(i)K(51 — t)dt (3) 

for the total response at. ti. 
For the study of smoothing theory, (3) can conven-

iently be replaced by a slightly different expression. Set-
ting = —I, we have 

g(ti) = f(ti — r)K(r)dr. (4) 

In this formulation, 7 stands for the age of the data, so 
that f(ti—r) represents the value of the input wave r 
seconds ago. K(r) is a function like the impulsive ad-
mittance, but projecting into the past rather than the 
future, as shown by Fig. 4. It is evidently a weighting 
function by which the voltage inputs in the past must 
be multiplied to determine their contributions to the 
present output. 

Criteria for physical realizability can be given in 
terms of either the K function or Y. In terms of the im-
pulsive response K(t), it is necessary that K(t) be zero 
for t <0; that is, the network cannot respond to an im-
pulse before the impulse arrives. Furthermore, K(t) 
must approach zero (with reasonable rapidity) as 
t—H- 00. Thus the effect of an impulse at the present 
time should eventually die out. 

PRE SENT INSTANT 

Fig. 4—Response as a weighted average of the past input. 

These requirements are also meaningful in terms of 
the interpretation of K as a weighting function. Thus, 
the filter cannot apply a weightiag to parts of the input 
that have yet th occur; hence, K(r) = 0 for  <0. Also 
the effect of the very remote past should gradually die 
out, so that K(r) should approach zero as 7—+ oo . It may 
also be noted that these conditions are also sufficient for 
physical realizability in the sense that any impulsive re-
sponse K(t) satisfying them can be approximated as 
closely as desired with a passive lumped element net-
work, together with a single amplifier. 
In terms of frequency response, the principal condi-

tion for physical realizability is that Y(w), considered as 
a function of the complex variable w, must be an analyt-
ic function in the half plane defined by /m(w) <0. In 
addition, the function must behave on the real fre-
quency axis' in such a way that 

log I I'M I 
dw (5) 

Jo  1 + 

is a finite number. 
The requirements of physical realizability lead to the 

well-known loss-phase relations. For a given gain 
A =log I Y(w) I satisfying (5), there is a minimum pos-
sible phase characteristic. This phase is given by 

2wo f 0 A(w) — A(wo) 11(44) = r  dw.  (6) 
w 2  wo 2 

If the square of the prescribed gain I Y(co)1 2= Y(w) 
Y(w) is a rational function of w, say, Pi(w)/P2(w) where 
Pi(w) and P2(w) are polynomials, the minimum phase 
characteristic can be found as follows: Calculate the 
roots of P1(w) and P2(w) and write I Y(w) 12 as 

11.(.)12  =  k2 (w —  ai)(w   ai)(w  a2)(to  lb) • • •  

(w — (31)(0) — 111)(0) — 02)(w — 112) • • • (7) 

' Including the point at infinity. Actual physical networks will, 
of course, always have zero gain at infinite frequency, and the above 
requirement shows that the approach to zero cannot be too rapid. An 
appiroach of the type or̂ (6n db per octave) is possible but el"' or 
c" causes the integral in (5) to diverge and is physically unrealizable. 
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where al, «2 • • • 131, 132 • • • all have imaginary parts 
>0. That is, these are the roots and poles of 1 Y(w)1 2 in 
the upper-half plane and the conjugate terms are the 
corresponding roots and poles in the lower-half plane. 
The minimum phase network then has the transfer 
function 

(0) — ai)(0) — a2) • • •  
11(w) = k  (8) 

(6) — 131)(0) — 132) • • • 

A minimum phase network has the important prop-
erty that its inverse, with the transfer function 17-4 (co), 
is also physically realizable.4 If we pass a signal f(t) 
through the filter 17(co), we can recover it in its original 
form by passing it through the inverse filter. Moreover, 
the recovery takes place without loss of time. On the 
other hand, there is no physically realizable exact in-
verse for a nonminimum phase network. The best we can 
do is to provide a structure which has all the properties 
of the theoretical inverse, except for an extra phase lag. 
The extra phase lag can be equalized to give a constant 
delay by the addition of a suitable phase equalizer, but 
it cannot be eliminated. Thus, if we transmit a signal 
through a nonminimum network, we can recover it only 
after a delay; that is, we obtain f(t —a) for some posi-
tive a. 

IV. GENERAL EXPRESSION FOR THE MEAN-
SQUARE ERROR 

Suppose we use for the predicting-smoothing filter in 
Fig. 1 a filter with transfer characteristic 17(w). What is 
the mean-square error in the prediction? Since different 
frequencies are incoherent, we can calculate the average 
power in the error function 

e(t) = s(t + a) — g(t) (9) 

by adding the contributions due to different frequencies. 
Consider the components of the signal and noise of a 
particular frequency col. It will be assumed that the sig-
nal and noise are incoherent at all frequencies. Then, at 
frequency oh there will be a contribution to the error due 
to noise equal to N(441)1  Y(wi)12, where N(coi) is the av-
erage noise power at that frequency col. 
There is also a contribution to the error due to the 

failure of components of the signal, after passing through 
the filter, to be correct. A component of frequency 
should be advanced in phase by awl, and the amplitude 
of the output should be that of the input. Hence there 
will be a power error 

1 Y(cei) — eiawil 2P(wi)  (10) 

where P(coi) is the power in the signal at frequency col. 
The total mean-square error due to components of 

frequency cui is the sum of these two errors, or 

E., =I Y(col) 12 N (col) ± I Y(col) — es" 12 P , (11) 

4 If the original function has a zero at infinity, so that the re-
quired inverse has a pole there, there are complications, but an 
adequate approximation can be obtained in physical cases. 

and the total mean-square error for all frequencies is 

E = f  1" (co)1 2N (w)  (w) — elawl 2P(w)jrho.  (12) 

The problem is to minimize E by proper choice of 17(w), 
remembering that 17(w) must be physically realizable. 
Several important conclusions can be drawn merely 

from an inspection of (12). The only way in which the 
signal and noise enter this equation is through their 
power spectra. Hence, the only statistics of the signal 
and noise that are needed to solve the problem are these 
spectra. Two different types of signal with the same 
spectrum will lead to the same optimal prediction filter 
and to the same mean-square error. For example, if the 
signal is speech it will be predicted by the same filter as 
would be used for prediction of a thermal noise which 
has been passed through a filter to give it the same 
power spectrum as speech. 
Speaking somewhat loosely, this means that a linear 

filter can make use only of statistical data pertaining to 
the amplitudes of the different frequency components; 
the statistics of the relative phase angles of these com-
ponents cannot be used. Only by going to nonlinear pre-
diction can such statistical effects be used to improve 
the prediction. 
It is also clear that in the linear least square problem 

we can, if we choose, replace the signal and noise by any 
desired time series which have the same power spectra. 
This will not change the optimal filter or the mean square 
error in any way. 

V. THE PURE SMOOTHING PROBLEM 

The chief difficulty in minimizing (12) for the mean-
square error lies in properly introducing the condition 
that It(co) must be a physically realizable transfer func-
tion. We will first solve the problem with this constraint 
waived and then from this solution' construct the best 
physically realizable filter. 
Waiving the condition of physical realizabilitv is 

equivalent to admitting any 17(w), or, equivalently, any 
impulsive response K(t). Thus, K(t) is not necessarily 
zero for t<0, and we are allowing a weighting function 
to be applied to both the past and future of f(t). In 
other words, we assume that the entire function f(t) 
=s(t)+n(t) from t = — co to / =  00 is available for use 
in prediction. 
In (12), suppose 

Il(w) = C(w)elB()  (13) 

with C(w) and B(w) real. Then (12) becomes 

= f E  [C2N P(C2 ± 1 — 2C cos (aw  — jdo i (14) 

where C(col, N(w), and the like are written as C, N, and 
so forth, for short. Clearly, the best choice of B(co) is 
B(w) =ace since this maximizes cos (au; — B(w)). Then 
(14) becomes 
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E =  [C2(P  N) — 2PC +  (15) 

Completing the square in C by adding and subtracting 
P2/(P+N) we obtain 

E = f  [C2(P  N) — 2PC 

--1-

or 

p 2 

P + N 

P2 
  P]dco  (16) 
P + N 

E= f  CN /P+N C  p PN 12   )c14.0.  (17) 
N  P+ N 

' The bracketed term is the square of a real number, and 
therefore positive or zero. Clearly, to minimize E we 
choose C to make this term everywhere zero, thus 

C(w) =  P(w) 
P(w) + N(w) 

and 

P(w) 
1/(w) =  ea.  (18) 

P(w)  N(w) 

With this choice of Y(w) the mean square error will be, 
from (17), 

(19) 
P(w)  N(0.)) 

E =   dw. 

The best weighting function is given by the inverse 
Fourier transform of (18) 

1 'c P(w) 

2r f P(w)  N(w) 
K(1) = —  e i.ct+.)dw. (21) 

This K(t) will, in general, extend from t= — so to 
t= + z. It does not represent the impulsive response of 
a physical filter. However, it is a perfectly good weight-
ing function. If we could wait until all the function 
s(t)i-n(i) is available, it would be the proper one to ap-
ply in estimating s(t+a). 
To put the question in another way, the weighting 

K(r) can be obtained in a physical filter if sufficient de-
lay is allowed so that K(r) is substantially zero for the 
future. Thus we have solved here the "infinite lag" 
smoothing problem. Although Y(w) in (18) is nonphysi-
cal, Y(co)e--ow will be physical, or nearly so, if /3 is taken 
sufficiently large. 

VI. THE PURE PREDICTION PROBLEM 

We will now consider another special case, that in 
which there is no perturbing noise. The problem is then 
one of pure prediction. What is the best estimate of 
s(t+a) when we know s(i) from t= — up to 1= 0? 
We have seen that the solution will depend only on 

the power spectra of the signal and noise, and since we 
are now assuming the noise to be identically zero, the 
solution depends only on the power spectrum P(w) of 

the signal. This being the case, we may replace the ac-
tual signal by any other having the same spectrum. The 
solution of the best predicting filter will be the same for 
the altered problem as for the original problem. 
Any desired spectrum P(w) can be obtained by pass-

ing wide-band resistance noise or "white" noise through 
a shaping filter whose gain characteristic is V/'(-E;). The 
spectrum of resistance noise is flat (at least out to fre-
quencies higher than any of importance in communica-
tion work), and the filter merely multiplies this constant 
spectrum by the square of the filter gain P(w). The phase 
characteristic of the filter can be chosen in any way con-
sistent with the conditions of physical realizability. Let 
us choose the phase characteristic so that the filter is 
minimum phase for the gain N/P(w). Then the filter has 
a phase characteristic given by 

B(wo) = —wo f log P(w) — log P(wo)  dw.  (21) 
7r (02  02 

Furthermore, tliis minimum phase network has a phys-
ically realizable inverse. 
We have now reduced the problem to the form shown 

in Fig. 5. What is actually available is the function s(t) 
up to t= 0. However, this is equivalent to a knowledge of 

RESISTANCE 
NOISE 

Mt) 

ACTUAL 
SIGNAL 

S(t) 

GAIN = 

MINIMUM PHASE 

Fig. 5—Construction of actual signal spectrum from resistance noise. 

the resistance noise h(t) up to I= 0, since the filter Y has 
a physically realizable inverse and we can pass the avail-
able function s(t) through the inverse Y-' to obtain h(t). 
The problem, therefore, is equivalent to asking what 

is the best operation to apply to h(t) in order to approxi-
mate s(t+a) in the least square sense? The question is 
easily answered. A resistance noise can be thought of as 
made up of a large number of closely spaced and very 
short impulses, as indicated in Fig. 6. The impulses have 
a Gaussian distribution of amplitudes and are statis-
tically independent of each other. Each of these im-
pulses entering the filter Y produces an output corre-
sponding to the impulsive response of the filter, as 
shown at the right of Fig. 6, and the signal s(t) is the sum 
of these elementary responses. 

I I   
' "1 ' 
SERIES or 

IMPULSES 

-1  Y(0)  F 
Slt) = SUM OF 

INDIVIDUAL 

RESPONSES K W 

Fig. 6—Result of resistance noise input. 

What is known is h(t) up to the present; that is, we 
know effectively the impulses up to 1=0 and nothing 
about those after 1= 0; these have not yet occurred. The 
future signal s(t+a) is thus made up of two parts; the 
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tails of responses due to impulses that have already oc-
curred, and a part due to impulses which will occur be-
tween the present time and time l=a. The first part is 
completely predictable, while the second part is entirely 
unpredictable, being statistically independent of our 
available information at the present time. 
The total result of the first part can be obtained by 

constructing a filter whose impulsive response is the tail 
of the impulsive response of filter Y moved ahead a sec-
onds. This is shown in Fig. 7 where Ki(t) is the new im-
pulsive response and K(1) the old one. The new filter re-
sponds to an impulse entering now as the filter Y will 
respond in a seconds. It responds to an impulse that 
entered one second ago as Y will respond in a seconds to 
one that entered it one second ago. In short, if h(t) is 
used as input to this new filter the output now will be 
the predictable part of the future response of Y to the 
same input a seconds from now. 

Fig. 7—Construction of the physical response K M from K(1). 

The second, or unpredictable part of the future re-
sponse, corresponding to impulses yet to occur, cannot, 
of course, be constructed. We know, however, that the 
mean value of this part must be zero, since future im-
pulses are as likely to be of one sign as the other. Thus 
the arithmetic average, or center of gravity, of the pos-
sible future responses is the predictable part given by 
the output of 11.1. But it is well known that the arith-
metic mean of any distribution is the point about which 
the mean-square error is the least. The output of Vi is 
thus the desired prediction of s(t+a). 
In constructing 171 we assumed that we had available 

the white noise h(1). Actually, however, our given data 
is the signal s(t). Consequently, the best operation on 
the given data is Vi(w) Y-1(w), the factor Y--1(co) reduc-
ing the function s(t) to the-white noise h(1), and the sec-
ond operation Nu') performing the best prediction 
based on h(t). 
The solution may be summarized as follows: 
1. Determine the minimum phase network having the 

gain characteristic V —PF0). Let the complex transfer 
characteristic of this filter be Y(w), and its impulsive 
response K(t). 
2. Construct a filter whose impulsive response is 

K(t + a) for I 0 

= 0  for < 0. 

Let the transfer characteristic of this network be Yi(w). 
3. The optimal least square predicting filter then has 

a characteristic 
Yi(w)Y-11 (w).  (23) 

The mean-square error E in the prediction is easily 
calculated. The error is due to impulses occurring from 

(22) 

time 1=0 to 1=a. Since these impulses are uncorrelated, 
the mean-square sum of the errors is the sum of the in-
dividual mean-square errors. The individual pulses are 
effective in causing mean-square error in proportion to 
the square of K(a— t). Hence, the total mean-square er-

ror will be given by 

E2 = p f 10(a — 1)dt 
0 

= p fa K2(t)dt 
(24) 

where p= fp(w)(1w is the mean-square signal. By a simi-
lar argument the mean-square value of s(1 +a) will be 

I. 
U2 = p f K2(t)dt,  (25) 

and the relative error of the prediction may be meas-
ured by the ratio of the root-mean-square error to the 
root-mean-square value of s(t+a), i.e., 

Jo  
1/2 

U  [ f r-
olowdi 

(26) 

The prediction will be relatively poor if the area under 
the curve K(1)2 out to a is large compared to the total 
area, good if it is small compared to the total. It is evi-
dent from (26) that the relative error starts at zero for 
a=0 and is a monotonic increasing function of a which 
approaches unity as a—+ 
There is an important special case in which a great 

deal more can be shown by the argument just given. In 
our analysis, the actual problem was replaced by one in 
which the signal was a Gaussian type of time series, de-
rived from a resistance noise by passing it through a 
filter with a gain • P (w). Suppose the signal is already 
a time series of this type. Then the error in prediction, 
due to the tails of impulses occurring between t= 0 and 
t=a, will have a Gaussian distribution. This follows 
from the fact that each impulse has a Gaussian distri-
bution of amplitudes and the sum of any number of ef-
fects, each Gaussian, will also be Gaussian. The stand-
ard deviation of this distribution of errors is just ,the 
root-mean-square error E obtained from (24). 
Stated another way, on the basis of the available 

data, that is, s(t) for t<0, the future value of the signal 
s(t+a) is distributed according to a Gaussian distribu-
tion. The best linear predictor selects the center of this 
distribution for the predicted value. The actual future 
value will differ from this as indicated in Fig. 8, where 
the future value is plotted horizontally, and the prob-
ability density for various values of s(t+a) is plotted 
vertically. 
It is clear that in this special case the linear prediction 

method is in a sense the best possible. The center of the 
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; Gaussian distribution remains the natural point to 
choose if we replace the least square criterion of the 

.4) 

Fig. 8—Distribution of prediction errors in the Gaussian case. 

best prediction by almost any other reasonable criterion, 
such as the median value or the most probable value. 
Thus in this case a nonlinear computation would offer 
nothing which the linear process does not already pro-
vide. In the general case, on the other hand, the dis-
tribution of future values will not be Gaussian, and the 
shape of the distribution curve may vary from point to 
point depending upon the particular past history of the 
curve. Under these circumstances, a nonlinear scheme 
may offer improvements upon the linear process and the 
exact characteristics of the optimal procedure will de-
pend critically upon the criterion adopted for the best 

prediction. 

VII. PREDICTION IN THE PRESENCE OF NOISE 

Now consider the general prediction and smoothing 
problem with noise present. The best estimate of 
s(t+a) is required when the function s(t)±n(t) is 

known from t= — co to the present. If s(t)-f-n(t) is 
passed through a filter whose gain is [P(w)+N(w)]-1/2, 

the result will be a flat spectrum which we can identify 
with white noise. Let l'i(w) be the transfer function of a 
filter having this gain characteristic and the associated 
minimum phase. Then both No)) and the inverse 
Yi-'(w) are physically realizable networks. Evidently, 
knowledge of the input of Yi and knowledge of its out-
put are equivalent. The best linear operation on the 
output will give the same prediction as the correspond-
ing best linear operation on the input. 
If we knew the entire function s(t)-1-n(t) from t= — 00 

to t=  c<, the best operation to apply to the input of 
Y1(w) would be that specified by (18). If we let B(w) 
be the phase component of Yi, this corresponds to the 
equivalent operation 

P(w) 
Y2(0) = eita. 

[P(w)  N(w)P12 

on the "white noise" output of l'i. 
Let the impulse response obtained from (27) be 

K2(t). As illustrated by Fig. 9, K2(t) will, in general, con-
tain tails extending to both t= 00 and t= — GO, the 
junction between the two halves of the curve being dis-
placed from the origin by the prediction time a. The 
associated K2(r) of Fig. 10 is, of course, the ideal 
weighting function to be applied to the "white noise" 
output of 141. But the only data actually available at 
r= 0 are the impulses which may be thought of as or-

(27) 

curring during the past history of this output. What 
weights should be given these data to obtain the best 

Fig. 9—Possible function IC2(1). 

Fig. 10—Weighting function 1C2(r), corresponding to Fig. 9. 

prediction? It seems natural to weight these as one 
would if all data were available, and to weight the future 
values zero (as we must to keep the filter physical). 
The fact that this is actually correct weighting when the 
various input impulses are statistically independent will 
now be shown as a consequence of a general statistical 
principle. 
Suppose we have a number of chance variables, 

xl, ,C2, • ' xft which are statistically independent, or at 
least have the property that the mean product of any 
two, x„,x„, is equal to zero. These variables are to be 
interpreted as the amplitudes of the individual white 
noise impulses to which we are attempting to apply the 
weighting function of Fig. 10. 
Let y be another chance variable, correlated with 

xi, • • • , x„, which we wish to estimate in the least 
square sense by performing a linear operation on 
xi • • • xn. In the problem at hand y is the actual signal 
5(0 at the time a seconds from now. 
The predicted value will be 

y, = E aix, 
i-t 

and the mean-square error is 

E = (y — yi)2 = (y — E 

= y2 — 2 E aocc + E  

=  y2 -  2E aixiy +  (28) 

since all terms in the double sum vanish except those for 
which i =j. We seek to minimize E by proper choice of 
the al. Setting the partial derivatives with respect to ai 
equal to zero, we have 

aE _ = — 2x,y  24t i1,2 = 0 
Oai 
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or 

a; = 

xiy 
x 2 

(29) 

The important fact about this calculation is that each of 
the n minimizing equations involves only the al in ques-
tion; OE/8a1 involves only al, etc. In other words, min-
mizing E on all the ai is equivalent to minimizing sep-
arately on the individual ai; ai should have the value 
xiy/x12 whatever values are assigned to the other a's. 
Returning now to the prediction and smoothing 

problem, the function K2(r) gives the proper weighting 
to be attached to the impulses if we could use them all. 
Requirements of physical realizability demand that fu-
ture impulses corresponding to T <0 be given weight 
zero. From the above statistical principle those oc-
curring in the past should still be given the weighting 
K2(7). In other words, the proper filter to apply to the 
input white noise has an impulse response zero for 
1<0 and K2(1) for 1>0. 
To summarize, the solution consists of the following 

steps: 
1. Calculate the minimum phase transfer function for 

the gain (P+N)--i/2. Let this be Nu)). 
2. Let 

112(w) = 1-1 (w) 
P  N 

This is a nonphysical transfer function. Let its Fourier 
transform be K2(1). 
3. Set K3(1)=K2(t+a) for l0 and K3(1)=0 for 

t<0. That is, cut off the first a seconds of K2(1) and 
shift the remaining tail over to t= 0. This is the impulse 
response of a physical network, and is the optimal op-
eration on the past history of the white noise input. Let 
the corresponding transfer function be Y3(w). 
4. Construct 174(co)= Y3(w) Yi(co). This is the op-

timal smoothing and prediction filter, as applied to the 
actual given s(t)-1-n(l). 
As in the pure prediction problem, if the signal and 

noise happen to be Gaussian time series, the linear pre-
diction is an absolute optimum among all prediction 
operations, linear or not. Furthermore, the distribution 
of values of s(t+a), when f(t) is known for t<0, is a 
Gaussian distribution. 

VIII. GENERALIZATIONS 

This theory is capable of generalization in several 
directions. These generalizations will be mentioned only 
briefly, but can all be obtained by methods similar to 
those used above. 
In the first place, we assumed the true signal and the 

noise to be uncorrelated. A relatively simple extension 
of the argument used in Section IV allows one to account 
for correlation between these time series. 
A second generalization is to the case where there are 

several correlated time series, say ft(t),12(1), • • • , f(t). 
It is desired to predict, say, si(l+a) from a knowledge 

of ft, /2, • • • ,f.• 

Finally the desired quantity may not be s(t+a) but, 
for example, si(t+a), the future derivative of the true 
signal. In such a case, one may effectively reduce the 
problem to that already solved by taking derivatives 
throughout. The function f(t) is passed through a dif-
ferentiator to produce g(1)=f(t). The best linear pre-
diction for g(t) is then determined. 

IX. DISCUSSION OF THE BASIC ASSUMPTIONS 

A result in applied mathematics is only as reliable as 
the assumptions from which it is derived. The theory 
developed above is especially subject to misapplication 
because of the difficulty in deciding, in any particular 
instance, whether the basic assumptions are a reasonable 
description of the physical situation. Anyone using the 
theory should carefully consider each of the three main 
assumptions with regard to the particular smoothing or 
prediction problem involved. 
The assumption that the signal and noise are sta-

tionary is perhaps the most innocuous of the three, for it 
is usually evident from the general nature of the prob-
lem when this assumption is violated. The determina-
tion of the required power spectra P(co) and N(w) will 
often disclose any time variation of the statistical struc-
ture of the time series. If the variation is slow compared 
to the other time constants involved, such nonstationary 
problems may still be solvable on a quasi-stationary 
basis. A linear predictor may be designed whose transfer 
function varies slowly in such a way as to be optimal for 
the "local" statistics. 
The least square assumption is more troublesome, for 

it involves question:: of values rather than questions of 
fact. When we minimize the mean-square error we are, 
in effect, paying principal attention to the very large 
errors. The prediction chosen is one which, on the whole, 
makes these errors as small as possible, without much 
regard to relatively minor errors. In many circum-
stances, however, it is more important to make as many 
very accurate predictions as possible, even if we make 
occasional gross errors as a consequence. When the dis-
tribution of future events is Gaussian, it does not matter 
which criterion is used since the most probable event is 
also the one with respect to which the mean-square 
error is the least. With lopsided or multimodal dis-
tributions, however, a real question is involved. 
As a simple example, consider the problem of predict-

ing whether tomorrow will be a clear day. Since clear 
days are in the majority, and there are no days with 
negative precipitation to balance days when it rains, we 
are concerned here with a very lopsided distribution. 
With such a curve, the average point, which is the one 
given by a prediction minimizing the mean-square error, 
might be represented by a day with a light drizzle. To a 
man planning a picnic, however, such a prediction would 
have no value. He is interested in the probability that 
the weather will really be clear. If the picnic must be 
called off because it in fact rains, the actual amount of 
precipitation is of comparatively little consequence. 
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As a second example, consider the problem of inter-
cepting a bandit car attempting to flee down a network 
of roads. If the road on which the bandit car happens to 
be forks just ahead, it is clear that a would-be inter-
ceptor should station himself on one fork or the other, 
making the choice at random if necessary. The mean-
square error in the interception would be least, how-
ever, if he placed himself in the fields beyond the fork. 
Problems similar to these may also arise in gunnery, 
where, in general, we are usually interested in the num-
ber of actual hits and "a miss is as good as a mile." 
The third assumption, that of linearity, is neither a 

question of fact, nor of evaluation, but a self-imposed 
limitation on the types of operations or devices to be 
used in prediction. The mathematical reason for this as-
sumption is clear; linear problems are always much 
simpler than their nonlinear generalizations. In certain 
applications the linear assumption may be justified for 
one or another of the following reasons: 
1. The linear predictor may be an absolute optimal 

method, as in the Gaussian time series mentioned 
above. 
2. Linear prediction may be dictated by the simplic-

ity of mechanization. Linear filters are easy to syn-
thesize and there is an extensive relevant theory, with 
no corresponding theory for nonlinear systems. 
3. One may use the linear theory merely because of 

the lack of any better approach. An incomplete solution 

is better than none at all. 
How much is lost by restricting ourselves to linear 

prediction? The fact that nonlinear effects may be im-
portant in a prediction can be illustrated by returning 
to the problem of forecasting tomorrow's weather. We 
are all familiar with the fact that the pattern of events 
over a period of time may he more important than the 
happenings taken individually in determining what will 
come. For example, the sequence of events in the pas-
sage of a cold or warm front is characteristic. Moreover, 
the significance of a given happening may depend 
largely upon the intensity with which it occurs. Thus, a 
sharp dip in the barometer may mean that moderately 
unpleasant weather is coming. Twice as great a drop in 
the same time, on the other hand, may not indicate that 
the weather will be merely twice as unpleasant; it may 
indicate a hurricane. 
As a final point, we may notice that the requirement 

that the prediction be obtained from a linear device and 
the objective of minimizing the mean-square error are 
not, in all problems, quite compatible with one another. 
The absolute best mean-square prediction (ignoring the 
assumption of linearity) would, of course, always pick 
the mean of the future distribution, i.e., the "center of 
gravity," since in any case this minimizes the mean-
square error. In general, however, the position of this 
center of gravity will be a nonlinear function of the past 
history. When we require that the prediction be a 
linear operation on the past history, the mathematics is 
forced to compromise among the conflicting demands of 

various possible past histories. The compromise amounts 
essentially to averaging over-all relative phases of the 
various components of the signal; any pertinent in-
formation contained in the relative phases cannot be 

used properly. 
This can be illustrated by the familiar statistical prob-

lem of calculating a line or plane of regression to provide 
a linear least square estimation of one variable y from 
the knowledge of a set of variables correlated with y.3 
The simplest such problem occurs when there is just one 
known variable x, and one unknown variable y to be 
estimated from x. Fig. 11 shows three of the "scatter 
diagrams" used in statistics. The variable x may be, for 
example, a man's weight and y his height. A large 
population is sampled and plotted. It is then desired to 

BE ST CURVE 
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(b) 
Fig. 11—Some scatter diagrams with lines and curves of regression. 

estimate, or predict, a man's height, knowing only his 
weight. If we agree to use only linear operations y must 
be calculated in the form y=ax. The best choice of a for 
least square prediction is xy/x2 and the corresponding 
straight line is known as the line of regression. The case 
of a normal distribution corresponds to the Gaussian 
type noise in which the linear prediction is an absolute 

optimum. 
Figs. 11(b) and 11(c) are scatter diagrams for other 

distributions of two variables. The lines of regression 
are now not nearly as good in predicting y as they were 
in Fig. 11(a). The requirement that the predicted value 
be a linear function of the known data requires a com-
promise which may be very serious. It is obvious in 
Figs. 11(b) and 11(c) that a much better estimate of y 
could be formed if we allowed nonlinear operations on x. 
In particular, functions of the form ax2-Fb and cx3-1-dx 

would be more suitable. 
In predicting y from two known variables x1 and x2 

we can construct a scatter diagram in three dimensions. 
The linear prediction requires fitting the points with a 

plane of regression. If there are n known quantities 
xi, x2, • • • , x„ we need (n-1-1) dimensional space and 
the linear theory corresponds to a hyperplane of n 
dimensions. 
The problem of smoothing and prediction for time 

series is analogous. What we are now dealing with, how-
ever, is the function space defined by all the values of 
f(t) for l<0. The optimal linear predictor corresponds 
to a hyperplane in this function space. 

6 P. G. Hoel, "Introduction to Mathematical Statistics," John 
Wiley and Sons, Inc., New York, N. Y.; 1947. 
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PREFACE 

The present Standards on Electron Tubes: Definitions 
of Terms, supersedes Sections 1, 2 and 3 of the Stand-
ards on Electronics: Definitions of Terms, 1938. Since the 
issuance of the earlier Standards, the useful frequency 
range of electron tubes has been extended beyond 101° 
cycles per second. As the frequency range has been 
extended upwards, more and more of the high-frequency 
circuit of necessity has been included within the tube 
envelope. In addition, the use of electron beams in all 
types of electron tubes has seen a remarkable growth. 
These two developments have made necessary the gen-
eralization of the familiar electron-tube coefficients so 
that they apply to all electron tubes, and the drafting of 
definitions pertaining to electron-beam tubes. 

Electron-Tube Admittances 

The present Standard generalizes the familiar elec-
tron-tube coefficients so that they apply to all types of 
linear electron-tube transducers at any frequency. The 
generalizations include the familiar low-frequency con-
cepts. In the case of a triode, for example, at relatively 
low frequencies the short-circuit input admittance re-
duces to substantially the grid admittance, the short-
circuit output admittance reduces to substantially the 
plate admittance, the short-circuit forward admittance 

reduces to substantially the grid-plate transconduc-
tance, and the short-circuit feed back admittance re-
duces to substantially the admittance of the grid-plate 
capacitance. (Further explanatory material will appear 
in Standards on Electron Tubes: Methods of Testing.) 
When reference is made to alternating voltage or cur-

rent components, the components are understood to be 
small enough so that linear relations hold between the 
various alternating voltages and currents. 
Consider a generalized network or transducer having 

n available terminals to each of which is flowing a com-
plex alternating component I of the current and be-
tween each of which and a reference point (which may 
or may not be one of the n-network termimIls; is applied 
a complex alternating voltage V. In this Standard, this 
network represents an n-terminal electron tube in which 
each one of the terminals is connected to an electrode. 
The terms carrying an asterisk (*) refer to this network. 

Electron-Beam Tubes 

The present Standard contains a considerable number 
of definitions of terms which relate to electron tubes in 
which electron beams are employed. Chart 1 shows the 
general scheme of classification to which these defini-
tions conform. 

GENERAL CLASSIFICATION or RADIO BEAM-FORMING ELECTRON TURES 
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DEFINITIONS 

0 Accelerating Electrode. An electrode to which a poten-
tial is applied to increase the velocity of the electrons 

in the beam. 

Accelerating Electrode (of an Electron-Beam Tube). 
.\n electrode the potential of which provides an electric 
field to increase the velocity of the beam electrons. 

Admittance.* See: 
Driving-Point Admittance (between the jth Terminal 
and the Reference Terminal of an n-Terminal Net-

work) 
I Electrode Admittance (of the jth Electrode of an n-

Electrode Electron Tube) 
7 Interelectrode Transadmittance (j-1 Interelectrode 

Transadmittance of an n-Electrode Electron Tube)* 
Short-Circuit Driving-Point Admittance (of the jth 
Terminal of an n-Terminal Network) 

Short-Circuit Feedback Admittance (of an Electron-
Tube Transducer) 

Short-Circuit Forward Admittance (of an Electron-

Tube Transducer) 
Short-Circuit Input Admittance (of an Electron-Tube 

Transducer) 
Short-Circuit Output Admittance (of an Electron-Tube 
Transducer) • 

Short-Circuit Transfer Admittance (from the jth Ter-
minal to the /th Terminal of an n-Terminal Network) 

Transfer Admittance (from the jth Terminal to the /th 
Terminal of an n-Terminal Network). 

Amplification Factor.* The IA-factor for the plate and 
control-grid electrodes of an electron tube under the 
condition that the plate current is held constant. 

Amplifier. See: 
( Liss-A Amplifier 
( lass-Ali Amplifier 
(lass-B Amplifier 
Class-C Amplifier. 

Anode (of an Electron Tube). An electrode through 
which a principal stream of electrons leaves the inter-
electrode space. 

Anode Breakdown Voltage (of a Glow-Discharge Cold-
Cathode Tube). The anode voltage required to cause 
conduction across the main gap with the starter gap 
not conducting and with all other tube elements held at 
cathode potential before breakdown. 

Anode Current. See: Electrode Current. 

II 

Cathode Tube). The main gap voltage drop after con-

duction is established in the main gap. 

Astigmatism (Electron Optical). In an electron-beam 
tube, a focus defect in which electrons in different axial 
planes come to focus at different points. 

Available Conversion Power Gain (of a Conversion 
Transducer). 'l'he ratio of the available output-fre-
quency power from the output terminals of the trans-
ducer to the available input-frequency power from the 
driving generator. (Note—The maximum available con-
version power gain of a conversion transducer is obtained 
when the input termination admittance, at input fre-
quency, is the conjugate of the input-frequency driving-
point admittance of the conversion transducer.) 

Available Power. From a generator or an electric trans-
ducer, the power that would be delivered to the output 
external termination of the generator or transducer if 
the admittance of the external termination were the 
conjugate of the output driving-point admittance of the 

generator or transducer. 

Available Power Gain (of an Electric Transducer). The 
ratio of the available power from the output terminals 
of the transducer to the available power from the 
driving generator. (Note—The maximum available 
power gain of an electric transducer is obtained when 
the input termination admittance is the conjugate of 
the driving-point admittance at the input terminals of 
the transducer. It is sometimes called "completely 
matched power gain.") 

Average Electrode Current. The value obtained by in-
tegrating the instantaneous electrode current over an 
averaging time and dividing by the averaging time. 

Beam-Deflection Tube. An electron-beam tube in which 
current in an output circuit is controlled by transverse 
movement of the electron beam. 

Beam-Power Tube. An electron-beam tube in which use 
is made of directed electron beams to contribute sub-
stantially to its power-handling capability, and in which 
the control grid and the screen grid are essentially 

aligned. 

Camera Tube (Pickup Tube). An electron-beam tube in 
which an electron-current or charge-density image is 
formed from an optical image and is scanned in a pre-
determined sequence to provide an electrical signal. 

Anode Voltage. See: Electrode Voltage. Capac itance.* See: 
Electrode Capacitance 

Anode Voltage Drop (of a Glow-Discharge Cold- Tube) 

• See: Preface, Electron-Tube Admittances. 

(of an n-Terminal Electron 
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Input Capacitance (of an n-Terminal Electron Tube) 
Interelectrode Capacitance (j-/th In terelectrode Ca-
pacitance C,/ of an n-Terminal Electron Tube) 

Output Capacitance (of an n-Terminal Electron Tube) 
Short-Circuit Input Capacitance (of an n-Terminal 
Electron Tube) 

Short-Circuit Output Capacitance (of an n-Terminal 
Electron Tube) 

Short-Circuit Transfer Capacitance (of an Electron 
Tube). 

Cathode (of an Electron Tube). An electrode through 
which a primary stream of electrons enters the inter-
electrode space. 
See also: 
Cold Cathode 
Hot Cathode (Thermionic Cathode) 
Indirectly Heated Cathode (Equipotential Cathode, 
Unipotential Cathode). 

Cathode Current. See: Electrode Current. 

Cathode Heating Time (of a Gas Tube). The time re-
quired for the cathode to attain operating temperature 
with normal voltage applied to the heating element. 

Cathode Heating Time (of a Vacuum Tube). The time 
required for the time rate of change of the cathode cur-
rent to reach maximum value. (Note—All electrode 
voltages are to remain constant during measurement. 
The tube elements must all be at room temperature at 
the start of the test.) 

Cathode-Ray Tube. An electron-beam tube in which the 
beam can be focused to a small cross section on a sur-
face and varied in position and intensity to produce a 
visible pattern. 

Characteristic. See: 
Constant-Current Characteristic 
Control Characteristic (of a Gas Tube) 
Dynamic Characteristic (of an Electron Tube) 
Emission Characteristic 
Grid-Drive Characteristic 
Load (Dynamic) Characteristic (of an Electron Tube 
Connected in a Specified Operating Circuit at a Speci-
fied Frequency) 

Persistence Characteristic (Decay Characteristic) (of a 
Luminescent Screen) 

Spectral Characteristic (of a Luminescent Screen) 
Spectral Characteristic (of a Camera Tube) 
Static Characteristic (of an Electron Tube) 
Transfer Characteristic. 

Class-A Amplifier. An amplifier in which the grid bias 
and alternating grid voltages are such that plate cur-
rent in a specific tube flows at all times. 

Class-AB Amplifier. An amplifier in which the grid bias 
and alternating grid voltages are such that plate current 
in a specific tube flows for appreciably more than half 
but less than the entire electrical cycle. 

Class-B Amplifier. An amplifier in which the grid bias is 
approximately equal to the cutoff value so that the plate 
current is approximately zero when no exciting grid 
voltage is applied, and so that plate current in a specific 
tube flows for approximately one-half of each cycle when 
an alternating grid voltage is applied. 

Class-C Amplifier. An amplifier in which the grid bias is 
appreciably greater than the cutoff value so that the 
plate current in each tube is zero when no alternating 
grid voltage is applied, and so that plate current in a 
specific tube flows for appreciably less than one-half of 
each cycle when an alternating grid voltage is applied. 
(Note—To denote that grid current does not flow during 
any part of the input cycle, the suffix 1 may be added 
to the letter or letters of the class identification. The 
suffix 2 may be used to denote that current flows during 
some part of the cycle.) 

Cold Cathode. A cathode that functions without the 
application of heat. 

Cold-Cathode Tube. An electron tube containing a cold 
cathode. 

Collector. An electrode that collects electrons or ions 
which have completed their functions within the tube. 

Composite Controlling Voltage. The voltage of the anode 
of an equivalent diode combining the effects of all indi-
vidual electrode voltages in establishing the space-
charge-limited current. 

Condensed-Mercury Temperature, (of a Mercury-
Vapor Tube). By definition, the temperature measured 
on the outside of the tube envelope in the region where 
the mercury is condensing in a glass tube or at a desig-
nated point on a metal tube. 

Conductance. See: 
Conductance for Rectification 
Conversion Transconductance (of a Heterodyne Con-
version Transducer) 

Electrode Conductance* 

Interelectrode Transconductance (j-/ Interelectrode 
Transconductance)* 

Conductance for Rectification. The quotient of the elec-
trode alternating current of low frequency by the in-
phase component of the electrode alternating voltage 
of low frequency, a high-frequency sinusoidal voltage 
being applied to the same or another electrode and all 
other electrode voltages being maintained constant. 

" See: Preface, Electron-Tube Admittances. 
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Constant-Current Characteristic. The relation, usually 
represented by a graph, between the voltages of two 
electrodes, with the current to one of them as well as 
all other voltages maintained constant. 

Control Characteristic (of a Gas Tube). A relation, 
shown by a graph, between critical grid voltage and 
anode voltage. 

Control Electrode. An electrode on which a voltage is 
impressed to vary the current flowing between two or 
more other electrodes. 

Control Grid. A grid, ordinarily placed between the 
cathode and an anode, for use as a control electrode. 

Control Ratio (of a Gas Tube). The ratio of the change 
in anode voltage to the corresponding change in critical 
grid voltage, with all other.operating conditions main-
tained constant. 

Conversion Transconductance (of a Heterodyne Con-
version Transducer). The quotient of the magnitude of 
the desired output-frequency component of current by 
the magnitude of the input-frequency (signal) com-
ponent of voltage when the impedance of the output 
external termination is negligible for all of the frequen-
cies which may affect the result. (Note—Unless other-
wise stated, the term refers to the cases in which the 
input-frequency voltage is of infinitesimal magnitude. 
All direct electrode voltages and the magnitude of the 
local-oscillator voltage must remain constant.) 

Conversion Transducer. An electric transducer in which 
the input and the output frequencies are different. 
(Note—If the frequency-changing property of a con-
version transducer depends upon a generator of fre-
quency different from that of the input or output fre-
quencies, the frequency and voltage or power of this 
generator are parameters of the conversion transducer.) 

Conversion Voltage Gain (of a Conversion Transducer). 
The ratio of (1) the magnitude of the output-frequency 
voltage across the output termination, with the trans-
ducer inserted between the input-frequency generator 
and the output termination, to (2) the magnitude of the 
input-frequency voltage across the input termination of 
the transducer. 

Converter Tube. An electron tube that combines the 
mixer and local-oscillator functions of a heterodyne 
conversion transducer. 

Critical Grid Current. In a gas tube, the instantaneous 
value of grid current when the anode current starts to 
flow. 

Critical Grid Voltage. In a gas tube, the instantaneous 
value of grid voltage at which the anode current starts 
to flow. 

Current. See: 
Average Electrode Current 
Critical Grid Current 
Electrode Current (of an Electron Tube) 
Fault Electrode Current (Surge Electrode Current) 
Field-Free Emission Current (of a Cathode) 
Gas (Ionization) Current (in a Vacuum Tube) 
Heater Current 
Inflection-Point Emission Current 
Inverse Electrode Current 
Peak Cathode Current (Steady-State) 
Peak Electrode Current 
Transfer Current (of a Glow-Discharge Cold-Cathode 
Tube). 

Cutoff Voltage (of an Electron Tube). That electrode 
voltage which reduces the value of the dependent vari-
able of an electron tube characteristic to a specified 
low value. (Note—A specific cutoff characteristic should 
be identified as follows: current versus grid cutoff volt-
age, spot brighiness versus grid cutoff voltage, etc.) 

Decay Characteristic. See: Persistence Characteristic. 

Decelerating Electrode (of an Electron-Beam Tube). 
An electrode the potential of which provides ar. electric 
field to decrease the velocity of the beam electrons. 

Deflecting Electrode. An electrode the potential of 
which provides an electric field to produce deflection of 
an electron beam. 

Deflecting Yoke. An assembly of one or more coils the 
current through which provides a magnetic field to pro-
duce deflection of an electron beam. 

Deflection Factor (of a Cathode-Ray Tube). The re-
ciprocal of the deflection sensitivity. 

Deflection Sensitivity (of a Cathode-Ray Oscillograph 
Tube). The quotient of the displacement of the electron 
beam at the place of impact by the change in the de-
flecting field. (Note—Deflection sensitivity is usually 
expressed in millimeters per volt applied between the 
deflecting electrodes or in millimeters per gauss of the 
deflecting magnetic field.) 

Deflection Sensitivity (of an Electrostatic-Deflection 
Cathode-Ray Tube). The quotient of the spot displace-
ment by the change in deflecting potential. 

Deflection  Sensitivity (of  a Magnetic-Deflection 
Cathode-Ray Tube). The quotient of the spot displace-
ment by the change in deflecting magnetic field. 

Deflection  Sensitivity  (of  a Magnetic-Deflection 
Cathode-Ray Tube and Yoke Assembly). The quotient 
of the spot displacement by the change in deflecting-
coil. current. 

• See: Preface, Electron-Tube Admittancem. 
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Deionization Time (of a Gas Tube). The time required 
for the grid to regain control after anode-current inter-
ruption. (Note—To be exact, the ionization and de-
ionization times of a gas tube should be presented as 
families of curves relating such factors as condensed-
mercury temperature, anode and grid currents, anode 
and grid voltages, and regulation of the grid current.) 

Diode. A two-electrode electron tube containing an 
anode and a cathode. 
See also: Equivalent Diode. 

Diode Characteristic (of a Multielectrode Tube). The 
composite electrode characteristic taken with all elec-
trodes except the cathode connected together. 

Direct Grid Bias. The direct component of grid voltage 
(Note—This is commonly called grid bias.) 

Dissector Tube. A camera tube having a continuous 
photocathode on which is formed a photoelectric-emis-
sion pattern which is scanned by moving its electron-
optical image over an aperture. 

Driving-Point Admittance (between the jth Terminal 
and the Reference Terminal of an n-Terminal Net-
work).* The quotient of the complex alternating com-
ponent I; of the current flowing to the jth terminal 
from its external termination by the complex alternat-
ing component 171 of the voltage applied to the jth ter-
minal with respect to the reference point when all other 
terminals have arbitrary external terminations. (Note— 
In specifying the driving-point admittance of a given 
pair of terminals of a network or transducer having two 
or more pairs of terminals, no two pairs of which contain 
a common terminal, all other pairs of terminals are con-
nected to arbitrary admittances.) 

Dynamic Characteristic (of an Electron Tube). See: 
Load Characteristic (of an Electron Tube). 

Dynode (of an Electron Tube). An electrode whose pri-
mary function is to alter by secondary-electron emission 
the electron current to itself or to other electrodes. 

Dynode Current. See: Electrode Current. 

Electrode (of an Electron Tube). A conducting element 
that performs one or more of the functions of emitting, 
collecting, or controlling by an electric field the move-
ments of electrons or ions. 
See also: 
Accelerating Electrode 
Accelerating Electrode (of an Electron-Beam Tube) 
Anode (of an Electron Tube) 
Control Electrode 
Decelerating Electrode (of an Electron-Beam Tube) 
Deflecting Electrode 
Electrode Characteristic 

Focusing Electrode 
Intensifier Electrode 
Modulating Electrode 
Signal Electrode (of a Camera Tube). 

Electrode Admittance (of the jth Electrode of an n-
Electrode Electron Tube).* The short-circuit driving-
point admittance between the jth electrode and the ref-
erence point measured directly at the jth electrode. 
(Note—To be able to determine the intrinsic electronic 
merit of an electron tube the driving-point and trans-
fer admittances must be defined as if measured directly 
at the electrodes inside the tube. The definitions of 
Electrode Admittance and Electrode Impedance are 
included for this reason.) 

Electrode Capacitance (of an n-Terminal Electron 
Tube).* The capacitance determined from the short-
circuit driving-point admittance at that electrode. 

Electrode Characteristic. A relation, usually shown by a 
graph, between the electrode voltage and the current 
of an electrode, all other electrode voltages being main-
tained constant. 

1April   • 

Electrode Conductance.* The real part of the electrode 
admittance. 

Electrode Current (of an Electron Tube). The current 
passing to or from an electrode through the interelec-
trode space. (Note—The terms cathode current, grid 
current, anode current, plate current, etc., are used to 
designate electrode currents for these specific electrodes. 
Unless otherwige state(l, an electrode current is meas-
ured at the available terminal.) 

Electrode-Current Averaging Time. The time interval 
over which the current is averaged in defining the op-
erating capabilities of the electrode, 

Electrode Dissipation. The power dissipated in the form 
of heat by an electrode as a result of electron and/or 
ion bombardment. 

Electrode Impedance.* The reciprocal of the electrode 
admittance. 

Electrode Resistance.* The reciprocal of the electrode 
conductance. (Note—This is the effective parallel re-
sistance and is not the real component of the electrode 
impedance.) 

Electrode Voltage. The voltage between an electrode 
and the cathode or a specified point of a filamentary 
cathode. (Note—The terms grid voltage, anode voltage, 
plate voltages, etc., are used to designate the voltage be-
tween these specific electrodes and the cathode. Unless 
otherwise stated, electrode voltages are understood to be 
measured at the available terminals.) 

• See: Preface, Electron-Tube Ad anit ta nces. 
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Electrometer Tube. X high-vacuum tube having a very !low control-electrode conductance to facilitate the 
measurement of extremely small direct current or 
vol tage. 

Electron-Beam Tube. An electron tube the performance 
of which depends upon the formation and control of 
one or more electron beams. 

Electron Device. A device in which conduction by elec-
trons takes place through a vacuum, gas, or semi-
( ()nductor. 

Electron Emission. The liberation of electrons from an 
electrode into the surrounding space. Quantitatively, it 
is the rate at which electrons are emitted from an elec-
trode. 

Electron Gun. An electrode structure which produces 
and may control, focus, and deflect an electron beam. 

Electron Tube. An electron device in which conduction 
by electrons takes place through a vacuum or gaseous 
medium within a gas-tight envelope. 

Electronic. Of or pertaining to devices, circuits, or sys-
tems utilizing electron devices. Examples: Electronic 
control, electronic equipment, electronic  instrument 
and electronic circuit. 

Electronics. That field of science and engineering which 
deals with electron devices and their utilization. 
Electronics, used as an adjective, signifies of or per-

taining to the field of electronics. Examples: Electronics 
engineer, electronics course, electronics laboratory and 

electronics committee. 

Electrostatic Focusing. A method of focusing an electron 
beam by the action of an electric field. 

Element (of an Electron Tube). Any integral part of the 
tube that contributes to its operation. 

Emission Characteristic. A relation, usually shown by a 
graph, between the emission and a factor controlling the 
emission (such as temperature, voltage, or current of the 
filament or heater). 

Equivalent Diode. The imaginary diode consisting of the 
cathode of a triode or multigrid tube and a virtual 
anode to which is applied a composite controlling 
voltage such that the cathode current is the same as in 
the triode or multigrid tube. 

External Termination (of the jth Terminal of an n-
Terminal Network).* That passive or active two-
terminal network which is attached externally between 
the jth terminal and the reference point. 

Factor. See: 
Deflection Factor (of a Cathode-Ray Tube) 

A-factor (of an n-Terminal Electron Tube) 

Rectification Factor 
Transrectification Factor. 

Fault Electrode Current (Surge Electrode Current). 
The peak current that flows through an electrode under 
fault conditions, such as arc backs and load short cir-

cuits. 

Field-Free Emission Current (of a Cathode). The elec-
tron current drawn from the cathode when the electric 
gradient at the surface of the cathode is zero. 

Filament. A cathode of a thermionic tube, usually in the 
form of a wire or ribbon, to which heat may be supplied 
by passing current through it. This is also known as a 
filamentary cathode. 

Filament Current. Current supplied to a filament to 

heat it. 

Filament Voltage. The voltage between the terminals 

of a filament. 

Flexion-Point Emission Current. That value of current 
on the diode characteristic for which the second deriva-
tive of the current with respect to the voltage has its 
maximum negative value. This current corresponds to 
the upper flexion point of the diode characteristic and is 
an approximate measure of the temperature-limited 

emission current. 

Focusing. The process of controlling the convergence 
and divergence of an electron beam. 
See also: 
Electrostatic Focusing 
Gas Focusing 
Magnetic Focusing. 

Focusing Coil or Focusing Magnet. An assembly pro-
ducing a magnetic field for focusing an electron beam. 

Focusing Electrode. An electrode to which a potential 
is applied to control the cross-sectional area of the elec-

tron beam. 

Gain. See: 
Available Conversion Power Gain (of a Conversion 

Transducer) 
Available Power Gain (of an Electric Transducer) 
Insertion Power Gain (of an Electric Transducer) 
Insertion Voltage Gain (of an Electric Transducer) 
Conversion Voltage Gain (of a Conversion Trans-

ducer). 

Gap. See: 
Main Gap (of a Glow-Discharge Cold-Cathode Tube) 
Starter Gap (of a Glow-Discharge Cold-Cathode Tube). 

Gas (Ionization) Current (in a Vacuum Tube). Current 
flowing to a negatively biased electrode and composed 

• See: Preface, Electron-Tube Admittances. 
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of positive ions which are produced by an electron cur-
rent flowing between other electrodes. Positive ions are 
a result of collision between electrons and molecules of 
the residual gas. 

Gas Focusing. A method of concentrating an electron 
beam by the action of ionized gas. 

Gas Ratio. The ratio of the ion current in a tube to the 
electron current that produces it. 

Gas Tube. An electron tube in which the pressure of 
the contained gas or vapor is such as to affect substan-
tially the electrical characteristics of the tube. 

Glow Discharge. A discharge of electricity through a 
gas, characterized by a space potential in the vicinity 
of the cathode that is much higher than the ionization 
potential of the gas. 

Glow-Discharge Cold-Cathode Tube. A gas tube that 
depends for its operation on the properties of a glow 
discharge. 

Grid. An electrode having one or more openings for the 
passage of electrons or ions. 

See also: 
Control Grid 
Screen Grid 
Space-Charge Grid 
Suppressor Grid. 

Grid Bias. See: Direct Grid Bias. 

Grid Characteristic. See: Electrode Characteristic. 

Grid Current. See: Electrode Current. 

Grid-Drive Characteristic. A relation, usually shown by 
a graph, between electrical or light output and control-
electrode voltage measured from cutoff. 

Grid Driving Power. The average product of the instan-
taneous values of the grid current and of the alternating 
component of the grid voltage over a complete cycle. 
(Note—This comprises the power supplied to the bias-
ing device and to the grid.) 

Grid Emission. Electron or ion emission from a grid of 
an electron tube. 

Grid Voltage. See: Electrode Voltage. 

Harmonic Conversion Transducer (Frequency Multi-
plier, Frequency Divider). A conversion transducer in 
which the output signal frequency is a multiple or sub-
multiple of the input frequency. (Note—In general, the 
output signal amplitude is a nonlinear function of the 
input signal amplitude.) 

Heater. An electric heating element for supplying heat 
to an indirectly heated cathode. 

Heater Current. The current flowing through a heater. 

• Heater Voltage. The voltage between the terminals of 

a heater. 

Heptode. A seven-electrode electron tube containing an 
anode, a cathode, a control electrode, and four addi-
tional electrodes that are ordinarily grids. 

Heterodyne Conversion Transducer (Converter). A 
conversion transducer in which the output frequency is 
the sum or difference of the input frequency and an in-
tegral multiple of a local oscillator frequency. (Note— 
The frequency and voltage or power of the local oscilla-
tor are parameters of the conversion transducer. Or-
dinarily, the output signal amplitude is a linear function 
of the input signal amplitude over its useful operating 
range.) 

Hexode. A six-electrode electron tube containing an 
anode, a cathode, a control electrode, and three addi-
tional electrodes that are ordinarily grids. 

Hot Cathode (Thermionic Cathode). A cathode that 
functions primarily by the process of thermionic emis-
sion. 

Hot-Cathode Tube. An electron tube containing a hot 
cathode. 

Iconoscope. A camera tube in which a high-velocity 
electron beam scans a photoactive mosaic that has elec-
trical storage capability. 

Image Orthicon. .1 camera tube in which an electron 
image is produced by a photoemitting surface and fo-
cused on a separate storage target, which is scanned 
on its opposite side by a low-velocity electron beam. 

Indicator Tube. An electron-beam tube in which useful 
information is conveyed by the variation in cross section 
of the beam at a luminescent target. 

Indirectly Heated Cathode (Eqnipotential Cathode, 
Unipotential Cathode). A cathode of a thermionic tube 
to which heat is supplied by an independent heater 
element. 

Inflection-Point Emission Current. That value of cur-
rent on the diode characteristic for which the second 
derivative of the current with respect to the voltage is 
zero. This current corresponds to the inflection point 
of the diode characteristic and is an approximate meas-
ure of the maximum space-charge-limited emission cur-
rent. 

Input Capacitance (of an n-Terminal Electron Tube).* 
The short-circuit transfer capacitance between the input 
terminal and all other terminals, except the output ter-
minal, connected together. (Note—This quantity is 
equivalent to the sum of the interelectrode capacitances 
between the input electrode and all other electrodes ex-
cept the output electrode.) 

• See: Preface, Electron-Tube Admittances. 
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Insertion Power Gain (of an Electric Transducer). The 
ratio of (1) the power developed in the external termina-
tion of the output with the transducer inserted between 
generator and output termination to (2) the power de-
veloped in the external termination of the output with 
the generator connected directly to the output ter-
mination. 

Insertion Voltage Gain (of an Electric Transducer) 
The complex ratio of (1) the alternating component of 
voltage across the external termination of the output 
with the transducer inserted between the generator and 
the output termination to (2) the voltage across the ex-
ternal termination of the output when the generator is 
connected directly to the output termination. 

Intensifier Electrode. A post-accelerating electrode. 

Interelectrode Capacitance (j-/th Interelectrode Ca-
pacitance co of an n-Terminal Electron Tube).* The 
capacitance determined from the short-circuit transfer 
admittance between the jth and the /th terminals. 
(Note—This quantity is often referred to as direct 
in terelectrod e capacitance.) 

Interelectrode  Transadmittance  (j-/ Interelectrode 
Transadmittance of an n-Electrode Electron Tube).* 
The short-circuit transfer admittance from the jth elec-
trode to the /th electrode. 

Interelectrode Transcondueance (j-/ Interelectrode 
Transconductance).* The real part of the j-/ interelec-
trode transadmittance. 

Internal Correction Voltage (of an Electron Tube). 
The voltage that is added to the composite controlling 
voltage and is the voltage equivalent of such effects as 
those produced by initial electron velocity and contact 

potential. 

Inverse Electrode Current. The current flowing through 
an electrode in the direction opposite to that for which 
the tube is designed. 

Ion Spot (on a Cathode-Ray-Tube Screen). An area of 
localized deterioration of luminescence caused by 
bombardment with negative ions. 

Ionic-Heated Cathode. A hot cathode that is heated pri-
marily by ionic bombardment of the emitting surface. 

Ionic-Heated Cathode Tube. An electron tube contain-
ing an ionic-heated cathode. 

Ionization Current. See: Gas Current. 

Ionization Time (of a Gas Tube). The time interval be-
tween the initiation of conditions for and the establish-
ment of conduction at some stated value of tube voltage 
drop. 

Line or Trace. The path of a moving spot. 

Load (Dynamic) Characteristic (of an Electron Tube 
Connected in a Specified Operating Circuit, at a Speci-
fied Frequency). A relation, usually represented by a 
graph, between the instantaneous values of a pair of 
variables such an electrode voltage and current, when 
all direct electrode supply voltages are maintained con-

stant. 

Local Oscillator Tube. An electron tube in a heterodyne 
conversion transducer to provide the local heterodyning 
frequency for a mixer tube. 

Magnetic Focusing. A method of focusing an electron 
beam by the action of a magnetic field. 

Main Gap (of a Glow-Discharge Cold-Cathode Tube). 
The conduction path between a principal cathode and 
a principal anode. 

Mercury-Vapor Tube. A gas tube in which the active 
gas is mercury vapor. 

Microphonism (-Microphonics) (in an Electron Tube). 
The modulation of one or more of the electrode currents 
resulting from the mechanical vibration of a tube ele-

ment. 

Mixer Tube. An electron tube that performs only the 
frequency-conversion function of a heterodyne conver-
sion transducer when it is supplied with voltage or power 
from an external oscillator. 

Modulating Electrode. An electrode to which a poten-
tial is applied to control the magnitude of the beam cur-
rent. 

Monoscope. A signal generating electron-beam tube in 
which a picture signal is produced by scanning an elec-
trode, parts of which have different secondary-emission 
characteristics. 

µ-Factor (of an n-Terminal Electron Tube).* The ratio 
of the magnitude of infinitesimal change in the voltage 
at the jth electrode to the magnitude of an infinitesimal 
change in the voltage at an lth electrode under the con-
ditions that the current to the mth electrode remains un-
changed, and the voltages of all other electrodes be 
maintained constant. 

Multielectrode Tube. An electron tube containing more 
than three electrodes associated with a single electron 
stream. 

Multiple-Unit Tube. An electron tube containing within 
one envelope two or more groups of electrodes associ-
ated with independent electron streams. (Note—A 
multiple-unit tube may be so indicated; for example, 
duodiode, duotriode, diode-pentode, duodiode-triode, 
duodiode-pentode, and triode-pentode.) 

Octode. An eight-electrode electron tube containing an 
anode, a cathode, a control electrode, and five additional 
electrodes that are ordinarily grids. 

• See: Preface, Electron-Tube Admittances. 
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Operating Characteristic. See: Load Characteristic. 

Orthicon. A camera tube in which a low-velocity elec-
tron beam scans a photoactive mosaic that has electrical 
storage capability. 

Oscillograph Tube (Oscilloscope Tube). A cathode-ray 
tube used to produce a visible pattern, which is the 
graphical representation of electrical signals, by varia-
tions of the position of the focused spot or spots in ac-
cordance with these signals. 

Output Capacitance.(ofan!n-Terminal Electron Tube).* 
The short-circuit transfer capacitance between the out-
put terminal and all other terminals, except the input 
terminal, connected together. 

Peak Cathode Current (Steady-State). The maximum 
instantaneous value of a periodically recurring cathode 
current. 

Peak Electrode Current. The maximum instantaneous 
current that flows through an electrode. 

Peak Forward Anode Voltage. The maximum instan-
taneous anode voltage in the direction in which the 
tube is designed to pass current. 

Peak Inverse Anode Voltage. The maximum instan-
taneous anode voltage in the direction opposite to that 
in which the tube is designed to pass current. 

Pentode. A five-electrode electron tube containing an 
anode, a cathode, a control electrode, and two addi-
tional electrodes that are ordinarily grids. 

Persistence Characteristic (Decay Characteristic) (of a 
Luminescent Screen). A relation, usually shown by a 
graph, between emitted radiant power and time after 
excitation. 

Perveance. The quotient of the space-charge-limited 
cathode current by the three-halves power of the anode 
voltage in a diode. (Note—Perveance is the constant G 
appearing in the Child-Langmuir-Schottky equation 

ik = Geb3". 

When the term perveance is applied to a triode or multi-
grid tube, the anode voltage eb is replaced by the com-
posite controlling voltage e' of the equivalent diode.) 

Phosphor. A substance capable of luminescence. 

Phototube. An electron tube in which one of the elec-
trodes is irradiated for the purpose of causing electron 
emission. 

Picture Tube (Kinescope). A cathode-ray tube used to 
produce an image by variation of the beam intensity 
as the beam scans a raster. 

Plate. A common name for the principal anode in an 

electrode tube. 

Plate Characteristic. See: Electrode Characteristic. 

Plate Current. See: Electrode Current. 

Plate Voltage. See: Electrode Voltage. 

Post-Acceleration (in an Electron-Beam Tube). Accel-
eration of the beam electrons after deflection. 

Power. See: 
Available Power 
Grid Driving Power. 

Raster. A predetermined pattern of scanning lines which 
provides substantially uniform coverage of an area. 

Rectification Factor. The quotient of the change in aver-
age current of an electrode by the change in amplitude 
of the alternating sinusoidal voltage applied to the 
same electrode, the direct voltages of this and other 
electrodes being maintained constant. 

Regulation (of a Glow-Discharge Cold-Cathode Tube). 
The difference between the maximum and minimum 
anode voltage drop over a range of anode current. 

Screen (of a Cathode-Ray Tube). The surface of the 
tube upon which the visible pattern is produced. 

Screen Grid. A grid placed between a control grid and 
an anode, and usually maintained at a fixed positive 
potential, for the purpose of reducing the electrostatic 
influence of the anode in the space between the screen 
grid and the cathode. 

Screen-Grid Characteristic. See: Electrode Character-
istic. 

Screen-Grid Current. See: Electrode Current. 

Secondary Emission. Electron emission from solids or 
liquids resulting directly from bombardment of their 
surfaces by electrons or ions. 

Secondary Grid Emission. Electron emission from a grid 
resulting directly from bombardment of its surface by 
electrons or other charged particles. 

Sensitivity (of a Camera Tube). The signal current de-
veloped per unit incident radiation density, (i.e., per 
watt per unit area). Unless otherwise specified, the 
radiation is understood to be that of an unfiltered in-
candescent source of 2870°K, and its density, which 
is generally measured in watts per unit area, may then 
be expressed in foot-candles. 

Short-Circuit Driving-Point Admittance (of the jth 
Terminal of an n-Terminal Network).* The driving-
point admittance between that terminal and the refer-

See: Preface, Electron-Tube Admittances 
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mce terminal when all other terminals have zero al-
:ernating components of voltage with respect to the 
-eference point. 

Short-Circuit Feedback Admittance (of an Electron-
Tube Transducer).* The short-circuit transfer ad-
iii ttance from the physically available output terminals 
0 the physically available input terminals of a specified 
,ocket, associated filters, and tube. 

Short-Circuit Forward Admittance (of an Electron-
Tube Transducer).* The short-circuit transfer ad-
nittance from the physically available input terminals 
:o the physically available output terminals of a speci-
ied socket, associated filters, and tube. 

-Short-Circuit Input Admittance (of an Electron-Tube 
Transducer).*  The short-circuit driving-point ad-
-nittance at the physically available input terminals of a 
,pecified socket, associated filters, and electron tube. 

Short-Circuit Input Capacitance (of an n-Terminal 
Electron Tube).* The effective capacitance determined 
'rum the short-circuit input admittance. 

Short-Circuit Output Admittance (of an Electron-Tube 
Transducer).*  The short-circuit driving-point ad-
mittance at the physically available output terminals 
3f a specified socket, associated filters, and tube. 

Short-Circuit Output Capacitance (of an n-Terminal 
Electron Tube).* The effective capacitance determined 
from the short-circuit output admittance. 

Short-Circuit Transfer Admittance (from the jth Ter-
minal to the ith Terminal of an n-Terminal Network).* 
The transfer admittance from terminal j to terminal / 
when all terminals except j have zero complex alternat-
ing components of voltage with respect to the reference ; 
point. 
, 
'Short-Circuit Transfer Capacitance (of an Electron 
Tube).* The effective capacitance determined from the 
short-circuit transfer admittance. 

i Signal Electrode (of a Camera Tube). An electrode 1'from which the signal  output is obtained. 
Space-Charge Grid. A grid, usually positive, that con-
trols the position, area, and magnitude of a potential 
minimum or of a virtual cathode in a region adjacent 
to the grid. 

Spectral Characteristic (of a Luminescent Screen). A 
relation, usually shown by a graph, between wavelength 
Ind emitted radiant power per unit wavelength interval. 

- .Spectral Characteristic (of a Camera Tube). A relation, 
'usually shown by a graph, between wavelength and 
sensitivity per unit wavelength interval. 
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Spot. The area instantaneously affected by the impact 
of an electron beam. 
See also: Ion Spot (on a Cathode-Ray-Tube Screen). 

Starter (of a Glow-Discharge Cold-Cathode Tube). An 
auxiliary electrode used to initiate conduction. 

Starter Breakdown Voltage (of a Glow-Discharge Cold-
Cathode Tube). The starter voltage required to cause 
conduction across the starter gap with all other tube 
elements held at cathode potential before breakdown. 

Starter Gap (of a Glow-Discharge Cold-Cathode Tube). 
The conduction path between a starter and the other 
electrode to which starting voltage is applied. 

Starter Voltage Drop (of a Glow-Discharge Cold-
Cathode Tube). The starter-gap voltage drop after con-
duction is established in the starter gap. 

Static Characteristic (of an Electron Tube). A relation 
usually represented by a graph, between a pair of vari-
ables such as electrode voltage and electrode current, 
with all other voltages maintained constant. 

Suppressor Grid. A grid that is interposed between 
two positive electrodes (usually the screen grid and the 
plate), primarily to reduce the flow of secondary elec-
trons from one electrode to the other. 

Surge Electrode Current. The recommended term is 

Fault Electrode Current. 

Tetrode. A four-electrode electron tube containing an 
anode, a cathode, a control electrode, and one addi-
tional electrode that is ordinarily a grid. 

Thermionic Cathode. See: Hot Cathode. 

Thermionic Emission. Electron or ion emission due to 
the temperature of the emitter. 

Thermionic Grid Emission (Primary Grid Emission) 
Current produced by electrons thermionically emitted 
from a grid. 

Thermionic Tube. An electron tube in which one of the 
electrodes is heated for the purpose of causing electron 
or ion emission from that electrode. 

Thyratron. A hot-cathode gas tube in which one or 
more control electrodes initiate, but do not limit, the 
anode current except under certain operating condi-
tions. 

Transadmittance.* See: In terelectrodc Transadmittance. 

Transconductance.* As most commonly used, the inter-
electrode transconductance between the control grid 
and the plate. At low frequencies, transconductance is 
the slope of the control-grid-to-plate transfer character-
istic. 

• See: Preface, Electron-Tube Admittances. 
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Transducer. See: 
Conversion Transducer 
Harmonic Conversion Transducer (Frequency Multi-
plier, Frequency Divider) 

Heterodyne Conversion Transducer (Converter). 

Transfer Admittance (from the jth Terminal to the lth 
Terminal of an n-Terminal Network).* The quotient 
of the complex alternating component It of the current 
flowing to the lth terminal from the lth external termina-
tion by the complex alternating component V, of the 
voltage applied to the jth terminal with respect to the 
reference point when all other terminals have arbitrary 
external terminations. 

Transfer Characteristic. A relation, usually shown by a 
graph, between the voltage of one electrode and the 
current to another electrode, all other electrode voltages 
being maintained constant. 

Transfer Current (of a Glow-Discharge Cold-Cathode 
Tube). The starter-gap current required to cause con-
duction across the main gap. (Note—The transfer cur-
rent is a function of the anode voltage.) 

Transrectification Factor. The quotient of the change in 
average current of an electrode by the change in the 
amplitude of the alternating sinusoidal voltage applied 
to another electrode, the direct voltages of this and 
other electrodes being maintained constant. (Note— 
Unless otherwise stated, the term refers to cases in which 
the alternating sinusoidal voltage is of infinitesimal 
magnitude.) 

Triode. A three-electrode electron tube containing an 
anode, a cathode, and a control electrode. 

Tube. See: 
Beam-Deflection Tube 
Beam-Power Tube 
Camera Tube (Pickup Tube) 
Cathode-Ray Tube 
Cold-Cathode Tube 
Converter Tube 
Dissector Tube 
Electrometer Tube 
Electron-Beam Tube 
Electron Tube 
Gas Tube 
Glow-Discharge Cold-Cathode Tube 
Hot-Cathode Tube 
Iconoscope 

Image Orthicon 
Indicator Tube 
Ionic-heated Cathode Tube 
Local Oscillator Tube 
Mercury-Vapor Tube 
Mixer Tube 
NI onoscope 
Multielectrode Tube 
Multiple-Unit Tube 
Orthicon 
Oscillograph Tube (Oscilloscope Tllbe) 
Picture Tube (Kinescope) 
Phototube 
Thermionic Tube 
Thyratron 
Vacuum Tube 
Variable-mu Tube 

Tube Heating Time (in a Mercury-Vapor Tube). The 
time required for the coolest portion of the tube to 
attain operating temperature. 

Tube Voltage Drop. The anode voltage during the con-
ducting period. 

Vacuum Tube. An electron tube evacuated to such a 
degree that its electrical characteristics are essentially 
unaffected by the presence of residual gas or vapor. 

Variable-mu Tube. An electron tube in which the 
amplification factor varies in a predetermined way with 
control-grid voltage. 

Voltage. See: 
Anode Breakdown Voltage (of a Glow-Discharge Cold-
Cathode Tube) 

Anode Voltage Drop (of a Glow-Discharge Cold-Cathode 
Tube) 

Composite Controlling Voltage 
Critical Grid N'oltage 

Cutoff Voltage (of an Electron Tube) 
Electrode Voltage 
Heater Voltage 
Internal Correction Voltage (of an Electron Tube) 
Peak Forward Anode Voltage 
Peak Inverse Anode Voltage 
Starter Voltage Drop (of a Glow-Discharge Cold-Cath-
ode Tube) 

Tube Voltage Drop 

• See: Preface, Electron-Tube Admittances. 
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FAMES S. ALLEN 

Contributors to the Proceedings of the I.R.E. 

James S. Allen was born in Halifax, Nova 
S( (Ala. on August 11, 1911. He received the 
B A. degree in physics from the University 

of Cincinnati in 1933. 
After several years of 
graduate work at the 
University of Chi-
cago, he received the 
Ph.D.  degree  in 
physics in 1937. 
In  1939,  Dr. 

Allen joined the fac-
ulty of the physics 
department of Kan-
sas State College as 
associate  professor. 
During the early part 

the war, he was a staff member at the 
MIT Radiation Laboratory and helped de-
% clop the indicator systems used in radar. 
After leaving the Radiation Laboratory, he 
joined the Los Alamos Laboratory. 
From 1946 to 1948, Dr. Allen was as-

sistant professor of physics in the depart-
ment of physics, and also in the Institute 
for Nuclear Studies at the University of 
Chicago. In 1948, he joined the faculty of 
the department of physics at the University 
of Illinois as associate professor. 

•:• 

Henry G. Booker (SN1'45) was born at 
Barking, Essex, England, in 1910. He was 
educated at Cambridge University, where he 

received  the  B.A. 
degree in 1933 and 
the  Ph.D.  degree 
in  1936.  He was 
awarded the Smith's 
Prize in 1935 and be-
came a Research Fel-
low of Christ's Col-
lege in the same year. 
From July, 1937, 

to July, 1938, he was 
a visiting scientist at 
the Department of 
Terrestrial Magnet-

ism of the Carnegie Institution of Wash-
ington. During the war he was in charge of 
theoretical research at the Telecommunica-
tions Research Establishment in England, 
and was decorated by the U. S. Government. 
After the war he returned to Cambridge Uni-
versity as a lecturer, and in 1948 became a 
professor of electrical engineering at Cornell 
University. 
Dr. Booker is an associate member of 

the Institution of Electrical Engineers, 
London, by which institution he was 
awarded the Duddell Premium in 1946 and 
the Institution Premium in 1947. He is vice-
chairman of the IRE Wave-Propagation 
Committee and of certain commissions asso-
ciated with the International Scientific Ra-
dio Union; and is a member of a panel of the 
Research and Development Board. 

H. G. BOOKER 

S. L. BAILEY 

Stuart L. Bailey (A'28—M'36—SM'43— 
F'43) was born in Minneapolis, Minn., on 
October 7, 1905. He received the B.S.E.E. 

degree from the Uni-
versity of Minnesota 
in 1927, and the M.S. 
degree from the same 
institution in 1928. 
In the summer of 

1928, Mr. Bailey be-
came assistant radio 
engineer with the air-
ways division of the 
United States De-
partment of Com-
merce,  where  he 
worked on radio aids 

to marine and air navigation. Following a 
year in Panama, during which he installed 
two automatic marine radio beacons there, 
Mr. Bailey joined with C. M. Jansky, Jr., 
to form the consulting engineering firm of 
Jansky and Bailey, in September, 1930. 
Mr. Bailey's activities in the consulting field 
have been on both general allocation prob-
lems and specific engineering guidance for 
broadcast stations and commercial operating 
companies. He has had charge of all labora-
tory activities of the firm, as well as all 
government-contract work done by Jansky 
and Bailey during World War II. Mr. 
Bailey has been active in the development of 
frequency-modulation broadcasting, super-
vising the technical operations of radio 
station W3X0, an experimental FM broad-
casting station operated by Jansky and 
Bailey from 1938 to 1945. 
Mr. Bailey was President of the IRE in 

1949, and has served as a member of the 
Board of Directors since 1943 and on the 
Executive Committee since 1945. He was 
appointed Treasurer of the Institute in 
1948. He is a member of Sigma Xi, Tau 
Beta Pi, and Eta Kappa Nu. 

• 

Gilbert B. Devey (S'45—A'48—M'48) was 
born on January 5, 1921, in Swissvale, Pa. 
After a war-interrupted college course at the 

Carnegie Institute of 
Technology, he was 
awarded the S.B. de-
gree by the Massa-
chusetts Institute of 
Technology in June, 
1946. 
From June, 1941, 

until  December, 
1945,  Mr.  Devey 
served with the U. S. 
Navy. He was radar 
and airborne elec-
tronics officer on the 

U.S.S. Saratoga from April, 1942, until Oc-
tober, 1944. From November, 1944, until 
November, 1945, he attended a course in 
electronics engineering, Postgraduate School, 
U. S. Naval Academy. In December, 1945, 
he was separated from active duty with the 
rank of lieutenant commander. 
During the period from July, 1946, to 

November, 1947, Mr. Devey was an elec-

GILBERT B.  DEVEY 

H . W. BODE 

tronics engineer with the Bureau of Ships. 
From November, 1947, until April, 1949, he 
held the position of antenna engineering 
supervisor at the U. S. Navy Underwater 
Sound Laboratory, New London, Conn., 
specializing in antenna systems for sub-
marines. In April, 1949, he joined the Un-
dersea Warfare Branch of the Office of 
Naval Research, where he now is concerned 
with problems in electronics peculiar to the 
complexities of the undersea warfare situa-
tion. Mr. Devey is currently serving on the 
steering and program committees of the 
IRE/AIEE/RMA "Symposium on Im-
proved Quality Electronic Components." 

Hendrik W. Bode (M'31—SM'43) was 
born on December 24, 1905, in Madison, 
Wis. He obtained the A.B. degree from Ohio 

State University in 
1924 and the Ph.D. 
degree  in  physics 
from Columbia Uni-
versity in 1935. Since 
1926 he has been a 
member of the tech-
nical staff of the Bell 
Telephone  Labora-
tories, engaged in re-
search in network 
theory  and  other 
fields  of  applied 
mathematics. 

W. E. Gordon (A'46—M'49) was born in 
Paterson, N. J., on January 8, 1918. He re-
ceived the B.A. degree from Montclair in 

1939, and the M.S. 
degree in meteorol-
ogy from New York 
University in 1946. 
During World War 
II he served with the 
Air Weather Serv-
ices, and was associ-
ated with research on 
radar range forecast-
ing and microwave 
propagation in the 

W E GORDON  lower atmosphere at . .   
the MIT Radiation 

Laboratory, and with the Committee on 
Propagation of the National Defense Re-
search Council. In 1945 he joined the Elec-
trical Engineering Research Laboratory at 
the University of Texas as a meteorologist, 
and became associate director of that Lab-
oratory in 1946. 
In 1948 he accepted a position as re-

search associate at Cornell University, work-
ing in radio astronomy and, more recently, 
supervising a research project on tropo-
spheric propagation. 
Mr. Gordon is a mem ber of Sigma Xi, 

the New York Academy of Science, the 
American Meteorological Society, and is Sec-
retary of the Joint Commission on Radio 
Meteorology of the International Council 
of Scientific Unions. 
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Robert C. Fletcher (S'49) was born in 
New York, N. Y., on May 27, 1921. He re-
ceived the B.S. degree in physics from the 

Massachusetts Insti-
tute of Technology 
in 1943. During the 
next three years he 
was engaged in elec-
tronic research at the 
MIT Radiation Lab-
oratory,  principally 
on magnetron oscilla-
tors. He then at-
tended the graduate 
school in physics at 
MIT, having been 
awarded a National 

Research Council Predoctoral Fellowship. 
In June, 1949, he was awarded the Ph.D. 

degree. Since then he has been doing re-
search in the electron dynamics group at the 
Bell Telephone Laboratories, Murray Hill, 
N. J. 

Loren F. Jones (S'26-A'26-M'38-SM 
'43) was born in St. Louis, Mo., in 1905. He 
received the B.S. degree from Washing-

ton University  in 
1926. After working 
on high-power trans-
mitter development 
for General Electric 
for two years, he at-
tended the Graduate 
School of Business Ad-
ministration, at Stan-
ford University, in 
1928 and 1929, and 
then returned to Gen-
eral Electric. 
In 1930, he joined 

the transmitter engineering department of 
the Radio Corporation of America in Cam-
den, N. J., where he had charge of the de-
velopment and design of various types of 
transmitters, co-ordinated the design of the 
WLW 500-kw transmitter, codirected the 
installation of the first television equipment 
atop the Empire State Building, and was 
technical representative of RCA in several 
European countries. 

H. J. SCHRADER 
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During the war years, he was a member 
of Division 13 (communications) and Divi-
sion 14 (radar) of the Office of Scientific Re-
search and Development, and was chairman 
of the Direction-Finder Committee. He was 
awarded the Presidential Certificate of 
Merit in 1948. 
Mr. Jones is presently responsible at 

RCA for co-ordinating its research and de-
velopment conducted for the government, 
and for new-product planning in certain 
fields. 
He is a member of Sigma Xi, the Ameri-

can Society of Naval Engineers, and the In-
stitute of Navigation. He is also an Associate 
Fellow of the Institute of the Aeronautical 
Sciences. 

H. J. Schrader (A'31-SNI'38) vk as born 
in Schuyler, Neb., on May 2, 1900. He re-
ceived the B.S. degree at the University of 

Nebraska in 1923. 
Mr. Schrader was as-
sociated with General 
Electric  Company 
until 1930, working in 
the high-frequency 
section of the general 
engineering labora-
tory on the develop-
ment of radio fre-
quencies for measur-
ing equipment. From 
1930 to 1944, he was 
associated with the 

Radio Corporation of America in the capac-
ity of supervisor of design and development 
of factory test equipment, and the design 
and development of test equipment for com-
mercial sale. 
In 1944, Mr. Schrader was assigned to 

the Naval Research Laboratory's Combined 
Research groups, as supervisor of develop-
ment and design of IFF test equipment. In 
1946, he returned to RCA as group super-
visor in the advanced development section 
of the engineering products department. 

Correspondence 

C. E. SHANNON 

April 

J. N. Marshall (M'46) was born in New-
castle, England, on June 22, 1916. He re-
ceix ed the B.A. degree in mathematics and 

physics in 1939 from 
Cambridge  Univer-
sity. Mr. Marshall 
joined  the  Tele-
communications Re-
search Establishment 
(R.A.F.  radar)  in 
1940, and worked on 
decimeter radars and 
receivers. In 1943, he 
went with a British 
team to the Naval 
Research  Labora-
tory, in Washington, 

D. C., and, in 1946, he joined the advanced 
development group of RCA Victor where he 
is now a unit supervisor. He served on special 
committees 31 and 41 of the Radio Technical 
Commission for Aeronautics. 

J. N. MARSHALL 

Claude E. Shannon (M'48-SM'49-F'50) 
was born in Petoskey, Mich., on April 30, 
1916. He received the B.S. degree in electri-

cal engineering from 
the  University  of 
Michigan  in 1936, 
and the degrees of 
S.M. in electrical en-
gineering and Ph.D. 
in mathematics from 
the  Massachusetts 
Institute of Technol-
ogy in 1940. He was 
a National Research 
Fellow in 1941 and, 
since then, has been 
with Bell Telephone 

Laboratories as a research mathematician, 
working in the fields of communication 
theory, switching, and computing machines. 
Dr. Shannon is a member of Sigma Xi 

and Phi Kappa Phi. He was awarded the 
Alfred Nobel PKize by the American In-
stitute of Electrical Engineers in 1940 and 
the Morris Liebmann Award by The In-
stitute of Radio Engineers in 1949. 

Demonstration of Bunching Effects 

in a Klystron* 

The velocity modulation or phase-
focusing of an electron beam, in which the 
fluctuating transit times in the drift space 
cause the faster electrons to overtake the 
slower ones thus forming the bunches in a 
klystron, ordinarily is illustrated by the 
Applegate diagram.13 This shows the al-
ternating components of the electron density 
in the form of the converging and crossing 
trajectories. 
As is well known, the bunching effect of 

an alternating control field depends on the 
distance along the drift space as well as on 

* Received by the Institute January 9. 1950. 
1 D. R. Hamilton. J. K. Knipp. and J. B. H. 

Kuper, *Klystrons and Microwave Triodes." M.I.T. 
Radar Series, vol. 7, 1948. 
% A. E. Harrison. •Klystron Tubes,' New York, 

N. Y.. 1947. including additional Bibliography. 

We 
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Fig. 1—Three-dimensional diagram of electron bunching. 

the momentary time and, therefore, repeats 
with each period. Consequently, the three-

dimensional modification of the Applegate 
diagram portrayed in Fig. 1 is more il-



1950 ilustrative.  It differs from  Kompfner's 
- version' in that the X axis contains the 
distance along the drift space in terms of 
transit time angles, whereas the Z axis 
represents one period of the bunching field. 
The peaks and corners are computed under 
the ideal assumption of pure bunching, but 
actually they are leveled out and rounded 
off by debunching. 
The periodic repeating of the bunching 

diagram suggests the third modification il-
lustrated in Fig. 2. The former flat peak 

1.1 

Fig. 2—"Living" model of 
electron bunching. 

diagram is wound around the horizontal 
X axis, thus forming a peculiar type of helix 
similar to the screw feed of a meat grinder. 
When the model is rotated manually by 
means of the crank handle, the periodic 
formation and traveling of the electron 
bunches along the drift space become evi-
dent. Particularly the optimum transit time 
angle, assuring maximum efficiency of the 
fundamental component, and the following 
splitting up into two peaks which become 
more separated the more the bunching 
peaks travel, thereby producing increasing 
harmonics, can be seen very clearly. For 
demonstration purposes, the shadow of the 
model may be projected by parallel light 
onto a big screen so that the "life-like" 
bunching effect can be perceived by a larger 
audience. This procedure is very much 
simpler than the demonstration of the 
ballistic models' which serve more the pur-
pose of studying the actual state of opera-Ition and the energy conversion in a klystron. 
The subsequent bunching effects in a cas-
cade klystron may be demonstrated in a 
similar manner. 

HANS E. HOLLMANN 
105 N. "G" St. 
Oxnard, Calif. 

1 R. Kompfner. 'Velocity modulation—results of 
further considerations." Wireless Eng.. vol. 17, p. 478; 
November, 1940. 

4 H. E. Hohmann. 'Theoretical and experimental 
investigations of electron motions in alternating fields 
with the aid of ballistic models." PROC., I.R.E.. vol. 
28. p. 282; June, 1940. 

A Note on the Synthesis of Elec-
tric Networks According to Pre-
scribed Transient Response* 

In recent months we have seen the be-
ginning of serious work in the solution of the 
problem indicated in the above title. In 
addition to my own,' there is that of Mulli-
gan' and the two by Aigrain and 

* Received by the Institute. November 7, 1949. 
1 M. Nadler, 'The synthesis of electric networks 

according to prescribed transient conditions.• Puoc. 
I.R.E.. vol. 37. p. 627; June, 1949. 

P. R. Algrain and E. M. Williams. 'Design of 
optimum transient response amplifiers,• Pam. I.R.E., 
vol. 37. p. 873; August. 1949. 

P. R. Algrain and E. M. Williams. "Synthesis 
of pi-reactance networks for desired transient re-
sponse.• Jour. A ppl. Phys.. vol. 20. p. S97; June, 1949. 

4 J. H. Mulligan, Jr.. 'The effect of pole and zero 
locations on the transient response of linear dynamic 
systems,' Puoc. I.R.E.. vol. 37, p. 516; May. 1949. 
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The last paper' I regard as a particularly 
elegant solution of the problem I so heavily 
treated. Perhaps the elegance is due to the 
French touch. 
However, both Aigrain-Williams and 

myself had difficulties in finding proper 
functions to employ with our respective solu-
tions. The former speak of "the difficulty 
of completing solutions, ... of use primar-
ily as a check on circuit designs derived by 
other means." In my own case, it was with 
great difficulty that I found a function 
which permitted an input shunt capacitance, 
and still could be treated by the chosen 
method. 
Since the publication of these papers, I 

have found some conditions restricting the 
desired output function (of time, of course) 
if the network response found is to cor-
respond to a practical vacuum-tube net-
work; further, from these considerations, a 
hint for research in video amplifier feedback 
systems; and finally, a comprehensive 
statement of the mathematical problem in-
volved in the choice of output functions. 

MINIMUM RISE TIME 

Consider Fig. 1. H(1) is the unit step 
(Heaviside) function. The (two-pole) load 

H(s) 

Cax 

• 

Fig. 1 

-r 

consists of Coo in parallel with ZL. It is re-
quired to calculate r, the minimum rise time 
attainable for any configuration of ZL. 
If the total charge delivered by the tube 

were available on the capacitor Cak, then 
the output voltage would be 

eo =p,H(I)(1 — o-gkocoe).  (1) 

But after the transient has ceased we 
want 

AtH(t)Ri,  
Co [RL = AfZL) J.  (2) 

RL r, 

The minimum t for which (2) is satisfied 
is found, from (I) 

r„  RL 
T =  rp Cgik In - - - - • 

C,, 

For the case of a pentode, where ro>>RL, 
r = & Gk.  (4) 

From (3) it can be seen that the use of feed-
back to reduce ra, in connection perhaps 
with triode amplifiers, would give signifi-
cant reduction of r. Of course, the feedback 
network itself will be a problem in itself, 
and I have not yet worked through the im-
plications of this. 
A similar reasoning will lead to the con-

clusion that the maximum value of the 
time derivative of 4/ eo' 

d Co  ro 

dl eo'  RLes.Coo 

d eo 
lim — —  - - • (6) 

dt eo' &Coo 

These two restrictions, on minimum rise 
time and on maximum rate of rise, must 
clearly be included in the expression of the 
required transient output, in order for that 
output to be realizable from the network 

(3) 

(5) 
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as restricted by the need for Cak to be the 
first shunt member. 

MINIMUM RISE TIME AND MAXIMUM 
BANDWIDTH 

It has been shown that the maximum 
frequency to which an impedance ter-
minated in a shunt capacitance C may have 
constant  absolute value I Z I =R, is 
fo=1/4RC. 

The minimum rise time and the maxi-
mum bandwidth attainable, with a given 
capacitor, are thus related in that the mini-
mum rise time occupies a quarter period of 
the cutoff frequency. By analogy, it is ex-
pected that the minimum rise time for four 
terminal networks will be 

= & VC:Co  (7) 

for the same output voltage as in the two-
pole case. 

MATHEMATICAL FORM OF g(P) AND f(t) 
In the case of two-pole admittances for 

video amplifiers, g(p) must be of the form 

g(p)  kp + g'(p)  (8) 

where 1t51/ Coo. Other restrictions may be 
added, such as poles or zeroes at prescribed 
frequency bands. This is the case with 
United States intermediate-frequency am-
plifiers for television, where one sideband 
and the sound channel must be rejected. 
The author has not yet been able to spec-

ify f(t) so as to include all required condi-
tions, and still yield a suitable g(p). How-
ever, he has been able to catalog the condi-
tions on f(t) and g(p) in the hope that 
others with greater mathematical ability 
than he may resolve the problem. 

ft (t) 

f-f 

f  max. 

(V) 

Fig. 2 

Given r' maximum delay; r minimum 
rise time; r":maximum duration of tran-
sient; maximum overshot, 

ft(t) f(t) f2(0; A(0) =f(o) =fa) = 0 
1 — e .6 ft(1) fe(1) 6_ I + e 7" 

f2(0)  dt 

where f, and!: are arbitrary functions. Now' 

g(p) = p f 0-11(1)dt  (9) 

where 

At) f eP1 dp,  (10) 

g(p) satisfying the well-known conditions 
for a passive (physically realizable) network. 
Ilow do we write f(t) such that it com-

plies with the above restrictions, while yield-
ing a g(p) with the required poles and 
zeroes, corresponding to a passive network 
and which may be approximated by a con-
vergent or asymptotically convergent ra-
tional function, or ‘vhich may be easily real-
ized by the Aigrain-Williams method?' 

MORTON NADLER 
Tesla, Prague 
Czechoslovakia 
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(In presenting this item to the readers 
of the PROCEEDINGS OF THE I.R.E., pleasure 
and gratification may suitably be experi-
enced at the friendliness, mutuality of inter-
est, and close co-operation which exist be-
tween the Institution of Radio Engineers, 
Australia, The Institute of Radio Engineers, 
and the Australian membership of the 
I RE .—The Editor.) 

International activities of the Institute 
were furthered by the first organized meet-
ing of IRE members in Australia on De-
cember 19, 1949, at Sidney. Reflecting the 
close link between the IRE and the Aus-
tralian Institution of Radio Engineers, 
H. B. Wood, Vice-President, and other 
members of the Australian Institution were 
guests. A. S. McDonald (M'23 F'41), Vice-
President of IRE for 1949, addressed the 
gathering arranged by Murray H. Stevenson 
(A'39-SN1'48). 
Mr. McDonald spoke of the circum-

stances of the inception of the IRE through 
the active part taken by Dr. A. N. Gold-
smith and others. From its origin with less 
than 50 members in 1912, the IRE has grown 
to an organization of more than 23,000 mem-
bers in all countries of the world at the end 
of 1948. Despite the smallness of Australia's 
population there are 93 Australian IRE 
members, a total membership which is sur-
passed by only five other countries. 
He pointed out that Australian members 

derive the greatest membership benefit from 
the PROCEEDINGS OF THE I.R.E., and that 
Australia has produced many finds con-
ceived from the mine of information offered 
by PROCEEDINGS, and has in its own way 
contributed to the advancement of the elec-
tronic art. 

Institute News and Radio Notes 

AUSTRALIAN IRE MEMBERS 

Background, left to right: J. L. Pawsey, D. G. Wyles, R. C. Allsop, N. S. Gilmour, M. H. 
Stevenson, A. S. McDonald (standing), L. A. Hooke, H. B. Wood, G. H. Munro. Fore-
ground, left to right: R. Edwards, Felix Gutman, N. T. Wedgner, K. S. Brown, I. C. Han-
sen. Immediate foreground: L. S. Hall. 

AUSTRALIAN IRE MEMBERS  IRE WEST COAST CONVENTION 
ORGANIZE FIRST MEETING  WILL BE HELD IN SEPTEMBER 

Advances in civilian and military elec-
tronic and radio services in the West will be 
highlighted at the IRE West Coast Con-
vention to be held September 13, 14, and 
15, at the Municipal Auditorium, Long 
Beach, Calif. 
The convention will feature a technical 

program combined with the Sixth Annual 
Exhibit of the West Coast Electronic Manu-
facturers Association. 

NEW ENGLAND RADIO ENGINEERS 
WILL MEET APRIL 15 IN BOSTON 
An outstanding program of technical pa-

pers will be offered to radio engineers attend-
ing the 1950 New England Radio Engineer-
ing Meeting to be held at the Somerset 
Hotel, in Boston, on Saturday, April 15. 
Sponsored by the North Atlantic Region of 
the IRE, the theme of the meeting is "Prog-
ress Through Research." 
In addition to a morning and afternoon 

technical program, those attending the ses-
sion will have opportunity to visit the tele-
vision facilities of WBZ and to inspect the 
toll dialing equipment of the New England 
Telephone and Telegraph Company. Further 
information may be obtained from W. M. 
Broadhead, General Chairman, 131 Claren-
don Street, Boston, Mass. 

AIEE NOMINATES NEW OFFICERS 
Titus G. Le Clair, assistant chief electri-

cal engineer of the Commonwealth Edison 
Company, Chicago, Ill., was nominated to 
succeed James A. Fairman of New York 
as President of the American Institute of 
Electrical Engineers, at the Winter General 
Meeting held at the Hotel Statler, New 
York, N. Y., on January 31-February 3. 

TECHNICAL COMMITTEE NOTES 

The Standards Committee held a meet-
ing on February 9 under the Chairman-
ship of John G. Brainerd. Ralph Batcher, 
Chairman of the Annual Review Com-
mittee, reported that on February 2, he 
attended an ASA Committee meeting on 
symbols for servomechanisms and feedback 
control system. This Committee is pre-
paring definitions and will welcome IRE 
representation. ASA will be advised of I RE's 
interest in the work and its desire to have 
representation. The Symbols Committee has 
established a subcommittee to review abbre-
viations for use in text material. A similar 
group formed by ASA Sectional Committee 
Z-10 will be represented on the IRE Sub-
committee. Chairman Brainerd announced 
that a Committee on Electronic Instrumen-
tation is being set up in ASA at the request 
of IRE. Upon formalization, IRE 14 ill 
nominate a chairman. Axel G. Jensen will 
attend the next meeting of the National 
Research Council in connection with the 
preparation of the Glossary of Nuclear 
Terms. Mr. Jensen, Chairman of the Defi-
nitions Co-ordinating Subcommittee, re-
ported on the several activities of this work-
ing group. M. Baldwin Chairman of the 
Television Co-ordinating Subcommittee, re-
ported on the activities of his group. A sub-
committee was formed under the Chair-
manship of Wayne Mason, to study IRE 
participation in the formulation of inter-
national standards. . . . The Electron Tubes 
and Solid-State Devices Committee met on 
January 12 under the Chairmanship of 
L. S. Nergaard. The Standard on Definitions 
and Methods of Testing for Traveling-
Wave Tubes, Magnetrons and Klystrons 
N% ill be completed this year. This committee 
will appoint a representative to serve on the 
Committee on Measurements and Instru-
mentation. The Electron Tubes and Solid-
States Devices Committee will hold its 1950 
Electron Devices Conference at the Uni-
versity of Michigan in June. John E. 
Gorham has been named Chairman of the 
1950 Electron Devices Conference, details 
of which will be announced when the sched-
ule is completed. .. . The Wave Propagation 
Committee held a meeting on January 25, 
under the Chairmanship of C. R. Burrows. 
All subcommittees of the Wave Propaga-
tion Committee held individual meetings 
on January 25, prior to the main committee 
meeting. H. 0. Peterson, Chairman of the 
Subcommittee on Standards and Practices, 
reported that his group is in the process of 
rewriting new standards. Mr. Peterson 
stressed the need for new terminology. A re-
port on the activities of the Subcommittee 
on Theory and Application of Tropospheric 
Propagation was  given  by  Chairman 
Booker. This working group is planning a 
preparation of a bibliography. The first 
meeting of the Subcommittee on Theory and 
Application of Ionospheric Propagation, 
under the Chairmanship of A. H. Waynick, 
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was held on January 25. Dr. Sinclair re-
ported on the activities of his subcommittee, 
Definitions and Publications, which also 

ml held its first meeting on January 25. Chair-
man H. \V. Wells of the Subcommittee on 
Annual Review reported that the annual 
review material had been submitted for , 
1949. T. J. Carroll of the Wave Propagation 

) Committee has recently been made Chair-
man of a Subcommittee on Tropsopheric 1 Propagation in the CCIR. . . . The Com-
mittee on Measurements and Instrumenta-
tion held a meeting on January 20, under the 
Chairmanship of Professor Ernst Weber. 

I Liaison between the various subcommittees 
of this committee and the other technical 

) committees was discussed. Dr. Weber re-
a minded committee members that they have 
i been invited to attend meetings of all other 
1 technical committees whose work is related. 
I Mr. Gaffney has been appointed Vice-
Chairman of the Committee on Measure-
ments and Instrumentation. %V. B. George 
has accepted the Chairmanship of Sub-

, committee 25.1. Reports were made by 
chairmen present on their subcommittees. 
In the absence of Dr. George, Mr. Dalke 
submitted the report of Subcommittee 25.2. 
Mr. Fred A. Muller, Director of the Dielec-
tric Laboratory of the Telephone Communi-
cations Laboratories, has agreed to par-
ticipate in the work of this subcommittee. 
He is in charge of preparing standards for 
the ASTM on measurements above 100 Mc. 1 Mr. Muller's service provides excellent co-
ordination between IRE and ASTM. The 
Chairman of this subcommittee through his 
contacts at the National Bureau of Stand-
ards will also function as liaison with ASTM 
activities in Dielectric Measurements. Mr. IChristaldi, Chairman of Subcommittee 
25.10, attended a meeting on December 19, 
of the AIEE Joint Subcommittee on Elec-
tronic Instrumentation. An AIEE task 
group on Cathode-Ray Instruments is work-
ing on a project comparable to one phase 
of the work of the IRE Subcommittee on 
Oscillography. The work of the two groups 
will be co-ordinated by utilizing common per-
sonnel. The scope of this subcommittee will 
encompass activities of the present AIEE 
Task Group which is concerning itself with 
establishing definitions of terms, and a pro-
posed standard form for specifications for 
cathode-ray instruments. It is expected that 
the IRE subcommittee will go further and 
co-ordinate techniques of oscillographic 
measurements in conjunction with the ac-
tivities of other committees. Mr. Steen, 
Chairman of Subcommittee 25.11, reported 
.hat his group •All tie in its work with the 
Professional Group on Quality Control. 
Mr. Mayo-Wells reported excellent progress 
in the organization of his subcommittee 
25.13. This group will review the Tele-
metering Glossary prepared by J. F. Brinster 
for the Research and Development Board. 
J •  C. J. C Reid reported plans to organize his 
subcommittee 25.14 in two segments: a 
governmenta" and military group in Wash-
ington area, and a dominating industrial 
group in the New York area. Dr. Weber re-
ported on the Symposium on Improved 
Quality Electron Components to be held in 
Washington next May. The Proceedings of 
the Symposium will be published as a 

pamphlet. The program will include five 
half-day sessions on utilized methods, on 
quality elements, and on miniaturization. 
J. G. Reid, Jr., Chairman of Subcommittee 
25.14, has been appointed to the key post of 
Technical Program Chairman of this Sym-
posium. Chairman Weber also reported that 
a petition for a Professional Group on Elec-
tronic Instrumentation had been approved 
by the IRE Executive Committee. Ulti-
mately this group will take over the IRE 
Sponsorship of the Symposium on Improved 
Quality Electronic Components. . . . The 
Video Techniques Committee held a meet-
ing on January 26, under the Chairmanship 
of J. E. Keister. The Chairman reported 
that liaison members from the Society of 
Television Engineers had been appointed to 
each of the subcommittees. Mr. Daugherty 
reported that his subcommittee is reviewing 
definitions which will be forewarded to the 
Definitions Co-ordinating Subcommittee 
for consideration. A report was given on the 
activities of Subcommittee 23.3, Video 
Systems and Components-Methods of Meas-
urements. The following Standards pre-
pared by this subcommittee will be pub: 
lished in the May issue of PROCEEDINGS. 
"Measurements of Timing on Video Switch-
ing Systems; and "Methods of Measure-
ments of Resolution in Television." The 
"Standards on Methods of Measurement of 
Television Signal Levels" prepared by Sub-
committee 23.4 was approved and will also 
be published in the May issue of PRO-
CEEDINGS.... A Meeting of the Steer-
ing Committee of the IRE/AIEE/RMA/ 
Symposium on Improved Quality Elec-
tronic Components held a meeting on Jan-
uary 23, under the Chairmanship of F. J. 
Given. This Symposium will be held in 
Washington, D. C., on May 9, 10 and 11. . . . 
The Planning Committee of the Third 
Annual Joint Nuclear Science Symposium 
held a meeting on February 2. The Nucle-
onics Symposium will be held in New York 
City on October 23, 24, and 25.... The 
Joint Technical Advisory Committee held its 
meeting on January 13, at the Hotel Statler, 
Washington, D. C., prior to an informal 
conference with the Federal Communica-
tions Commission. 

MIT OFFERS FELLOWSHIPS IN 
ELECTRONIC RESEARCH, STUDY 

A number of graduate and advanced re-
search fellowships are offered by the Massa-
chusetts Institute of Technology for study 
and research in the field of electronics. 
Known as Industrial Fellowships in Elec-
tronics, they are sponsored jointly by a 
group of industrial organizations concerned 
with the advancement of electronics and its 
applications. 
Applicants for Graduate Student Fel-

lowships must satisfy the requirements for 
admission to the Graduate School on recom-
mendation of the department of physics or 
the department of electrical engineering. 
Recipients will pursue programs of study 
and research leading towards advanced aca-
demic degrees in physics or electrical en-
gineering. 
There will be awarded a few Advanced 

Research Fellowships to candidates pos-
sessing the Ph.D. degree or its equivalent 

who, without enrolling as graduate students, 
wish to pursue advanced studies and re-
search in the field of electronics at MIT. 
Applicants should communicate with 

the Director, Research Laboratory of Elec-
tronics, at least four months prior to the 
intended date of entrance. 

JOHNSON AND MILLER APPOINT 
CENSORSHIP PROBLEM COMMITTEE 

A joint committee of the radio broad-
casting and motion picture industries, 
charged with the task of co-operating against 
all forms of censorship and in other fields 
of common interest, has been appointed by 
Eric Johnson, president of the Motion Pic-
ture Association, and Justin Miller, presi-
dent of the National Association of Broad-
casters. 
Appointment of the committee was fol-

lowed by the unanimous adoption, by the 
boards of the two Associations, of a state-
ment of principles and of opposition to all 
forms of censorsitip directed against freedom 
of expression. 

Calendar of 

COMING EVENTS 

American Society of Tool Logineers 
Meeting, Philadelphia, Pa., April 
10-14 

New England Radio Engineering 
Meeting, sponsored by North At-
lantic Region of IRE, Boston, 
Mass., April 15 

NAB Annual Engineering Conference, 
Chicago, Ill., April 12-15 

IRE/URSI Meeting, Commissions 1, 
4, 6, 7, Washington, D. C., April 
17-19 

Fourth Annual Spring Technical Con-
ference, Cincinnati Section, IRE, 
April 29, Cincinnati, Ohio 

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5 

Conference on Improved Quality 
Electronic Components, sponsored 
by IRE, AIEE, RMA, Washing-
ton, D. C., May 9, 10 and 11 

Armed Forces Communications Asso-
ciation 1950 Annual Meeting, Pho-
tographic Center, Astoria, L. I., 
N. Y., and New York City, May 
12; Signal Corps Center, Fort 
Monmouth, N. J., May 13 

IRE West Coast Convention of 1950, 
Municipal  Auditorium,  Long 
Beach, Calif., Sept. 13-15 

Radio Fall Meeting, Syracuse, N. Y, 
October 30, 31, November 1 
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AUSTRALIAN IRE MEMBERS 
Background, left to right: J. L. Pawsey, D. G. Wyles, R. C. Allsop, N. S. Gilmour, M. H. 
Stevenson, A. S. McDonald (standing), L. A. Hooke, H. B. Wood, G. H. Munro. Fore-
ground, left to right: R. Edwards, Felix Gutman, N. T. Wedgner, K. S. Brown, I. C. Han-
sen. Immediate foreground: L. S. Hall. 

AUSTRALIAN IRE MEMBERS  IRE WEST COAST CONVENTION 
ORGANIZE FIRST MEETING  WILL BE HELD IN SEPTEMBER 

(In presenting this item to the readers 
of the PROCEEDINGS OF THE I.R.E., pleasure 
and gratification may suitably be experi-
enced at the friendliness, mutuality of inter-
est, and close co-operation which exist be-
tween the Institution of Radio Engineers, 
Australia, The Institute of Radio Engineers, 
and the Australian membership of the 
IRE.—The Editor.) 

International activities of the Institute 
were furthered by the first organized meet-
ing of IRE members in Australia on De-
cember 19, 1949, at Sidney. Reflecting the 
close link between the IRE and the Aus-
tralian Institution of Radio Engineers, 
H. B. Wood, Vice-President, and other 
members of the Australian Institution were 
guests. A. S. McDonald (M'23-F'41), Vice-
President of IRE for 1949, addressed the 
gathering arranged by Murray H. Stevenson 
(A'39-SM'48). 
Mr. McDonald spoke of the circum-

stances of the inception of the IRE through 
the active part taken by Dr. A. N. Gold-
smith and others. From its origin with less 
than 50 members in 1912, the IRE has grown 
to an organization of more than 23,000 mem-
bers in all countries of the world at the end 
of 1948. Despite the smallness of Australia's 
population there are 93 Australian IRE 
members, a total membership which is sur-
passed by only five other countries. 
He pointed out that Australian members 

derive the greatest membership benefit from 
the PROCEEDINGS OF THE I.R.E., and that 
Australia has produced many finds con-
ceived from the mine of information offered 
by PROCEEDINGS, and has in its own way 
contributed to the advancement of the elec-
tronic art. 

Advances in civilian and military elec-
tronic and radio services in the West will be 
highlighted at the IRE West Coast Con-
vention to be held September 13, 14, and 
15, at the Municipal Auditorium, Long 
Beach, Calif. 
The convention will feature a technical 

program combined with the Sixth Annual 
Exhibit of the West Coast Electronic Manu-
facturers Association. 

NEW ENGLAND RADIO ENGINEERS 
WILL MEET APRIL 15 IN BOSTON 
An outstanding program of technical pa-

pers will be offered to radio engineers attend-
ing the 1950 New England Radio Engineer-
ing Meeting to be held at the Somerset 
Hotel, in Boston, on Saturday, April 15. 
Sponsored by the North Atlantic Region of 
the IRE, the theme of the meeting is "Prog-
ress Through Research." 
In addition to a morning and afternoon 

technical program, those attending the ses-
sion will have opportunity to visit the tele-
vision facilities of WBZ and to inspect the 
toll dialing equipment of the New England 
Telephone and Telegraph Company. Further 
information may be obtained from W. M. 
Broadhead, General Chairman, 131 Claren-
don Street, Boston, Mass. 

AIEE NOMINATES NEW OFFICERS 
Titus G. Le Clair, assistant chief electri-

cal engineer of the Commonwealth Edison 
Company, Chicago, Ill., was nominated to 
succeed James A. Fairman of New York 
as President of the American Institute of 
Electrical Engineers, at the Winter General 
Meeting held at the Hotel Statler, New 
York, N. Y., on January 31-February 3. 

TECHNICAL COMMITTEE NOTES 

The Standards Committee held a meet-
ing on February 9 under the Chairman-
ship of John G. Brainerd. Ralph Batcher, 
Chairman of the Annual Review Com-
mittee, reported that on February 2, he 
attended an ASA Committee meeting on 
symbols for servomechanisms and feedback 
control system. This Committee is pre-
paring definitions and will welcome IRE 
representation. ASA will be advised of I RE's 
interest in the work and its desire to have 
representation. The Symbols Committee has 
established a subcommittee to review abbre-
viations for use in text material. A similar 
group formed by ASA Sectional Committee 
Z-10 will be represented on the IRE Sub-
committee. Chairman Brainerd announced 
that a Committee on Electronic Instrumen-
tation is being set up in ASA at the request 
of IRE. Upon formalization, IRE v. ill 
nominate a chairman. Axel G. Jensen will 
attend the next meeting of the National 
Research Council in connection with the 
preparation of the Glossary of Nuclear 
Terms. Mr. Jensen, Chairman of the Defi-
nitions Co-ordinating Subcommittee, re-
ported on the several activities of this work-
ing group. M. Baldwin. Chairman of the 
Television Co-ordinating Subcommittee, re-
ported on the activities of his group. A sub-
committee was formed under the Chair-
manship of Wayne Mason, to study IRE 
participation in the formulation of inter-
national standards. . . . The Electron Tubes 
and Solid-State Devices Committee met on 
January 12 under the Chairmanship of 
L. S. Nergaard. The Standard on Definitions 
and Methods of Testing for Traveling-
Wave Tubes, Magnetrons and Klystrons 
will be completed this year. This committee 
will appoint a reRresentative to serve on the 
Committee on Measurements and Instru-
mentation. The Electron Tubes and Solid-
States Devices Committee will hold its 1950 
Electron Devices Conference at the Uni-
versity of Nlichigan in June. John E. 
Gorham has been named Chairman of the 
1950 Electron Devices Conference, details 
of which v. ill be announced when the sched-
ule is completed. . . . The Wave Propagation 
Committee held a meeting on January 25, 
under the Chairmanship of C. R. Burrows. 
All subcommittees of the Wave Propaga-
tion Committee held individual meetings 
on January 25, prior to the main committee 
meeting. H. 0. Peterson, Chairman of the 
Subcommittee on Standards and Practices, 
reported that his group is in the process of 
rewriting new standards. Mr. Peterson 
stressed the need for new terminology. A re-
port on the activities of the Subcommittee 
on Theory and Application of Tropospheric 
Propagation  was  given  by  Chairman 
Booker. This working group is planning a 
preparation of a bibliography. The fir.t 
meeting of the Subcommittee on Theory and 
Application of Ionospheric Propagation, 
under the Chairmanship of A. H. Waynick, 
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was held on January 25. Dr. Sinclair re-
ported on the activities of his subcommittee, 
Definitions and Publications, which also 
held its first meeting on January 25. Chair-
man H. W. Wells of the Subcommittee on 
Annual Review reported that the annual 
• review material had been submitted for 
1949. T. J. Carroll of the Wave Propagation 
Committee has recently been made Chair-
man of a Subcommittee on Tropsopheric 
Propagation in the CCIR. . . . The Com-
' mittee on Measurements and Instrumenta-
l. tion held a meeting on January 20, under the 
Chairmanship of Professor Ernst Weber. 
Liaison between the various subcommittees 
of this committee and the other technical 
committees was discussed. Dr. Weber re-
minded committee members that they have 
been invited to attend meetings of all other 
technical committees whose work is related. 
• Mr. Gaffney has been appointed Vice-
Chairman of the Committee on Measure-
ments and Instrumentation. W. B. George 
has accepted the Chairmanship of Sub-
committee 25.1. Reports were made by 
chairmen present on their subcommittees. 
In the absence of Dr. George, Mr. Dalke 
submitted the report of Subcommittee 25.2. 
Mr. Fred A. Muller, Director of the Dielec-
tric Laboratory of the Telephone Communi-
cations Laboratories, has agreed to par-
ticipate in the work of this subcommittee. 
He is in charge of preparing standards for 
the ASTM on measurements above 100 Mc. 
Mr. Muller's service provides excellent co-
ordination between IRE and ASTM. The 
Chairman of this subcommittee through his 
contacts at the National Bureau of Stand-
ards will also function as liaison with ASTM 
activities in Dielectric Measurements. Mr. 
Christaldi, Chairman of Subcommittee 
25.10, attended a meeting on December 19, 

• of the AIEE Joint Subcommittee on Elec-
. tronic Instrumentation. An AIEE task 
group on Cathode-Ray Instruments is work-
ing on a project comparable to one phase 

: of the work of the IRE Subcommittee on 
I Oscillography. The work of the two groups 
will be co-ordinated by utilizing common per-
sonnel. The scope of this subcommittee will 
encompass activities of the present AIEE 
Task Group which is concerning itself with 
establishing definitions of terms, and a pro-
posed standard form for specifications for 
cathode-ray instruments. It is expected that 
the IRE subcommittee will go further and 
co-ordinate techniques of oscillographic 
measurements in conjunction with the ac-
tivities of other committees. Mr. Steen, 
Chairman of Subcommittee 25.11, reported 
:hat his group will tie in its work with the 
Professional Group on Quality Control. 
Mr. Mayo-Wells reported excellent progress 
in the organization of his subcommittee 
25.13. This group will review the Tele-
metering Glossary prepared by J. F. Brinster 
(or the Research and Development Board. 
J. C. Reid reported plans to organize his 
subcommittee 25.14 in two segments: a 
governmenta and military group in Wash-
ington area, and a dominating industrial 
group in the New York area. Dr. Weber re-
ported on the Symposium on Improved 
Quality Electron Components to be held in 
Washington next May. The Proceedings of 
the Symposium will be published as a 
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pamphlet. The program will include five 
half-day sessions on utilized methods, on 
quality elements, and on miniaturization. 
J. G. Reid, Jr., Chairman of Subcommittee 
25.14, has been appointed to the key post of 
Technical Program Chairman of this Sym-
posium. Chairman Weber also reported that 
a petition for a Professional Group on Elec-
tronic Instrumentation had been approved 
by the IRE Executive Committee. Ulti-
mately this group will take over the IRE 
Sponsorship of the Symposium on Improved 
Quality Electronic Components. . . . The 
Video Techniques Committee held a meet-
ing on January 26, under the Chairmanship 
of J. E. Keister. The Chairman reported 
that liaison members from the Society of 
Television Engineers had been appointed to 
each of the subcommittees. Mr. Daugherty 
reported that his subcommittee is reviewing 
definitions which will be forewarded to the 
Definitions Co-ordinating Subcommittee 
for consideration. A report was given on the 
activities of Subcommittee 23.3, Video 
Systems and Components-Methods of Meas-
urements. The following Standards pre-
pared by this subcommittee will be pub-
lished in the May issue of PROCEEDINGS. 
"Measurements of Timing on Video Switch-
ing Systems; and "Methods of Measure-
ments of Resolution in Television." The 
"Standards on Methods of Measurement of 
Television Signal Levels" prepared by Sub-
committee 23.4 was approved and will also 
be published in the May issue of PRO-
CEEDINGS. . . . A Meeting of the Steer-
ing Committee of the IRE/AIEE/RMA/ 
Symposium on Improved Quality Elec-
tronic Components held a meeting on Jan-
uary 23, under the Chairmanship of F. J. 
Given. This Symposium will be held in 
Washington, D. C., on May 9, 10 and 11. . . . 
The Planning Committee of the Third 
Annual Joint Nuclear Science Symposium 
held a meeting on February 2. The Nucle-
onics Symposium will be held in New York 
City on October 23, 24, and 25.... The 
Joint Technical Advisory Committee held its 
meeting on January 13, at the Hotel Statler, 
Washington, D. C., prior to an informal 
conference with the Federal Communica-
tions Commission. 

MIT OFFERS FELLOWSHIPS IN 
ELECTRONIC RESEARCH, STUDY 

A number of graduate and advanced re-
search fellowships are offered by the Massa-
chusetts Institute of Technology for study 
and research in the field of electronics 
Known as Industrial Fellowships in Elec-
tronics, they are sponsored jointly by a 
group of industrial organizations concerned 
with the advancement of electronics and its 
applications. 
Applicants for Graduate Student Fel-

lowships must satisfy the requirements for 
admission to the Graduate School on recom-
mendation of the department of physics or 
the department of electrical engineering. 
Recipients will pursue programs of study 
and research leading towards advanced aca-
demic degrees in physics or electrical en-
gineering. 
There will be awarded a few Advanced 

Research Fellowships to candidates pos-
sessing the Ph.D. degree or its equivalent 
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who, without enrolling as graduate students, 
wish to pursue advanced studies and re-
search in the field of electronics at MIT. 
Applicants should communicate with 

the Director, Research Laboratory of Elec-
tronics, at least four months prior to the 
intended date of entrance. 

JOHNSON AND MILLER APPOINT 
CENSORSHIP PROBLEM COMMITTEE 

A joint committee of the radio broad-
casting and motion picture industries, 
charged with the task of co-operating against 
all forms of censorship and in other fields 
of common interest, has been appointed by 
Eric Johnson, president of the Motion Pic-
ture Association, and Justin Miller, presi-
dent of the National Association of Broad-
casters. 
Appointment of the committee was fol-

lowed by the unanimous adoption, by the 
boards of the two Associations, of a state-
ment of principles and of opposition to all 
forms of censorship directed against freedom 
of expression. 

Calendar of 

COMING EVENTS 

American Society of Tool Engineers 
Meeting, Philadelphia, Pa., April 
10-14 

New England Radio Engineering 
Meeting, sponsored by North At-
lantic Region of IRE, Boston, 
Mass., April 15 

NAB Annual Engineering Conference, 
Chicago, Ill., April 12-15 

IRE /ITRSI Meeting, Commissions 1, 
4, 6, 7, Washington, D. C., April 
17-19 

Fourth Annual Spring Technical Con-
ference, Cincinnati Section, IRE, 
April 29, Cincinnati, Ohio 

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5 

Conference on Improved Quality 
Electronic Components, sponsored 
by IRE, MEE, RMA, Washing-
ton, D. C., May 9, 10 and 11 

Armed Forces Communications Asso-
ciation 1950 Annual Meeting, Pho-
tographic Center, Astoria, L. I., 
N. Y., and New York City, May 
12; Signal Corps Center, Fort 
Monmouth, N.J., May 13 

IRE West Coast Convention of 1950, 
Municipal  Auditorium,  Long 
Beach, Calif., Sept. 13-15 

Radio Fall Meeting, Syracuse, N. Y., 
October 30, 31, November 1 
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BUREAU OF STANDARDS REVISES 
W WV AND W WVH SERVICES 

A new series of technical radio broad-
cast services over radio station W WV, 
Beltsville, Md., and W WVH, Maui, Terri-
tory of Hawaii, has been inaugurated by 
the National Bureau of Standards. These 
services will not differ greatly from those 
given in the past. 
The revised services from W WV include 

standard radio frequencies of 2.5, 5, 10, 
15, 20, 25, 30, and 35 megacycles; time an-
nouncements at 5-minute intervals by voice 
and International Morse Code; standard 
time intervals of 1 second, and 1, 4, and 5 
minutes; standard audio frequencies of 440 
cycles (the standard musical pitch A above 
middle C) and 600 cycles; and radio propa-
gation disturbance warnings by Interna-
tional Morse code consisting of the letters 
W, U, or N, indicating warning, unstable 
conditions, or normal, respectively. 
The audio frequencies are interrupted at 

precisely one minute before the hour and 
are resumed precisely on the hour and each 
five minutes thereafter. Code announce-
ments are in Universal Time using the 24-
hour system beginning with 0000 at mid-
night; voice announcements are in Eastern 
Standard Time. The audio frequencies are 
transmitted alternately: the 600-cycle tone 
starts precisely on the hour and every 10 
minutes thereafter, continuing for 4 minutes; 
the 440-cycle tone starts precisely five 
minutes after the hour and every 10 minutes 
thereafter, continuing for 4 minutes. Each 
carrier frequency is modulated by a seconds 
pulse which is heard as a faint tick; the pulse 
at the beginning of the last second of each 
minute is omitted. 
Radio station W WVH, recently estab-

lished in Hawaii by the National Bureau 
of Standards, broadcasts on an experimental 
basis on 5, 10, and 15 megacycles. The pro-
gram of broadcasts on the three frequencies 
is essentially the same as that of station 
W WV. Reception reports indicate that 
W WVH is received at many locations not 
served by W WV, thus extending the area 
served by standard frequencies and time 
signals. Time announcements in Universal 
Time are given from W WVH every five 
minutes by International Morse Code only. 
Further information on the technical 

radio broadcast services may be obtained on 
request from the National Bureau of Stand-
ards, Washington 25, D. C. Reports on 
reception are welcomed; forms on which to 
submit such reports may also be obtained on 
request. 

TREASURY REFUSES To POSTPONE 
EXCISE TAX FOR LOUDSPEAKERS 

Following formal refusal, at least at the 
present, by the Internal Revenue Bureau 
to suspend its ruling of October 26 taxing 
loudspeakers, with or without transformers, 
arrangements have been made for renewal 
of the postponement request at a conference 
with Treasury officials by representatives of 
the RMA Speaker Section and Excise Tax 
Committee. Although the speaker tax ruling 
is continued in effect on the ground that not 
a sufficient showing has yet been made for 
its postponement, Chairman Matt Little 

of the Speaker Section and Vice-Chairman 
A. M. Freeman of the Excise Tax Commit-
tee have arranged for an early conference 
with the Treasury officials to present ad-
ditional and more detailed facts in support 
of the RMA request for postponement. 

EASTMAN KODAK COMPANY PLANS 
COLOR TELEVISION SYMPOSIUM 

Owing to current interest in the subject 
of color television, a special symposium on 
color and color photography as applied to 
television may be presented by the Eastman 
Kodak Company at Rochester, N. Y. in late 
May, provided sufficient registration is ob-
tained. 
Designed for engineers active in color 

television, the symposium would aim the 
subject of color and color photography di-
rectly at the color television field. 'The tenta-
tively scheduled symposium would consist of 
illustrated talks and demonstrations fol-
lowed by questions and discussion periods. 
The symposium will be held if at least 

25 individuals indicate that they would at-
tend. Interested persons should send a 
tentative registration to: Eastman Kodak 
Company, East Coast Division, Motion 
Picture Film Department, 342 Madison 
Avenue, Suite 626, New York 17, N. Y. 
Each registrant would be notified by the 
middle of May as to whether the symposium 
would be conducted the latter part of May. 
If the symposium were to be conducted, full 
details would be sent at that time, including 
information regarding hotel reservations in 
Rochester. 
The symposium would be an adaptation 

of a series of meetings currently being held 
for representatives of the motion picture 
industry. The following is a list of subjects, 
covered by the current meetings, which 
would be somewhat altered so as to apply 
directly to color television: Fundamentals of 
Color and Color Photography, Light Sources 
and Filters, the Perception in Identification 
of Color, Characteristics of Color Materials, 
Color Processes, the Problem of Duplication, 
Negative-Positive Color Processes, Color 
Sensitometry, Printers and Color Balancing, 
and Psychological Aspects of Color Photog-
raphy. 

NAB SEEKS GOVERNMENT ACTION 
ON BROADCASTING ALLOCATIONS 

The National Association of Broadcast-
ers' Board of Directors has adopted a resolu-
tion urging on the U. S. Congress, State De-
partment, and Federal Communications 
Commission "the vital necessity of a new 
treaty" on broadcasting channel allocations, 
pointing out that the Cuban Government 
has authorized radio operations which 
"severely damage the coverage" of Ameri-
can stations. 
The resolution, adopted at the close of 

the Board's three-day meeting at NAB head-
quarters, called attention to "the serious 
degradation of program service to millions of 
listeners in the United States of America." 

SYLVANIA ELECTRIC PRODUCTS 
ABSORBS COLONIAL RADIO CO. 

Sylvania Electric Products Inc. has an-
nounced the absorption of its wholly owned 
subsidiary, Colonial Radio Corporation, 
manufacturer of radio and television sets. 
Operations will be continued in Buffalo, 
N. Y., as the Coloniel Radio and Television 
Division, Sylvania Electric Products Inc. 
E. E. Lewis, formerly president of 

Colonial, has been elected vice-president of 
Sylvania in charge of the Colonial Radio 
and Television Division. The personnel and 
policies will continue unchanged. 

300,000,000-VOLT SYNCHROTRON 
PASSES ITS FIRST TEST AT MIT 

A 300,000,000-volt synchrotron, which 
will be used for research on atomic particles, 
has passed its first operating tests in the 
Laboratory for Nuclear Science and En-
gineering at the Massachusetts Institute of 
Technology. Announcement of the comple-
tion of the test of the synchrotron, which 
was started in 1946, was made by Professor 
Jerrold R. Zacharias, Director. Its con-
struction was supported in part by the Office 
of Naval Research, and the machine was 
designed and built under the direction of 
Ivan A. Getting, professor of electrical en-
gineering. 
The Institute's Synchrotron is powerful 

enough to produce mesons artificially, and 
should produce enough of them so that their 
behavior can be studied carefully. It is 
believed that from such studies may come 
new information in the realm of nuclear 
physics. Eventually, understanding of the 
meson may disclose the true nature of the 
forces that bind togetber the particles of the 
atomic nucleus. 

WAVE PROPAGATION IS SUBJECT 
OF SYMPOSIUM AT NYLI IN JUNE 

"The Theory of Electromagnetic Wave 
Propagation" is the subject of a Symposium 
to be held June 6-8 at New York University, 
Washington Square College, New York, 
N. Y., under the sponsorship of NYU's 
Mathematic Department and the Geophysi-
cal Research Directorate of the Air Force 
Cambridge Research Laboratories. 
Among the speakers will be Professor 

H. G. Booker of Cornell University, Dr. 
H. Bremer of Philips Research Laboratories, 
Eindhoven,  Holland,  Professors K. 0. 
Friedrichs and Bernard Haurwitz of New 
York University, Professor R. E. Langer of 
the University of Wisconsin, Professor Har-
old Levine of Harvard University, Dr. Wil-
helm Magnus of California Institute of 
Technology, and Professor Nathan Mar-
cuvitz of Brooklyn Polytechnic Institute. 
The Symposium is sponsored for the 

purpose of providing an exchange of views of 
those engaged in research in electromagnetic 
theory, basic applications to propagation, 
diffraction, etc., and the associated mathe-
matical techniques and theory. 
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NBS PUBLISHES NEW BOOKLET 
ON SPECTROPHOTOMETRIC DATA 

Reliable spectrophotometric data can be 
obtained from a new booklet, "Spectro-
photometry," recently issued by the Na-
tional Bureau of Standards and made avail-
able from the U. S. Government Printing 
Office. 
The techniques and data resulting from 

the Bureau's extensive experience in spec-
trophotometry are presented in this guide 
so users of spectrophotometer can better 
understand their instruments, calibrate 
and maintain them in the proper op-
erating condition, and guard against the 
numerous errors common in such work. 
Instruments and methods for use in the 

ultraviolet, visible, and near-infrared spec-
, tral region are considered, including the 
photographic, visual, as well as the photo-
electric methods. 

Industrial Engineering 
Notes' 
TELEVISION NEWS 

With RMA set production reports add-
ing up Lo  2,413,397 television receivers, 
total output for the entire industry, accord-
ing to the best information available, is be-
lieved to have exceeded 2,800,000 TV sets 
compared with an estimated 975,000 units 
in 1948. Radio receiver production, while 
rising during the fourth quarter of the year, 
declined for the year, however, to about two-
thirds of the 1948 output. RMA figures on 
both AM and  FM receivers totalled 
7,266,876 in 1949, with an estimated in-
dustry output of more than 10,000,000 
sets. Total television receiver production in 
1949 brought the accumulated estimate of 
television receivers manufactured since the 
war to just short of 4,000,000. . . . An ultra-
modern television, radio, and recording 
system is being installed at the White 
House, now being remodeled. The built-in 
system will be operated from a central 
master control, and will feature a large 
television screen in every room. Each screen 
will be tuned in merely by dialing a number. 
In addition to the installation of big screens 
in all rooms, a giant six-by-eight foot TV 
screen will be placed in the small movie 
theater which is located in the executive of-
fices section of the White House. The system 
also includes similar services for AM and 
FM radio programs, Muzak, as well as 
equipment to use wire and tape recordings 
and phonograph records in every room.... 
Reflecting the giant strides made in the pro-
duc tion of television receivers in 1949, the 
value of TV picture tubes sold for new sets 
was almost triple the corresponding 1948 
sales figures, according to tube manu-
facturers' reports to the RMA Tube Divi-
sion. The value of television-receiver type 

The data on which these NOTES are based w ere 
selected, by permission. from Industry Reports, issues 
of January 20. January 27, February 3. and February 
10, published by the Radio Manufacturers Associa-
tion, whose helpful attitude is gladly acknowledged. 

cathode-ray tubes sold in 1949 to equip-
ment manufacturers rose 197 per cent to 
$92,402,520, compared with $31,158,194 in 
1948, while in units the increase was 170 
per cent or from 1,225,419 to 3,305,673 
tubes. Indicating a sharp trend toward 
larger TV set screens, more than 43 per cent 
of the TV picture tubes sold to set manu-
facturers in 1949 were from 12 through 13.9 
inches in size, as compared with six per cent 
in 1948. Tubes from nine through 11.9 inches 
accounted for 34 per cent and tubes over 14 
inches accounted for 16 per cent of manu-
facturers' purchases. The remaining sales 
were of tubes smaller than 8.9 inches and 
projection tubes. . . . Complying with an 
FCC request issued the middle of December, 
parties to the current color television in-
quiry, including RMA, have filed formal 
comments with the FCC on general recom-
mendations previously on record in the FCC 
hearings. The statements filed by RMA, 
RCA, Philco, and CBS were on a procedural 
requirement. The RMA statement noted 
that any statements filed prior to the FCC 
hearings by the Association should be viewed 
by the FCC in the light of RMA President 
R. C. Cosgrove's later testimony. This re-
ferred specifically to an RMA major rec-
ommendation that any color television 
system authorized by the FCC should be 
compatible. Philco pointed out it had not 
changed its views, and CBS noted that there 
was no change in its position as outlined in 
previous written statements on file with the 
FCC. RCA called attention to several tech-
nical advances which it has made in its 
system, including an automatic color phasing 
development which was tested during 
the January session. 

RADIO AND TELEVISION NEWS ABROAD 

Holland expects to have its first non-
laboratory television this year with receivers 
being placed on the market, and a station 
erected at Het Gooi, according to informa-
tion received by the U.S. Department of 
Commerce. Transmissions will be made 
with 625 picture lines and on an experi-
mental basis for the first two years under the 
over-all responsibility of the Netherlands 
Broadcast Transmission Co. It is estimated 
there will be 30,000 television viewers after 
two experimental years and 225,000 after 
six years of operation, according to the re-
ports. Radio dealers in Bristol, England, 
were experiencing a rapidly increasing de-
mand for television receivers prior to the 
opening in mid-December of Britain's 
second television station at Birmingham, 
according to a report received by the U.S. 
Department of Commerce. If the demand is 
as good as many expect, manufacturers will 
be unable to supply sufficient models to 
meet requirements, the report said. The 
Bristol interest in television is said to have 
increased with the reception of test signals 
from the new station. Up until recently only 
73 television licenses had been taken out in 
the Bristol area. ... An estimated 11,360 
radio receivers are in use in Nicaragua, of 
which  about half  were manufactured 
prior to 1939. Approximately 90 per cent of 
the radios in operation are table models. An 

estimated 95 per cent of the sets are 
equipped to receive medium-wave and short-
wave broadcasts. Approximately 12,000 
radio receivers are in use in Indo China, of 
which about 95 per cent are of French manu-
facture. The remainder are principally 
Dutch, according to a report received by the 
U.S. Department of Commerce. Imports of 
radios into Iran from March 21, 1949, to 
March 20, 1949, totalled 18,191 sets valued 
at 37,491,942 rials, of which 12,292 receivers 
valued at 22,371,368 rials were of U.S. 
manufacture.... There is a growing in-
terest in television in Germany, and a sta-
tion may be erected in Hamburg by the 
middle of this year, according to a report 
received by the U.S. Department of Com-
merce. TV development for the most part is 
dependent upon radio amateurs. There are 
an estimated 2,800,000 radio receivers in 
operation in Italy, and about 70 per cent are 
equipped for short-wave reception. About 
55,000 sets are located in public places. . . . 
Restrictions on New Zealand's imports of 
radio receiving tubes from the United States 
during 1950 are expected to be even more 
severe than in 1949. An estimated 30,500 
radio receiving tubes, most of them ob-
solescent types and not available from ster-
ling areas, will be imported from the United 
States this year. 

FCC Acrtorts 

The FCC has denied the petition of 
Prismacolor Pictures, Inc., of Wilmette, Ill., 
seeking permission to participate in the 
color television hearings. The FCC ruled 
that the petition of the company did not 
make a prima facie showing that the pro-
posed system of color photography could be 
adopted to color television. "On the con-
trary," the FCC said, "it appears from your 
petition and statement that at the present 
time your proposed color television system 
is predicated on the asserted success of your 
color photography; that there has been no 
research and development of the proposed 
color television system in the laboratory to 
determine fundamentals and to explore 
basic problems; and that no transmitting or 
receiving apparatus have been constructed 
by you which would be suitable for either 
laboratory or field testing." . .. The FCC 
in accordance with its rules and engineering 
practices concerning FM broadcast stations, 
this week issued an up-to-date list of manu-
facturers, of approved FM transmitters, fre-
quency monitors, and modulation monitors. 
The list, containing the names of trans-
mitting equipment manufacturers and ap-
paratus classified by type and power, may 
be obtained from the Secretary of the 
Federal  Communications  Commission, 
Washington 25, D. C.... The FCC has 
authorized a Class 2 Experimental station to 
the S. S. Pike Co., Inc., New York City, to 
be used up to Nov. 1, 1950, to demonstrate 
a new type of sky writing. Flying in a 
straight formation approximately 350 feet 
apart, seven aircraft would release smoke 
dots to stream out and outline block letters. 
The center plane would carry an auto-
matically keyed tone-modulated transmitter 
which would activate receivers controlling 
smoke apparatus on the other planes. ... 
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Muzak Corp. has petitioned the FCC to hold 
a hearing on the nonbroadcast uses of FM 
signals and other activities of some FN1 
licensees. Muzak, which provides a leased 
music service with telephone lines, now 
seeks FCC permission for installing super-
sonic signals and a special form of multi-
plexing in connection with FM broadcast-
ing. The petition charges that some stations 
are violating existing FCC.rules by utilizing 
supersonic signals for the elimination of 
commercial announcements on FM station 
broadcasts. Muzak asked that until the 
rules are amended, the FCC advise all FM 
licensees that the service which some of 
them are now performing by the use of 
supersonic signals and the sale of service 
directly or indirectly, either by the station 
itself or through agency relationships to 
multiple addresses, is contrary to the FCC 
rules. The FCC has granted the Depart-
ment of Forests and Waters of the State of 
Pennsylvania construction permits for 62 
fixed stations in the Forestry Conservation 
Radio Service to be used for determining 
water levels throughout the Susquehanna 
River basin in connection with flood fore-
casting. The proposed new system will con-
sist of a control center at Harrisburg, 11 
automatic relay points, and 50 reporting 
units. It will operate on nine frequencies in 
the 170-Mc range. ... The FCC has re-
versed itself and granted the Zenith Radio 
Corp. special temporary authority for a 
period of 90 days to conduct experimental 
operations employing "Phonevision." Pre-
viously, over the dissent of Chairman Wayne 
Coy and Commissioner George Sterling, the 
FCC had ruled that a public hearing should 
be held before the experiments involving 
paid subscriptions could be conducted. This 
action was opposed in a subsequent Zenith 
petition for reconsideration.... The FCC 
has been offered the assistance of 50,000 ex-
perienced television experimenters, who 
have assembled black-and-white television 
receiving sets from knock-down kits in their 
homes, to help decide which system of color 
television will best serve the American 
public. The offer was made in a letter 
written by Emanuel Cohan, President of 
Transvision, Inc. 

NATIONAL TELEVISION SYSTEM GROUP OF 
RMA WILL ASSIST COLOR STANDARDS 

The creation of a National Television 
System Committee to attain industry-wide 
agreement on technical developments needed 
for the expansion of television to all sections 
of the country, and for the establishment of 
basic standards which will bring color tele-
vision to reality, was announced by the Radio 
Manufacturers' Association. 
W. R. G. Baker, vice-president of the 

electronics department of General Electric 
Company, and Director of RMA's engineer-
ing department, will serve as chairman of 
the group. Donald G. Fink, editor of 
Electronics, and David B. Smith, vice-presi-
dent in charge of engineering and research 
of PhiIco Corporation, are vice-chairmen. 
The following organizations and individ-

uals have been invited to participate: 
Phi!co Corporation, Electronics, McGraw-

Hill, DuMont Laboratories, Crosley Divi-
sion of AVCO, Zenith Radio Corp., The 
Institute of Radio Engineers. Cotumbia 
Broadcasting System, Television Broad-
casters Association, Bell Laboratories, Gen-
eral Electric Co., National Association of 
Broadcasters, Color Television, Inc., Hazel-
tine Corporation, Admiral Corporation, 
Motorola Inc., Westinghouse Electric Co., 
John V. L. Hogan, Federal Communications 
Commission, and the Radio Corporation of 
America. 
Dr. Baker has told Chairman Coy that 

"we shall be pleased to have the FCC par-
ticipate in the work of NTSC to the extent 
you desire." He added that the FCC will be 
advised at all times as to the work of the 
NTSC and "as additional representation is 
appointed." 

HOUSE GROUP TO INCLUDE TV IN ITS 
PROPOSED FCC BILL PUBLI HEARINGC 

Testimony on the FCC activities in con-
nection with television, including color, is 
being given at public hearings by a sub-
committee of the House Interstate and 
Foreign Commerce Committee to consider 
several bills affecting the administration of 
radio communications,  R MA has been 
informed. 
Acting Cha irman Sado% ski (Dem. M ich.), 

who introduced a bill to amend the Com-
munications Act and revise certain functions 
of the FCC, said that industry representa-
tives will be invited to testify in connection 
with the television phases of the inquiry. 
The bill as introduced proposes three 

major changes in the Communications Act 
which would: (1) create an independent five 
member Frequency Control Board to deal 
with the allocation and assignment of radio 
frequencies; (2) broaden the FCC admini-
strative authority with respect to radio 
station licensees and holders of construction 
permits; and (3) make radio station licensees 
immune from criminal or civil actions for 
statements made in political broadcasts and 
would clarify Section 315 of the Communica-
tions Act relating to such broadcasts. 

RMA NAMES INDUSTRY REPRESENTATIVES 
TO SLATE INTERNATIONAL TV EXHIBITS 

The Radio Manufacturer's Association, 
in response to a request of the U.S. State 
Department, has designated industry repre-
sentatives to assist the Government in ar-
ranging for an international demonstration 
of American television in this country be-
tween March 27 and April 7. The demon-
stration will also include exhibits of color 
television, according to an announcement 
by Donald S. Parris, of the Office of Inter-
national Trade. 
The demonstration will be conducted for 

a group of European technicians comprising 
Study Group 11 of the International Radio 
Consultative Committee, which met last 
July in Switzerland to consider international 
television standards. 
The following nations are members of 

the Study Group: Austria, Belgium, Czecho-
slovakia, Denmark, France, Hungary, Italy, 

the  Netherlands,  Sweden,  Switzerland, 
United Kingdom, Yugoslavia, and the 
United States. Following the television 
demonstrations in this country, the Study 
Group will visit Paris and Eindhoven for the 
French and Dutch demonstrations from 
April 20-25, and London for a British dem-
onstration from April 27—May 4. 
W. R. G. Baker, Director of the 

RMA engineering department, has made 
the following appointments: President, R. 
C. Cosgrove; Director, Larry F. Hardy, 
President of Radio and Television, Philco 
Corp., Philadelphia; Director, Allen B. 
Dumont, President of Allen B. DuMont 
Laboratories, Inc., Clifton, N. J.; Karl 
Phillippi, General Electric Co., New York, 
N. Y.; Director, J. B. Elliot, Vice-President, 
RCA Victor Division, Camden, N. J.; and 
V. S. Mameyeff, Chairman of the RMA 
Export Committee, of the Raytheon Manu-
facturing Co., New York, N. Y. 
RMA also recommended the following 

industry representatives to serve on an Ad-
niinistrative Subcommittee to be named by 
the State Department: Max F. Balcom, 
chairman of the RMA Television Committee 
and Vice-President of Sylvania Electric 
Products Inc., Emporium, Pa.; President 
Cosgrove;  Donald  G.  Fink, editor of 
Electronics, New York, N. Y.; Dr. DuMont 
and Mr. Philippi. 
The Technical Subcommittee held its 

first meeting on Tuesday, January 31, at 
the headquarters of The Institute of Radio 
Engineers in New York, N. Y. 

RADIO PROPAGATION LABORATORY TO 
MOVE TO BOULDER, COLORADO, SITE 

Approval has been given for the develop-
ment of a site at Boulder, Colo., for addi-
tional laboratory facilities for the National 
Bureau of Standards. The site will be used 
initially by the Bureau's Central Radio 
Propagation Laboratory. Laboratory facili-
ties costing $4,500,000 will be erected, with 
construction expecred to begin in the sum-
mer of 1951, NBS said. When the laboratory 
is completed, a research staff of 300 people 
will be employed, with most of them being 
transferred from the present staff in Wash-
ington. The Bureau's radio work is being 
carried on in three units: The ionospheric 
research laboratory, the system research 
laboratory, and the measurements standards 
laboratory. 

ARMY TO TEST TELEVISION FOR 
TRAINING RESERVE COMPONENTS 

The Army is presenting a series of eight 
experimental television programs designed 
to test television as a training medium for 
its Reserve Components, according to an 
announcement by General Mark W. Clark, 
Chief of Army Field Forces, Fort Monroe, 
Va. Time for the test programs, which began 
on February 9, has been donated by the 
Columbia Broadcasting System. General 
Clark emphasized that these are test training 
programs, the results of which will be studied 
in determining the possibility of using tele-
vision as a training medium. 
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IRE People 

Samuel Lubkin (SM'46), formerly con-
sultant to the National Bureau of Standards, 
will head a new company, The Electronic 
Computer Corporation of Brooklyn, N. Y., 
which has been formed to meet the demand 
for companies specializing in electronic digi-
tal computers. 
Dr. Lubkin's work with the National Bu-

reau of Standards was concerned with the 
mathematical, logical, and engineering phase 
of electronic digital computers. He is one of 
the leading authorities of this highly special-

, ized subject. Before his association with the 
NBS, Dr. Lubkin was in charge of the digital 
computer group of the Reeves Instrument 
Corporation, on loan to the Moore School of 
the University of Pennsylvania as consultant 
in the design of their EDVAC; and engineer 
in charge of computing machines at the Bal-
listics Research Laboratories, Aberdeen 
Proving Ground. As president of the Elec-
tronic Computer Corporation, Dr. Lubkin 
will actively direct and supervise production 
of both general purpose and special purpose 
computers and associated components. The 
company also will engage in research and 
consultancy in the field. 

Al 

Benedict K. V. French (A'24-M'30-SM-
'43), has been appointed application engineer 
of the Electronic Parts Division of Allen B. 
DuMont Laboratories, Inc., at East Pater-
son, N. J. He will collaborate with engineers 
and production men of various TV set man-
ufacturers in fitting DuMont components to 
their assemblies. 
Mr. French began his radio career in 

1923 with Federal Telegraph and Telephone 
Co. as development engineer. Later he was 
with American Bosch in its development of 
the first all-wave radio sets, auto radios, and 
personal type receivers; with RCA's License 
Division Laboratory; and later with Case 
Electric as chief engineer. 
While associated with P. R. Mallory Co. 

in 1937-1946 he was instrumental in the de-
velopment of the Mallory-Ware Inductuner, 
now incorporated in the Du Mont Inputuner 
used in DuMont and other quality TV sets. 
He was responsible for the introduction of 
push-button station selection and wave-
band switching. 
During World War I he served on the 

joint Army-Navy Standardization Board, 
and late in 1944 he became supervisor of 
Mallory research for the development of the 
mercury-type dry battery extensively used in 
armed forces radio equipment. 

Harold B. Rothrock (A'37-VA'39) has 
established an office in the Citizens Bank 
Building, Bedford, Ind., where he will con-
tinue the practice of consulting radio en-
gineering. 

Karl G.  Jansky (A'28-M'34-
SM'43-F'47), of the technical staff of 
Bell Telephone Laboratories, Inc., 
who as a radio engineer became world-
famous for his discovery of radio 
waves emanating from interstellar 
space, died recently. 
Born 44 years ago in Norman, 

Okla., he was a son of Cyril M. 
Jansky, now professor emeritus of 
electrical engineering at the Univer-
sity of Wisconsin. Mr. Jansky re-
ceived the B.S. degree from that uni-
versity in 1927 and the M.A. degree 
in 1936. He was a member of Phi 
Beta Kappa, honor society, and Phi 
Kappa Phi and Phi Sigma Phi fra-
ternities. 
Mr. Jansky was an expert on radio 

transmission and particularly on at-
mospherics and other forms of inter-
ference. He was also known for his 
studies of noise in amplifiers and re-
ceivers, and for the design of several 
types of wide-band amplifiers. His 
work was done at the Holmdel, N.J., 
installation of Bell Laboratories. 
Recently he received an Army-

Navy Certificate of Appreciation for 
his work on radio direction finders in 
the second World War. He was made 
a Fellow of the Institute for his "re 
searches in the realm of cosmic and 
circuit noise affecting radio corn 
munica don." 

B. Ray Cummings (A'18-M'20-
SM'43) of Fort Wayne, Ind., died re-
cently. He was born on September 
5, 1891, at Lancaster, Pa. 
Mr. Cummings, who was gradu-

ated from Columbia University in 
1917, was with the United States 
Navy. He was in charge of the design 
and production of spark transmitters 
and associated apparatus for vessels 
of the U.S. Navy and Emergency 
Fleet Corp. until June, 1919. Then he 
was placed in charge of the Trans-
mitter Laboratory at the Navy Yard, 
Washington, D. C., where he was 
responsible for the test and design of 
radio transmitters for Naval vessels, 
including transmitter of arc, spark, 
and valve types. 

Ralph Hackbusch (A'26-M'30-F'37), 
president and managing director of Strom-
berg-Carlson Co., Ltd., Canada, was elected 
president of the Canadian Radio Technical 
Planning Board at the fifth annual meeting 
of the group. 

C. Paul Young (A'37-SM'46) has been 
appointed government sales manager of the 
Industrial Division of Philco Corporation. 
After two years as a development engineer 
in the communications field, Mr. Young 
joined Philco in July, 1933. 
During the war he was given a leave of 

absence to serve in the Electronic Division, 
Bureau of Ships, Navy Department, where 
he was engaged in airborne radar design 
work. He returned to Philco in November, 
1945, as a sales engineer to develop the com-
pany's research and engineering contract 
work. 
Mr. Young received the B.S. and M.S. 

degrees in electrical engineering from the 
University of Pennsylvania. 
In his new position he will be responsible 

for customer relations and contract negoti-
ations for commercial products, microwave 
relays for television and communications, 
television studio equipment, Loran, and 
other communications equipment. 

Vladimir K. Zworykin (M'30-F'48), di-
rector of electronic research, vice-presi-
dent and technical consultant, RCA Lab-
oratories Division, Princeton, N. J., has been 
inducted into Eta Kappa Nu Association, 
the national electrical engineering honor 
society. Mr. Zworykin was honored at the 
Recognition Award Dinner held in New 
York City recently. 

James H. Ludwig (A'37-VA'39-
‘41'48), president and treasurer of 
the Control Engineering Corpora-
tion, Canton, Mass., died recently. 
Mr. Ludwig was born on February 
1, 1914, in Illinois. 
He was graduated from Albion 

I ligh School, and received the A.B. 
degree from Albion College in 1935. 
Mr. Ludwig earned the M.S. de-
gree in physics at the University of 
Michigan in 1936. 
He was associated with Philco 

Radio and Television Corp. during 
1936 until 1938, and then trans-
ferred to RCA Victor at Camden, 
N. J., where he took part in radio 
engineering on commercial and 
government equipments. From 1944 
until 1948 he was affiliated with 
Raytheon  Manufacturing  Co., 
Waltham, Mass., as department 
manager of an engineering group of 
approximately 120 people concerned 
with the Navy contracts on guided 
missiles. 
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Harold W. Schaefer (A'44) has been 
appointed a special assistant at the Philco 
Corporation. Mr. Schaefer has been active 
as a radio, electronics, and television en-
gineer for the past 24 years. He will handle 
special duties in connection with research 
and engineering for the Philo) Television 
and Radio Division. 
Mr. Schaefer had been assistant manager 

of the Westinghouse Home Radio Division 
since 1944. He was also in charge of product 
development and director of research and 
engineering on radio and television receivers. 
He commenced his career in the industry 
with Grigsby-Grunow in 1926, and made 
several basic contributions to the design 
and production of radio sets. During the 
second World War, Mr. Schaefer served at 
the Applied Physics Laboratory of The 
Johns Hopkins University, where under 
OSRD he had charge of engineering produc-
tion of the "VT" proximity fuze. 
Mr. Schaefer attended the University 

of Chicago and Lewis Institute. 

Commodore John V. Murphy 
(SM'47), USN, retired, of Arling-
ton, Va., died recently, He was a 
native of Texas, where he was born 
on June 12, 1893. 
A graduate of Brownwood High 

School, Texas, the deceased earned 
the B.S. degree from the United 
States Naval Academy in 1917. He 
received the M.S. degree in 1924 
from Yale University. 
Upon his retirement from the 

Navy, he was associated during 1946 
and 1947 with the Collins Radio 
Company as executive sales mana-
ger. From 1943 until 1945 he was 
deputy director of Naval Communi-
cations with the U. S. Navy Depart-
ment, and formerly had headed the 
Radio Engineering and Communi-
cation Engineering Graduate School 
of the U. S. Naval Academy. 

Walter Weiss (A'41) has been elected 
vice-president of the Hickok Instrument 
Company of Cleveland, Ohio, whose elec-
tronic division he started. Mr. Weiss is a 
graduate of the University of Southern 
California. 
Following his graduation, he taught 

aeronautical engineering at East Technical 
High School, and then became associated 
with the General Electric Co. Prior to his 
association with Hickok Instrument Com-
pany, he had formed the Weiss Develop-
ment Co. 
Mr. Weiss is a member of the American 

Institute of Electrical Engineers and of Beta 
Kappa Nu honorary fraternity. 

Roger M. Wise (A'26-M'30-
F'37), an authority on radio vacu-
um tubes, died recently at Temple 
University hospital. For the past 
year since his own firm, Roger M. 
Wise, Inc., was acquired by Philc° 
Corp., Mr. Wise had served as a 
special consultant on vacuum tubes 
for Phi!co. He was a nationally 
recognized authority in his field, and 
was widely known in the radio and 
television industry with which he 
had been associated for almost 
thirty years. 
During World War II, Mr. Wise 

was honored with the Presidential 
Citation of Merit for his engineering 
work on the radio-proximity fuze. 
The invention is believed to have 
civilian value in the production of 
pocket radios and improved hearing 
aids, and in radar installations on 
airplanes. 
Born at Fort Wayne, Ind., I), 

served as chief electrician in radio 
in the U. S. Navy from 1917 to 
1918, and then attended the Uiui 
versity of California. 
He was chief engineer of tin 

Remler Manufacturing Company 
and E. T. Cunningham of San 
Francisco and New York from 1922 
to 1929. Then he was affiliated 
with Sylvania Electric Products 
Inc., and became successively chief 
engineer, director of engineering, 
and vice-president in charge of en-
gineering, serving in the latter ca-
pacity until 1946. 
He inaugurated a program for 

the development of a 6.3-volt tube 
for automobile radios, a 1.4-volt 
tube for portable radios, and the 
"lock in" group of tubes. 

George 0. Milne (M'43-SM'43), 
director of technical operations, 
American Broadcasting Company, 
Inc., died recently. A resident of 
Wood-Ridge, N. J., Mr. Milne had 
been in radio work since 1923. 
As a boy Mr. Milne experi-

mented with crystal radio sets and 
later studied at the \1estern Elec-
tric installation school. In 1923 he 
became a maintenance man for sta-
tion WEAF, New York, N. Y. He 
was made control supervisor in 1927 
and operations supervisor the fol-
lowing year. Mr. Milne became divi-
sion engineer for the National 
Broadcasting Company in 1930, re-
maining there until 1942 when he 
joined the ABC. 

Cyril E. Maitland (A'47), who had been 
director and proprietor of Maitland Elec-
tronic Company of Harrow, Middlesex, 
England, died recently. Born in England on 
August 9, 1906, Mr. Maitland was educated 
at Harrow County School and Northampton 
Engineering College. He received the B.S. 
degree from London University in 1927. 
He became associated with Baird Tele-

vision in 1936, in charge of research into uhf 
television relaying via concentric cables. In 
1941 he was placed in charge of Research and 
Development Laboratory for the MuHard 
Radio Valve Co. on miniature components. 
Prior to the establishment of Maitland 

Electronic Company, and his consultant 
work on production of experimental and pro-
totype models for electronic applications, he 
was engaged in technical liaison with re-
search laboratories and government depart-
ments of A. C. Cosser Ltd. 

Gaylord E. Durham (A'44), studio 
field  engineer  of  the  American 
Broadcasting Company of Hollywood, 
Calif., died recently. 
Formerly he had been associated 
ith the U.S. Navy Radio and Sound 
Laboratory, Point Loma, Calif., as an 
associate engineer. From 1940 until 
1943 he was chief engineer of KFSD, 
a station with which he had been as-
sociated since 1938. Previously he had 
been with Aztech Radio Tech at San 
Diego, Calif. 
Mr. Durham was born on March 

18, 1898, in Kansas. 

Bernard Eichwald (S'41-A'42-M'46), 
chief engineer of B. Eichwald and Com-
pany, Inc., of New York, N. Y., has been 
elected vice-president of the company by 
the Board of Directors. 
He began his career with the electrical 

engineering and contracting firm in 1940. 
During 1941 he was associated with Federal 
Telegraph and Telephone Co., working on 
radio transmitters for the U. S. Army Signal 
Corps and direction finders for the CAA 
Mr. Eichwald, who was born May 7, 

1921, in New York, N. Y., is a graduate of 
James Madision High School, Brooklyn, 
N. Y., and of Rensselaer Polytechnic Insti-
tute, Troy, N. Y., receiving a bachelor of 
science degree in electrical engineering in 
1942. 

Frederic P. Fischer (M'46-SNI'49) has 
been appointed as professor and head of the 
department of electrical engineering of the 
University of Buffalo, effective February 
1, 1950. Formerly, he was an associate pro-
fessor of electrical engineering at the Uni-
versity of Connecticut. 
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Theory of Oscillations, by A. A. Andronow 
and C. E. Chaikin 

Published (1949) by Princeton University Press, 
Princeton. N. J. 336 pages +7-page index +10-page 
appendix +ix pages. 309 pages. 9 X6. $6.00. 

This book was published originally in 
Russia in 1937, and is appearing now as an 
edited translation made by a group at 
Princeton University. A portion of the book 
already has been available in the work of 
N. Nlinorsky, "Nonlinear Mechanics," first 
published as a wartime report. 
In the book is presented the basic math-

ematics relating to the theory of nonlinear 
oscillatory systems. The treatment begins 
with a discussion of linear systems and the 
graphical representation of their perform-
ance as trajectories on the phase plane. 
Nonlinear systems, first conservative and 
then nonconservatives, are considered next, 
still using primarily the technique of the 
phase plane. In this way, the reader is given 
a real picture of what is happening in the 
physical system and is led smoothly from 
familiar phenomena to that which is new to 
him. Later chapters are concerned with ana-
lytical methods for attacking the nonlinear 
problems, including particularly such points 
as the stability of the system and the ap-
pearance of limit cycles in the trajectories of 
the phase plans. 
Throughout the book a number of physi-

cal examples are given, originating as sys-
tems both mechanical and electrical in na-
ture. The interested reader will discover 
treatments of such diverse items as the clok, 
the Prony brake, parallel generators, sin-
usoidal oscillators, relaxation oscillators, 
and feedback amplifiers. The engineer may 
find that he is familiar with the physical 
phenomena described, but has not been 
aware of all that actually is taking place. 
Many figures serve to illustrate the mathe-
matics. 
The book is recommended to all those 

who are interested in learning more about 
the basic analysis of nonlinear oscillating 
systems and the differential equations that 
describe them. 

W. J. CUNNINGHAM 
Yale University 

New Haven, Conn. 

TV Picture Projection and Enlargement, by 
Allan Lytel 

Published (1949) by John F. Rider Publisher, Inc., 
480 Canal St.. New York 13. N. V. 174 pages +3-page 
Index +2-page bibliography +ix pages. 51 X8 I. 0.30. 

To the radio and television service man, 
Rider publications, of which this book is 
one, are known for their completeness and 
helpfulness. The present book deals with a 
subject never before associated with home 
radio:Optics. With the exception of the first 
two theoretical chapters on Properties of 

Light and Refraction and Lenses, the aver-
age TV service man will find it easy to follow 
the clear exposition of such subjects as: The 
Television Picture, Schmidt System, Refrac-
tive Projection, and the more speculative 
systems for theatre television, the Skiatron 
and Sypersonic Systems. For the student 
there is a list of review questions following 
each chapter. 
Optical servicing notes are given for these 

commercial  television  projection  sets: 
PhiIco, Scott, G. E. Co., RCA, both home 
models and TL586 large screen, Television 
Assembly Co., U. S. Television Mfg. Corp., 
and Spellman. The electrical circuits of the 
receivers are not discussed. 
Less than 5 per cent of television sets are 

of the projection type, but if I were a service 
man contemplating adjustment of one of 
these and had the opportunity to read thi.s. 
book—it does not take long—I would ap-
proach the job with a feeling of superiority 
that comes from knowing fundamentals. 
But, frankly, I believe that I could service 
the optics of the set just as well if I had read 
only the manufacturer's service instructions. 

ALBERT F. M URRAY 
4707 Windom Pl. 

Washington 16, D. C 

Description of a Relay Calculator, by the 
Staff of the Computation Laboratory 

Published (1949) by the Harvard University Press, 
Cambridge. Mass. 264 pages +51-page index +xvi 
pages +37-page appendix. 219 figures. 8X101. $8.00. 

The Harvard Computation Laboratory, 
under the direction of Professor H. H. Aiken, 
has designed and constructed three large-
scale digital calculators. The first of these, 
Mark 1, was described in Volume I of the 
Annuals of the Computation Laboratory. 
The book under review is Volume 24 in the 
series and describes the Mark II calculator, 
which is now in use at the Dahlgren Naval 
Proving Ground. The recently completed 
Mark III, largely an electronic rather than 
relay calculator, will be covered in a later 
volume. 
The Mark II contains some 13,000 relays 

and is controlled by a routine from punched 
tape. The speed of elementary operations is 
as follows: addition, 0.2 sec.; multiplication, 
0.7 sec.; division, 4.7 sec.; tape reading, 1.5 
sec.; determination of elementary functions, 
5-10 sec. Numbers are represented by the 
"floating-decimal" method, i.e. tp • 10̂ with 
p given to ten significant figures and n rang-
ing from —15 to +15. The machine is di-
vided into two identical parts which can be 
used either independently for two problems 
or together for one. 
After describing the general functional 

organization of the calculator, each of the 
components is treated in detail down to in-
dividual circuit diagrams. The relay circuits 
involved are often ingenious and exhibit 
nicely the amazing versatility of these de-

ments. The final chapters deal with opera-
tion and problem preparation for the ma-
chine. Various general observations scat-
tered through the text will be of interest, for 
example, the statement that number trans-
fers, additions, and multiplications occur in 
the approximate ratio 3:2:1. 
The book is well illustrated and the style 

clear and straightforward, if perhaps a trifle 
dry. Those interested in the design and op-
eration of computers will find it a valuable 
reference volume, not only in connection 
with the Mark II calculator, but also with 
regard to general questions of programming, 
checking, and methods of implementation 
that arise with any computer. 

CLAUDE E. SHANNON 
Bell Telephone Laboratories. Inc. 

Murray Hill, N. J. 

Communication Circuits, by Lawrence A. 
Ware and Henry R. Reed, Third Edition 

Published (1949) by John Wiley and Sons. Inc.. 
440 Fourth Ave., New York, N. V.. 396 pages +5-
page index +x pages. 201 figures 6 X9. $5.00. 

This is a very good book "intended as 
first-course material for all students of com-
munication engineering, regardless of the 
frequency range with which they will be con-
cerned." The material is limited to lumped 
networks and transmission lines. No active 
circuits are included. For the field covered, 
the choice of material is good. Furthermore, 
the relationship of high-frequency to low-fre-
quency concepts is well shown. 
Starting with the fundamental concept of 

elements of inductance, capacitance, resist-
ance, and conductance, the authors derive 
elementary network theory in a highly satis-
factory fashion, showing the detailed alge-
braic steps but not stopping there. Appen-
dices develop hyperbolic and Bessel functions 
as well as Maxwell's equations. It is encour-
aging to see the professors of at least some 
schools equalling the students' lack of fear of 
mathematics. 
Lines with uniformly distributed param-

eters, filters, waveguides, and coaxial lines 
are developed in the body of the book. These 
last are developed by means of field theory. 
A sufficient use of Maxwell's equations is 
made to give the student some facility with 
them as a background for advanced work. 
It seems trivial to note that the book is 

not a good reference book. All the adverse 
opinions I have heard are from those using 
the book as such. The authors have not com-
pletely eliminated some of the informalities 
complained of by Mr. Wilson in reviewing 
the Second Edition. 
These are minor comments, however. In 

the main, the authors are to be congratu-
lated on a job well done. 

KNOX MCILWAIN 
Hazeltine Electronics Corp. 

Little Neck, L. I. N. Y. 
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Books (continued) 

The Motion Picture Theatre-Planning and 
Upkeep, Edited by Helen M. Stote 

Published (1948) by Society of Motion Picture 
Engineers. Inc., 342 Madison 'Ave.. New York 17, 
N. Y. 429 pages +158 figures. 9 X61. moo. 

This book "offers the entire motion pic-
ture industry an opportunity to read or re-
view all of the technical papers and the en-
suing discussions as they took place at the 
Conference on Theater Design" held in New 
York, October 20-24, 1947. 
The topics covered include an introduc-

tion on the advancement of motion picture 
theater design and the psychology of the 
theater; and sections on the physical con-
struction of the theater, auditorium design, 
ventilating and air conditioning, acoustics, 
lighting, floor coverings, promotional dis-
play and television. Most of the papers in 
this collection are by recognized leaders in 
the field, and for that reason are worthy of 
careful study. 
My chief objection to this book is the 

title. The reader is led by it into thinking 
that the book can be used as a guide to good 
theater design. The nature of the papers, 
however, is such as to cover only a portion of 
the design factors and to do this in a non-
integrated way. My suggestion for a title to 
this book would be, "Symposium on the 
Motion Picture Theater—Planning—Up-
keep." Such a title would signal from the 
start that the book is a collection of program 
papers. 
In illustration of this, the section on 

Acoustic Design unfortunately gives an un-
balanced picture. Three papers are con-
tained, which by title would seem to cover 
the acoustical design factors for moving 
picture theaters. The first paper presents 
rules in regard to cubic foot volume in rela-
tion to number of seats, the reverberation 
time at 512 cycles as a function of room 
volume, and the ratio of reverberation time 
at any frequency to reverberation time at 
512 cycles. Also, it treats briefly the problem 
of internal shaping. The second paper gives 
a useful listing of the various factors con-
tributing to noise in the theater. The third 
paper briefly describes two main categories 
of acoustical material. Also, a new method 
for measuring absorption coefficients of ma-
terials and the effects of painting some ma-
terials is treated. 
No mention is made of the controversy 

that has been going on in the SMPE in re-
gard to the difference between the published 
optimum values of reverberation time and 
the reverberation time found in actual mov-
ing picture theaters in this country and in 
Europe. Also, there is no description of the 
selection and design of acoustical materials 
or resonators which will produce the opti-
mum reverberation characteristics suggested 
in these papers. Furthermore, of the two 
examples shown of theater design, only one 
is a movie theater; the other one is used for 
orchestra and organ and necessarily is some-
what different from good motion picture 
theater design. In spite of thes.e comments, 
the three papers contained much material 

of value and are well worth reading. 
The other sections of the book make in-

teresting reading for someone like myself 
who has not encountered the moving picture 
theater problem as a whole before. It seems 
very probable to me that my comments in 
regard to the section on acoustics are also 
applicable to other sections of the book. 

LEO L. BERANEK 
Acoustics Laboratory 

Massachusetts Institute of Technology 
Cambridge 39. Mass. 

Reference Data for Radio Engineers, Third 
Edition 

Published (1949) by Federal Telephone and Radio 
Corporation, an association of International Tele-
phone and Telegraph Corporation. 67 Broad St.. 
New York 4, N. Y. 640 pages +28-page index+345 
figures. 81 X51. $3.75. 

The third edition of this popular hand-
book of general information on radio matters 
represents a notable increase in contents 
over previous editions. It is now three times 
the size of the first edition, and consists of a 
compilation of well-chosen design informa-
tion in the way of physical, mathematical 
and electrical formulas, constants, charts, 
etc. 
Earlier editions have been well received 

by engineers, even those in fields only re-
motely associated with electronic matters, 
and it is rapidly becoming the standard-
reference book of the industry. 
The new material includes many nomo-

graphic charts, graphs and diagrams, and an 
extensive compilation of the characteristics 
of most insulating materials at various fre-
quencies. A substantial section on high-
frequency tubes, of the traveling-wave, 
klystron, magnetron, cathode-ray, etc., 
types and on tube-circuit design methods for 
various applications is also a new addition. 
Among many other added features are: 
radar fundamentals, filter-network design, 
Laplace transforms, electroacoustics, servo-
mechanism fundamentals, multivibrators 
and special oscillators. 

RALPH R. BATCHER 
Tele-Tech 

480 Lexington Ave. 
New York. N. V. 

Fundamentals of Vacuum Tubes, by Austin 
V. Eastman 
Published (1949) by McGraw-Hill Book Com-

pany. 330 West 42 St.. New York 18. N. Y. 600 
pages +4-page index +30-page appendices +xxi pages. 
462 figures 9 X6. $5.50. 

This is the third edition of this well-
known text, intended primarily for the use of 
senior electrical students in an engineering 
college, and consequently the background of 
experience gained by the author has been 
brought to bear in rearranging and clarifying 
the presentation. As in previous editions, the 
title is perhaps slightly misleading because 
the main emphasis appears, as probably it 
should in a text designed for general class-
room use in electrical engineering courses, to 

be directed more particularly to the uses of 
vacuum tubes than to the physical proper-
ties of the tubes themselves. In this aspect, 
therefore, vacuum-tube circuits are dealt 
with in a wide variety of forms. For example, 
Part I, which is entitled "Basic Concepts," 
comprises some 160 pages whereas Part II, 
"Applications and Circuits," contains 437 
pages. An interesting feature of the book is 
an appendix containing a list of definitions 
and graphic symbols. 
Generally speaking, the presentation is 

clear and accurate. In a few cases the at-
tempt to avoid some of the more compli-
cated phases of the subjects discussed has led 
to the use of abbreviated statements that 
could be misleading, as, for example, the 
statement on page 559 concerning pulse 
modulation that, "As in frequency and phase 
modulation, however, the increased band-
width is accompanied by a marked improve-
ment in signal-to-noise ratio." 
The author frankly states that, after con-

sideration, the subject of special tubes and 
circuits for ultra-high-frequency uses has 
been omitted as demanding either a seriously 
curtailed treatment or an undesirably long 
book. On the horns of such a dilemma, the 
decision to omit the material entirely may be 
justified, although it would be interesting to 
see, in the event that a fourth edition were 
ever to appear, whether a way would not 
have been found to include the material. 
As with most of the recently written col-

lege texts on vacuum tubes and their circuits, 
the reviewer has looked in vain for even a 
brief section entitled "Telephone Repeat-
ers." 

FREDERICK B. LLE WELLYN 
Bell Telephone Laboratories. Inc. 

463 West Street 
New Ylrk 14. N. Y 

Radio Operator's License Q&A Manual, by 
Milton Kaufman 

Published (1950) by John F. Rider Publisher. Inc.. 
480 Canal Street. New York 13. N. Y. 608 pages. 
51 X81. $6.00. 

Based on the latest Government Study 
Guide and supplementary FCC releases, this 
new volume lists the questions and answers 
to past FCC examinations, and presents a 
detailed discussion of answers for more com-
plete understanding of technical questions. 
It is profusely illustrated. A feature of the 
book is the appendices (Small Vessel Di-
rection Finders and Automatic Alarm), 
never before available in a book of this type. 
Intended for both the student reader and 

the radio operator, the books covers the fol-
lowing chapter headings: Elements I, II, III, 
IV, V. VI, Amateur Radio Questions and 
Answers, Q&A for Classes A, B, and C Radio 
License, Rules Governing Amateur Radio, 
Appendix I, Part 13, Appendix II, Extracts 
from Radio Laws, Appendix III, Conven-
tional Abbreviations, International Morse 
Code, Appendix IV, Small Vessel Direction 
Finders, Appendix V, Automatic Alarm— 
Complete Index. 
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ACOUSTICS AND AUDIO FREQUENCIES 

016:534  521 
References to Contemporary Papers on 

Acoustics —A. Taber Jones. (Jour. Acous. Soc. 
Amer., vol. 21, pp. 639-646; November, 1949.) 
Continuation of 1 of February. 

534.121.1  522 
Vibration of a Metal Plate in a Sound 

Field—T. Vogel. (Jour. Phys. Radium, vol. 
7, pp. 193-201; July, 1946.) The theory of 
acoustic transparency is discussed and an 
approximate expression is derived for the 
transparency of a plate for excitation fre-
quencies considerably different from its funda-
mental resonance frequency. A method is 
described for the measurement of trans-
parency. Results obtained for four Al plates, 
of thickness 1 mm and of sizes from 2 mX 1 m 
to 33 cm X25 cm, confirm the theory given 
but are not in agreement with the theory of 
Davis (1933 Abstracts, p. 219), especially for 
the smaller plates. 

534.21  523 
General Expression for Huyghens' Prin-

ciple for Attenuated Propagation of Longi-
tudinal Waves -J. Brodin. (Compt. Rend. 
Acad. Sci. (Paris), vol. 229, pp. 989-991; 
November 14, 1949.) It is required to deter-
mine a surface distribution of sources on a 
closed surface S which produces the same wave 
outside S as a given distribution of sources 
inside S. If the medium is imperfectly trans-
parent, the solution Is not unique; the general 
solution involves a single-layer distribution 
and a double-layer distribution over S, one of 
these layers being arbitrary. Among these 
solutions, however, only one gives no wave 
Inside S. See also 712 below. 

The Annual Index to these Abstracts and References, covering those pub-
lished in the PROC. I.R.E. from February, 194,9 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. 

534.213  524 
The Acoustic Characteristics of Conical 

Pipes - M. Mokhtar and G. A. Messih. (Proc. 
Phys. Soc., vol. 62, pp. 793-799; December 1, 
1949.) Experimental investigation of slightly 
tapered pipes to determine end corrections 
and the variation of velocity and pressure along. 
the pipe. The resonance frequencies are in fair 
agreement  with  the  theoretical  formula 
kr=- —tan kl (r= throat radius, 1= slant length, 
and k=4.1/c, where c is the velocity of sound). 
The nodes are not equidistant and pressure at 
the nodes is not zero. The end correction is 
given approximately by the empirical expres-
sion 0.6r+(0.61-2100/n) sin 0, where n is the 
resonance frequency and 0 the semi-apical 
angle of the cone. . 

534.231:534.121.1  525 
Pressure Distribution in the Acoustical 

Field Excited by a Vibrating Plate —J. Pach-
ner. (Jour. Acous. Soc. Amer., vol. 21, pp. 617-
625; November, 1949.) The computed distri-
bution is based on an exact expression for the 
form of the vibrations in the circular plate, and 
is valid at distances from the center of the plate 
greater than 10-20 times its radius. A short 
survey of the theory of forced vibrations is 

included. 

534.321.7: 621.396.615.11  526 
Tone Source for Tuning Musical Instru-

ments —E. L. Kent. (Electronics, vol. 22, pp. 
164, 166; December, 1949.) A Hartley oscil-
lator produces two alternative timbres for the 
notes A and BP, the semitone relation being 
retained irrespective of the setting of a control 
for the frequency of A in the range 435-
445 cps. 

534.321.7.08  527 
International Standard Musical Pitch —L. 

S. Lloyd. (Jour. R. Soc. Arts, vol. 98, pp. 74-
85; December 16, 1949. Discussion, pp. 86-89.) 
A verbatim report of a paper read before the 
Society on November 16, 1949. The history of 
the adoption of standard pitch is traced from 
the French decree of 1858 to the British Stand-
ards publication B.S. 880/49 of July, 1949, 
which defines the international standard of 
concert pitch to be based on a frequency of 
440 cps for the note A in the treble clef. 

534.321.9  528 
Measurements on the Absorption of Ultra-

sonicsin Water—A. van Itterbeek and P. Sloot-
makers. (Physica,'s Gray., vol. 15, pp. 897-905; 
October, 1949. In English.) A balance method 
was used, at a frequency of 1500 kc. If a is 
the absorption coefficient and v the frequency, 
a/v1=55X10-17  sec' per cm at 22° C, which 
agrees well with the value obtained for fre-
quencies over 10 Mc. Absorption in a NaCl 
solution was also measured as a function of 
concentration. 

534.321.9  529 
Scattering of an Underwater Ultrasonic 

Beam from Liquid Cylindrical Obstacles —P. 
Tamarkin. (Jour. Acous. Soc. Amer., vol. 21, 
pp. 612-616; November, 1949.) Long summary 
of part of a thes:3. 

534.42+538.561  530 
Production and Observation of High Fre-

quencies due to Combination of Several Low 
Frequencies--Dolinski. (See 560.) 

534.612.4  531 
The Plane Wave Reciprocity Parameter 

and Its Application to the Calibration of Elec-
troacoustic Transducers at Close Distances — 
B. D. Simmons and R. J. Crick. (Jour. Acous. 
Soc. Amer., vol. 21, pp. 633-635; November, 
1949.) "The reciprocity parameter for a plane 
wave sound field is shown to be equal to 2A/pc, 
where A is the area of the plane piston source 
and pc the characteristic acoustic resistance 
of the medium. It is shown experimentally 
that the sound field in front of a plane piston 
source is effectively plane over a distance ap-
proximately equal to A/X, and that in such a 
region the plane wave parameter may be used 
to obtain a free-field calibration of the trans-
ducer by the reciprocity method." 

534.78  532 
Theory of Speech Masking by Reverbera-

tion —R. II. Bolt and A. D. MacDonald. 
(Jour. Acous. Soc. Amer., vol. 21, pp. 577-
580; November, 1949.) A general statistical 
theory, in which speech is regarded as a series 
of discrete pulses distributed over a 30-db 
range in sound-pressure level in a given fre-
quency band. 

534.843  533 
Acoustics of Rooms— M. A. S. Ross. (Na-

ture (London),  vol. 164,  pp. 1080-1081; 
December 24, 1949.) Summary of a course of 
6 lectures by R. H. Bolt, which included re-
views of accepted theory, recent progress, and 
problems requiring further investigation. 

534.844.4  534 
Problems of Sound in Large Halls with 

Strong  Reverberation —T. S. Korn.  (HF 
(Brussels), No. 4, pp. 103-108; 1949. In French, 
with English summary.) Reasons for reduced 
intelligibility in certain halls are discussed. 
The simplifications generally accepted for the 
acoustic study of halls do not apply when the 
reverberation time is large. Methods for re-
ducing the reverberation effect are discussed 
and an 'apparent reverberation time' is intro-
duced, in which account is taken of the dura-
tion of the exciting sound. The most effective 
procedure for reducing reverberation is to 
increase as far as possible the intensity of the 
direct wave relative to that of the reflected 
wave. 
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534.86: 621.396.619.13:621.396.712  535 
A Demonstration of Experimental F. M. 

Broadcast Transmitting and Receiving Equip-
ment — W. W. Honnor. (Proc. I.R.E. (A ust ra I ia), 
vol. 10, pp. 35-41; February, 1949.) 1948 
Australian I.R.E. Convention paper. The 
equipment is described and an analysis of a 
listening test is given. The results indicate that 
FM broadcasting transmissions, if reproduced 
by high-quality receivers, will be more ac-
ceptable to the majority of listeners than the 
service provided by the existing AM medium-
frequency  system,  if conventional  super-
heterodyne receivers are used. 

621.395.61/.62 536 
A Low-Q Directional Magnetostrictive 

Electroacoustic Transducer—L. Camp and F. 
D. Wertz. (Jour. Aeons. Soc. Amer., vol. 21, 
p. 636; November, 1949.) Correction to 3022 
of 1949. 

621.395.61/.62  537 
Theory of Passive Linear Electroacoustic 

Transducers with Fixed Velocity Distribution 
—L. L. Foldy. (Jour. Acous. Soc. Amer., vol. 
21, pp. 595-604; November, 1949.) In previous 
papers (3559 of 1945 and 1990 of 1947) a 
general theory of transducers was developed. 
The special case of a fixed velocity distribution 
is now analyzed in simpler mathematical terms 
but in greater detail. The impedances, trans-
mitting and receiving responses, directional 
properties, and efficiency are considered, and 
the 'reciprocity' and 'available acoustic power' 
theorems are proved. Summary noted in 939 
of 1949. 

621.395.61 538 
Sensitivity and Fidelity of Microphones—J. 

Henry. (Radio Franc., No. 11, pp. 17-20; 
November, 1949.) Two applications of the 
principles of reaction are first outlined and two 
microphone circuits then described. The first 
circuit comprises a microphone of any type 
that may act as a variable impedance element 
in an oscillatory circuit, a high-frequency os-
cillator, a special type of quartz discriminator, 
and a frequency stabilizer. Using a capacitor 
microphone the low-frequency output available 
is of the order of 1 v compared with the normal 
10-100 my. The second arrangement is a reac-
tion system using a carbon microphone coupled 
mechanically to a telephone earpiece. This can 
give either a considerable increase in sensi-
tivity or in fidelity. . 

621.395.625+534.862.3/.4  539 
Some Factors Governing the Choice of a 

High-Quality Recording  and  Reproducing 
System—G. F. Dutton. (Proc. I.R.E. (Aus-
tralia), vol. 10,spp. 269-275; October, 1949.) A 
general discussion of the advantages and limi-
tations of film recording, the Philips-Miller 
system (mechanically engraved variable-area 
film), disc systems and magnetic-tape systems. 

621.395.625.2  540 
Modern Practice in Disc Recording —R. V. 

Southey. (Proc. I.R.E. (Australia), vol. 9, 
pp. 16-20; November, 1948.) A general survey, 
with special reference to needle-tip and groove 
dimensions, cross-over frequency, and fre-
quency correction. Recommended tip and 
groove dimensions for standardization are 
noted. 

621.395.625.2:534.86  541 
Some Problems of Disc Recording for 

Broadcasting Purposes —F. 0. Viol. (Proc. 
I.R.E. (Australia), vol. 10, pp. 42-47; Febru-
ary, 1949.) The advantages of disc recording 
are outlined and the best compromise for 
groove spacing and velocity and direction of 
cut for 16-in discs is discussed. A recom-
mended recording characteristic for general 

use is given. Recording heads and pickups 
suitable for cellulose-nitrate discs are also 
considered. 

621.396.619.23:621.396.615.11 
Warbler for Beat-Frequency 

Flanagan. (See 590.) 

621.396.645  543 
Description and Analysis of a New 50- Watt 

Amplifier Circuit— McIntosh and Gow. (See 
592.) 

542 
Oscillator-

621.396.645.37  544 
The Cathode Follower as Audio Power 

Amplifier—Sterling. (See 599.) 

681.84  545 
Designing a Portable Sound Projector —G. 

A. del Valle. (Elec. 111gl., vol. 44, pp. 74-79, 188; 
August, 1949.) The RCA 400 Junior model, 
for use with 16-mm sound film, weighs only 
46 lb with its loudspeaker. The sound amplifier 
has four stages, with inverse feedback, and 
gives up to 10 w sound output with less than 2 
per cent distortion, while frequency response 
varies by less than 5 db over the range 50-
5,000 cps. An intensity of 150 lumens is ob-
tained on the screen, using a standard 1,000-w 
lamp with forced-air cooling. The apparatus 
gives a class-room performance comparable 
with professional cinema standards and it does 
not require a skilled operator. 

681.85 546 
Some Aspects of Phonograph Pickup De-

sign— W. R. Nicholas. (Proc. I. R. E. (A ust ralia), 
vol. 10, pp. 63-73; March, 1949. Correction, 
vol. 10, p. 113.) A brief review is given of the 
properties of lateral disc records. The electrical 
and mechanical requirements to be met by a 
pickup are stated and a general treatment of 
the design of a typical magnetic pickup is 
given. The forces likely to be encountered at 
the stylus point are discussed and calculations 
are made for a particular type of magnetic 
pickup. Improved types are briefly described 
and their principal characteristics noted. 

• 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212:621.395+621.397  547 
Progress in Coaxial Telephone and Tele-

vision Systems—Abraham. (See 739.) 

621.392.22+621.392.26t  548 
A General Method of Solution for Non-

Uniform  Cylindrically  Symmetrical  Wave 
Fields—H. H. Meinke. (Z. Angew. Phys., 
vol. 1, pp. 509-516; October, 1949.) Continua-
tion of 1645 of 1948. The frequency dependence 
of the permeability la of the dielectric in the 
transformed system is determined by the 
Fourier coefficients in the expression for µ. To 
a first approximation the permeability in-
creases as the square of the frequency. The 
wave field of a cylindrically symmetrical non-
uniformity can be determined as soon as the 
electrostatic field distribution for the trans-
formed system and its equipotential lines are 
known. 

621.392.22:621.3.09  549 
Contribution to the Study of Propagation 

on a Heterogeneous Line—F. H. Raymond. 
(Jour. Phys. Radium, vol. 7, pp. 171-177; 
June, 1946.) Methods of solving the equations 
of propagation, due to Parocli (2149 of 1944) 
and to Raymond (2472 of 1946), are discussed. 
The coefficients of reflection and transmission 
are defined for the general case, and a solution 
is obtained by means of series. Steady-state 
conditions are considered; Laplace transforma-
tions can be used to apply the results obtained 
to transient conditions. The method of treat-
ment is applicable to coaxial cables with ir-

regularities which may give rise to echo signals, 
and to propagation in heterogeneous media. 

621.392.26t  550 
The Field in Non-Uniform Rectangular 

Waveguides with 1110-Wave Excitation —R. 
Piloty. Jr. (Z. Angew. Phys., vol. 1, pp. 490-
502; October, 1949.) Continuation of 31 of 
February. An approximation method of solu-
tion of the general equation is developed. See 
also 548 above. 

621.392.26t 551 
On the Input Impedance of a Waveguide 

beyond its  Cut-Off Frequency—A.  Briot. 
(ComPt. Rend. Acad. Sci. (Paris), vol. 229, 
pp. 1066-1068; November 21, 1949.) Brom-
wich's differential equation for the em field 
can be simplified in the case of a piston at-
tenuator, the excitation being longitudinal and 
periodic. Formulas are obtained for the im-
pedance for both electric and magnetic modes. 
The input impedance of a piston attenuator 
is imaginary, whatever the mode considered. 
It is capacitive for electric modes and induc-
tive for magnetic modes. Since the characteris-
tic impedance of a waveguide is a real quantity, 
a dissipative element should be placed in front 
of the attenuator to absorb reflected energy. 

621.392.26 t : 621.392.43 : 621.396.615.141.2 
552 

Determination of the Characteristics of 
Matching Circuits for a Magnetron Modu-
lator —J. Ortusi and  P. Fechner.  (Ann. 
Radioilec., vol. 4, pp. 295-314; October, 1949.) 
The characteristic impedances of waveguides 
are calculated for different types of wave, and 
the conditions for suppression of the stationary 
waves caused by the insertion of an active 
obstacle in the waveguide are considered in 
detail. A method is described for measurement 
of the reflection, transmission, and loss charac-
teristics of an active obstacle in a waveguide 
and, for the case of a magnetron modulator, 
the conditions are determined which are neces-
sary for the greatest possible variation of the 
impedance thrown back by the magnetron 
into the waveguide. See also 894 of 1949 
(Gutton and Ortusi) and 2140 of 1949. 

621.396.67 553 
Fundamental Limitations of Small An-

tennas —H. A. Wheeler. (Proc. I.R.E. (Aus-
tralia), vol. 10, pp. 47-52; February, 1949.1 
Reprint. See 1261...pf 1948. 

621.396.67  554 
Radiation Patterns and Gain of a Four-

Antenna Array located at the Corners of a 
Square around a Central Parasitic Antenna— 
G. Boudouris. (Jour. Brit. 1.R.E., vol. 9, pp. 
427-439; December, 1949.) Analysis assuming 
all are X/4 antennas grounded to a perfectly 
conducting plane. The impedance at the base 
of each antenna is calculated as a function of 
the length of the diagonal, and the horizontal 
and vertical radiation patterns are determined. 
These may have directional characteristics. 
By comparing the field produced by the array 
to the field produced by a single antenna for 
the same power input, the average increase in 
field is found as a function of the diagonal 
spacing. The maximum average increase is 
20 per cent and the maximum peak increase 
in certain directions 60 per cent. The effect of 
limited ground conductivity and the use of 
radiators shorter than X/4 are discussed. 

621.396.67  555 
Helical Beam Antenna Design Techniques 

—J. D. Kraus. (Communications, vol. 29, pp. 
6-9, 35; September, 1949.) Approximate formu-
las are derived for beam width, power gain, 
axial ratio and terminal resistance of a helix 
radiating in the axial mode, with angle of pitch 
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between 12° and 15°. The smaller angle gives 
a sharper main lobe for given axial length, 
while the larger angle gives a slightly smaller 
resistance variation throughout the frequency 
band. 

621.396.67:621.392.43  556 
Impedance  Transformation  in  Folded 

Dipoles —R. Guertler. (Proc. I.R.E. (Aus-
tralia), vol. 10, pp. 95-100; April, 1949.) The 
impedance of a folded dipole, relative to that 
of a simple dipole, may be adjusted by the 
use of conductors of different diameters for 
the separate elements. Increased impedance 
ratios can be obtained by the use of addi-
tional elements. Approximate formulas are 
developed for calculating the impedance ratio 
when the current ratio is known. Measure-
ments confirm the practical applicability of 
the formulas. 

621.396.67:621.397.62  557 
Quadrature Phased TV Receiving An-

tenna —(rele-Tech, vol. 8, pp. 36 37; Novem-
ber, 1949.) A capacitive phase shifter, with 
combined resistive and inductive detuning 
compensation, is used with two crossed hori-
zontal dipoles to provide variable directivity 
without rotation of the antenna system. Ori-
entation of one dipole can be used to minimize 
ghost effects. An outdoor and a built-in system 
are described. The whole U. S. television band 
is covered without switching. 

621.396.671 558 
The Predetermination of Antenna Charac-

teristics by Means of Models —R. D. Boadle. 
(Proc. I.R.E. (Australia), vol. 10, pp. 155-159; 
June, 1949.) Paper presented at the Australian 
IRE convention, Sydney, 1948. Description 
of equipment and technique, with results for 
a high-gain vertically polarized vhf antenna. 

621.396.67:621.396.9  559 
Radar  Scanners  and  Radomes  [Book 

Reviewl —Cady, ICarelitz, and Turner (See 
651.) 

CIRCUITS AND CIRCUIT ELEMENTS 

534.42+538.561 560 
Production and Observation of High Fre-

quencies due to Combination of Several Low 
Frequencies--S.  Dolinski.  (Compt. Rend. 
Acad. Sci. (Paris), vol. 229, pp. 812-814; 
October 24, 1949.) Suitable methods are de-
scribed for audio and radio frequencies. 

621.3.015.33:621.392  561 
Response  of  Circuits  to  Steady-State 

Pulses—D. L. NVaidelich. (Puoc. I.R.E., vol. 
37, pp.  1396-1401; December,  1949.) "A 
method of calculating the steady-state re-
sponse of circuits to repeated pulses is given 
using the method of the steady-state oper-
ational calculus. A short table of transforms 
which have been found useful in these calcula-
tions is also presented. The response of several 
basic circuits to these pulses is obtained and 
shown as calculated curves, and the calculated 
curves are then compared with curves obtained 
experimentally. These curves have been found 
to be very useful in adjusting circuits to be 
used with pulses. Several other possible appli-
cations are discussed." 

621.314.2:621.396.611.33/.34 562 
A Design for Double-Tuned Transformers 

—J. B. Rudd. (Proc. I.R.E. (Australia), vol. 
10, pp. 3-9; January, 1949.) 1948 Australian 
I.R.E. Convention paper. See 3063 of 1949. 

621.314.3t  563 
An Experimental Study of the Magnetic 

Amplifier and the Effects of Supply Frequency 
on Performance —E. II. Frost-Smith. (Jour. 

Brit. I.R.E., vol. 9, pp. 440-443; December, 
1949.) Discussion on 44 of February. 

621.314.3t  564 
On the Dynamics of the Self-Excited 

Series Transductor —M. Delattre and  K. 
Kiihnert. (Compt. Rend. Acad. Sci. (Paris), 
vol. 229, pp. 819-821; October 24, 1949.) 
Discussion for the period of transition from one 
steady state to a different one when the control 
current is changed. The response time depends 
on the absolute value of the input signal and 
on various other factors; it approaches zero 
under ideal conditions. 

621.314.3t  565 
Self-Saturation in Magnetic Amplifiers — 

W. J. Dornhoefer. (Elec. Eng., vol. 68, p. 988; 
November, 1949.) Summary of AIEE paper. 
A high voltage can be induced in the control 
winding if one ac coil becomes inoperative and 
the effective inductance and time delay of the 
control circuit are substantial, but these fac-
tors can be reduced either by external feedback 
or by self-saturation. The latter method makes 
use of a rectifier tube in series with each ac 
(anode) winding; its advantages are discussed; 
it has been applied for both ac and dc output 
and for single and polyphase supplies. Recti-
fiers with high backward/forward resistance 
ratio are required. 

621.317.772 566 
Diode Phase-Discriminators—R. H. Dish-

ington. (Paoc. I.R.E., vol. 37, pp. 1401-1404; 
December,  1949.)  "Two sinusoidal phase-
discriminators are analyzed and it is found 
that universal curves of their general phase 
characteristics can be plotted as a function of 
two parameters. From these curves it is con-
cluded that the resistances in series with the 
tubes and also the tube resistances themselves 
are the most important factors in determining 
optimum performance." 

621.318.4:621.397.62 567 
Coils for Television Receivers—F. Juster. 

(Tilivis. Franc., No. 53, pp. 15-18, 24; Novem-
ber, 1949.) Graphical methods for designing 
high-frequency, intermediate-frequency, and 
video-frequency coils with maximum Q. 

621.318.42 568 
On the  Calculation of Effective Core 

Permeability of Premagnetized Choke Coils— 
J. Kammerloher. (Funk. und Ton., vol. 3, 
pp. 491-496; 1949.) Continuation of 29 of 
1949. Values obtained when differential per-
meability is replaced by reversible permeability 
are in good agreement with those of FeIdt-
keller. 

621.318.7  569 
The Theory of Electric Filters and the 

Polynomials of Tchebycheff—A. Colombani. 
(Jour. Phys. Radium, vol. 7, pp. 231-243; 
August, 1946.) Full paper; for abstract of 
shorter version see 652 of 1947. 

621.392  570 
Quarter Wave Networks—E. Green. (Mar-

coni Rev., vol. 12, pp. 157-171; October and 
December, 1949.) The properties of a normal 
X/4 line are derived by means of vector dia-
grams and the following basic equations used 
to express any form of X/4 or inverting net-
work: 

11=1112/Ro; V1 --11412. 

./i, VI and 12, V2 are respectively the Input 
and output current and voltage and Ro is the 
surge impedance of the X/4 line. It is proved 
that certain types of lumped network are 
identical as regards external relations. The 
component values and characteristic imped-
ances of various balanced and unbalanced 

networks are tabulated. An appendix deals 
with the derivation of different forms of a 
bridge network devised by A. T. Starr for 
operation between balanced and unbalanced 
lines. This derivation is based on that given by 
Starr in an unpublished memorandum. 

621.392.43:621.396.67  571 
Design Procedures for Pi-Network Antenna 

Couplers—L. Storch. (Pitoc. I.R.E., vol. 37, 
pp. 1427-1432; December, 1949.) "The design 
of reactive pi networks for transforming a 
wide range of complex load impedance into a 
fixed resistance shunted by a tuned circuit 
is subjected to a thorough investigation. A 
very significant result is the complete analogy 
which is established between the analysis and 
design of the pi network and the equivalent 
manipulation of a group of simple geometrical 

figures." 

621.392.5  572 
Realization of Linear Quadripoles with 

Prescribed Frequency Dependence, taking 
account of Equal Coil and Capacitor Losses — 
Nai-Ta Ming. (Arch. Elektrotech., vol. 39, pp. 
496-507; 1949.) See also 3367 of 1949. 

621.392.5  573 
Resistance  Quadripoles  as  Attenuator 

Elements— W. Taeger. (Funk. und Ton., vol. 
3, pp. 475-487; 1949.) Calculations of various 
impedance ratios in T, L, 11 and bridged-T 
networks. Attenuation in nepers is tabulated 
and plotted for different values of R/Z. 

621.392.5  574 
On the Synthesis of the Most General 

Passive  Quadripoles —V. Belevitch and R. 
Leroy. (Cables and Transmission (Paris), vol. 
3, op 340-341; October,  1949.)  Comment 
on 1886 of 1949 and author's reply. 

621.392.52  575 
General Forms of Ladder-Filter Half-

Sections Classed According to the Value of the 
Image-Impedance  Transfer Index —J.  E. 
Colin. (Cables and Transmission (Paris), vol. 
3, pp. 281-293; October, 1949.) Continuation 
of 2748 of 1949. Different simple and compound 
types of ladder-filter network with one or two 
cutoff frequencies are reduced to eight basic 
forms, whose principal characteristics are dis-
cussed. Formulas for impedance ratio, com-
ponent values, and image-impedance are tabu-
lated, and three general laws of form are 
enunciated. 

621.392.52 576 
Transference Nomographs for Low-Pass 

Iterative Filters—E. W. Tschudi. (Electronics, 
vol. 22, pp. 112, 114; December, 1949.) For 
determining time constant and phase lag, 
given input frequency, attenuation and num-
ber of stages up to 6. 

621.392.52  577 
Using the Reactance Chart for Filter De-

sign Problems--I I. B. Davis. (Audio Eng., 
vol. 33, pp. 12-13, 40; December, 1949.) 
Methods are outlined for determining the 
values of components of various filter and 
equalizer circuits. 

621.392.52  578 
Filters: Part 1 —The Importance of Zo. 

the Characteristic Impedance —"Cat bode Ray." 
(Wireless World, vol. 56, pp. 25-29; January, 
1950.) 

621.392.52:621.395.44:621.316.1  579 
Wave Filters protect Carrier Signals from 

Shunting Effect of Capacitors —W. A. Ringger, 
Jr. (Elec. World, vol. 132, pp. 106-108; Novem-
ber 19, 1949.) High-voltage wave filters using 
various parallel and series resonant-circuit 
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combinations preserve carrier voltages and 
suppress spurious voltages associated with 
carrier operation on distribution systems. 

621.395.667  580 
Equalizer Charts —(Be11 Sys. Tech. Pub!. 

Monogr. B-1643, 15 pp.) Loss and phase of 
series, shunt, and bridged-T equalizers are 
given in decibels and degrees. 

621.396.611  581 
Contribution to the Theory of the Mathe-

matical Treatment of Nonlinear Phenomena — 
H. Rosenhamer. (Bull. Schweiz. Elektrotech. 
Ver., vol. 40, pp. 5-18; January 8, 1949. In 
German.) A method is given for the solution of 
the general equation of order x applicable to 
nonlinear electrical phenomena. The equation 
is reduced to the sum of products of linear dif-
ferential quotients with functional coefficients, 
which are then replaced successively by suite 
ably chosen constants and the integration car-
ried out by normal methods. The solution thus 
obtained only satisfies the original equation 
approximately, but can be used to determine 
fresh values of the functional coefficients giving 
a better solution. The method is applied to 
the study of an LC R circuit to which a sinu-
soidal voltage is applied. 

621.396.611.1  582 
Some  Theoretical  Considerations  and 

Experimr nts on Oscillation Phenomena in 
Circuits  with  Nonlinear  Elements—G.  J. 
Elias and S. Duinker. (Ttidschr. ned. Radio-
gersool., vol. 14, pp. 163-191; November, 1949. 
In Dutch, with English summary.) The solu-
tions of the equation 

9 -l-y-f-vys=a cos (px+tP) 

are discussed. They include periodic solutions 
giving a fundamental frequency which is a 
submultiple of the generator frequency. 

For free vibrations, the period can be ex-
pressed as an elliptic integral; for forced vibra-
tions, an extension of this expression is given 
and the stability of the solution is discussed. 
If the emf is varied continuously, several dis-
continuities must occur if a periodic forced 
vibration, of the fundamental or a subharmonic 
frequency, is to be sustained. The effect of 
adding any number of odd powers of y to the 
left-hand side of the differential equation is 
also considered: the expression for the period 
then becomes a hyperelliptic function. Experi-
ments which confirm the theory are described; 
oscillograms of subharmonic vibrations are 
shown. 

621.396.611.1  583 
Resonant  Circuits  with  Time-Varying 

Parameters—R. H. Kingston. (PROC. I . R. E., 
vol. 37, pp. 1478-1481; December, 1949.) An 
approximate solution of the differential equa-
tion, with an error criterion giving the limits 
of accuracy of the solution. 

621.396.611.4  584 
Analogue Studies of Losses in Reflex 

Oscillator Cavities —F. W. Schott and K. R. 
Spangenberg. (Prtoc. IRE., vol. 37, pp. 1409-
1418; December, 1949.) "An analysis is made 
which shows the method of applying the net-
work analogue to the investigation of the 
effects of dielectric and wall losses on cavity-
resonator behavior. 
"The Q and shunt resistance of re-entrant 

cavities operating in the first- and second-
order TM0 type modes are investigated. The 
condition for a zero of shunt resistance is 
determined. Experimental results are dis-
cussed." 

621.396.615  585 
The Breadth of the Pulling-In Range of a 

Self-Excited Valve Generator controlled by an 

Integral Multiple of its Natural Frequency —H. 
Kanberg. (Funk. und Ton., vol. 3, pp. 497-505; 
1949.) Analysis showing how the frequency 
range may be determined from toe Lissajous 
figure displayed on a cro. 

621.396.615  586 
The Transitron Effect and its Applications 

—J. Moline. (Radio Franc., no. 11, pp. 21-24; 
November, 1949.) Distinction is made between 
the dynatron effect in a tetrode and the transi-
tron effect in a pentode, and a simple explana-
tion of transitron operation is given. The 
characteristics of some typical tubes operating 
as transitrons are noted, and applications of 
the transitron effect to the maintenance of 
sinusoidal or of relaxation oscillations are con-
sidered. 

621.396.615:621.396.611.32  587 
Phase-Shift Oscillators with Very Tight 

Coupling —M. Solcli. (Radio Tech. Dig. (Franc), 
vol. 3, pp. 353-363; December, 1949.) French 
version of 2757 of 1949, with the addition of 
a comprehensive bibliography. 

621.396.615.17/.18  588 
High-Ratio Multivibrator Frequency Di-

vider —M. Silver and A. Shadowitz. (Proc. 
I.R.E.  (Australia),  vol. 10, pp. 256-258; 
September, 1949.) Reprint. See 52 of 1949. 

621.396.615.17:621.317.755  589 
A Slow-Sweep Time-Base —V. H. Attree. 

(Jour. Sci. inst.., vol. 26, pp. 257-262; August, 
1949.) The requirements of time bases suitable 
for sweep durations of the order 100 -10 ms 
are discussed with special reference to the use 
of triggered multiple sweeps. Flyback time can 
be made as little as one thousandth of the 
scan time. The circuit described is direct-
coupled throughout, and linear traces of 
identical velocity and duratiOn are generated 
irrespective of the nature of the triggering 
wave. The time base is unaffected by any 
trigger pulses which may occur during s‘‘eep-
ing. 

621.396.619.23: 621.396.615.11  590 
Warbler for Beat-Frequency Oscillator —J. 

L. Flanagan. (Electronics, vol. 22, pp. 93-95; 
December, 1949.) A new reactance tube cir-
cuit giving FM of about ± 10 per cent without 
accompanying AM, for use with a standard 
beat-frequency audio oscillator. Instead of 
using a capacitor to couple anode and grid, 
the grid is earthed, and the capacitor is con-
nected between anode and cathode, a degenera-
tive  resistance being  introduced  between 
cathode and earth. The theoretical expression 
for the input impedance shows that its re-
sistive component is independent of g. 

621.396.645  591 
A Contact-Modulated Amplifier and Some 

of its Laboratory Uses —J. F. Lash. (Science, 
vol. 110, pp. 374-375; October 7, 1949.) A 
dc signal, converted to 80-cps ac by a mechani-
cal interrupter, is stepped up in voltage by a 
transformer followed by several tube-amplifier 
stages and finally rectified by a second inter-
rupter synchronized with the first. This system 
enables dc signals of a few hundredths of a 
microvolt to be measured. 

621.396.645  592 
Description and Analysis of a New 50-Watt 

Amplifier Circuit —F. H. McIntosh and G J. 
Gow. (Audio Eng., vol. 33, pp. 9  40; 
December, 1949.) A circuit is described which 
eliminates the distortion present in conven-
tional push-pull amplifiers operating between 
class A and class B, due to leakage reactance 
between the primary windings. A high ratio 
(>200,000 to 1) of primary inductance to 
leakage reactance is obtained by winding the 

two primaries together in a bifilar manner. 
Circuit details and performance characteristics 
are given. A 50-w output is obtained at 
frequencies from 20 cps to 20 kc with less than 
1 per cent harmonic or intermodulation distor-
tion. 

621.396.645  593 
Grounded-Grid Power Amplifiers —P. A. 

T. Bevan. (Radio Tech. Dig. (Franc), vol. 3, 
pp. 323-339; December, 1949.) French version 
of 2763 of 1949, with the addition of a compre-
hensive bibliography. 

621.396.645  594 
Wide-Band Chain Amplifier —F. Kennedy 

and G. Rudenberg. (Elec. Mfg., vol. 44. pp. 
56-59, 168; November, 1949.) The amplifier 
operates on the traveling-wave principle; a 
series of tubes have their grids connected to 
one delay line and their anodes to another. The 
forward waves produced in the lines augment 
each other and the backward waves are ab-
sorbed by the anode resistors. Six tubes are 
used in an amplifier with a constant gain of 
20 db over the range 200 kc-200 Mc. Undis-
torted output is obtained up to 4 v and the 
SWR is greater than 1.5 db. Design and con-
struction details are given; the importance of 
careful layout to avoid stray capacitance and 
inductance is stressed. 

621.396.645 621.385.029.63/.64  595 
200-Mc is Traveling- Wave Chain Ampli-

fier —H. G. Rudenberg and F. Kennedy. 
(Electronics, vol. 22, pp. 106-109; December, 
1949.) A brief descriptive account of a wide-
band amplifier consisting of several tubes whose 
grids are fed from taps on a terminated arti-
ficial line consisting of a series of inductors 
connected between the grid shunt capacitors. 
The output is taken from the end of a similar 
line joining the anodes. Particular examples 
and some refinements are discussed. The op-
timum gain per chain is 2.718. Any further 
gain should be obtained by connecting such 
chains in series. Such a design is most economi-
in tubes. 

621.396.645.029.4/.52:621.396.822  596 
Selective Amplification_ at Low Frequencies 

—L. de Queiroz Orsini. (Onde Elec., vol. 29, 
pp. 408-413 and 449-456; November and 
December, 1949.) Discussion of voltage ampli-
fiers with narrow pass band, for frequencies 
between 2 cps and  kc. Feedback circuits 
are described for frequencies near 500 cps, and 
parallel-T circuits for very low frequencies. 
Flicker effect and other tube and circuit noise, 
and methods of reducing it, are also considered. 

621.396.645.211  597 
Theory of Resistance-Amplifier Stage —W. 

Druey.  (Bull.  Schweiz.  Elektrotech.  Ver., 
vol. 40, pp. 49-51; January 22, 1949. In Ger-
man.) A derivation of the gain formula from a 
consideration of equivalent circuits. 

621.396.645.35  598 
Stabilizing a Wide-Band D.C. Amplifier — 

A. J. Williams, Jr., W. G. Ames, and W. 
McAdam. (Elec. Eng., vol. 68. p. 934; Novem-
ber, 1949.) Summary of AIEE paper. The 
problem of zero stabilization in dc amplifiers 
with negative feedback is discussed. A com-
parison of input with output divided by gain 
can be used to indicate zero disturbance. 
whether a signal is present or not. The com-
parison voltage is applied to a correcting cir-
cuit using a contact-modulated dc amplifier 
and integrator. Zero correction to within a 
fraction of a microvolt is thus obtained in 
less than 0.006 sec. 

621.396.645.37  599 
The Cathode Follower as Audio Power 
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1 

Amplifier —H. T. Sterling. (Audio Eng., vol. 
33, pp. 14-15, 29; December, 1949.) As an 
output stage, the cathode follower is a feed-
back amplifier with special characteristics 
which can be provided equally well by conven-
tional amplifier circuits. 

621.396.662.029.64:621.392.26f  600 
Microwave  Attenuators —R. Malvano. 

(Elettronica and Televisione (Turin), vol. 4, 
pp. 221-226; September, 1949. French version 
in Radio Tech. Dig. (Franc), vol. 3, pp. 369-
374; December, 1949.) A general discussion 
with particular reference to waveguide at-
tenuators. A description of an experimental 
attenuator made at the Istituto Elettrotecnico 
Nazionale Galileo Ferraris, Turin, is included. 

GENERAL PHYSICS 
535.3  601 

On the Attenuation of Plane Waves by 
Obstacles of Arbitrary Size and Form —H. C. 
van de Hulst. (Physica,'s Gray., vol. 15, pp. 
740-746; September, 1949. In English.) The 
extinction cross section of any obstacle is 
—2X times the imaginary part of the amplitude 
function for forward scattered light. This rela-
tion holds for any size, shape or composition of 
the obstacle, and may be applied to light, 
sound, and electron scattering. It may be 
generalized to include polarization effects. 
Examples are discussed. 

537.311.62:621.318.4  602 
Study of the H.F. Resistance of a Stranded 

Wire Coil—A.  Colombani. (Jour.  Phys. 
Radium, vol. 10, pp. 285-294; October, 1949.) 
Starting trom Maxwell's equations and assum-
ing the radius of the strand to be less than the 
depth of penetration of the current, a simple 
formula is derived for high-frequency re-
sistance. The formula is in agreement with the 
calculations of Sommerfeld and with measured 
values. Its application to different problems is 
illustrated and shows that there is an optimum 
resistance and form of coil in each case. For 
frequencies above 3 Mc, solid wire is preferable 
to stranded wire, for which the losses in the 
enamel insulation of the strands become im-
portant. 

537.533: 538.569: 621.396.822  603 
Fluctuation Phenomena arising  in the 

Quantum Interaction of Electrons with High. 
Frequency Fields —D. K. C. MacDonald and 
R. Kompfner. (Paoc. I.R.E., vol. 37, pp. 1424-
1426; December, 1949.) Quantum-mechanical 
analysis of the interaction of an electron beam 
with an oscillating resonant cavity is applied 
to determine the fluctuations in energy flow 
in the beam. Comparison of the expressions 
for the classical and quantal cases indicates 
that, under extreme limiting conditions of 
operation, a difference might just be percep-
tible. 

537.581:621.385.032.213  604 
Thermionic Electron Emission from Car-

bon—H. F. Ivey. (Phys. Rev., vol. 76, p. 567; 
August 15, 1949.) Values of the electronic work 
function 4, the Richardson constant A, and 
the emission current density are given for a 
carbon filament after heating to 2,500° K. 
0=4.60 ev and A=46 amp/cm2 degree. 
The values of current density at 1,500° K 
and 2,000° K are 0.039 /..amp/cm2 and 0.50 
mamp/cm2 respectively, which are lower than 
the values found by other investigators. 

538.3 605 
The  Application  of  Maxwell's  Second 

Law—H. Kafka. (Elektrolechnik (Berlin), vol. 
3, pp. 353-358; November, 1949.) A distinc-
tion between the mathematical expression and 
the physical interpretation of the laws of induc-
tion. 

538.51  606 
Electromagnetic Induction in a Rotating 

Sphere —E. C. Bullard. (Proc. Roy. Soc. A, 
vol. 199, pp. 413-443; December 7, 1949.) An 
account is given of the induction of electric 
currents in a rotating, conducting sphere sur-
rounded by and in contact with a concentric, 
stationary, conducting shell of any thickness. 
The currents and associated mechanical couples 
induced by various constant fields are discussed 
and the freely decaying modes are studied. 
The modes involving toroidal magnetic fields 
are of most interest and may be important in 
terrestrial magnetism. Induction in an oscil-
lating sphere is briefly discussed. 

538.56:537.71  607 
On the Resistance of Electromagnetic 

Waves —C. Budeanu. (Rev. Gen. Elec., vol. 
58, pp. 481-484; November, 1949.) This re-
sistance could be given different values ac-
cording as the classical or the rationalized 
system of units is used. The precautions neces-
sary in expressing this quantity and the value 
it should be given are considered. 

538.566:1537.562+537.525.92  608 
Wave Amplification by Interaction with a 

Stream of Electrons —J. A. Roberts. (Phys. 
Rev., vol. 76, pp. 340-344; August 1, 1949.) 
Discussion of the propagation of plane em 
waves in a uniform ionized medium in which 
the electrons have a mean drift velocity. The 
treatment is based on Bailey's general theory 
(2785 and 3406 of 1949). For frequencies below 
a critical frequency of the same order as the 
electron plasma frequency, one of the eight 
waves possible in general grows in amplitude 
as it progresses through the medium. The 
relation of this result to theories of solar noise 
and of the traveling-wave amplifier is discussed. 

538.569.4  609 
Absorption of Ultra High-Frequency Radio 

Waves in Organic Liquids—S. C. Sirkar and 
S. N. Sen. (Nature (London), vol. 164, pp. 
1048-1049; December  17,  1949.) Acetone 
shows an absorption peak at about 400 Mc 
and glycerine at about 500 Mc for a tempera-
ture of 31° C. Absorption curves for these and 
other liquids are given and discussed. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

016:550.3  610 
List of Recent Publications—H. D. Harra-

don. (Jour. Geophys. Res., vol. 54, pp. 308-314; 
September, 1949.) Subjects covered include 
terrestrial magnetism and electricity, cosmic 
rays, upper-air research, and the earth's 
crust and interior. 

061.3:551.510.535:538.566  611 
The Conference on Ionospheric Research — 

(Jour. Geophys. Res., vol. 54, pp. 281-294; 
September, 1949.) Summaries of symposia and 
abstracts of papers presented at the con-
ference held at Pennsylvania State College 
under joint sponsorship of that College and of 
the Geophysical  Research  Directorate, 
U.S.A.F., June 27-29, 1949. Selected papers 
are noted below, in this section or in the 
'Propagation of Waves' section. 

523.32:621.396.822  612 
Microwave Thermal Radiation from the 

Moon —J. H. Piddington and H. C. Minnett. 
(Aust. Jour. Sci. Res., Ser. A, vol. 2, pp. 63-
77; March, 1949.) Measurements have been 
made in a 15-Mc band centered at 24 kMc. 
The average temperature over the lunar disc 
varies sinusoidally between 198.7° K and 
279.3° K, with a phase lag behind the lunar 
phase angle of about 45°. The discrepancy 
with previous measurements at long infrared 
wavelengths is explained in terms of radiation 

from subsurface layers which are partially 
transparent to 24-kMc waves. Results are 
consistent with the existence of a thin layer of 
dust covering a solid lunar surface. The 
temperature of the disc of the new moon is 
estimated at 156° K, and that of the deep 
interior at 241° K. 

523.53: 621.396.9  613 
A Study of Radio Reflections from Meteor 

Trails in Research on the Upper Atmosphere— 
A. G. McNish. (Jour. Geophys. Res., vol. 54, 
p. 285; September, 1949.) Summary of Penn-
sylvania  State College  Conference paper. 
Discussion of radio research oil meteors in 
progress at CRPL, with special reference to the 
investigation of ionic processes in the upper 
atmosphere. Experimental equipment consists 
of two 10-kw pulse transmitters operating 
continuously on 27.2 and 40.4 Mc. Signals 
reflected from the ionized trail left by the 
meteor are recorded on pen-and-ink tape and 
on photographic film. Results already ob-
tained indicate clearly that meteors are not 
responsible for most of the E. reflections or-
dinarily obtained by vertical-incidence re-
corders. Two possible mechanisms of reflection 
are considered and an experimental method for 
discriminating between them is suggested. 

523.72+523.8541:621.396.822  614 
Solar and Galactic R.F. Radiation —M. 

Laffineur. (Onde Elec., vol. 29, pp. 402-407; 
November, 1949.) A general survey of recent 
work; results obtained by various authors are 
compared graphically. A solar disturbance 
observed at Meudon on March 26, 1949, is 
discussed. Other such disturbances were noted 
in 698 and 3129 of 1949. See also 2777 of 1948 
(Lehmann). 

523.72:621.396.11  615 
Observations of the Propagation of Broad-

casting Waves, X= 1250 m, during the Occur-
rence of  Miigel-Dellinger Effects —Lauter. 
(See 716.) 

523.72:621.396.822  616 
Solar Radiation at 1200 Mc/s, 600 Mc/s 

and 200 Mc/s —F. J. Lehany and D. E. 
Yabsley. (Aust. Jour. Sci. Res., Ser. A, vol. 
2, pp. 48-62; March, 1949.) Daily observations 
made between August 18 and November 
30, 1947, are described. The characteristics 
of the radiation at 200 Mc were in general 
agreement with other observations. At 600 and 
1,200 Mc the received intensity showed long-
term variations over a range of about 2:1. 
"The radiation received when the sun was 
almost free of sunspots corresponded to an 
effective black-body temperature of 0.5 million 
°K at 600 Mc and 0.1 million °K at 1,200 
Mc. As sunspots appeared, the temperature 
rose and showed marked correlation with 
sunspot area. It is considered that radiation 
at these frequencies is entirely thermal in 
origin and that the long-period variations are 
at least partly due to the influence of the 
magnetic field of sunspots on the mechanism 
of thermal emission from a magneto-ionic 
medium. On a few occasions, isolated disturb-
ances were observed on 600 Mc and 1,200 
Mc, some of which were associated with chro-
mospheric flares and radio fade-outs. The diffi-
culties arising in the calibration of the appara-
tus and the steps taken to overcome them are 
discussed in detail." 

523.746:523.752  617 
Hall Currents and the Ejection of Promi-

nences  by  Sunspots —R.  G.  Giovanelli. 
(Aust. Jour. Sci. Res., Ser. A, vol. 2, pp. 39-47; 
March, 1949.) A theoretical explanation of the 
occurrence of eruptive prominences in the 
neighborhood  of  a  chromospheric  flare. 
Localized regions of large space charge occur 
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because of the relatively low conductivity 
perpendicular to lines of magnetic force. Large 
electric fields are thus set up normal to the 
magnetic field, and both positive and negative 
charges drift in the same sense in a direction 
at right angles to the crossed fields, giving 
rise to a general movement of the gas. The 
drift velocities appear to be comparable with 
those found in prominences. See also 78 and 
376 of 1949 and 357 of March. 

523.746"1949.04/.06" 618 
Provisional Sunspot-Numbers for April to 

June 1949—M. Waldmeier. (Jour. Geophys. 
Res., vol. 54, p. 300; September, 1949.) 

523.75:551.510.535  619 
Ionospheric Effects of Solar Flares, 1948 — 

C. E. H. Rydbeck, and D. Stranz. (Chalmers 
Tekn. Hogsk. Hand!., No. 83, 16 pp.; 1949. In 
English.) Regular recordings of such effects 
with different kinds of apparatus were started 
at the Chalmers University Geophysical Ob-
servatory early in 1948. The results of the first 
half-year are discussed in this preliminary re-
port. The statistical distribution across the 
solar disc of radiation sources giving rise to a 
greater or less degree of fading of radio signals 
is shown. The magnitude and probability of 
the absorption of the ultraviolet fade-out 
radiation in the solar corpuscular beam is 
discussed. 

550.38"1949.01/.03" 620 
Irs ernational Data on Magnetic Disturb-

ances, First Quarter, 1949—(Jour. Geophys. 
Res., vol. 54, pp. 295-299; September, 1949.) 
Continuation of 3418 of 1949 in revised form, 
with explanation of riew symbols and abbrevia-
tions. The original K-index is replaced by a 
planetary 3-hour range index lc. Additional 
preliminary data on sudden commencements 
and solar flare effects (crochets) are included. 

550.38"1949.04/.06"  621 
Cheltenham  [Maryland]  Three-Hour-

Range Indices K for April to June, 1949 —P. G. 
Ledig. (Jour. Geophys. Res., vol. 54, p. 300; 
September, 1949.) 

550.384 622 
The K-Index of Geomagnetic Activity at 

Eskdalemuir, 1940-47 —J. Crichton. (Jour. 
Geophys. Res., vol. 54, pp. 275-276; September, 
1949.) Discussion of the relative importance 
of horizontal intensity H, declination v, and 
vertical intensity V as the determining factor 
in the assignment of K-indices, and of the 
diurnal and seasonal incidence, and recurrence 
tendencies, of occasions when D or V was the 
determining factor. 

550.385"1949.01/.06" 623 
Principal Magnetic  Storms [Jan.-June 

1949]—(Jour. Geophys. Res., vol. 54, pp. 301-
302; September, 1949.) 

551.510.5: 551.524.7  624 
Tropopause Fluctuations due to High-

Reaching Influxes of Cold Air—W. Hesse. 
(Z. Met., vol. 3, pp. 129-135; May and June, 
1949.) Discussion of the connection between 
variations of the temperature at the tropopause 
and in the upper troposphere and lower strato-
sphere. 

551.510.52:546.214:551.524.7  625 
Total Ozone Related to Troposphere Tem-

peratures—(Tech. Bull.  Nat. Bur. Stand., 
vol. 33, pp. 128-129; November, 1949.) Long-
term measurements of the ultraviolet radiation 
reaching the earth from the sun reveal a cor-
relation between the temperature of the air at 
an altitude of about 5 miles and the total 
amount of 03 in the atmosphere. 

551.510.535  626 
Ionization of the Stratosphere over High-

and Low-Pressure Regions of the Troposphere 
—G. Falckenberg and E. Lauter. (Z. Mel., 
vol. 3, pp. 136-140; May and June, 1949.) 
A statistical analysis of the results of 650 ob-
servations of the reflection of 1,250-In waves 
from the E-layer. 

551.510.535  627 
Calculation of the Absorption Decrement 

for a Parabolic Ionospheric Layer for the case 
of Vertical Incidence--E. Argence and K. 
Rawer. (C'ompt. Rend. Acad. Sci. (Paris), vol. 
229, pp. 996-997; November 14, 1949.) The 
total absorption is the sum of three parts, the 
first (60 being the attenuation which depends 
on the path length, the second (62) the loss of 
energy due to collisions in the layer, and the 
third (62) due to partial reflection by the 
sporadic-E layer. Formulas are obtained for 
52 for the case of total reflection and for that of 
layer penetration; the influence of the earth's 
magnetic field is neglected. These formulas 
are of importance in the study of E-layer ab-
sorption, which cannot be neglected when 
working near the critical frequency. See also 
3035 and 3879 of 1939. 

551.510.535 628 
Electron Production in the Ionosphere—R. 

Seeliger. (Naturwissenschallen, vol. 36, pp. 
321-327, November, 1949. Bibliography, p. 
327.) A study of conditions in the E layer. 

551.510.535 629 
True Heights of the F2 Layer—G. R. White 

and I. S. Wachtel. (Jour. Geophys. Res., vol. 
54, pp. 239-242; September, 1949.) "The true 
heights of electron density for Washington 
were computed, using the parabolic method, 
for winter, summer, and equinox of 1945 at 
noon and at midnight. Representative curves 
were formed by combining the data from a 
large number of days." The distributions ob-
tained show that the maximum electron den-
sity of the F2 region occurs at a lower height 
at midday than at midnight. The curves are' 
compared with similar curves for Huancayo, 
where the height of maximum electron density 
is greater at midday than at midnight. 

551.510.535  630 
Ionospheric Research in the U. S. Air 

Force —N. C. Gerson. (Jour. Geophys. Res., 
vol.  54,  pp.  286-287; September,  1949.) 
Summary of Pennsylvania State College Con-
ference paper. Various experimental under-
takings planned or in progress are briefly 
mentioned. 

551.510.535  631 
Ionospheric Research at the Pennsylvania 

State College —B. B. Underhill. (Jour. Geophys. 
Res., vol. 54, pp. 287-288; September, 1949.) 
Summary of  Pennsylvania  State  College 
Conference paper. An account of the history, 
organization, and research in progress at the 
Radio Propagation Laboratory. 

551.510.535  632 
Summary of a Meeting on Mathematical 

Problems in Ionospheric Research—N. C. 
Gerson. (Jour. Geophys. Res., vol. 54, pp. 289-
290; September, 1949.) Discussion following 
the Pennsylvania State College Conference. 
Ten of the major problems suggested for in-
vestigation are noted. 

551.510.535  633 
Sunrise Effects in F Region from High 

Speed Ionospheric Recordings—H. W. Wells. 
(Jour. Geophys. Res., vol. 54, pp. 277-280; 
September, 1949.) 

551.510.535:525.624 634 
Tidal Effects in the F Layer— M. W. Jones 

and J. G. Jones. (Phys. Rev., vol. 76, p. 581; 
August 15, 1949.) A periodic variation of the 
thickness of the F layer, noted at College, 
Alaska, was submitted to harmonic analysis. 
In addition to the diurnal change due to the 
sun's ionizing radiation, variations resulting 
from the contractions and expansions of the 
layer due to solar and lunar gravitational 
forces were noted. The lunar diurnal wave, 
whose amplitude varied from 0.1 to 1.6 times 
that of the solar semidiurnal tide (luring the 
winter of 1948-1949, can be explained by simple 
tidal theory. 

551.510.535: 525.624 635 
Lunar  Ionospheric Variations at  Low-

Latitude Stations—A. G. NcNisli and T. N. 
Gautier. (Jour. Geophys. Res., vol. 54, pp. 303-
304; September, 1949.) Amplitudes and phase 
angles for variation in F,-layer critical fre-
quency at noon and 4 p.m. are tabulated for 
Huancayo, Christmas Island, and Leyte (near 
the geomagnetic equator), and Trinidad and 
Maui (about 20° from the geomagnetic equator). 
Results are given for solstices and equinoxes; 
the age of the moon is included. The phase 
reversal in the noon values at 20° with respect 
to 0° geomagnetic latitude may be associated 
with the equatorial trough in the latitude dis-
tribution of F2-layer critical frequencies. 

551.510.535:525.624 636 
On the Practical Determination of Lunar 

and Luni-Solar Daily Variations in Certain 
Geophysical Data —K. K. Tschu. (.lust. Jour. 
Sci. Res., See. A, vol. 2, pp. 1-24; March, 1949.) 

551.510.535:621.396.11 637 
Summary of Symposia [at the Pennsylvania 

State College Conferencej —A. H. NVaynick. 
(Jour. Geophys. Res., vol. 54, pp. 290-294; 
September, 1949.) The symposia covered (a) 
long-wave propagation, (b) the physical bases 
for the Appleton-Hartree dispersion equation, 
(c) studies of the auroral region, (d) ionospheric 
absorption, theory and measurement, and (e) 
tidal oscillations in the upper atmosphere. 

551.510.535: 621.396.11 638 
The Effect of the Lorentz Polarization 

Term on the Vertical Incidence Absorption in 
a Deviating Ionosphere Layer —J. M. Kelso. 
(Jour. Geophys. Res., vol. 54, p. 284; September, 
1949.) Summary of Pennsylvania State College 
Conference paper. Al2propriate assumptions 
and approximations are used to derive expres-
sions for absorption and for group height by 
means of the Lorentz theory. The results are 
compared with those obtained by Hacke from 
the Sellmeyer theory. The determination of 
the value of the collisional frequency at the 
level of maximum ionization is discussed for 
both theories. See also 1050 of 1949 (Hacke and 
Kelso). 

551.510.535: 621.396.11  639 
Sporadic Ionization at High Latitudes 

Meek. (See 725.) 

551.524+551.54 640 
Atmospheric Pressure and Temperature 

Gradients over Central Europe —R. Holin. 
(Z. Met., vol. 3, pp. 148-153; May and June, 
1949.) 

551.594.5:621.396.11  641 
Sky-Wave Observations (X =1250 m) dur-

ing Displays of the Northern Lights in 1947 - 
Lauter and Sprenger. (See 728.) 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9  642 
The Use of Radar in the Ice-Breaker 
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Service —H. Larsson. (Jour. Inst. Nov., vol. 
2, pp. 315-323; October, 1949.) An RCA Type 
CR-I01 radar set was used for the 3-cm band 
and a Raytheon Mariners' Path-finder for the 
10-cm band. The type of echo received from 
various types of ice is described. Radar can be 
used to determine the ice-breaker's position 
from bearings on landmarks, to detect open-
water channels in conditions of bad visibility, 
or to locate a ship whose position is only ap-
proximately known in the ice-breaker. The 
relative merits of the two wavelengths are 
discussed. 

621.396.9:523.53 643 
A Study of Radio Reflections from Meteor 

Trails in Research on the Upper Atmosphere - 
McNish (See 613.) 

621.396.9:551.515.2 644 
Industrial Radar for Hurricane Tracking — 

W. F. Gerdes and R. C. Jorgensen. (Science, 
• vol.  110, pp. 357-360; October 7, 1949.) 

Hurricanes present a distinctive picture on a 
radar set because of the accompanying heavy 
rain. Modifications to a 10-cm radar set Type 
SCR-784, for hurricane observation near Free-
port. Texas, are discussed. 

621.396.933 645 
High-Stability Radio Distance-Measuring 

Equipment for Aerial Navigation -II. Busig-
nies. (Proc. I.R.E. (Australia), vol. 9, pp. 
5-10; November, 1948.) Paper presented at 
the 1948 Australian I.R.E. conference, Sydney, 
and describing equipment noted in 1402 and 
1944 of 1949. 

621.396.933 646 
Improved Radio Systems for Modern Air-

craft—( Tele-Tech, vol. 8, pp. 31-33, 59; Novem-
ber, 1949.) Discussion of recent developments 
incorporating many PICAO recommendations 
(see 2436 and 3532 of 1947) and of distance 
measuring equipment, full use of which may 
be expected by 1953. See also 102 of February 
(Borgmann). 

621.396.933  647 
The Oboe System -I'. Besson. (Onde Elec., 

vol. 29, pp. 351 367 and 414-426; October and 
November. 1949.) A comprehensive description. 

See also 1790 of 1947. (Jones). 

621.396.933  648 
Pulse Navigation Systems— W. L. Barrow. 

(Proc. I.R.E. (Australia), vol. 10, pp. 276-282; 
October, 1949.) Paper presented at the Inter-
national Meeting on Marine Radio Aids to 
Navigation, New York, 1947. Brief review of 
short-, medium-, and long-distance systems 
available at present, with discussion of the 
factors affecting their suitability for particular 
services. 

621.396.933 649 
Rotating-Field Radio Beacons for Naviga-

tion —S. Ostrovidow. (Rev. Gin. Elec., vol. 58, 
pp. 469-473; November, 1949.) The general 
theory for this type of beacon is outlined and 
an installation near Marseilles is described. 
This operates on 3.965 Mc with modulation 
frequency of 1 kc. Antenna power isabout 2 kw 
and the effective range above 500 km. Sources 
of error, in particular those due to the site, are 
discussed. Performance is considered to be 
comparable with that of the Decca and gee 
systems. 

621.396.933(083.71)  650 
Standards on Radio Aids to Navigation: 

Definitions of Terms, 1949—(Puoc. I.R.E., 
vol. 37, pp. 1364-1371; December, 1949.) Pre-
pared by an IRE committee. 

621.396.9:621.396.67  651 
Radar Scanners and Radomes (Book Re-

viewl — W. M. Cady, M. B. Karelitz, and L. A. 
Turner (Eds). Publishers: McGraw-Hill, New 
York and London, 1949, 491 pp., 42s. (Nature 
(London), vol. 164, pp. 1064-1065; December 
24, 1949.) No. 26 of the M.I.T. Radiation 
Laboratory series. The book "deals mainly 
with the engineering aspects of the design of 
scanners and their housings ... . There is al-
most no reference to equipment operating at 
wavelengths greater than 10 cm. and there is 
little discussion of scanners not developed at 
the Radiation Laboratory." 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.56 652 
A New Type of Diffusion Pump—E. L. 

Harrington. (Rev. Sci. lusty., vol. 20, pp. 761-
762; November, 1949.) Improvements to the 
Kerth Hg diffusion pump, reducing noise, 
operating expenses, and operating temperature, 
and providing a qualitative measure of the 
degree of vacuum. The introduction of a Hg 
seal between the high-and low-vacuum sections 
makes interrupted operation possible. 

535.37  653 
Luminescence of Barium-Strontium Oxide 

— R. E. Aitchison. (Nature (London), vol. 164, 
p. 1088; December 24, 1949.) Well-activated 
(Ba,Sr) 0 cathodes gave a pale blue fluorescence 
under electron bombardment, the to.tal emis-
s.ion spectrum extending from 4,600 A to 5,400 
A. The intensity of the emitted radiation de-
creases with increasing oxide temperature and 
falls rapidly above 700° K. Afterglow is neg-

ligible. 
• 

535.37 654 
The Luminescence Characteristics of Tin-

Activated Zinc Sulphide Phosphors—G. F. J. 
Garlick and D. E. Mason. (Proc. Phys. Soc., 
vol. 62, pp. 817-822; December I, 1949.) "It 
has been found that the inclusion of stannous 
compounds in relatively large concentrations 
in the preparation of zinc sulphide phosphors 
results in an intense red luminescence when 
excitation is by ultraviolet light of long wave-
length (3,650-4,000 A). Such characteristics 
as the luminescence spectra, excitation spectra, 
phosphorescence and thermoluminescence, and 
the variation of luminescence with temperature 
have been studied. The hexagonal crystal form 
of zinc sulphide is essential to the production 
of efficient phosphors with tin as the activating 
impurity." 

537.228.1:548. 0083.7) 655 
Standards on Piezoelectric Crystals, 1949 — 

(Puoc. I.R.E., vol. 37, pp. 1378-1395; Decem-
ber, 1949.) Prepared by an IRE committee. 
Includes (a) definitions of axes for the various 
crystal systems, (b) specification of crystal-
plate orientation, and (c) basic equations, 
symbols, and units of piezoelectric theory. 

538.221  656 
On the Conditions for the Occurrence of 

Ferromagnetism in Metal Compounds —J. H. 
(Physica, 's Gray., vol. 15, pp. 677-678; 

September, 1949. In English.) It is necessary 
though not sufficient, that the lines of com-
munication between the metal atoms which are 
in exchange interaction form a 3-dimensional 
network. The ferrites with spinet structure are 
considered; it appears that only the metal ions 
in tetrahedron holes can contribute to the 
ferromagnetism. 

538.221 657 
Relation between the Thermal Expansion, 

the Curie Temperature and the Lattice Spacing 
of Homogeneous Ternary Nickel-Iron Alloys - 

J. J. Went. (Physica, 's Gray., vol. 15, pp. 703--
710; September, 1949. In English.) These 
quantities were measured for 15 different alloys, 
all having about 50 per cent Ni and 50 per cent 
Fe. The change in the expansion anomaly is 
closely related to the change in Curie tempera-
ture. The value of the latter change depends 
upon the relative positions of Ni and the third 
alloying element in the periodic system of 
elements. There is no direct relation between 
the change in Curie temperature and the lattice 

spacing. 

538.221  658 
Ferrogmagnetic Alloys in the Systems Cu-

Mn-In and Cu-Mn-Ga —F. A. Hames and D. 
S.  Eppelsheimer.  (Jour.  Metals,  formerly 
Metals Technol., vol. 1, pp. 495-499; August, 
1949.) An investigation to determine whether 
ferromagnetic a-phases exist in these systems 
analogous to such phases in the systems Cu-
Mn-Al and Cu-Mn-Sn. A Cu-Mn-In alloy 
having an ordered body-centered cubic struc-
ture analogous to that of the Heusler alloys is 
discussed. An alloy Cui.orMni.oGato.2 variously 
heat treated is feebly magnetic and has a 2-
phase structure. With higher Cu contents, 
quenched Cu-Mn-Ga alloys are strongly mag-

netic. 

538.221  659 
Magnetic  Ferrites —C. L.  Snyder, E. 

Albers-Schoenberg, and H. A. Goldsmith. 
(Elec. Mfg., vol. 44, pp. 86-91; December, 
1949.) "Ferramics" consist only of metallic 
oxides, and have high resistivity and high 
permeability, but low losses. They can thus be 
used to reduce the size and weight of high-
frequency magnetic apparatus. Properties of 
typical ferramics are tabulated or shown 
graphically. See also 3447 of 1948 (Snoek). 

538.221  660 
Magnetic Ferrites for  High-Frequency 

Uses—F. G. Brockman. (Elec. Eng., vol. 68, 
pp. 1077-1080; December, 1949.) Discussion 
of (a) the historical background of research on 
such materials by the Philips Co. at Eindhoven, 
Holland, and Irvington-on-Hudson, N. Y., 
U.S.A., with special attention to the crystallog-
raphy of the ferrites, (b) characteristics of the 
materials, (c) applications, and (d) the exist-
ence of displacement currents as well as ohmic 
currents in a core of ferroxcube III. See also 
2265 of 1948 (Verwey, Haayman, and Romeyn) 
and 2387 of 1948 (Rinia et al.). 

538.221:621.775.7 661 
The Coercive  Field  of  Ferromagnetic 

Powders—C. Guillaud. (Compt. Rend. Acad. 
Sci. (Paris), vol. 229, pp. 818-819; October 24, 
1949.) The variation of coercive field with 
temperature for a powder consisting of single 
crystals of Mn2Sb is discussed. 

538.23:621.318.323.2 662 
Unsymmetrical Hysteresis Loops in  a 

Nickel-Iron Alloy —J. L. Rothery and An 
Wang. (Nature (London), vol. 164, pp. 1004 - 
1005; December 10, 1949.) A very pronounced 
asymmetry of the hysteresis loop has been ob-
served in one particular sample of grain-
oriented Ni-Fe alloy core when a large dc mag-
netizing pulse was applied to the core and fol-
lowed by smaller ac excitation. If the ac 
excitation is gradually increased until satura-
tion is reached and then reduced, the asym-
metry persists except during saturation. Re-
versal of the magnetizing pulse reverses the 
loop. The phenomenon persists even if the core 
is completely disconnected for several days or 
weeks; the core can therefore be used to store 
information about the polarity of the last 
transient magnetizing pulse. 
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546.431.82  663 
Theory of Barium Titanate: Part 1—A. F. 

Devonshire. (Phil. Mag., vol. 40, pp. 1040-
1063; October, 1949.) Dielectric and crystallo-
graphic properties are considered. By expand-
ing the free energy as a function of polarization 
and strain, and making reasonable assumptions 
about the coefficients, the various crystal 
transitions can be explained. The dielectric 
constants, crystal strains, internal energy, and 
self-polarization are calculated as functions of 
temperature. Relations are obtained between 
the coefficients in the free energy and the ionic 
force constants. These are used to estimate 
some pf the coefficients which are not com-
pletel)I determined by experimental data. 

620.197.7  664 
Preventing Fungus Damage —E. F. Little. 

(Elec. Mfg., vol. 44, pp. 89-91, 170; November, 
1949.) Fungus attack is to be expected in most 
climates, but particularly under hot, moist 
conditions. Materials most liable to attack are 
those containing organic compounds. Protec-
tion is secured by the addition of fungicides 
harmless to animal life, notably copper-8-
quinolinolate and copper naphthanate. 

621.315.5/.6  665 
Plastics can be Electrical Conductors — 

(Elec. Mfg., vol. 44, pp. 60-63, 180; November, 
1949.) Discussion of Markite materials. For 
another account see 3443 of 1949. 

621.315.59  666 
Conductivity in Semiconductors —K. Lark-

Horovitz. (Elec. Eng., vol. 68, pp. 1047-1056; 
December, 1949.) A survey of papers presented 
at the AIEE summer general meeting. 

621.315.59  667 
On the Spontaneous Current Fluctuations 

in Semiconductors —J. H. Gisolf. (Physica, 's 
Gray., vol. 15, pp. 825-832; September, 1949. 
In English.) Formulas are derived which in-
dicate that (a) the effective current strength of 
the fluctuations is proportional to the field 
strength, (b) at low frequencies the fluctuations 
are independent of frequency, (c) at high 
frequencies the effective current strength de-
creases with increasing frequency, (d) for 
alternating fields, the fluctuations depend on 
the difference between the observation fre-
quency and that of the alternating field, and 
(e) effective current strength is proportional to 
the square root of the mean life time of the free 
electrons in the semiconductor. 

621.315.59:535.215.1  668 
Photoeffects  in  Semiconductors —(Elec. 

Eng., vol. 68, pp. 937-942; November, 1949.) 
Long summary, compiled by J. A. Becker, of 3 
papers read at an AIEE symposium on 
"Electrical Properties of Semiconductors and 
the Transistor," namely: General Features 
of Photoconductivity and Photoemission in 
Semiconductors, by L. Smith; External Photo-
electric Effects in Semiconductors, by L. 
Apker; and Internal Photoeffects in Germa-
nium, by J. N. Shive. For summaries of other 
papers at this symposium, see 240 of February. 

621.318.22  669 
Magnetic Saturation Intensities and Curie 

Temperatures for Some Industrial Permanent 
Magnet  Materials —L.  Ward.  (Metallurgia 
(Manchester), vol. 41, pp. 3-7; November, 
1949.) Magnetic analysis of various steels and 
alloys indicates that, in alloys of the Alnico 
type there is a reversible phase up to the 
Curie point, and that cobalt steels, as in-
dustrially heat treated, contain mixtures of 
austenitic and magnetic-a phases. The ap-
paratus used and the experimental procedure 
are described. 

621.318.22  670 
Mechanism of the Coercive Field and of the 

Remanent Magnetism of Powdered MnBi. 
Generalization —C. Guillaud. (Comm. Rend. 
Acad. Sci. (Paris), vol. 229, pp. 992 993; 
November 14, 1949.) The coercive field of 
ordinary permanent magnets is due to internal 
strains. Fields obtained with powdered MnBi 
are of a much higher order of magnitude. It is 
supposed that in the absence of an inductive 
field, the elementary magnetic vectors are all 
parallel, but half of one sense and half of the 
opposite sense. A sufficient inductive field 
causes one set of these vectors to rotate so that 
all are thereafter of the same sense. The effect 
is more pronounced the smaller the grain size; 
the cases where one grain includes (a) several 
elementary Weiss domains, and (b) at most one 
domain, are considered. This mechanism also 
exists in certain ferromagnetic substances 
which belong to the hexagonal system, and also 
for substances belonging to the cubic system. 
To obtain the best characteristics in magnets 
produced from powdered materials, each grain 
should contain only a single elementary do-
main and the axes of easy magnetization should 
be parallel. 

669.157.82:621.775.7:537.311.3  671 
Electrical Resistivity Measurements on 

Iron-Silicon Compacts prepared by the Powder 
Metallurgy Procedure —F. W. Glaser. (Jour. 
Metals, formerly Metals Technol., vol. 1, pp. 
475-480; August, 1949.) A study, by means of 
electrical resistivity measurements, of the 
progress of diffusion in Fe-Si alloys. 

MATHEMATICS 

681.142  672 
The Binary Quantizer —K. H.  Barney. 

(Elec. Eng., vol. 68, pp. 962-9p7; November, 
1949.) A detailed description is given of ap-
paratus for the continuous conversion of input 
currents or voltages, varying with time, into 
discrete binary numbers. When a difference 
exists between the input voltage and the feed-
back voltage from the counter circuit, the 
direction of operation of the counter is con-
trolled by the sign of this difference or error 
voltage. 

681.142  673 
An Analogue Computer for the Solution of 

Linear  Simultaneous  Equations —R.  M. 
Walker. (Paoc. I.R.E., vol. 37, pp. 1467-1473; 
December, 1949.) 

681.142:517.512.2  674 
Fourier Coefficient Harmonic Analyzer — 

S. Charp. (Elec. Eng., vol. 68, p. 1057; Decem-
ber, 1949.) Summary only. A ball-and-roller 
type  of  mechanical  integrator,  specially 
adapted for determining Fourier coefficients 
directly. The curve to be analyzed is drawn on 
graph paper, which is wrapped round a 
cylinder and inserted into the machine. The 
curve is tracked manually; counters then give 
the required coefficients. Each time the curve 
is scanned another set of coefficients is deter-
mined. A range of 100 harmonics can be in-
vestigated. The time required for each har-
monic is 2-7 minutes, depending on the curve. 

681.142: 621.318.572  675 
Gate-Type Shifting Register--J. H. Knap-

ton and L. D. Stevens. (Electronics, vol. 22, pp. 
186, 192; December,  1949.) Double-triode 
trigger circuits are used to store the numbers 1 
or 0 of the binary system, and each stage passes 
its number to a following stage on receipt of a 
shift pulse. The register operates reliably with 
1-as pulses at 250 kc and numbers have been 
circulated through six stages at 600 kc. 

MEASUREMENTS AND TEST GEAR 

621.317.2:620.193  676 
A Laboratory for the Study of the Resist-

ance of Materials under Tropical Conditions--
A. Nizery and S. Crespi. (Rev. Gen. Elec., vol. 
58, pp. 455-468; November, 1949.) A full de-
scription of the laboratory equipment at 
Saint-Cyr is preceded by a study of the actual 
conditions to be reproduced. 

621.317.3: 621.396.822  677 
The Application of I.F. Noise Sources to the 

Measurement of Over-All Noise Figure and 
Conversion Loss in Microwave Receivers — 
L. A. Moxon. (Paoc. I.R.E., vol. 37, pp. 1433-
1437; December, 1949.) A method is described 
of extending noise-diode technique to micro-
waves, using a frequency changer to produce 
the required rf test signal from an intermediate-
frequency noise source. An experimental pro-
cedure has been developed which enables the 
signal level to be accurately evaluated, subject 
to such limitations as those of Dicke's reciproc-
ity theorem, which are of little practical signifi-
cance for the applications so far considered. 
As in the low-frequency case, measurements 
are in general independent of receiver band-
width, there is no stray radiation problem, and 
the receiver output indicating device may 
follow any law within wide limits. The neces-
sary components are easy to construct and can 
be calibrated without the use of additional 
apparatus. The system is particularly well 
suited to mixer crystal measurements, since 
both conversion loss and over-all noise figure 
can be measured with equal facility, and the 
latter is readily analyzed in terms of conversion 
loss and noise ratio. See also 1196 of 1947. 

621.317.3(083.74): 621.396.931  678 
Standards on Railroad and Vehicular Com-

munications: Methods of Testing, 1949 — 
(Now. I.R.E., vol. 37, pp. 1372-1375; Decem-
ber, 1949.) Prepared by an IRE committee. 

621.317.32 0:621.396.11  679 
The Fresnel Reflection Formula in the Re-

gion of Long Waves —E. Roeschen. (Funk. 
and Ton., vol. 3, pp. 525-528; 1949.) A short 
description of a method of verification by de-
termining the field distribution beneath a 
vertical radiator. A 30-m Al mast was mounted 
on a platform floating on a lake and an earth 
plate of area 4 m2 was arranged symmetrically 
below the mast. The Old distribution at differ-
ent levels above and below the plate was 
measured for wavelengths of 217, 437, and 1,450 
in. The results are shown graphically. 

621.317.335.2t : 621.319.4(083.74)  680 
Standard  Test  Capacitors —(Elearonics, 

vol. 22, pp. 168, 174; December, 1949.) A T-
network of ordinary mica capacitors can pro-
vide a very small capacitance (e.g. 0.001 pF) 
between the extremities of the series elements 
when the shunt arm is grounded, if the capaci-
tors in the series arms are of only a few pica-
farads each and the capacitance in the shunt 
arm is several thousand picofarads. Such net-
works can be used as low-capacitance standards 
in the measurement of interelectrode capaci-
tances. 

621.317.35:621.3.015.33  681 
Analysis of Pulse Shape —G. F. Draffin. 

(Proc. I.R.E. (Australia), vol. 9, pp. 10-15 : 
November, 1948.) A simple graphical method 
is described for determining the amplitudes of 
the various harmonics present in a pulse of 
any waveform. The method is particularly 
useful for the rapid study of such problems as 
the effect on  pulse shape of frequency-
dependent amplification or attenuation. 
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' 621.317.373.029.64  682 
The Experimental Determination of Phase 

• Characteristics of Circuits for  Centimetre 
Waves —M. Denis and  P.  l'alluel. (Ann. 
Radioelec., vol. 4, pp. 315-330; October, 1949.) 

• A critical review of the principles, methods, and 
. apparatus used for quantitative measurements 
of (a) phase displacement between input and 
output at a fixed frequency; (b) phase varia-
tions with frequency, and phase distortion; (c) 
phase velocity in transmission lines; and (d) 
phase variation of active quadripoles as a 
function of certain parameters. The relative 
advantages and disadvantages of dynamic, 
reflection, resonance, and transmission methods 
of measurement are discussed. Illustrations and 
some details are given of suitable wavemeters 
and slotted lines. 

621.317.43:669.14-41  683 
Core-Loss Test for Narrow Silicon-Steel 

Strip —J. A. Ashworth. (Bell Sys. Tech. Publ. 
. Monogr., B-1667, 8 pp.) Description of a 

method for measuring the across-grain core 
loss in silicon-steel strip when the standard 
ASTM method cannot be applied. The Ep-
stein method is modified by decreasing the 
lengths of the test windings and test pieces. 

621.317.66  684 
Measurement of Microwave-Transmission 

Efficiency —A. L. Cullen. (Radio Tech. Dig. 
(Franc), vol. 3, pp. 345-348; December, 1949.) 
French version of 3196 of 1949. 

621.317.7  685 
A New Type of Electrical Instrument —K. 

A. Pullen. (Instruments, vol. 21, pp. 1008-1011; 
November, 1948.) A double-moving-coil ar-
rangement is used to overcome difficulties 
caused by vibration, shock, etc. The coils are 
mounted on opposite ends of the support 
frames, which carry the pivots at the center. 
The pointer is an extension of the upper frame. 
Theory and mechanical details of such in-
struments are fully discussed. Advantages in-
clude high tongue/weight ratio, high sensitiv-
ity, low power consumption, and extreme 
robustness. 

621.317.7.089.6  686 
Equipment for Instrument Calibration —E. 

A. Gilbert. (Elec. Eng., vol. 68, pp. 1065-1066; 
December, 1949.) Description of three self-
contained units for the calibration of all types 
of ac and dc measuring instruments now used, 
and designed to anticipate future requirements. 
A power supply at 110-120 v with frequency 
between 50 and 1,600 cps is required. 

621.317.725  687 
A New Expanded-Scale A.C. Voltmeter —N. 

P. Millar. (Elec. Eng., vol. 68, p. 1044; Decem-
ber, 1949.) Summary only. An iron-core satu-
rable reactor is used to energize the moving coil 

'  of a standard electrodynamic wattmeter. Ac-
1 curacy is within about i per cent of full-scale 
i 
1 rating. 
i 

i  621.317.73.029.63  688 
Circular Standing-Wave Detector—(Radio 

and  Telev.  News,  Radio-Electronic  Eng. 1 Supplement, vol. 13, pp. 12-13; December, 
1949.) A brief general description of the ap-
paratus. For another account see 3198 and 3203 
of 1949 (Meinke). 

621.317.733  689 
Self-Balancing Resistance Bridge —H. F. 

Rondeau. (Gen. Elec. Rev., vol. 52, pp. 45-46; 
October, 1949.) A servo system, consisting of an 
electronic converter and amplifier unit feeding 
a reversible induction motor, balances the 
bridge rapidly and automatically. The equip-
ment, which can be switched for manual opera-
tion, is recommended for production tests re-

quiring an accuracy of about 1 per cent over 
the resistance range of 0.010 to above 30 kit. 

621.317.74:621.315.2 12  690 
Maintenance Equipment for Coaxial-Cable 

Circuits —J. Selz. (Cdbles and Transmission 
(Paris), vol. 3, pp. 306-325; October, 1949.) 
Specifications and description of apparatus 
constructed in France for making comprehen-
sive line measurements in the range 30 kc to 

4 Mc. 

621.317.762  691 
Loading and Coupling Effects of Standing-

Wave Detectors —K. Tomiyasu. (Puoc. I.R.E., 
vol. 37, pp. 1405-1409; December, 1949.) 
"When measuring impedances on transmission 
lines, insensitive standing-wave detectors have 
the effect of yielding lower standing-wave ratios 
than the true values. Double-hump distribution 
curves are shown to be the result of very tight 
coupling of the detector. Detectors that can be 
represented by a susceptance component may 
indicate unsymmetrical distribution curves. 
Sensitive detectors used on transmission lines 
having low power levels can introduce tight-
coupling effects. Conditions are given for a 
loosely coupled detector." 

621.317.79:621.396.615.1 2 692 
Low Frequency Generators —R. A. Raffih-

Roanne. (Radio Prof. (Paris), vol. 18, pp. 16-
20; November, 1949.) Description of two signal 
generators for testing If amplifier fidelity. The 
first provides a sinusoidal output of 500 mw 
maximum with <3 per cent harmonic dis-
tortion, covering 15 to 16,000 cps. The second 
is an adapter for use with the first to provide a 
rectangular-wave output.  Complete circuit 
diagrams are given and some aspects of ampli-
fier fidelity are considered. 

621.396.933.001.4  693 
The Servicing of Airborne Equipment —T. 

R. W. Bushby. (Proc. I.R.E. (Australia), vol. 
10, pp. 190-195; July, 1949.) 1948 Australian 
IRE Convention paper. An outline of the or-
ganization of servicing procedure in Australia 
is given. Servicing requirements and test ap-
paratus are discussed. Instruments for checking 
transmitter radiation and ignition noise and for 
the overhaul of relays, microphones, and head-
phones are described. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

526.9:621.396.9  694 
Geodetic Measurements by Radar —D. J. 

Halliday. (Nature (London), vol. 164, pp. 
1005-1006; December 10, 1949.) An aircraft 
flies in a circular arc at the center of which is a 
ground radar beacon. The distance of the air-
craft from a second beacon is recorded at regu-
lar intervals. The geodetic distance between 
the beacons is calculated from the radius of the 
arc and the minimum recorded distance from 
the second beacon, corrections being made for 
altitude and atmospheric refraction. 

531.78:621.3.083.7  695 
The Differential Transformer as Applied to 

Instrumentation— W. 1). Macgeorge. (Science, 
vol. 110, pp. 365-368; October 7, 1949.) Basic 
design of differential transformers is discussed 
and illustrated by a description and per-
formance details of the "Atcotran" type made 
by the Automatic Temperature Control Co. 
Suitable circuits for using these transformers in 
the measurement of variables such as pressure, 
flow, and force are also considered; the null-
balance type of circuit being especially noted. 
Practical wiring procedures are given for sys-
tems in which the indicating instrument is a 
considerable distance from the equipment on 
which measurements are to be made. 

535.61-15  696 
Some Experimental Demonstrations with 

Infra-Red Rays —T. Gast. (Funk. and Ton., vol. 
3, pp. 529-533; 1949.) 

538.71  697 
Airborne Magnetometer for Measuring the 

Earth's Magnetic Vector —E. 0. Schonstedt 
and H. R. Irons. (Science, vol. 110, pp. 377-
378; October, 1949.) The airborne total field 
magnetometer, developed during World War 
II by the Naval Ordnance Laboratory and Bell 
Telephone Laboratories, has been modified so 
that the total magnetic field vector is measured 
instead of the intensity only. 

539.16.08  698 
Equipment for the Counting of Particles by 

the  Geiger-Milller  Method —A.  Berthelot. 
(Jour. Phys. Radium, vol. 7, pp. 185-192; 
July, 1946.) Description of apparatus for 
laboratory  measurements,  including scaler 
circuits, a stabilized hv supply, pulse generator, 
and a complete unit comprising preamplifier, 
decade scaler circuit, power stage, counter, 
power supply, and voltmeter. 

539.16.08  699 
Glass- Walled  Counters  with  External 

Cathode —R. :laze. (Jour. Phys. Radium, 
vol. 7, pp. 164-166; June, 1946.) Colloidal 
graphite is deposited on the outside of a thin-
walled tube of ordinary glass with axial wire 
anode and hydrogen filling. In use as a counter, 
the inside of the glass becomes charged as uni-
formly as if it had a conducting surface layer. 
The arrangement is thus equivalent to the usual 
type of counter with the cathole earthed 
through a high resistance in parallel with a 
capacitance. Owing to the weak secondary 
effects of glass a production efficiency of 100 
per cent can easily be obtained. 

539.16.08  700 
Ion Mobilities in Geiger-Mtiller Counters — 

H. den Hartog and F. A. Muller. (Physica, 's 
Gray., vol. 15, pp. 789-800; September, 1949. 
In English.) Formulas and measuring instru-
ments are described for a detailed study of the 
deionization  current  in  a self-quenching 
counter. Ion mobility in alcohol is 2.6 cm/sec 
per V/cm, in argon 7.1 cm/sec per V/cm, both 
at 100 mm Hg pressure. These results supersede 
earlier measurements by van Gemert and the 

authors, noted in 1139 of 1949. 

539.16.08  701 
Spurious Counts in Geiger Counters and the 

Pretreatment of the Electrodes —J. D. Loma! 
and S. M. Naucle. (Phys. Rev., vol. 76, pp. 571-
572; August 15, 1949.) 

539.16.08  702 
On the Temperature Dependence of Coun-

ter Characteristics in Self-Quenching G- M 
Counters—O. Parkash. (Phys. Rev., vol. 76, pp. 
568-569; August 15, 1949.) 

551.508.1:621.317.083.7  703 
Range-Adjusting Radiosonde Recorder — 

G. E. Beggs, Jr. (Elec. Eng., vol. 68, p. 990; 
November, 1949.) Summary of AIEE paper. 
Range-adjustment and calibration are per-
formed automatically. A block diagram of the 
complete system is included.  • 

621.316.718  704 
Basic Control Requirements of D.C. Ad-

justable-Voltage Drives —E. E. Moyer and M. 
E. Cummings. (Elec. Mfg., vol. 44, pp. 64-70; 
November, 1949.) Discussion of the field con-
trol  sequences  for  starting,  accelerating, 
running, retarding, reversing, and stopping the 
motor unit of a dc adjustable-voltage drive of 
the Ward-Leonard type. The necessary design 
information is given mainly in a comprehensive 
series of scaled diagrams, with brief notes. 
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621.316.726:1[621.365.551-F615.84  705 
Industrial Oscillator Frequency Control — 

J. W. Lower. (Ele(tronics, vol. 22, pp. 84-86; 
December,  1949.) Describes an automatic-
frequency-control system for diathermy or 
dielectric-heating power oscillators. The oscil-
lator frequency is sampled 200 times per sec 
and compared with a crystal-controlled refer-
ence frequency. The resulting error signal is 
applied to a servo system operating a 2-phase 
induction motor which adjusts the reactive 
tuning element of the osciLlator, whose fre-
quency is this kept within 0.01 per cent of the 
27-Mc standard. 

621.317.39: 534.08  706 
A New Method of Vibration Measurement 

for the Frequency Range 20 to 20,000 c/a — 
F. Massa. (Instruments, vol. 21, pp. 1012-1014; 
November, 1948.) An accelerometer unit is 
designed so that its electromechanical system 
has a single degree of freedom and its resonance 
frequency is above 20 kc. The unit consists of a 
system of ADP crystal plates mounted within a 
cylindrical stainless-steel housing  1 in.  in 
diameter and 2 in. long. A stress is imparted 
along the piezoelectric axis of the plates in 
proportion to the component of mechanical 
vibration in the direction of the cylinder axis. 
Typical response curves are shown and dis-
cussed. 

621.365.5 0  707 
Production Economies realized by Proper 

Use  of Induction  Heating —J.  A.  Evans. 
(Materials and Methods) vol. 30, pp. 57-60; 
November, 1949.) 

621.38.001.8  708 
Electronics Symposium, 1949 —(Engineer 

(London), vol. 188, p. 525; November 4, 1949.) 
Brief notice of the papers presented and the 
apparatus exhibited at a symposium on in-
struments in research and industry, held in 
London, November 2-4, 1949. 

621.38.001.8  709 
Electronic Aids to Industry —(Jour. Brit. 

I.R.E., vol. 9, pp. 446-464; December, 1949.) 
A survey prepared by the Technical Committee 
of the British 1.R.E. Applications are grouped 
in 33 sections, each with a bibliography which, 
though not exhaustive, may serve as a guide to 
more detailed technical information. 

621.38.001.8:543/545  710 
Electronic Instrumentation for Chemical 

Laboratories —F.  Gutmann.  (Proc.  IR E. 
(Australia), vol. 10, pp. 241-254; September, 
1949. Bibliography, pp. 254-256.) Paper pre-
sented at the Australian I.R.E. convention, 
Sydney, 1948. A comprehensive survey, with 
many diagrams of the principles of various 
analyzing instruments, including p1-1 meters 
and the associated current amplifiers, colorim-
eters using photoelectric cells, polarographs 
for the analysis of electrolytes by measure-
ment of the current/voltage curve, gas ana-
lyzers, titration potentiometers, electrolytic 
conductance bridges, dielectric-constant and 
dielectric-loss measuring equipment for radio 
frequencies, moisture meters, supersonic equip-
ment, an ionization gauge, and an electronic 
balance.  • 

PROPAGATION OF WAVES 

061.3: 551.510.535: 538.566  711 
The Conference on Ionospheric Research — 

(Jour. Geophys. Res., vol. 54, pp. 281-294; 
September, 1949.) Summaries of symposia and 
abstracts of papers presented at the conference 
held at Pennsylvania State College under joint 
sponsorship of that College and of the Geo-
physical Research Directorate, U.S.A.F., June 
27-29, 1949. Selected papers are noted below, 

in this section, or in the Geophysical and Extra-
terrestrial Phenomena section. 

538.56  712 
General Expression of Huyghens' Principle 

for Electromagnetic Waves in an Imperfectly 
Transparent  Medium --J.  Brodin.  (Comm. 
Rend. Acad. Sci. (Paris), vol. 229, pp. 1064 
1066; November 21, 1949.) Extension of 523 
above to the case of em waves. The layers in-
volved in this case consist respectively of elec-
tric and magnetic dipoles. 

538.566  713 
On the Electromagnetic Surface Wave of 

Sommerfeld- -T.  K a lian  and  (  Ec ka rt. 
(Phys. Rev., vol. 76, pp. 406- 410; August 1, 
1949.) See 2892 of 1949. 

538.566.3:551.510.535  714 
Application of the Magneto-Ionic Theory 

to Radio Waves Incident Obliquely upon a 
Horizontally-Stratified  lonosphere--11.  G. 
Booker. (Jour. Geophr. Res., vol. 54, pp. 243 - 
274; September, 1949.) Pennsylvania State 
College Conference paper. "A study is made of 
the propagation of wave-packets incident 
obliquely upon a slowly varying plane-stratified 
Ionosphere, allowing for the full effect of the 
earth's magnetic field. Propagation of a mag-
neto ionic component is described in terms of 
the vertical component q of the phase-propaga-
tion vector, so as to avoid using a refractive 
index which depends in a complicated way on 
an unknown angle of refraction. The funda-
mental formula of the theory is an algebraic 
quartic equation for q, the coefficients in 
which depend on electron-density N, wave-
frequency, direction of earth's magnetic field, 
the direction of incidence upon the ionosphere. 
The four roots of the quartic for q correspond 
to the upgoing/downcoming ordinary/extraor-
dinary magneto-ionic components. 

"It is shown that, to plot the four roots of q 
as a function of N for fixed values of the 
other parameters, it is easier to restate the 
fundamental formula as a cubic equation for 
N as a function of q. Using this cubic equation, 
simple limiting curves between which the ac-
tual curves necessarily lie are deduced, thereby 
facilitating  plotting  in  a particular case. 
Methods for mass-production of such propaga-
tion-curves are devised but not applied on a 
large scale. 

"Formulas for attenuation, lateral devia-
tion, horizontal range, and equivalent paths of 
magneto-ionically split wave-packets are de-
rived and illustrated graphically. The amount 
to which a wave-packet can be permanently 
deviated out of its plane of incidence by the 
earth's magnetic field can be extremely large, 
but probably not in cases of practical impor-
tance in commercial radio communication." 

621.396.11  715 
The Reflection Coefficient of a Linearly 

Graded Layer —G. Millington. (Marconi Rev., 
vol.  12,  pp.  140-151;  October-December, 
1949.) A study of the reflection of a horizontally 
polarized plane wave incident obliquely on a 
layer in which there is a linear variation of 
dielectric constant from a constant value on 
one side of the layer to another constant value 
on the other side of the layer. The curves given 
have particular application to the propagation 
of uhf radio waves in the troposphere, and 
should be a useful contribution to the under-
standing of uhf long-distance transmission. 

The curves refer only to horizontal polariza-
tion, but when the change in refractive index is 
very small and the wave is at nearly grazing 
incidence, the reflection coefficients for vertical 
and for horizontal polarization are approxi-
mately equal numerically, though their analyti-
cal forms are different. Under these strictly 

limited conditions, the curves may also give the 
numerical value of the reflection coefficient for 
vertical polarization. 

621.396.11:523.72  716 
Observations of the Propagation of Broad-

casting Waves, X = 1250 m, during the Occur-
rence  of  Mogel-Dellinger  Effects -E.  A. 
Lauter. (Z. Met., vol. 3, pp. 204-206; July, 
1949.) 1)-layer reflection effects, scattering, and 
absorption effects for 1250-m waves are dis-
cussed in relation to the occurrence of out-
bursts of ultraviolet emission from the sun and 
consequent fading of broadcasting signals. The 
Mogel-Dellinger effect does not appear to have 
been observed hitherto for such long waves. Its 
occurrence may give new insight into the ioni-
zation of the middle stratosphere. 

621.396.11:535.31:551.510.535  717 
Geometrical Optics of the Ionosphere -K. 

Rawer. (Rev. Sci. (Paris), vol. 86, pp. 585 600; 
September and October, 1948.) The depend-
ence of field strength upon path length is con-
sidered, and a solution is obtained involving 
the diameter of the ray in the vertical plane 
containing its path. Calculations are made for 
the cases of flat and curved earth, and thin and 
thick ionospheric layers. Diameter/distance 
curves are plotted. Results obtained for single 
and  multiple  reflections show  three local 
points, (a) at the edge of the silent zone, (b) for 
the horizontal ray, and (c) for the antipodal 
point. Approximations for the case of a para-
bolic layer are considered and discrepancies be-
tween these and the results of Fiirsterling and 
Lassen (1932 Abstracts, pp. 87 and 217) and ot 
Appleton and Beynon (3290 of 1949) are noted. 
The application of the curves finally obtained 
to propagation problems is briefly considered. 

621.396.11:551.510.535  718 
Ray Paths of Radio Waves in the Iono-

sphere -11.  Poeverlein.  (Z.  A ngeu%  Plays., 
vol. 1, pp. 517 525; October, 1949.) Detailed 
discussion of the theoretical bases for the 
graphical construction of ray paths. Several 
graphical representations of the dependence 
of the refractive index on the direction of the 
wave normal are given and discussed. 

621.396.11:551.510.535  719 
Some Problems of Wave-Diffraction in the 

Ionosphere- -J. A. Ratcliffe. (Jour. Geophys. 
Res., vol. 54, p. 288; September, 1949.) Sum-
mary of Pennsylvani,A State College Confer-
ence paper. "Simultaneous observations of 
radio 'fading' at two points force us to the 
conclusion that radiowaves are returned from 
the ionosphere by a process of diffractive re-
flection as if from a rough surface. The diffrac-
tion effects produced by a simple model of this 
kind are considered and are related to well-
known phenomena of optical diffraction. It is 
shown that the methods of calculation are 
similar to those employed in the analysis of 

random fluctuations such as occur with radio 
'noise.' The fading is shown to be produced by 
movements of the random irregularities in the 
ionosphere and is related to their turbulent or 
regular motions. It is shown how winds in the 
ionosphere can be measured. Analogies are 
made with sonic well-known optical phenom-
ena." 

621.396.11:551.510.535  720 
Oblique Incidence Propagation Work of the 

Central Radio Propagation Laboratory —R. 
Silberstein.  (Jour. Geophys.  Res., vol.  54, 
p. 288; September, 1949.) Summary of Penn-

sylvania State College Conference paper. Dis-
cussion of experiments, begun in 1947, using a 
13.7-Mc transmitter capable of an output of 
several hundred kilowatts. Three methods were 
used to determine the source of back-scatter; 
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the results indicated that ground-scatter usu-
ally predominated over scatter from the E 
layer. An examination of A-scope photographs 
confirmed the existence of many of the pre-
dicted modes of propagation. 

1 621.396.11:551.510.535  721 
The Interpretation of Long Scatter Echo 

' Patterns —A. M. Peterson. (Jour. Geophys. 
Res., vol. 54, p. 284; September, 1949.) Sum-
mary of Pennsylvania State College Confer-
ence paper. The mechanism of ground scatter 
is analyzed. It is shown that "angle" focusing 
and "time-delay" focusing produce charac-
teristic patterns on pulse-echo equipment. It 
is deduced that E-region ionization contributes 
relatively little to long scatter. 

621.396.11:551.510.535  722 
Pulse Transmission over Long Distances — 

J. A. Pierce. (Jour. Geophys. Res., vol. 54, pp. 
282-283;  September,  1949.)  Summary  of 
Pennsylvania State College Conference paper. 
The two methods used for recording fixed-
" frequency pulse signals received from a distant 
transmitter are discussed. These are (a) the use 
of stable oscillators to control the recurrence 
period; and (b) the use of a servomechanism to 
synchronize the controlling oscillator with the 
received signal. Examples are shown of the 
records obtained with the synchronizer at fre-
quencies of 9.1 and 12.9 Mc, chosen to exhibit 
the effects of the Pedersen ray. The effects of 
seasonal changes between July, 1948, and June, 
1949, on the propagation of a 17-Mc signal over 
a 6,000-km transatlantic path are studied, and 
comparisons made with C.R.P.L. predictions. 

621.396.11:551.510.535  723 
Effect of the D-Ionospheric Layer on Very 

Low Frequency Radio Waves —W. P. Pfister. 
(Jour. Geophys. Res., vol. 54, p. 286; September, 
1949.) Summary of Pennsylvania State College 
Conference paper. The D layer considered is a 
normal Chapman layer at a height of about 60 
km. In long-distance propagation, maximum 
absorption is observed at 45 kc, and the calcu-
lated ion concentration is of the order of 
100/cmisec. Reflection coefficients, transmis-
sion values, and virtual heights are also cal-
culated. Different conceivable forms of ion dis-
tribution are considered. 

621.396.11 551.510.535  724 
The Propagation of Long and Very-Long 

Waves—J. A. Ratcliffe. (Jour. Geophys. Res., 
, vol. 54, pp. 281-282; September, 1949.) Sum-1 mary of Pennsylvania State College Conference 
paper. An account of the measurements which 

' have been made in England since the war, to 
investigate reflection from the ionosphere at 
steep incidence. Results are described of in-
vestigations at frequencies between 16 kc, for 
which the daytime downcoming wave is strong, 
and 100 kc, for which the reflected wave is 
weak. 

The variations in the phase of the reflected 
wave are recorded for transmissions over differ-
ent distances; the results provide information 
about changes in the equivalent height of re-
flection. An account is given of deductions 
made from the normal diurnal and annual 
variations. 
A sudden phase anomaly often accompanies 

a sudden ionospheric disturbance and is ob-
servable throughout the disturbance because 
the amplitude of the very long wave is not 
seriously diminished by the disturhance. The 
importance of these anomalies for solar and 
ionospheric theories is discussed. 
Attempts are being made to relate propaga-

tion at oblique incidence to propagation at 
more vertical incidence, both by plotting the 
ground interference pattern in an aircraft and 
by making detailed measurements at a point 
distant 500 km from the transmitter. 

621.396.11:551.510.535  725 
Sporadic Ionization at High Latitudes —J. 

H. Meek. (Jour.Geophys. Res., vol. 54, pp. 284-
285; September, 1949). Summary of Pennsyl-
vania State College Conference paper. Discus-
sion of the variations in the (h', f) trace pro-
duced by different types of sporadic ionization 
recorded in northern Canada. Estimates of the 
speed of mction of sporadic ionized clouds range 
from 400 km/hr to 1,200 km/hr for virtual 
heights from 100 km to 300 km. 

621.396.11:551.510.535  726 
Summary of Symposia [at the Pennsylvania 

State College  Conferencel —Waynick.  (See 
637.) 

621.396.11:621.317.32 0  727 
The Fresnel Reflection Formula in the Re-

gion of Long Waves —Roeschen. (See 679). 

621.396.11:551.594.5  728 
Sky-Wave Observations (X= 1250 In) dur-

ing Displays of the Northern Lights in 1947 — 
E. Lauter and K. Sprenger. (Z. Met., vol. 3, pp. 
193-198; July, 1949.) Numerous northern-light 
observations at German stations on 40 nights 
during 1947 are correlated with observations 
at Warnemunde of 1250-m waves reflected 
from the E-layer. The relation of sky-wave 
absorption to sunspot relative numbers and to. 
geomagnetic quantities is considered both for 
evenings with northern-light displays and for 
those with abnormal E-layer effects. 

621.396.11.029.6  729 
V.H.F. and U.H.F. Propagation within the 

Optical Range —M. W. Gough. (Marconi Rev., 
vol.  12,  pp.  121-139; October-December, 
1949.) The mechanism of vhf and uhf propaga-
tion can be explained in terms of five major 
factors, namely (a) atmospheric refraction, (b) 
ionospheric reflection, (c) tropospheric reflec-
tion, (d) diffraction, and (e) ground reflection. 
(e) is the dominant factor in propagation 
within the optical range, and it is with this 
aspect of the problem that this article is con-
cerned. 

From the ray concept of propagation, a 
technique has been evolved using simple micro-
wave field strength measurements to forecast 
the behavior of vhf and uhf transmissions over 
a specific optical path. In particular the method 
predicts, without further measurement, the 
best height for the receiving antenna on any 
frequency in the vhf or uhf band. 

The process is based on the assumption that 
ground reflection is confined to a point. This 
assumption becomes increasingly invalid with 
increasing wavelength and may lead to errors. 
However, these can be corrected to a large ex-
tent by invoking Fresnel's zone theory, which 
defines what region of the path is involved in 
reflection. Furthermore, by examining the 
ground irregularities in this region the reflecting 
power of the ground can be assessed. 

This article develops the theory of the 
microwave survey technique and describes and 
interprets a survey made over a test path, from 
which the behavior of specific longer waves is 
predicted. It concludes with a description of 
confirmatory experiments made over the same 
path which verify the predictions. 
The "calibration" of optical paths by the 

use of microwaves eliminates the necessity for 
tests on operational wavelengths, and coupled 
with the lightness and compactness of micro-
wave equipment, saves experimental labor, 
particularly if the path is to carry transmissions 
on more than one wavelength. 

621.396.81:523.78  730 
Field-Strength Observations Made during 

the Total Eclipse of the Sun—J. Gross. (PRoc. 
I.R.E., vol. 37, p. 1447; December, 1949.) 

Curves are given showing the estimated signal 
strength and readability of W WV sw signals 
received at Eastleigh aerodrome, Nairobi, on 
November 1, 1948. The transmission path was 
approximately the same as that of the eclipse. 
Signals disappeared completely during the 
totality period and returned to normal by the 
time the sun was completely unobscured. Sig-
nals were of normal strength both on the day 
before and the day after the eclipse. 

621.396.81:621.396.67.029.64  731 
The Effect of Antenna Size and Height 

Above Ground on Pointing for Maximum 
Signal —A. H. LaGrone and A. W. Straiton. 
(PRoc. I.R.E., vol. 37, pp. 1438-1442; Decem-
ber, 1949.) An account of investigations of 
3.2-cm transmissions over a 27-mile desert path 
in Arizona. The effect of antenna size and 
height above ground on the angle of arrival, 
as indicated by pointing the antenna for maxi-
mum signal, is shown in tables and curves for 
three measured fields. A comparison is also 
made of the response of the antennas for vari-
ous angles of tilt in these fields, and their 
response in an assumed field made up of two 
plane-wave components. 

621.396.812  732 
Ground-Wavc Field-Strength Calculation 

— H. L. Kirke. (PRoc. I.R.E., vol. 37, p. 1446; 
December, 1949.) Comment by G. Millington 
on 2304 of 1949 and author's reply. 

RECEPTION 
621.396.621  733 

Reflex Receiver with Feedback and A.V.C. 
—E.  G.  Beard. (Philips  Tech. Commun. 
(Australia), No. 4, pp. 9-14; 1949.) 

621.396.621:621.396.619.13  734 
Sky- Wave F. M. Receiver —L. B. Arguim-

bau and J. Granlund. (Electronics, vol. 22, pp. 
101-103; December, 1949.) Early experiments 
showed that reception in the presence of multi-
path signals was much inferior for FM than for 
AM. When signal and interference (multi-path 
or other) are of nearly equal amplitude, the 
limiter must have a uniform response over a 
very wide band. Thus when two signals differ 
in amplitude by 5 per cent and in frequency by 
150 kc the resultant will sweep through 6 Mc, 
and the limiter must pass all these frequencies 
equally so as not to introduce AM. A brief 
description of circuits and laboratory tests of a 
receiver is given and it is suggested that a 
transatlantic FM high-fidelity link should be 
possible if a channel of width 150 kc could be 
spared in the sw band. 

621.396.623  735 
A De Luxe Receiver with Very High Musi-

cal Fidelity: Le Jubil6 —J. Rousseau. (TSF 
Pour Tons, vol. 25, pp. 398-404; December, 
1949.) An illustrated description of the circuit 
features of a 33-tube broadcast receiver built 
by M. Laugier and incorporating various 
design recommendations which have appeared 
in the journal in recent years. References to 
these articles are made on a complete circuit 
diagram. The receiver has six wavebands and 
uses three separate amplifier stages for high, 
medium, and low audio frequencies, and an ex-
pansion circuit for contrasts. 

621.396.822  736 
Note on Transit-Time Deterioration —A. 

van der Ziel. (PRoc. I.R.E., vol. 37, p. 1447; 
December, 1949.) A simple derivation of some 
formulas recently published by MacDonald 
(2408 of 1949). See also 1890 of 1948 (Strutt 
and van der Ziel). 

621.396.822: 621.317.3  737 
The Application of I.F. Noise Sources to the 

Measurement of Over-All Noise Figure and 
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Conversion Loss in Microwave Receivers — 
Moxon. (See 677.) 

621.396.621  738 
Les Recepteurs de Radiodiffusion (Broad-

casting Receivers) [Book Reviewl —Y. Angel. 
Publishers: Eyrolles, 244 pp. (Radio Tech. 
Dig. (Franc), vol. 3, p. 375; December, 1949.) 

STATIONS AND CO M MUNICATION 
SYSTE MS 

621.395+621.3971:621.315.212  739 
Progress in Coaxial Telephone and Tele-

vision Systems--L. G. Abraham. (Bell Sys. 
Tech. Pub!. Monogr. B-1630, 8 pp.; Trans. 
A IEE, vol. 67, pp. 1520-1527; 1948.) A gen-
eral description of the Bell Telephone Li sys-
tem, which provides either 600 telephone cir-
cuits or a 2-way telev'sion circuit with a band-
width of 2.8 Mc, with details of the coaxial 
cables used and their associated equipment. 

621.395.635:621.395.44:621.396.931  740 
Vibrating Reed Selective Signaling System 

for Mobile Telephone Use —H. M. Pruden and 
D. F. Hoth. (Bell Sys. Tech. Pub!. Monogr., 
B-I663, 5 pp.; Trans. A I EE, vol. 68, pp. 387-
391; 1949.) A means of calling a particular car 
in a group tuned to a common carrier fre-
quency. The transmitter at the fixed station 
can transmit any combination of four af tones 
from the 32 available, 10,000 combinations 
being p)ssible. Each car is equipped with a set 
of four vibrating-reed selectors (756 below) 
tuned to selected tones, the combination being 
different for each car. The operation and ad-
vantages of the system are discussed. 

621.396.1:621.396.931  741 
Radio Communications Services: Part 2— 

(F M-TV, vol. 9, pp. 18-21, 45; July, 1949.) 
Continuation of 2907 of 1949. 

621.396.1:621.396.931  742 
New Frequency Assignments for Mobile-

Radio  Systems- -G.  H.  Underhill.  (Elec. 
Eng., vol. 68, pp. 951-955:November, 1949.) 
Description of the method by which a new 
operating frequency will be selected for each 
of 500 mobile-radio systems. 

621.396.619.13  743 
On the Question of the Applicability of 

Single-Sideband  Methods  for  Frequency. 
Modulation Transmissions —A. Lutsch. (Fern-
meldetech. Z., vol. 2, pp. 347-35); November, 
1949.) A theoretical treatment of the subject 
shows that no simple demodulation process can 
be applied. Investigation of the AM which 
occurs in single-sideband systems indicates that 
the phase swing is limited to <1.7 radians, so 
that only narrow-band modulation is possible. 
Formulas are given for determining the be-
havior of  the  demodulated  low-frequency 
curves, and distortion is discussed. From these 
considerations, single-sideband FM appears to 
be impracticable for communication purposes. 

621.396.619.13:621.396.712:534.86  744 
A Demonstration of Experimental F. M. 

Broadcast Transmitting and Receiving Equip-
ment—Honnor. (See 535.) 

621.396.65.029.63  745 
A Wide-Band V.H.F. Radio-Relay System 

—IV. S. McGuire. (Proc. I.R.E. (Australia), 
vol. 10, pp. 160-165; June, 1949.) Paper pre-
sented at the Australian I.R.E. convention, 
Sydney, 1948. The link operates in the fre-
quency range 152-165 Mc, the frequency de-
viation being ± 30 kc. Frequency response is 
constant to within ± 1 db from 50 cps to 17 kc. 
Terminal and repeater equipment are de-
scribed, with performance figures for an ex-
perimental 22-mile link. 

621.396.712+621.396.97  746 
High-Frequency Broadcasting in Australia 

— N. S. Smith. (Proc. I.R.E. (Australia), vol. 
9, pp. 4-20; October, 1948.) Paper presented at 
the Australian I.R.E. Convention, November, 
1948, and giving an historical outline of the 
development of broadcasting in the frequency 
band 3-30 Mc. The transmission characteristics 
of the ionosphere, as they affect this band, are 
summarized. "Internal" and "external" services 
are dealt with in two main sections and brief 
technical summaries are included of the trans-
mitters, the power output of which ranges from 
1 to 100 kW. Descriptions are given of antenna 
arrays and switching arrangements. 

621.396.72:621.3.018.4(083.74)  747 
Experimental Standard-Frequency 1.3-k W] 

Transmitting Station, W WVH —G. 11. Lester. 
(Communications,  vol.  29,  pp.  20 23,  33; 
September, 1949.) See also 1982 of 1949. 

621.396.931:621.317.3(083.74)  748 
Standards on Railroad and Vehicular Com-

munications:  Methods of  Testing,  1949 - 
(Paoc. I.R.E., vol. 37, pp. 1372-1373; Decem-
ber, 1949.) Prepared by an IRE committee. 

621.396.931:621.396.619.13  749 
South Australian Police F. M. Network — 

R. \V. Goss. (Communications, vol. 29, pp. 14-
16; September, 1949.) General description of 
the 72.5- Mc system, which comprises a 250-w 
transmitter located in Adelaide, a 25-w remote 
station 1,250 ft. above sea level, and 10-w 
mobile units. Points within 25-30 miles of the 
250-w transmitter are covered. 

621.396.931 : 621.396.619.13  750 
Mobile P. M. Communications Equipment 

for Australian Conditions - R. A. Ratcliffe and 
R. S. Zucker. (Proc. I.R.E. (Australia), vol. 10, 
pp. 101-113; April, 1949. Correction, vol. 10, 
p. 159; June, 1949.) Paper presented at the 
Australian IR E. convention, Sydney, 1948. 
Examples of performance specifications for 
mobile FM vhf equipment, issued by various 
public bodies in Australia, and also for typical 
American installations are tabulated and dis-
cussed. A standard performance specification 
for Australian equipment is proposed. A de-
scription is given, with photographs and cir-
cuit diagrams, of mobile transmitter and re-
ceiver units designed to meet the requirements 
of the proposed specification. 

621.396.931:621.396.619.13  751 
V.H.F. Mobile Communication Systems — 

A. J. Campbell. ( Proc. I.R.E. lAustralia), vol. 
10, pp. 73-82; March, 1949.) Paper presented 
at the Australian I.R.E. convention, Sydney, 
1948. The main factors which have encouraged 
the development of such systems are reviewed. 
A detailed description is given of a standardized 
range of FM equipment designed to provide 
reliable service over an area of at least 20-miles 
radius around a central station. Carrier fre-
quencies in the bands 70-80 Mc and 152-166 
Mc are used, with crystal control of the trans-
mitter frequency. The double-superheterodyne 
receivers derive both local-oscillator frequencies 
from appropriate points in a crystal-driven 
multivibrator chain, the crystals vibrating in 
the third harmonic mode and thus providing 
initial high frequencies which greatly simplify 
design. Various types of antennas are available. 
Two selective-calling systems are mentioned: 
(a) a 2-tone system for a maximum of 33 mobile 
units, in which mechanically resonant reed 
selectors are fitted; and (b) a digit system 
similar in principle to that of the automatic 
telephone. This has a much greater capacity 
than the 2-tone system. With a 2-digit code, 
about 80 mobile units can be called. 

621.396.933  752 
The Modern Civil Aircraft Radio Station — 

S. C. NVallace. (Marconi Rev., vol. 12, pp. 152-
156; October-December, 1949.) The methods 
of installing radio instruments in aircraft are 
reviewed. The ger.eral trend towards standard-
ization has now developed into the "standard 
racking scheme." This is described and its use 
illustrated. 

SUBSIDIARY APPARATUS 

621.526: 623.451  753 
German Missile Accelerometers— T. M. 

Moore. (Elec. Eng., vol. 68, pp. 996-999; 
November, 1949.) Control of steering and fuel 
cut-off in German rocket missiles was effected 
by various methods based on the measurement 
and integration of acceleration. Single integra-
tion systems used gyroscope precession and 
electro-deposition. A circuit for double in-
tegration by electro-deposition methods is 
described. A system for lateral control, using an 
electrically maintained moving-coil vibrator, is 
also described; by triple integration of lateral 
acceleration the missile was made to return to 
its course in spite of side winds. 

621.314.5: 621-526  754 
An Electronic D.C. to A.C. Converter for 

Use in Servo Systems—E. E. St. John. (Pio.c. 
R E., vol. 37, pp. 1474-1478; December. 
1949.1 

621.314.632  755 
The Easy-Flow Characteristics of Copper 

Oxide Rectifiers--F. Rose and E. Spenke. 
(Z. Phys.., vol. 126, pp. 632 -641; August 30, 
1949.) The present diffusion theory of dry 
rectifiers gives the dc characteristics only 
qualitatively. An improvement in measure-
ment technique and a more exact interpreta-
tion of the theory shows that, for Cu:0 recti-
fiers, large portions of the easy-flow charac-
teristic are given quantitatively by the theory. 
The existence of the chemical barrier layer is 
confirmed. See also 826 of 1942 (Schmidt). 

621.395.635  756 
Vibrating Reed Selectors for Mobile Radio 

Systems  A. C. Keller and L. G. Bostwick. 
Itr/1 .Nys. Tech. Pub!. Monogr., B-1662, 4 pp.; 
Trans. AIEE, vol. 68, pp. 383-386; 1949.) 
The vibrating reeds are attached to a metal 
block to form a small tuning fork. A pole-piece 
attached  to a small  magnet  is arranged 
centrally between the tines and an actuating 
coil surrounds both tines and pole-piece. W'hen 
the coil is energized with the correct frequency 
and voltage, the tines vibrate, thus causing a 
contact to close (luring a fraction of each cycle 
of vibration. Another type, without contacts, 
can be used to provide sharply selective 
filters. Performance data, graphs, and photo-
graphs are inclt6led. 

621.396.622  757 
Theoretical and Experimental Study of De-

tection by Silicon Crystals -Lapostolle. 
785.) 

621.396.68:621.397.62  758 
Power Supplies for Home Television Re-

ceivers -V. Wouk. (Elec. Eng., vol. 68, pp. 
1061 1065; December, 1949.) Discussion, with 
circuit diagrams, of various methods of supply-
ing  low-voltage B+ and bias power, and 
(b) high-voltage power for the cathode-ray 
tube. 

778.3:621.317.755  759 

Techniques in High-Speed Cathode-Ray 
Oscillography —c. Berkeley and H. P. Mans-
berg. (Jour. Soc. Mot. Pic. Eng., vol. 53, pp. 
549-578;  November,  1949.)  Photographic 
technique for recording cathode-ray oscillo-
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graph traces of (a) recurrent, (b) transient, and 
(c) drifting phenomena is discussed. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.335  760 
A Television Synchronising-Signal Genera-

tor—J. E. Benson, H. J. Oyston, and B. R. 
Johnson. (Proc. I.R.E. (Australia), vol. 10, 
pp. 128-139; May, 1949.) Paper presented at 
the Australian I.R.E. convention, Sydney, 
1948. The synchronizing-signal waveforms of 
the British and American television systems 
are described, and the technical requirements of 
the generating equipment are indicated. An out-
line is given of some typical circuit tech-
niques used in synchronizing generators, and an 
experimental 525-line 25-frame synchronizing-
signal generator unit is described which uses 
equalizing pulses and is suitable for negative 
modulation. 

621.3973  761 
Distant Electric Vision—J. D. McGee. 

(Proc. I.R.E. (Australia), vol. 10, pp. 211-223; 
August, 1949.) 1948 Australian I.R.E. Con-
vention leCture. A historical review of tele-
vision, with special reference to the develop-
ment of the emitron, super-emitron and C.P.S. 
emitron, and discussion of their relative merits. 
( Note. This lecture was recorded in England on 
magnetic tape and reproduced, with slides, in 
Sydney. The tape, slides and original manu-
script were sent from England by air mail.) 

621.397.5  762 
Dr. Lee de Forest's Color Television Sys-

tem—(Tele-Tech, vol. 8, pp. 41-42; November, 
1949.) Tricolor filters, made up of hexagonal 
elements of the three primary colors, are made 
to oscillate synchronously before the camera 
and the reproducing cathode-ray tube, so that 
every element of the transmitted picture is 
scanned by each of the primary colors every 
twentieth of a second. 

621.397.5  763 
New Directions in Color Television—D. G. 

F. (Electronics, vol. 22, pp. 66-71; December, 
1949.) Comparison of the field-sequential, line-
sequential, and dot-sequential methods of 
transmission. Principles of the C.B.S., C.T.I., 
and R.C.A. systems are discussed. 

' 621.397.5:535.88  764 
An Experimental Large-Screen Television 

Projector—P. Mandel. (Pitoc. I.R.E., vol. 37, 
pp. 1462-1467; December, 1949.) Description 
of equipment for projection on a special screen 
of the directional type. The screen, of dimen-
sions 3 m X 2.25 m, is an assembly of about 
15,000 elementary screens, each consisting of 
200 very small spherical mirrors stamped in a 
highly polished Al sheet. See also 2941 of 
1948. 

621.397.61:621.396.619.23  765 
Mid-Level Modulation for TV Transmitters 

—N. H. Young. (Communications, vol. 29, 
pp. 10-11; September, 1949.) Modulation is 
applied to the grid of the penultimate rf ampli-
fier and the vestigial sideband characteristic is 
provided by a filter between the transmitter 
and the antenna. The size and cost of the 
modulator system are thus reduced. 

621.397.62  766 
Influence of the Choice of a Television 

Standard on the Construction of Receivers— 
M. Chauvierre. (Radio Franc., No. 11, pp. 7-17; 
November, 1949.) Discussion with particular 
reference to receiver cost and quality of recep-
tion. Part 1 deals with the effect of synchroniza-
tion and modulation methods on image stabil-
ity. In part 2 the choice of the line standard is 
considered with respect to receiver cost. Part 3 

presents the results of comparisons of the defini-
tion theoretically possible with that actually 
observed for about 1,000 receivers, 600 in the 
U.S.A., 100 in England, and 300 in France. The 
majority of the receivers gave definition much 
inferior to that corresponding to the quality of 
the transmission. From the point of view of 
economical  receiver construction,  positive 
video modulation with AM for the sound 
channel is preferable. The line standard should 
be in the range from about 400 to about 600 
lines. For very high definition in de-luxe re-
ceivers and for large-screen projection a 
standard of over 1,000 lines appears indispen-
sable. 

621.397.62  767 
Study of a Sound Receiver for Television 

—H. Gilloux. (Radio Prof. (Paris), vol. 18, pp. 
14-16; November, 1949.) The miniature re-
ceiver described, working on 42 Mc, gave satis-
factory results at distances up to 100 km from 
a standard transmitter. It uses rimlock tubes 
and has a normal sensitivity of 200 ov, using 
an EF42 high-frequency stage with an input 
impedance of 7511. Circuit details and con-
structional features are noted. 

621.397.62  768 
The Video-Frequency Stage —R. Gondry. 

(Tiliv. Franc., No. 53, pp. 6-9; November,. 
1949. 

621.397.62:621.318.4  769 
Coils for Television Receivers—F. Juster. 

(Telev. Franc., No. 53, pp. 15-18, 24; Novem-
ber, 1949.) Graphical methods for designing 
high-frequency, intermediate-frequency, and 
video-frequency coils with maximum Q. 

621.397.62 : 621.396.615.171: 621.385.2  770 
The Efficiency Diode in Television Line 

Time Bases —Coxall. (See 782.) 

621.397.82 : 621.326  771 
TV Interference from Incandescent Lamps 

—D. G. F. (Electronics, vol. 22, pp. 132, 148; 
December, 1949.) Intermittent contact of a 
lamp filament with its supports may produce 
short rf pulses in the 50-100-Mc region, which 
repeat at power-line frequency. 

621.397.5  772 
Basic Television [Book Review[—B. Grob. 

Publishers: McGraw-Hill, New York, 1949, 
596 pp., $5.00. (Electronics, vol. 22, pp. 232, 
234; December,  1949.)  The author "has 
managed to present the entire field of television 
in a completely understandable and logical way 
which should appeal to the technician who is 
sincerely interested in what really goes on be-
hind the picture tube." 

TRANSMISSION 

621.317.726  773 
Simplified Frequency Stabilization—O. A. 

Tyson. (Paoc. I.R.E., vol. 37, p. 1445; Decem-
ber, 1949.) About 1 per cent of the output of a 
klystron is diverted by a directional coupler to a 
frequency discriminator comprising an un-
matched hybrid junction, a phase changer, and 
a resonant cavity. The phase changer is ad-
justed to deliver equal modulated power to the 
detectors terminating the E and H arms of the 
hybrid when the cavity is detuned and the 
automatic-frequency-control switch is "off." 
The cavity is then tuned to resonance, which 
again equalizes the power in the E and H 
arms, and the automatic-frequency-control 
switch is turned to "on." Any subsequent fre-
quency drift unbalances the system and the 
amplified and rectified detector outputs can be 
used to control the modulator tube and hence 
the amplitude of the square-wave output, 
which is applied to the steady-state klystron 

reflector voltage by derivative coupling, with 
the result that the oscillation frequency is 
stabilized. The scheme, with slight modifica-
tion, can be made to work either with cw or 
AM output. Stabilization to within about 1 
part in 10, is obtained. 

621.396.61  774 
Citizens' Band Transmitter—A. R. Koch. 

(Electronics, vol. 22, pp. 118, 132; December, 
1949.) Describes the construction of a small 
transmitter giving an output of 7w at 450 
Mc. The tripler and power-amplifier stages use 
capacitor-tuned parallel-plate resonant lines 
with lighthouse tubes. For other articles on 
Citizens' Radio see 3482 of 1949 (Lurie) and 
back references. 

621.396.61:621.396.97  775 
Co-ordinated Design of A.M. Broadcast 

Transmitters for a Range of Power Output — 
P. R. Hellyar. (Proc. I.R.E. (Australia), vol. 
10, pp. 181-189; July, 1949.) 1948 Australian 
I.R.E. Convention paper. A basic design of 
mf (540-1,600 kc) AM broadcast transmitters, 
for the output range 200 w-60 kw, is con-
sidered with particular reference to Australian 
requirements. Standardization of components. 
and methods gives advantages in both design 
and manufacture without sacrifice of per-
formance or appearance. Details of several 
standardized transmitters are included. 

621.396.61.029.56/.58  776 
S.F.R. 10-kW Short Wave Transmitter — 

H. Grumel. (Ann. Radiollec., vol. 4, pp. 344-
357; October, 1949.) An illustrated description 
of a standardized communications transmitter 
designed for telegraphy and telephony opera-
tion in any climate on heavy-traffic commercial 
channels. Separate hf units provide for simul-
taneous operation in three bands which to-
gether cover the frequency range 2.5-23 Mc. 
Frequencies are crystal controlled and power 
input, from 230-400-v 50-cps supply, is 30, 75, 
or 90 kva according to the equipment com-
binations in use. 

621.396.61.029.56/.58  777 
S.F.R. 2-kW and 20-kW Single-Sideband 

Transmitters—G. Pembose. (Ann. Radioelec., 
vol. 4, pp. 358-371; October, 1949.) An il-
lustrated description, with block and circuit 
diagrams. The advantages of single-sideband 
operation are outlined and the application of 
the normal suppression method to these trans-
mitters is discussed. The use of quartz filters 
reduces the number of frequency conversions 
necessary to three, which are effected at 84 kc, 
at 2,520 kc and at a variable frequency. Each 
transmitter has a frequency range of 3.75-23 
Mc and includes an automatic quick-action 
frequency-selection device. Cw and AM teleg-
raphy, and telephony operation can also be 
arranged; in single sideband working a "pilot 
frequency" signal is transmitted for demodula-
tion purposes at the receiver. 

VACUUM TUBES AND THERMIONICS 

621.383.4  778 
A New Germanium Photo-Resistance Cell 

—J. N. Shive. (Phys. Rev., vol. 76, p. 575; 
August 15, 1949.) A description of a device 
using a photoconductive property of ger-
manium which combines high spatial resolving 
power with an over-all quantum efficiency 
greater than unity. The electrode geometry is 
similar to that of the double-surface transistor. 
The characteristics of the collector are modified 
by the photo-liberation of charge in the neigh-
boring semiconductor. The responsive area on 
the germanium is confined to a small region on 
the illuminated side immediately opposite the 
collector contact. Specimen static character-
istics are given showing load power responses 
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of the order of several tenths of 1 mw per 
millilumen. The cell response to different light 
modulation frequencies is flat up to the highest 
frequency studied, about 200 kc. The response 
rises slowly from the visible yellow to a peak at 
1.5 As and decreases rapidly beyond 1.6 pl. 

621.385.032.213:537.581  779 
Thermionic Electron Emission from Carbon 

—Ivey. (See 604.) 

621.385.2  780 
Cathode Field in Diodes under Partial 

Space-Charge Conditions —H. F. Ivey. (Phys. 
Rev., vol. 76, pp. 554-558; August 15, 1949.) A 
method is given for calculating the electric 
field at the cathode of a plane or cylindrical 
diode as a function of diode current. The results 
are believed to be applicable to any electrode 
geometry and to tie  study of therrnionic 
cathodes in the Schottky emission region. The 
effect of anode voltage on cathode field, and the 
potential distribution in a plane diode are also 
discussed. 

621.385.2 : 537.525.92  781 
Diode Space Charge for Any Initial Velocity 

and Current. —L. Page and N. I. Adams, Jr. 
(Phys. Rev., vol. 76, pp. 381-388; August I, 
1949.) "The space charge equation is solved for 
any initial velocity which is the same for all 
electrons and for any realizable current, for (a) 
the plane diode, and (b) the cylindrical diode. 
For the plane diode it is shown that all cases 
can be obtained from a single pair of master 
curves. For the cylindrical diode a series valid 
for large distances from the axis is obtained 
first, the form of which shows that the complete 
group of solutions form a bounded set. Next 
three solutions valid for small distances from 
the axis are obtained by means of which the 
first set of solutions can be extended. In addi-
tion to master curves representing these solu-
tions, curves are plotted for special values of 
the initial velocity and current." 

621.385.2: [621.397.62:621.396.615.17  782 
The Efficiency Diode in Television Line 

Time Bases -N. Coxall. (Philips Tech. Com-
mun. (Australia), No. 4, pp. 3--8; 1949.) De-
scription of the miniwatt diode Type EA40, 
with emphasis on the increase in line timebase 
efficiency and on the circuit simplifi-at ion pos-
sible when this diode is used 

621.385.3  783 
New Triodes for Metre and Decimetre 

Waves —L. Liot. (Radio Prang., No. 11, pp. 
3 (.; November, 1949.) A description is given 
of the Type T3OH di,k-seal triode constructed 
by the S.A.D.1.R. The electrodes are cylindri-
cal and the tube is used in a vertical position. 
Maximum anode and grid N'(ltages are 1,000 
V and -200 v respectively. Maximum anode 
dissipation is 30 w and the upper frequency 
limit about 700 Mc. The construction details 
are given of a symmetrical twin-line oscillator 

using two such tubes. Circuit characteristics 
and operating conditions are given for four 
frequencies in the range 220-400 Mc. 

621.385.38  784 
Pulse-Controlled Thyratron —J. G. Skalnik. 

Electronics, vol. 22, pp. 120, 168; December, 
1949.) A short positive pulse of variable phase 
with respect to the 60-cps anode voltage of a 
positive-grid thyratron controls its conduction 
period. 

621.385.83:538.691  785 
Study of the Magnetic Focusing of Cylindri-

cal  Electron  Beams —G.  Convert.  (Ann. 
Radioilec., vol. 4, pp. 279-288; October, 1949.) 
See 485 of March. 

621.385.83: 621.396.615.142: 538.601  786 
Magnetic Focusing of a Cylindrical [elec-

tron) Beam with  Density  Modulation —R. 
Berterottiere. (A nn. Radioilec., vol. 4, pp. 289-
294; October, 1949.) The transverse dispersive 
forces in an irregular electron beam are con-
sidered, and the behavior of such a beam in a 
compensating  magnetic  field  is discussed. 
Space-charge effects lead to considerable values 
of the radial debunching force, so that a mag-
netic field variable along the beam according 
to a certain law is neces&-iry. Oscillations of 
electrons situated between two packets are 
minimized by using a sufficiently strong field. 

621.396.615.142.2  787 
Beam-Loading Effects in Small Reflex 

Slystrons — W. \V. Harman and J. II. Tillotson. 
(Psoc. IR E., vol. 37, pp. 1419-1423; Decem-
ber, 1949). Beam-loading Q is determined from 
separate measurements of Q for tube and 
cavity (a) without and (b) with the accelerating 
voltage applied. Loading effects are much 
greater than predicted by published analyses; 
they vary approximately linearly with total 
oscillator load, a variation' not previouAy 
noted. Analysis of loading effects produced by 
secondary electrons ejected into the intergrid 
space by the main electron stream shows the 
beam-loading to be large, with linear variation 
with load, and indicates the possibility of nega-
tive beam-loading. 

621.396.622  788 
Theoretical and Experimental Study of De-

tection by Silicon Crystals  P. Lapostolle. 
(Ookk Elec., vol. 29, pp. 429-448; December, 
1949.) An account of research, extending over 
a period of two years, on a selection of detectors 
of British and German origin, together %% ith 
full discussion of a theory based on the classical 
equivalent circuit. The method of showing the 
voltage/current characteristic on the screen 
of a cro is described and static characteristic, 
for actual detectors are given. Methods ot 
determining the impedance of detectors at low 
frequencies and at frequencies up to 10 Mc are 
described and rectification characteristics in 
the range 30-100 Mc and at 500 Mc are shown. 

Impedance  and  power  measurements  at 
decimeter wavelengths are considered in detail. 
Experimental results for powers above 10 mw 
are compared with values calculated from the 
theory given. Agreement is satisfactory and 
observed variations can be interpreted correctly 
by the theory, which indicates a slow decrease 
of detector sensitivity with increasing fre-
quency and stresses the importance, even at 
vhf, of a very high backward resistance. 

621.396.645:537.311.33:621.315.59  789 
The Transistron Triode Type P.T.T. 601 — 

R. Sueur. (Onde Elec., vol. 29, pp. 389-397; 
November, 1949.) Discussion of the properties 
of Ge, the effects at the point of contact be-
tween a conductor and a semiconductor, and 
the mechanism, construction, and applications 
of the transistron. See also 2978 of 1949. (Ais-
berg). 

621.396.645.029.4i.52 : 621.396.822  790 
Selective Amplification at Low Frequen-

cies —de Queiroz Orsini. i•See 59t, 

621.396.822  791 
Spontaneous Flucuations in Double-Cath-

ode Valves - K. S. Knol and G. Diemer. (Wire-
less Eng., vol. 26, p. 345; October, 1949.) 
Measurements at 6 Mc on a tube with two in-
directly heated plane cathodes 1 ram apart. 
and on a second tube with directly heated 
tungsten filaments of diameter 100 /.4 and 0.5 
cm apart, do not support FUrth's theory (2418 
and 2419 of 1948). 

621.396.822  792 
Note on Transit-Time Deterioration —A. 

van der Ziel.  PROC. IR E., vol. 37, p. 1447; 
December, 1949.) A simple derivation of some 
formulas recently published by MacDonald 
2408 of 1949). See also 1890 of 1948 (Strutt and 
van der Ziel). 

537.533  793 
L'Emission Electronique [Book Reviewl — 

J. Bouchard. Publishers: Librairie de la Radio, 
160 pp. (Radio Tech. Dig. (Franc), vol. 3, p. 
379; December, 1949.) "A book which should 
interest radio technicians, particularly those 
concerned with the manufacture of transmit-
ting and receiving tubes, as well as students and 
phy-i i:tq 

MISCELLANEOUS 

061.3:621.3  794 
A.I.E.E. Fall General Meeting Conference 

Papers Digested —(Elec. Eng., vol. 68, pp. 
1091-1098; December, 1949.) Authors' sum-
maries of 27 papers read at the meeting. 

621.306  795 
I.R.E. [Australia) Radio Engineering Con-

vention  Proc.  1.R.E.  (Australia),  vol.  9. 
pp. 21 -27; October, 1948.) Summaries of the 
technical papers presented at the convention 
held in Sydney, November, 1948. 
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'ADVENTURES IN ELECTRONIC DESIGN 

Centralab's Special Electronic Component Parts Design 

Service May Solve a Problem for You 

How many times 
41.  4*  / 

1.0 

\ \‘ 

been called  upon to develop new equipment only to be faced with a new bug 

have your design engineers t 

or special problem of one variety or another? Everything about the 

.1. 

new gadget seems but you need a special part to lick 

........ 
special problem. To Centralab Engineers  these queer bugsf  •• 2 and 

41 .ci  .1 4 

to a burlesque queen 

the 

special problems are as welcome as a Rolls Royce 
47( 

They look on these problems as their own and from their bag 

of 30 years of electronic experience — they always come up with an 

- 
answer.  Take a look over the next two pages 

for yourself  P ,4  some of these "Specials" in ceramics, 
/o • 

and capacitors 

ing the past few years 

........ 
has developed to meet special needs dur-

\\ II 

Maybe you'll see one that can help  (1IT — 

  • switches 

. See 

or you'll know where to go with your next special problem. of course! 

Cen DEVELOPMENTS THAT CAN HELP YOU • 

Division of GLOBE-UNION INC. • Milwaukee 



hat's your need in 

If you have an unusual electronic or ceramic part design and 
fabrication problem — bring it to Centralab. It may very well 
happen that with a combination of standard CRL parts — or 
a slight modification thereof — we can help you solve it. If 
special requirements warrant — we can design a completely 
new unit and produce it for you. All we need is your exact 
requirements as to purpose, size, capacity, voltage and resist-
ance. Write Dept. "E" outlining your problem. No obligation. 
Centralab Division, Globe-Union Inc., 900 E. Keefe Ave., 
Milwaukee 1, Wisconsin. 

1 A solenoid operated selector switch. 2 Automatic selector switch for automo-
bile radio. 

3 Combination control and selector 
switches. 

4 Front and rear view —push button type 
tone switch. 

7 Special tubular ceramic capacitor — 
2200 MMF 

5 Left — dual TV Trimmer. Right — 
TV trimmer combined with ceramic 

coil form. 

8 Control with offset shaft and operating 
gears. 

6 5000V dual disc ceramic capacitor. 
Actual size, slightly larger than a nickel. 

9 Front and rear view — Centralab's min-
iature (smaller than a dime!) Dual 

Model 1 Control. 



Special Electronic Parts? 

10 Examples of special "printed circuit" 
parts. Left — a fixed value capacitor. 

Right — an inductance coil. 

13 Steatite ceramic coil form with bond-
ed metal end. 

16 Special feed-thru by-pa',  

17 Special 5-10 KV hi-voltage capacitor. 

Front and rear view —special type  12 Special ceramic coil form and trim-
by-pass capacitor.  met assembly. 

14 Centralab Steatite ceramic used in  15 CRL Steatite used as part of diffu-
special forms —coils etc. sion system in hot water heater. 

ig Metallized ceramic rods for rotor sec-
tions in hi-voltage variable transmit-

ter capacitors, and resonant lines. 

19 Special antenna loading variometer. 
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IMPORTANT BULLETINS FOR YOUR T HNICAL LIBRARY, 
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Choose From This List! 

Centralab Printed Electronic Circuits 
973 — A M PEC — three-tube P. E. C. amplifier. 
42-6 — COUP LATE —  P. E. C. interstage coupling plate. 
42-22 —  VERTICAL INTEGRATOR — for TV application. 
42-24 —  CERAMIC PLATE COMPONENTS — for use in low. 

power miniature electronic equipment. 
42-27 —  MODEL 2 COUP LATE — for small Of portable set 

applications. 
999 —  PENTODE COUPLATE — specialized P. E. C. coupling 

plate. 
42-9 — FILPEC — Printed Electronic Circuit filter. 

Centralab Capacitors 
42-3 --- BC TUBULAR HI-KAPS - - capacitors for use where 

temperature compensation is unimportant. 
42-4 — BC Disc bli-KAPs —miniature ceramic BC capacitors. 
42-10 -- HI-VO-KAPS — high voltage capacitors for TV appli-

cation. 
695 -- CERAMIC TRIMMERS — CRL trimmer catalog. 
981 —1-11-Vo-KAPs — capacitors for TV application. For 

jobbers. 

42-1 8 — TtoCrs. CAPACITORS — temperature compensating capaci-

814 — 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 —MODEL "1 - PADIOIIM — world's smallest commer-

cially produced control. 

Centralab Ceramics'. 
967 — CERAMIC CAPACITOR DIP LFCTRIC MATERIALS. 

720 — CERAMIC CATALOG— CRL steatite, ceramic products. 

Look to CE NTR ALAB in  1950!  First in component research that means lower costs for the electronic 
industry. If you're planning new equipment, let Centralab's sales and engineering service  wor k 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. 
900 East Keefe Avenue, Milwaukee, Wisconsin 

Yes-1 would like to have the CRL bulletins, checked below, for my technical library! 

O 973  L] 42-24 n 42-9 C  42-10 

O 42-6  0 42-27  0 42-3  695 

O 42-22  0 999  0 42-4  0 981 

Name 

Address   

City 

O 42-18 0 953 

D 814  0 970 

O 975  0 995 0 
0 

722 

42-19 

967 

720 

  State   

__NI ERNI M I 

TEAR OUT COUPON 

for the Bulletins you want   

f0 
Division of GLOII-UNION INC. • lAgwoults• 
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FOR MICRO WAVE APPLICATIONS 

REQUIRING DEPENDABLE 

U-H 4 PERFORMANCE! 

HERE are well-known G-E planar types 
that take in stride frequencies of thou-

sands of megacycles. Proved in military 
radar—proved in commercial u-h-f work— 
Lighthouse Tubes serve reliably, give long 
use, as high-level detectors; as pulsed and 
CW oscillators; and as frequency multipliers 
and power amplifiers. 
If you design or build equipment of the 

following types, G-E Lighthouse Tubes 
should have your first consideration: 
•Police, taxicab, and other mobile and 
fixed radio apparatus operating in the 
450-460 mc band. 

•U-h-f equipment for emergency commu-
nications work. 

Dissipation 
Voltage, CW 
Voltage, pulsed 
Voltage, peak inv. 
Current, average 

• Aircraft traffic and location control de-
vices of various types. 

• Communications multiplex equipment. 
• Broadcast relay equipment. 
• Telemetering transmitters. 
• Microwave test apparatus. 
By specifying General Electric Lighthouse 

Tubes, you further protect your customers 
in that replacements-can be obtained locally. 
From coast to coast, G-E tube distributors 
with stocks on hand are equipped to give 
fast delivery. 
Read the facts below about these modern, 

high-efficiency u-h-f tubes; then ask for 
prices and complete information. Also ... 
G-E tube engineers will be glad to work 
personally with you in choosing the right 
types for your circuits. Address Electronics 
Department, General Electric Company, 
Schenectady 5, New York. 

APPLICATION 

GL-2B22 
H-f detector up to 
1,500 mc. 

GL-2C40 

R-f amplifier, con-
verter, and local oscil-
lator up to 3,370 mc. 

MAXIMUM PLATE RATINGS 

100 v 
300 v 
20 ma 

GENERAL 

6.5 w 
500 v 

25 ma 

GL-2C43 

R-f amplifier and os-
cillator from 200 me 
up to 1,500 mc, and 
in special plate-pulsed 
circuits up to 3,370 me. 

12 w 
500 v 
3,500 v 

40 ma 

ELECTRIC 
PROCEEDINGS OF THE I.R.E.  April. P1.50 :7, 



TOROIDS 
by 

...to your SPECIFICATIONS 

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 toroids feature high inductance and high Q 
within a minimum of space and confined electrical 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-b. 

BARKER&WILLIAMSON,Im . 
237 Fairfield Avenue  Darby, 

ATLANTA 

Inspection and Discussion of Radio Station 
WCON-TV, conducted by H. J. Aderhold and Mr. 

Fattig;  Nomination  and  Election of Officers: 
January 27, 1950. 

BALTI MORE 

"Electronic Applications in the Electric Utility 
Field," by R. C. Cheek, Westinghouse Electric 
Corporation; February 8, 1950. 

BEAUMONT-PORT ARTHUR 

'Low Cost Television Station." by E. J. 
Meehan. RCA Victor Division; January 25, 1950 

BUFFALO- NIAGARA 

"Atmospheric Electricity and Thunderclouds." 
by Seville Chapman, Cornell Aeronautical Labora-
tory; January 18. 1950. 

"Recent Developments in Cathode-Ray Oscil-
lography." by P. S. Christaldi, Allen B. Du Mont 

Laboratories; February 15, 1950 

CEDAR RAPIDS 

'The Acquisition of Physical Fitness.• by %V. 
W. Tuttle. Faculty. State University of Iowa: 
January 18, 1950. 

CHICAGO 

"Industrial Preparedness." by L. C. Coller. 
Signal Corps Procurement Agency; and 'Television 
Picture Fidelity." by M. W. Baldwin. Jr.. Bell 
Telephone Laboratories; January 20. 1950. 

CLEVELAND 

'Performance and Maintenance of Directional 

Arrays." by J. S. Brown, Andrew Corporation: 
October 18, 1949. 

"Progress in UHF and Color Television." by 
T. T. Goldsmith. Allen B. DuMont Laboratories: 
November .17, 1949. 

Business Meeting; December 22. 1949. 

"VHF  Propagation."  by  Ralph  Harman. 
Westinghouse Radio Stations; January 26. 1950. 

CON N ECT1RUT VALLEY 

'Television —Its Mechanism and Promise. • by 
W. L. Lawrence. Radio Corporation of America: 

and Inspection Trip to Machlett Laboratories: 
February 14. 1950. 

DALLAS-FORT W ORTH 

Election of Officers; January 20. 1950. 

D AYTON 

• nstru inentm ion  Problems at  Monsanto." 
by P. E. Ohmart. Mound Laboratory; February 9. 
1950. 

DENVER 

"Wyoming Highway Radio Communication. 
Present and Future." by J. R. Neubauer. Wyoming 
Highway Patrol; February 10. 1950 

DES Moi NES- AMES 

'Electronics Apparatus Used in Weather Re-
search." by R. M. Stewart, Faculty, Iowa State 
College; and Election of Officers; January 23. 1950. 

D ETROIT 

'Electronic Generation of Musical Tones." by 
J. F. Jordon, Baldwin Piano Company; January 20, 
1950. 

(Continued on page OA) 
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Inquiries are 

invited concerning 

single pads and turrets 

having other characteristics 

*Patents applied for 

• VSWR less than 1.2 at all frequencies to 3000 mc. 

• Turret Attenuator* featuring "Pull — Turn — Push" 
action with 0, 10, 20, 30, 40, 50 DB steps. 

• Accuracy ± .5 DB, no correction charts necessary. 

• 50 ohm coaxial circuit. Type N connectors. 

STODDART AIRCRAFT RADIO CO. 
6644 SANTA MONICA BLVD., HOLLY WOOD 38, CALIFORNIA 

Hillside 9294 
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A Complete Line of 

PRODUCTION TEST EQUIPMENT 
for TV Manufacturers 

Tel-Instrument has designed and provided the production test 
equipment for many of the major TV manufacturers. A complete 
line of instruments designed to be unusually critical in the testing 
of TV receivers is available. They are the result of the wide 
practical experience of Tel-Instrument engineers plus a complete 
understanding of the production problems of TV manufacturing. 

4  r, 

TYPE 2120 
R.F.P1CTURE SIGNAL GENERATOR 

Provides picture and sound carrier 

Modulated  by  standard  R.M.A. 

composite  picture  signal.  Sound 

carrier stability suitable for testing 

Inter Carrier type receivers.  In-

ternal 400 cycle FM and External 

audio with 75  microsecond  pre-

emphasis. Output max. 0.1v p•p 

across  75  ohm  line.  Available 

channels 2-13. 

_Tic 

.  ... ..  - 

7 1 

••.r  "" • 

tì 

TYPE 1200 A 
12 CHANNEL 
R.F. SWEEP GENERATOR 
Intended for precise adjustment of 
R.F. head oscillator coils and R.F. 
band  pass  circuits.  Pulse  type 
markers  at  picture  and  sound 
carrier frequencies extend to zero 
signal  reference  base  line.  Ac• 
curacy  of  markers  0.02 %  of 
carrier frequency.  12 to 15 MC. 
sweep on all channels. Max. 1.V 

peak output across a 75 ohm line. 
Provisions  for balanced  input re• 
ceivers. Instant selection by push 
button. 

TYPE 1900 
CRYSTAL CONTROLLED 

MULTI. FREQUENCY GENERATOR 
A 10 frequency, 400 cps. modu-
lated crystal controlled oscillator, 
ideal for production line adjust-
ment of stagger tuned IF. ampli-
fiers. Available with crystals rang-
ing from 4.5 to 40 M.C. Output 
frequency  accurate  to  0.02%. 
Immediate push button selection 
of frequency. Output attenuator 
range .5V to 500 microvolts. Self 
contained regulated power supply. 

Write for Detailed 

fge 

TYPE 1500 A 
1 I.F. WOBHULATOR 

A two band sweeping generator 
covering the range of 4.5 to 50 
M.C. Capable of a band width of 
approximately  -±25% on  either 
band.  Five  pulse  type  crystal 
generated  markers  to  specified 
frequencies  available  for  each 
band. Accuracy of markers .05%. 
Zero signal reference base line, 
with markers extending to base 
line. 1.V output max. into 75 ohms. 
A saw sweep availablr for -X-
axis of scope. 

Engineering Data Sheets. 

nelinsalrument Co. Inc. 
54 PATERSON AVENUE  • EAST RUTHERFORD, N. J. 

(Continued from pope 38A) 

I NDIANAPOLIS 

"Instrument  Design  Problems  Peculiar to 
Radioactive Measurements." by Wendell Bradley. 

Nuclear Measurements Corporation; January 27, 
1950. 

IN YOKERN 

"Decimal Scaling Units." by G. J. Giel, 
Berkeley Scientific Company. December 20, 1949. 

"Magnetic Amplifiers," by A. S. Fitzgerald; 

and Election of Officers; January 25, 1950. 

LONDON 

"Television." by K. R. Patrick. RCA Victor of 
Canada; January 17. 1950. 

LOS ANGELES 

"Problems Associated with Miniaturized Com-
ponents." by Leon Podolsky, Sprague Electric 
Corporation; February 7. 1950. 

MONTREAL 

"A Report on Television." by J. A. Ouimet. 
Canadian Broadcasting Corporation; November 10, 
1949. 

"Diffraction Phenomena in the Design and 
Measurement of Microwave Antennas." by A. G. 
Woonton, Faculty. Eaton Electronics Laborators 
November 23. 1949. 

"A  High-Efficiency  Low-Distortion  Audio 
Amplifier Circuit." by F. H. McIntosh, McIntosh 
Laboratory; December 14. 1949. 

"Long-Distance Communication by  Micro-
waves." by Emile Lubin, Federal Telecommunica-

tions Laboratories. Inc.; January IS, 1950. 
"Millimicrosecond Pulse Techniques as Applied 

to Scintillation Counters." by G. J. R. McLusky. 
National Research Council; February 1. 1950 

NEW M EXICO 

"High-Fidelity Audio Techniques." by J. E. 
Palmer. Sandia Corporation; January 27. 1950. 

OMAHA- LI NCOLN 

"A Utilitarian-Type Building for TV Operation 
and the 'Facilities AvaQ,able," by %V. J. Kotera. 
Radio Station WO W; November 21, 1949. 

"The Fundamentals of Television." by Howard 
DePew, Faculty. University of Nebraska; Decem-
ber 12. 1949. 

OTTAWA 

"Electronics in the Royal Canadian Air Force. - 
by R. C. Woodhead.  Royal Canadian Air Force; 
January 26. 1950. 

PITTSBURGH 

"Propagation Measurements at 508 and 92.9 
Mc in the Pittsburgh Area," by R. N. Harmon. 
Westinghouse Radio Station. Inc.; February 13 
1950. 

PRINCETON 

"Application  of  Electronic  Techniques in 
Medical Research," by S. A. Talbot. Faculty. Johns 
Hopkins Hospital; February 9. 1950. 

ROCHESTER 

"Industrial Electronics." by S. D. Findlay. 
General Electric Company; January 19. 1950. 

SALT LAKE 

"Engineering Aspects of Nuclear Machines." 
by T. J. Parmley. Faculty. University of Utah; 
February 13. 1950. 

SAN ANTONIO 

"Carnival of Measurements." Ivy Representa-
tive. General Electric Company; April 15. 1949 

(Continued on page 42.A) 
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NO. 1060 VACUUM I TUBE VOLTMETER 

11111. 

NO. 1140 NULL 
DETECTOR 

NO. 1210 NULL 1 DETECTOR & VACUUM 
TUBE VOLTMETER 

e 

NO. 1050 UNIVERSAL 
BRIDGE 

NO. 1040 VACUUM 
TUBE VOLTMETER 

I SEND FOR LATEST CATALOG! 
FREED TRANSFORMER CO., INC 
DEPT. AP 1718-36 WEIRFIELD ST., (RIDGEWOOD) BROOKLYN 27, NEW YORK -  III/III A . •  A 

NO. 1030 LO W 
FREQUENCY "Q" 
INDICATOR 

NO. 1020 DIRECT 
READING 

MEGOHMETER 

NO. 1162 DECADE 
INDUCTOR 

NO. 1010 COMPARISON 
BRIDGE 

NO. 1110 
INCREMENTAL 

INDUCTANCE BRIDGE 

TRANSFORMERS 
& INSTRUMENTS 

HIGH FIDELITY 
OUTPUT 

TRANSFORMERS 

HERMETICALLY 
SEALED COMPONENTS 

SUB-MINIATURE HI-Q 
HERMETICALLY 

SEALED 
INDUCTORS 

STEPDO WN 
TRANSFORMERS 

FILAMENT, 
TRANSFORMERS 

DISCRIMINATORS FILTER CHOKES 

HI-Q MINIATURE 
TOROIDAL INDUCTORS  TOROIDAL INDUCTORS 

SUB-MINIATURE 
HERMETICALLY 

SEALED 
TRANSFORMERS 

CHOKES 

OUTPUT 
TRANSFORMERS 

SPECIAL 
TRANSFORMERS 

PO WER 
TRANSFORMERS 

AUDIO 
TRANSFORMERS 

• 



MICROPHONES PROVED* TO BE THE 

FINE-QUALITY -ECONO MICAL ANSWER TO 

MANY MICROPHONE PROBLEMS 

MODEL 510 

MODEL 520SL 

List Price $32.50 

The "HERCULES" - Here is a revolutionary new 
microphone unit that provides the ruggedness, 
the clear reproduction, and the high output long 
needed for Public Address, Communications, Re-
cording at an amazingly low price! 

List Price $12.95 

The "GREEN BULLET"- Specially designed to pro-
vide quality music and speech reproduction at 
moderate cost. A streamlined unit that lends itself 
to fine-quality, low-cost installations where dura-
bility is an important factor. Features high out-
put, good response, high impedance without the 
need of a transformer. 

List Price $16.50 

The "RANGER" -Recommended for those appli-
cations where long lines are used and a rugged 
hand-held microphone is needed. Ideal for outdoor 
public address, mobile communications, hams, 
audience participation shows, etc. Designed for 
clear, crisp natural-voice response of high intelli-
gibility. Has heavy-duty switch for push-to-talk 
operation. 

List Price $25.00 

The "DISPATCHER" - Complete 
unit, includes Model 520 Micro-
phone, A88A Grip-To-Talk 
Slide-To-Lock Switch, and 
S:16A Desk Stand. De-
signed to handle the most 
severe field requirements 
of paging and dispatching 
systems. Ideal for police, 
railroad, taxicab, air-
port, bus, truck and all 
emergency communica-
tions work. 

CONTROLLED RELUCTANCE CARTRIDGE -
Available for service installation. Ideal for 
replacement of crystal cartridges in Shure 
cases of Models 707A and 708 Series. Can 
also be used in most semi-directional micro-
phones where space permits. Supplied with 
rubber mounting ring. 

List Price $9.00 
*Specific information provided 
on request. 

Patented by Shure Brothers, Inc. 

• 

0 

SHURE BROTHERS, Inc. 

MODEL R5 

-1111. 

Microphones and Acoustic Dewlaps 

223 West Huron Street, Chicago 10,111.  •  Cable Address: SHURUAICRO 

(Continued from page 404) 

"Westinghouse SOHG-1 Transmitter." by W. 
G. Mahoney. Westinghouse Electric Company; and 
Tour of Transmitter; April 19, 1949. 

"Radio Engineering and Engineering Educa-
tion in England," by W. R. Woolrich, Faculty. 

University of Texas; May 16. 1949. 
"Significance of Electrical Properties of Crystal 

Structure." by Jack Wilson. Allis-Chalmers Com-
pany; October 25, 1949. 

"Acoustical Design of Studios." by C. I'. 
Bonner, Faculty, University of Texas; November 
28, 1949. 

SAN DiEGO 

"IB M Methods in Technical Computing," by 
D. W. Pendery. International Business Machine. 

Company, February 14. 1950 

SAN FRANCISCO 

"A  New  High-Efficiency  50- Watt  Pow,, 

Amplifier." by F. H. McIntosh, McIntosh Engineer-
ing Laboratories; January 4. 1950. 

"Television Station Facilities and Estimated 
Coverage," by Al Towne, Radio Station KPIX. 
Harry Jacobs. Radio Station KGO-TV, and Al 
Isberg, Radio Station KRON-TV; and "Television 
Receiver Installation Problems in the Bay Area." 
by Al Hyne, RCA Service Company. E. A. Palmer. 

Custom Electronics. Sam Cooper. General Electric 
Supply Corp.. W. E. Bachman, General Electric 
Supply Corp., and Jerry Shereck, Radio and 
Television Dealers Association; January 25. 1950. 

SEATTLE 

"The Use of Potentials to Simplify Network-
Analysis," by J. M. Pettit. Faculty. Stanford Uni-
versity; January 19. 1950. 

Sr. LOUIS 

"Circularly  Polarized  Antenna."  by  Jack 
Brown. Andrew Corporation; January 26. 1950 

SYRACUSE 

"Radio Propagation and the Weather," by 
G. Booker. Faculty. atnell University; December 
I. 1949. 

"Television in the Triple Cities," by C. D. 
Idastin. Radio Stations W NBF. W NBF-FM. and 
W NBF-TV; December 6. 1949. 

"Electronic Aids to Aerial Navigation," by C. 
F Horne. Office of Federal Airways; January 9, 
1950. 

TOLEDO 

"Miniaturization  Techniques  and  Use  of 
Printed Circuits," by F. E. Wenger. Wrikla Field; 
February 17. 1950. 

W ASH INGToN 

"Color  Television."  by  Peter  Goldmark. 
Columbia Broadcasting System; January 24. 1950. 

"Control Problems of Nuclear Power Plants." 
by M. A. Schultz, Westinghouse Electric Corpora-
tion; February 13. 1950. 

SUBSECTIONS 

LONG ISLAND 

"Galactic and Solar Radio Waves.  by Grote 
Reber. National Bureau of Standards; February 14. 
1950. 

M oNMoUTII 

"The Engineer in a Changing Society. • by A. 

F. Van Dyck, Radio Corporation of America; 
January 18. 1950. 
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. .. the outstanding heritage 
of another great performer 

DEFINING THE OSCILLOGRAPHIC 

SPECTRU M 

10 The Type 294 is an extremely versatile cathode-ray 
oscillograph combining high-voltage operation with 

precise high-frequency circuit design, extending its 
general-purpose utility to meet the specialized needs 

of high-speed transient study. 

Stable operation of the high-gain, wide-band ampli-
fier of the Y axis over the entire frequency range from 
10 cps. to 15 megacycles includes the performance of 

a signal-delay line built into the Y-axis circuit to insure 
full display of short-duration pulses. An input pulse 

rise time of 0.01 ps. will be reproduced with a rise time 

not exceeding 0.03 ps. 
Available undistorted deflection of both symmetri-

cal signals and unidirectional pulses of either positive 

THE NEW DU MONT TYPE 294 CATHODE-RAY OSCILLOGRAPH 

'MY127.74 

4 . • 

or negative polarity exceeds the usable vertical scan 

of the cathode-ray tube. A built-in high-voltage unit 

supplies 12 kv. accelerating potential to the Du Mont 
Type 5XP cathode-ray tube; rear-panel selection of a 

lower potential may be made for increased sensitivity 

and deflection. 
A flexible sweep circuit provides continuously var-

iable driven and recurrent sweeps with sweep cali-

bration being provided by internal timing markers 

applied through the Z-axis amplifier. 
• 

Permanent records of phenomena studied with the 

Type 294 may be made with either the Du Mont Type 

271-A or 314-A Oscillograph-record Camera. 

GE NE R AL  SPE CIFI C ATI O NS 

Cathode-ray Tube  Du Mont Type UP-
Accelerating potential   12,000 volts 

  7,000 volts 

Y-axis Amplifier 
Frequency response 

10 cps. to 15 megacycles 
Sensitivity  0  15 rms volt/in. at 7 kv. 

....0.20 rms volt/in. at 12 kw. 
Rise time  . .0.03 ps. from 10 % to 90 % 

Signal Delay 025 ps. 

X-axis Amplifier 
Frequency response  2 cps. to 700 kc. 
Sensitivity  04 rms volt/in. at 7 kv. 

 0.5 rms volt/in. at 12 kv. 
Rise time  05 ps. from 10 % to 90% 

Driven Sweep Range  0  1 sec. to 2 ps. 

Recurrent Sweep Range.. 10 cps. to 150 kc. 

Z-axis Amplifier 
Polarity selection-3 volts peak to blank 
trace of normal intensity. 

Timing-Marker Intervals 
100 ps., 10 ps., 1 ps. 

Trigger Generator 
Repetition rate  200 to 3600 p.p.s. 
Output amplitude  50 volts peak 
Output polarity ....positive or negative 

Physical Specifications 
Indicator Unit 

24 1/2" d.-151/4 " h.-121/4 " w.-62 lbs. 
Power Supply 

191/4 " d.-151/4 " h.-121/4 " w.-100 lbs. 

6) ALLE N B  DU M ONT LAB ORATORIES. INC. 

ALLEN  B DUMONT  LABORATORIES, INC , INSTRUMENT  DIVISION, 1000  MAIN  AVENUE, CLIFTON, NE W  JERSEY 

PRUCLEDI M,S 0.1.  19.5B 



4446 de REAL PROBLEM ') 
,* 

If you have trouble 
maintaining stabilized 
DC Voltage under 
changing Load condi-
tions, it's time to investi-
gate the Sorensen line of 
Nobatrons. 

• Common  Nobatron 
Specifications: Regula-
tion Accuracy 0.2 % from 
0.1 load to full load; Rip-
ple Voltage 1%; Recov-
ery time 0.2 seconds tin-
der most severe load or 
input conditions; 95-130 
VAC single phase 50-60 
cycles: Adapter available 
for 230 VAC operation. 

• Ratings 
Nobatron — 6, 12, 28, 48, 
125 volts from 5-350 
amperes 

B-Nobatron — 325, 500, 
1000 volts — 125 ma.; 
300 ma. & 500 ma. 

DC Standards — 2, 6, 15, 
25, 50, 75, 150, 300 
volts — 15, 30 and 50 
ma. 

• Problems? Sorensen En-
gineers are always at your 
service to help solve un-
usual applications. 

•  Sorensen manufactures: 

AC line regulators 60 and 400 
cycles; Reg..lated DC Power 
Sources, Electronic Inverters; 
Voltage  Reference  Standards; 
Custom  Built  Transformers; 
Saturable Core Reactors. 

MODEL E-6-15 

6 volts; 1.5-15 arnpereS 

• 

TYPIC AL DC  SOUR CES 

MODEL 3251 . 

0-325 volts; 125 ma. 

MODEL VS-S0-50 

50 volts a 50 ma. 

'WO W 

rill 

MODEL 500 B 
0.500 volts; 300 ma. 

WRITE TODAY For Catalog B1049 For The Complete Line And Prices. 

and eons/zany. inc. 
375 1...11111ILD AVI • SI•INFORD. CONN. 

MANUIAULTRIRs OF A( LINE PIGulATORS, 6,1 AND 400 (MIS MUTATED D( POwIR SOUROS I(((IRONIC 
M OTORS, VOLTAGE REFERENEE STANDARD, (USTOM BUII1 TRANSFORMERS SATURABLE LORE REACORS 

STUDENT 

BRA NC H 

_,LNIEETINOS 

Air,RECI:LTURAL AND NI HilANICAL CoLLEGE OF 
TracAs. IRE-AIEE BRANCH 

"Meters and Their Part in Electrical Engineer. 
ing," by W. C. Fowler. Sangam. Electric Company 
February 14, 1950 

ALABAMA POLYTECHNIC INsTITI'l 

IRE BRANCH 

"History and Nature of The Institute of Radio 
Engineers," by G. H Saunders. Faculty. Alabama 
Polytechnic Institute; January 16 1950 

CALIFoRNIA STATE POLYTECHNIC COLLEGE 

IR E BRANCH 

"Complex Frequency Plane." by D. L. Traut-
man, Jr.. Faculty, University of California at Los 
Angeles; February 3. 1950. 

"Sales Engineering." by N R. Neely, Neck 
Enterprises; February 14. 1950 

U NIVERsIlY op CALIFORNIA. IRE-Al E E BRANCH 

"Changing trom Student to Associate Grade 
in the AIEE and IRE." by J. C. Beckett and Al 
Isberg; February 15, 1950. 

CLARK,ON COI.LEGE OF TECHNOLOGY. 

IRE BRANCH 

"Jobs Available in the Electrical Engineering 
Field," by A. F Laliey. Director of Personnel and 
Placement. Clarkson College; February 16, 1950. 

UNIVERSITY OF COLORADO. IRE-A I EE BRANCH 

"Crashing Electronic Barriers." by T. G 
nforrissey. Radio Station KFEL; January 25. 1950 

FI NN COLLEGE. IR E BRAVCII 

"Applications 01 Analog Computers," by Harry 
Mergler. National Advisory Committee for Aero • 
nautics: February 3. 1950 

UNIVERSITY OF FLO‘IDA, IRE-AIEE BRANCH 

"A Generator of Complex Frequencies," by 
Vernon Dryden, Student, University of Florida; 
and Film: "The Story of AC Welding"; February 7. 
1950. 

GEORGIA INSTITI TE OF TECHNOLOGY. 

IRE BRANCH 

"Microwave Propagation." by Roy Martin, 
Faculty, Georgia Institute of Technology; February 
2. 1950. 

STATE UNIVERSITY OF IO WA, IRE BRANCII 

Election of Officers; February 41. 1950. 
"Introduction to the Electrical Societies." by 

E. B. Kurtz, Faculty. State University of Iowa. 
and Ted Hunter. IRE Regional Director; February 
15. 1950. 

IO WA STATE COLLEGE, IRE-AIEE BRANCH 

Election of Officers; January 24. 1950. 
"What Electrical Engineers are Doing in the 

Petroleum Industry." by C. R. Roy. Faculty, Iowa 
State College; February 1, 1950. 

UNIVERSITY OF KENTUCKY, IRE BRANCH 

Tour of Radio Stat ions W HAS and WAVE-TV. 
conducted by 0. W. Towner and John Fox. Radio 
Station W HAS; and Tour of FM Radio Station 
W RX W. conducted by Jack Gardner; January 20. 
1950. 

(Continued on page 46.4) 
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Look to the Specialist 

in Tube Production 

... for Better Tubes 

... for Technical Progress 

6°X ele nir0 914 14  • • • 

c o  44,, iliroh  4' 

Irmi )  
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ADVANCED 

VACUUM TECHNIQUES 

Two electron tubes may look exactly alike, their rat-

ings and operating characteristics may be similar, but 
their processing in manufacture can—and does—result 
in a fundamental difference between them. For it is the 
things you can't see in a tube, the intangibles—which 

are as important as the physical structure itself—that 
ultimately determine the tubes' true worth. It is the 

ability of the manufacturer to understand the problems 
involved and to effectively solve them through the appli-

cation of all the skills at his disposal—skills which can 

only be gained through specialization and long years 

of experience. 

Machlett Laboratories has these skills—acquired in 
over half a century of electron tube experience. 

Its' unique series of vacuum techniques—the essential 

elements in electron tube manufacture—is an outstand-
ing example of the importance of the "unseen" in tube 

performance and life. Machlett standards—based on 
long experience—require more than the conventional 

"pumping" or "exhaust" procedure. High voltage ex-

haust, rigorous pre-exhaust vacuum firing and the ex-

treme in sanitary techniques are standard practice on 

all Machlett tubes. In many instances final seals are 
made by Machlett's unique method of R.F. brazing— 
thus eliminating the usual flame-formed glass to glass 

seal and so providing greater freedom from contamina-
tion of internal structures and misalignment of elec-

trodes. 

These "plus" features are not necessary to the pro-

duction of average—or even good—tubes. They are es-

sential, however, to producing the best the art now 

makes possible. 

This is just one example of Machlett's ability, one of 
the many advantages you gain from Machlett's long 
experience devoted solely to the manufacture of the 

highest quality electron tubes. 

If you are contemplating the installation of new 

equipment or replacing your present tubes, it will pay 

you to... 

For information regarding available tube types, consult 

your local Graybar representative or write direct to Machlett Laboratories, Inc., Springdale, Conn. 
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which one is the PRESTO? 

It's hard to tell just by looking at a disc 
whether it's going to make a good recording... 

unless you see the PRESTO label. 
PRESTO discs are manufactured under dust-free, 
temperature-controlled conditions... in a plant 
where human hands never touch the glass-like 

surface of the disc. Meticulous preparation 
of the aluminum base, the choice of the finest 

lacquer, weeks of "curing" in the world's 
most modern disc plant ... make PRESTO discs 

the finest you can buy. 
ThroughOut the world, PRESTO discs 

have won engineers' acclaim for the best 
performance, having the most permanence, 
making the best masters or instantaneous 

recordings anywhere. 
The next time you're in doubt about discs... 
look for the name PRESTO ...your assurance 

of the finest your disc dollar will buy. 

RECORDING CORPORATION 

Paramus, New Jersey 

Mailing Address: 

Box 500, Hackensack, New Jersey 

In Canada: 
Walter P. Downs, Ltd. 
Dominion Sq. Bldg. 
Montreal, Canada 

Overseas: 
The M Simons & Son Co., Inc. 
25 Warren Street 
New York, N. Y. 

STUDENT 

BRA NCH 

MEETING ) 

((... et:tomed from page 44.4) 

LAFAYETTE COLLEGE. IRE-A I EE BRANCH 

"Conditions in India." by N. K. Jain. and 

"Probability,"  by  Edward  :Elias..  Students, 
l.afayette College; February 14. 1950. 

Inspection Trip of Metropolitan Edison Com-
pany's Glyndon Substation and Dispatching Office: 

February 21. 1950 

U NIVERSITY or M AINE, IR E BRANCH 

"Over-all Protection for Electrical Equipment." 
by Carl Dane. Bussman Manufacturing Company; 
December 7. 1949. 

MICHIGAN STATE COLLEGE. IRE-A I EE BRANCH 

Get-Acquainted Smoker; February 15. 1950. 

MIsSISSIPPI STATE COLLEGE. IR E BRANCH 

"Equipment Available and the Operation of 
Campus  Radio Broadcast Studio," by  Melvin 
Alpern. Faculty. Mississippi State College; and 
Election at Officers; February 2. 1950. 

UNIVERSITY OF NEBRASKA. IRE-Al E E BYANCH 

"The New University of Nebraska Electri,a 
Engineering Building." by Professor Ferguson, 
Faculty. University ot Nebraska: February lc 
1950 

NE W VORK UNIVERSITY (EVENING DIVISUoz! 

IRE-AIEE BRANCH 

Film: "Atomic Physics": January 7, 1We, 

U NIVERSITY OF N OTRE D AME. IRE-AIEE 

"Employment Option unites in the Indiana and 
Michigan Electric Company.: by J. II. Barnes, 
Indiana and Michigan Electric Company; and 
Film: The American Gas and Electric Company 
System": February /O. 1950. 

01110 STATE t*Nivcaswry. IRE-AIEE BRANCH 

"Principals and Control of Illumination," by 
Kurt Franck. Holophane Company, Inc.: Decemle ' 
I. 1949. 

"Microwave Antennas."  by  John  Kra 
Faculty. Ohio State University; January 12. 1950. 

"Electrical Engineering Research," by R. L. 
Merrill. Battelle Memorial Institute; January 26. 
1950. 

"Vistaal  Perception,"  by  H.  L.  Sherman. 
Faculty. Ohio State University. February 9, 1950. 

OREGON STATE COLLEGE. IRE BRANCH 

"Tuning of Directional Antennae." by C. H. 
Moulton. Faculty. Oregon State College; February 
9. 1950. 

PENNSYLVANIA STATE COLLEGE. 

I RE-A I EE BRANCH 

"Water Tunnel Control Systems," and "Testing 
the Tunnel." by R. B. Power and J. M. Robertson 
Naval Ordinance Research Laboratory; January 17. 
1950. 

Films: "Summer Storms," and "Thunderbolt 
Hunters"; January 18. 1950. 

PURDUE UNIVERSITY. IRE BRANCH 

Tour of University Synchrotron, conducted by 
H. J. Heim, Faculty. Purdue University; January 
18. 1950 

PIA 

'Continued on page 49.4) 
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Wireless World 
RA 01(1 AND ELECTR.ONICS 

;HI joi IUNAI.Of RA W Itt.NI:Ultif a PC11)00 "0 •• 

AUGUST 1949 

'or accurate and up-to-date news of every British 
levelopment in Radio, Television and Electronics 
'IRELESS WORLD.  Britain's leading technical magazine in 

le general field of radio, television and electronics. Founded 

early 40 years ago, it provides a complete and accurate 

ttrvey of the newest British technique in design and 

:anufacture.  Critical reviews of the latest equipment, 

-oadcast receivers and components of all types are regularly 

tcluded.  Theoretical articles deal with design 

rcuits for every application.  Each issue is 

Irofusely illustrated and news from all parts 

the world is fully reported. Monthly, 2s. 

,nnual Subscription  - - Li  6s.  (84.50). 

data and 

WIRELESS ENGINEER. The journal of radio research and pro-
gress. Produced for research engineers, designers and students 
in radio, television and electronics, it is accepted internationally 
as a source of information for advanced workers and wireless 
engineers. Editorial policy is to publish only original work, selec-
ted by an Editorial Advisory Board representative of the fore-
most technical bodies in British radio engineering and elect-
ronics. Monthly, 2s. 6d. Annual Subscription, Li 12S. (85.50). 

••••••••  

AS S O CI ATE D 

ILIFFE 
PUBLICATI ONS 

ASSOCIATED TECHNICAL BOOKS. "Wireless Direction 
Finding" (4th Edition) by R. Keen, B. Eng. (Hons.), 
A.M.I.E.E. An up-to-date and comprehensive work 
on the subject. 45s. ($7.50). " Radio Laboratory 
Handbook" by M. G. Scroggie, B.Sc., M.I.E.E. 
430 pages (4th Edition).  x3s.  (ii2.0o) 

:,bscriptions can be placed with British Publications 
Aernational Money Order to Dorset House, Stamford 

Inc.: 150 East 37th Street, New York, 16, N.Y., or sent direct by 
Street, London, S.E.I, England.  Cables:  ffepress. Sedsst, London " 



stment instantly 

. . . positively 

716ee d OZZ  "" is a fool-proof solution to the problem of ion trap magnet adjust-
ment ... a development which Rauland is glad to offer for the benefit of both set makers 
and service men. 

The new Rauland "Indicator Gun"— patent pending — gives a brilliant visible sig-
nal easily seen from the rear of the set while magnet adjustment is being made. A bright 
green glow within the Anode Tube signals when adjustment is incorrect—dims as correct 
adjustment is approached—disappears when adjustment is correct. 

All guesswork is eliminated — risk of screen damage through incorrect magnet 
adjustment is ended — and adjustment time is reduced to seconds. Assemblers or serv-
ice men know that magnet adjustment is right — know that any remaining picture defect 
is in other controls. 

The Rauland "Indicator Gun" adds nothing to the price of Rauland picture tubes. 
First production is in the 12LP4-A with Luxide Screen—available now! 

THE RAULAND CORPORATION 

42 45  N.  KN O X  AVE N U E • CHI C A G O  41,  ILLI N OI S 



(Continued train page 464) 

STUDENT 
BRANCH 

MEETINGS 

RHODE ISLAND STATE COLLEGE. 
IRE-AIEE BRANCH 

'Television." by W. C. Birtwell, North Eastern 
Development Engineers. Inc.; January 12. 1950. 

SAN DIEGO STATE COLLEGE, IRE BRANCH 

"Nlultivibrators."  by  Mr.  George.  Naval 
Electronics Laboratory; and Election of Officers: 
January 10. 1950 

SAN JOSE STATE COLLEGE, IRE BRANCH 

Business Meeting; January 20. 1950. 
"Free Enterprise Opportunities in Electronics," 

by W. R. Hewlett. Hewlett-Packard Company; 
January 23. 1950. 

SEATTLE UNIVERSITY. IRE BRANCH 

"Prandtl Analogy." by H. E. Kinerk. Faculty. 
Seattle University; January 24, 1950. 

STANFORD UNIVERSITY. IRE-AIEE BRANCH' 

'The Poulson Arc and Early Radio." by Mr, 
Elwell. Hewlett-Packard Company; January IR. 
1950. 

SYRACUSE UNIVERSITY, IRE-AIEE BRANCH 

General Electric Meter Demonstration, by 
General Electric Personnel; February 14. 1950 

TUFTS COLLEGE. I RE-AIEE BRANCH 

Field Trip of Edgar Station. Boston Edison 
Company; February 9, 1950. 

UNIVERSITY OF UTAH. IRE-AIEE BRANCH 

'Television Circuits." by Al Gunderson. Radio 
Station KDYL; January 27, 1950. 

"Nuclear  Machines." by T. J. Parmley, 
Faculty, University of Utah; February 10, 1950 

WORCESTER POLYTECHNIC INSTITUTE. 
IRE-A I EE BRANCH 

'Problems of Research. Development. and 
Production in Large Industries." by George Fair-
hurst. Northern Electric Power Company, and 
William Moulton, American Steel and Wire Corn. 
party; February 14. 1950 

The following transfers and admissions 
have been approved and will be effective 
as of April 1, 1950: 

Transfer to Senior Member 
Bennett. S. D., 3437 36 Ave.. W.. Seattle 99. Wash 
Black, E.. Jr., 130 E. 24 St.. New York 10. N. V. 
Burgess, A. G., Post Office Engineering DePart-

ment. LLB Branch. Post Office Laborator-
ies. Palace of Engineering. Wembley. 
Middx.. England 

Chatteriee, S. D., Division of Physics, National Re-

search Council. Sussex St.. Ottawa, Ont.. 
Canada 

Chew, T. W., Radio Station KFMB-TV. 1375 
Pacific Coast Hwy., San Diego 1, Calif. 

Clark, C.. 710 N. First East St.. Logan, Utah 
Crlst, P. W., 32 Moore Ave., Hempstead, L. 1., 

N. V. 

Friedman. T. B., 2909 Washington Blvd., Cleveland 
Heights I8, Ohio 

(Continued on page 604) 
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Latest Data on 
SHALLCROSS 

AKRA-OHM RESISTORS 

to meet JAN Specifications 
The new Shallcrov, Engineering Bulletin R-3 brings you complete 
mechanical and electrical data on close tolerance resistors that 

meet joint Army, Navy and Air Force Specifications —also suitable 

for practically any industrial application. A copy will gladly be 

sent on request. 

SHAILCROSS MANUFACTURING COMPANY Dept. PR 40, Collingdale, Penna. 

Shallcross —the only complete 
precision resistor line! 

PROCEEDINGS OF  I.R.E. 



Elea/wale E ve:gee/a 
BENDIX RADIO DIVISION 

Balti more, M aryland 

manufacturer of 

RADI O AND RADAR EQUIP MENT 

requires: 

PR OJECT ENGINEERS 

Five or more years experience in 
the design and develop ment, for 
production, of major co mponents 
an radio and radar equip ment. 

ASSISTANT PR OJECT ENGINEERS 

Two or more years experience in 
the develop ment, for production, 
of co mponents in radio and radar 
equip ment. Capable of designing 
co mponents under supervision of 
project engineer. 

W ell  equipped  laboratories  in 
modern radio plant ... Excellent 
opportunity .... advance ment on 
individual merit. 

Baltimore Hos Adequate Housing 
Arrange ments will be made to 
contact personally all applicants 
who sub mit satisfactory resu mes. 
Send resu me to M r. John Siena: 

BENDIX RADIO DIVISION 
BENDIX AVIATION CORPORATION 

Baltimore 4, Maryland 

Senior Electronic 

Circuit Physicists 

for advanced Research and 

Development 

Minimum R cquire ments: 

1. M.S. or Ph. D. in Physics or 

E.E. 

2. Not  less  than  five  years 

experience  in  advanced 

electronic circuit develop-

m ent with a record of ac-

co mplish ment  giving  evi-

dence of an unusual de-

gree  of  ingenuity  and 

ability in the field. 

3. Mini mu m age 28 years. 

H U G HES AIR CR AF T 

C O MP A N Y 

Attention: Mr. Jack Harwood 

Culver City, California 

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. 

PR OCEEDI N GS of the I.R.E. 

1 East 79th St.. New York 21, N.Y. 

INSTRUCTOR 

A small eastern college is in need of a 
young man with a Doctor's degree who 
has an electronic background and is in-
terested in teaching undergraduate and 
graduate work. Age 30 years or under. 
Write Box 589. 

ENGINEER 

Experienced engineer to supervise lab-
oratory and production design work on 
antennas and transmission lines. A mini-
mum of 3 years experience desired, pref-
erably on antenna design, although this 
is not essential. Salary is open, depending 
on qualifications and experience. Loca-
tion is Chicago. Write giving personnel 
information to Andrew Corporation, 363 
East 75th, Street, Chicago 19, Illinois. 

ANTENNA ENGINEER 
Graduate engineer one or more years 

experience in design and testing of air-
borne VHF antennas.. Desirable Califor-
nia location, unusual opportunity for ad-
vancement. For application form write 
I3ox 394, Camarillo, California. 

ELECTRICAL ENGINEER 
Graduate electrical engineer from eid 

lege of recognized standing. Must have 
majored in communications division of 
E.E. or be  a graduate physicist with 
training in electronic and communication 
subjects.  Must  thoroughly  understar.! 
principles underlying design and test ol 
VHF radio transmitters and receivers. 
Must be familiar with all modern testin;j 
instruments  for  VHF communicatiw, 
Experience  in  V HF  receiver  design 
important. Box 591. 

ENGINEER 

Graduate  E.E. —prefer  electronics  or 
servos major. 3 to 5 years development 
laboratory experience in pulse electronics, 
servos or electronic computors. 25 to 30 
years. Location, New York City. Salary up 
to $5000. Box 593. 

TELEVISION ENGINEER 
Television Engineering Department r, 

quires the services of. 5 project Engi-
neers for advance circuit development and 
product design for television receivers. 
These vacancies are the result of the 
ever-expanding television activities in this 
department. Company is a major pro-
ducer of finer television receivers and is 
well established. Company is located in 
northwestern New York state. Oppor-
tunities of advancement are excellent. 
Salaries commensurate with experience. 
Our employees know of this ad. Box 594. 

(Continued on pane 32A) 

PHYSICISTS 
AND 

ENGINEERS 
This established but expanding 

scientist-operated organization of-

fers excellent opportunities for a 

future in co mpletely new fields to 

alert  experienced  engineers  and 

physicists who are weary of mak-

ing minor improve ments in con 
ventional devices and techniques 

Men with sound backgrounds and 
experience in the design of ad 
vanced electronic circuits, com-
puters, or precision mechanical 
instruments, or with experience in 
gaseous  discharges  or  applied 
physics are offered the opportu-
nity to qualify for key positions 
in expanding and completely new 
fields. This company specializes 
in  research  and  development 
work; its well-equipped labora-
tories are located in the suburb, 
of Washington, D.C. 

JACOBS 
INSTRUMENT CO. 
4718 Bethesda Ave. 

Bethesda 14. Maryland 

 4 

DESIGN and  7 
DEVELOPMENT  I 

OPPORTUNITIES I 
in the 

UHF FIELD 
• • Fully established, fast-
gro wing m odern U.H.F. m anu -

facturer  has  positions  of 

genuine opportunity leading 

to  key  project  engineering 

if you have . . . 
• A minimum of 5 years 
experience. 
• Are an E. E. graduate 
(preferably with communi-
cation option.) 
• Have so me  knowledge 
of U. H. F. design, and de-
velopment. 
• Are ingenious and capa-
ble of new design and ex• 
ploration. 

location,  central New Jersey,  1 
hour from N.Y. Desirable housing. 

•
Box No. 604, The Institute of 
Radio Engineers. 
1 E. 79th St., Now York 21, N.Y. 

PROCEEDINGS OF THE I.R.E.  April, 1950 
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PT 7 
I \ 

NE W POSITIVE 

DRIVE 

Two-speed 
hysteresis synchronous motor pre-
vents timing errors, lost program 
time. 

NAB I 0 1/2 " REELS 
Now get long 

playing time even on portable 
equipment. No overlap on rack 
mount. 

PTI's Greater Flexibility Means Greater Value 

The PT7 Recorder Mechanism and Ampli-
fiers incorporate Magnecord's exclusive 
Unit Construction. The same equipment 
can be used in console cabinet, rack 
mount, or for portable operation. New 
P17-P amplifier features high-level mixing 
for 3 high impedance microphones. 

Write For Detailed Information 

Revolutionary new PT7 specifications hove just 
been released. Write for your copy today. 

II 1.1111!!!I II 

IN C. 

360 N MICHIGAN AVENUE • CHICAGO 1, ILLINOIS 

3 HE A DS 

Separate heads 
for Erase, Record, and Playback 
now allow monitoring off the tape. 

PUS HBUTT O N 

CO NTR OLS 

Separate buttons 
for "Forward," "Rewind," and 
"Stop" can be operated by re-
mote control. 

World's Largest and Oldest Manufacturers of Professional Magnetic Recorders 

PROCEEDING.) OF JIlL JILL. 



ENGINEERS 
Research and 

Development 

Career Positions for Top 

Engineers and Analysts 

Senior Electro-Mechanical 

Engineers: 

At least  4 years  experience 
in Servo-Mechanisms, Analogue 

Computers,  Circuitry Develop-
ment in Aircraft, Guided Missiles 

and Fire Control System Design. 

Senior Electronics Engineers: 

4-8 years experience as Project 
Engineer in Radar Design, System 
and Circuit Analysis. 

Electronic Engineers: 

2-4 years experience in Antenna 
and Microwave Design. 

Submit detailed résumé. Personal 

interviews will be arranged. 

THE GLENN L. MARTIN COMPANY 

Baltimore 3, Maryland 

Electronics Men 
PROD. MGR-Navig. Controls $12,000 

PROJECT ENGRS—Circuit Oscilloscopes, 
Signal Generators, FM Radio Transmitters 
& Receivers, Navigation Controls, Tubes. 
Computers etc. to $8000 plus 

PURCHASING ASST—Electronics $8000 

GEN. MGR, (Vice Pres. pref.) Small 
machine tool — Bonus & $25,000 

VICE PRES.-GEN. MGR., Devel. Engrg., 
Sound Recordg. Eq. Bonus—$15,000 
up 

MFG. ENGRS. (3)  $6-$9600 

DEVEL.  ENGRS.—Telev.—Receivers,  °still° 

scopes, cathode ray tubes, F.M. Transmitters 

& Receivers, Micro-wave or VHF Antennae, 
Digital Analog., Computers, Thermo-dynam• 
ics, VHF., UHF Circuit D m V-HIGH 

PROCESS ENGR—Tubes    HIGH 

RES. PHYSICIST—Dielectric   HIGH 

RES.  CHEMIST—Protective  Coatings, H.  F. 

Components  HIGH 

Send Duplicate Resumes! 

FRANKLI N 
Employment Service 

225 S. 15th St.  Philadelphia 2, Pa. 

(Coofinned from page 50A) 

ENGINEERING PHYSICIST OR 
SPECIALIST 

For research and development work on 
cracked carbon resistors. Men with some 
experience preferred. Progressive mid-
western manufacturing concern. Give full 
data as to experience and schooling. Box 
597: 

ENGINEERS AND PHYSICISTS 
Engineers amd pli.icists, age 25-40. 

with experience in navigational and fire 
control instrumentation or related equip-
ment involving a combination of elec-
tronics and electro-mechanical devices. 
Client is progressive well-established pre-
cision instrument manufacturer with de-
sign, development and product engineer-
ing opportunities. Electrical engineers or 
physicists  with  strong  electrical  and 
mathematical  ability  desired.  Starting 
salaries $6000-$8000. Metropolitan New 
York area. Box 600. 

ELECTRONICS ENGINEER 

Well known, 40 year old manufacturer 
of electrical and electronic instruments 
wants research engineer experienced in 
design of radio electronic apparatus at 
high frequencies, for the development of 
military and civilian test equipment. Box 
601. 

MANUFACTURER-ENGINEER 
Wanted for ceramic capacitor manu-

facturer-engineer familiar with manufac-
turing techniques, design and develop-
ment of equipment for use in high speed 
production of ceramic capacitors. Should 
be capable of assuming complete charge 
of manufacturing program. Send resume 
of education, experience, salary desired to 
F-58, P.O. Box 3414, Philadelphia 22, 
Pennsylvania. 

ELECTRICAL ENGINEER 
Electrical engineer to design  sound 

equipment, audio amplifiers and electric 
carillons. Requirements: B.S. degree, 3 
years experience in audio, electronic and 
iii it  systems.  Location:  Upstate 
New York. Box 602. 

SALES MANAGER 
Sales manager to head up sales force 

selling public address and intercommuni-
cating systems for old line company. 
Technical knowledge as well as sales 
ability required. Location : Upstate New 
York. Box 60.3. 

ELECTRONICS ENGINEERS 
Opportutiitie  I or several experienced 

electronics engineers in communications, 
television receivers, television transmit-
ters, classified military equipment, com-
puters, microwave equipment and ad-
vanced development of all kinds. Desire 
graduate engineers with 5 years or more 
experience. Salary commensurate with 
ability- and experience. We are looking 
1,1- engineers seeking permanent connec-
tions with unusual opportunities for ad-
vancement. New and modern facilities 
and working conditions unequalled any-
\\ here in the world. Reply, Personnel 
Div. Electronics Dept., General Electric 
Co., Syracuse, New York. 

PROJECT 

ENGINEERS 
Real  opportunities  exist for 

Graduate Engineers with design 

and development experience in 

any of the following: Servo 

mechanisms, radar, microwave 

techniques, microwave antenna 

design, communications equip 

ment.  electron optics,  pulse 

transformers, fractional h.p. 

motors. 

SEND COMPLETE RESUME TO 

EMPLOYMENT OFFICE. 

SPERRY 
GYROSCOPE CO. 

DIVISION OF 

THE SPERRY CORP 

GREAT NECK, LONG ISLAND 

RCA VICTOR 
Camden, N. J. 

Requires Experienced 

Electronics Engineers 

RCA's steady growth in the field of elec-
tronics results in attractise opportunities 
for electrical and mechanical engineers and 
phy•icists. Experienced engineers are find-
ing the "right position" in the wide scope 
of RCA's acti‘ ities. Equipment is being de-
%eloped for the following applications: 
communications and nasigational equip-
ment for the aviation industo, 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 
Di% ision 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 450, RCA Victor Division 

Radio Corporation of America 
Camden, New Jersey 
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„,, -RugSe a ' lb- ' i....  ....,,,, 
I  DO NOT BREAK 

IN ASSEMBLY  SERVICE 
Erie General Purpose Ceramicons became favorites in the industry 
when TV sets were still a negligible part of total output. The 
qualities which recommended them for by-passing and coupling 
applications which were not frequency determining in radio 
receiving sets, become even more important in television assembly. 
Erie "GP" Ceramicons are rugged and compact. Tubular form 

and phenolic insulation provide extra sturdiness that withstands 
rough handling both in installation and in service. 
General Purpose Ceramic Condensers are economical because, 

by limiting them to definite capacity values, they can be manu-
factured in quantity without sacrifice of quality. 
They are made in insulated and non-insulated styles, in popular 

capacity values up to 10,000 MMF. Write for detailed information 
and samples. 

ERIE RESISTOR CORP., ERIE, PA. 
LONDON, ENGLAND  • TORONTO,  CANADA 

PROCEEDINGS OP TIIE I.R.E.  Arra, 1950 



AI RCR AFT 

RA DI O 

CO R P OR ATI O N 

• 
• 
• 

-Simplified 
-Compact 

Portable 
900-2100 megacycles, 
single band 

Directly calibrated, single 
dial frequency control 

Directly calibrated 
attenuator, 0 to -120 dbm 

CW or AM pulse modulation 

Internal pulse generator with controls for width, 
delay, and rate. Provision for external pulsing 

Controls planned and grouped for ease of 
operation 

Weight: 42 lbs. Easily portable —ideal for air* 
borne installations 

Immediate delivery 

Built So 
Navy Specifications 
for research 
and production 

testing 

Write for specifications — investigate the 
advantages of this outstanding new instrument. 

DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928 

*  * 

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 he inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

ELECTRICAL ENGINEER 
B.E.E. August 1949,  Cun 

Laude 3rd in class. 3 years experience a-
Navy electronic technician. Desires posi-
tion in research, production or develop-
ment. Salary and location secondary. Age 
26. Box 380W. 

ENGINEER 
B.S.E.E. June 1949, Oklahoma histi 

tute  of  Technology.  Communicatioil-
major. Currently completing M.S. Elec-
tronics officer, Air Force Reserve. Guided 
mis•iles, radar experience. Age 29, mar-
ried, 2 chiklren. Available February 195n 
Location immaterial. Resume upon e, 
guest. Prefer design, development, al.! 
cation in electronic field. Box 808, 
emits Village, Stillwater, Oklahoma 

ELECTRONIC ENGINEER 
11.S.E.E. January 1930, C.C.N.Y. Mar-

ried, age 22. 1 year Army electronic ex-
perience, repair and monitoring. Desire,-
position in electronic field. New York 
metropolitan area preferred. Box 381 W. 

ENGINEER 
Graduate of Purdue University in 1946 

with 11.S.E.E. and major in electronics 
and mathematics. Age 23. Married. 3 
years experience with Navy Supply Corps 
(Lt. j.g.).  lember Eta Kappa Nu. De-
sires research and/or development any-
where in U.S. Box 382 \V. 

TELEVISION ENGINEER 
B.S. in LE. Nortliwcsturn University. 

Tau Beta Pi, Eta Kappa Nu. Some grad-
uate work. Age 23. 11/4 years television 
broadca,t. Former Navy R.T. Interested 
in televi.i, lit devek,pinent or field work. 
Midwe.i. Box 383 \V. 

ADMINISTRATIVE ASSISTANT 
S.M. in E.E. June 1949, MA J.  

business and engineering administration 
February 1950, M.I.T. Sigma Xi. 1,/, 
years Army radiosonde and radar ex-
perience. 1Y2 years research and devel-
opment. Box 384 \V. 

ELECTRICAL ENGINEER 
B.E.E. June 1949, C.C.N.Y. Former 

Navy electronic technician. Desires posi-
tion in television. Will relocate but east 
coast preferred. Box 385 \V. 

(Continued on Noe 58.4) 
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W e invite you to visit this 110,000 sq. ft. plant. Here, within 11 months, we 
reached a production of 2,500 Sheldon "Telegenic" Picture Tubes daily. Our 
plant has its own tool, die and repair shop; electron gun manufacturing facilities; 
an independent well-water supp!y; and railroad sidings. This production is 

enabling manufacturers to deliver 2,500 more television sets per day to 

their jobbers and dealers. 

We are proud of this accomplishment! We are equally proud of the con-

sistently outstanding quality of Sheldon Picture Tubes. 

Siukton 
NATURAL IMAGE 

SOFT GLOW 

LcXWR r.Ube 

Write for Sheldon's new wall chart giving com-

plete specifications on its line of 24 picture tubes 
. . . crystal face, velour black, round, rectangular, 
all-glass and glass-metal types. 

SHELDON ELECTRIC CO. 
Division of Allied Electric Products Inc. 

68-98 Coit Street, Irvington 11, N. J. 
Branch Offices B Warehouses: CHICAGO 7, ILL., 426 S. Clinton St.  LOS ANGELES 6, CAL., 2559 W. Pico Blvd. 

SHELDON TELEVISION FICTURE TUBES  •  CATHODE RAY TUBES  •  FLUORESCENT STARTERS AND LAMPHOLDERS  •  SHELDON REFLECTOR L INFRA-RED LAMPS 

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

VISIT SHELDON'S BOOTH NO. 201 & DISPLAY ROOM NO. 632, PARTS DISTRIBUTOR SHOW, MAY 22-25, STEVENS HOTEL, CHICAGO -4-

PROCEEDINGS OF 111E, IRE.  April, 1550 
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TYPE 3 

Maximum speeil. contact pres-

sure, and sensitivity : and min-

imum transit time. Originally 

designed as a high-speed tele-

graph relay, it has also been 

used for direct operation from 
barrier-layer photo cells and 

thermocouples, as well as for 
measurement and other indus-

trial applications. Weight, 

22 oz. 

CLILIEL 

TYPE 4 

Long contact travel, medium 
speed and sensitivity. Origi-

nally designed as a telephone 

impulsing relay (d-c dialling 

up to UK) miles, and v-f dial-

ling on trunk circuits), it has 

also been used in audio-fre-
quency tele-printer systems, 

etc. Also available in d.p.d.t. 
version, with self-synchroniz-

ing contacts. Weight, 11.8 oz. 

Three types... 
one no larger than 
a match box 

TY PE S 
Miniature relay of phenome-

nal performance in proportion 

to size and weight. Primarily 

developed for military and 

aircraft uses, but is providing 
answers to problems in many 

other fields. Hugged design of 
exceptional thermo stability. 

Dimensions of relay proper 

same as safety-match box. 
Weight, 4.8 oz. 



A POLARIZED RELAY 

e of he Field! 

C. P. CLARE & CO., secures U. S. rights to bring you 

the English-made CARPENTER POLARIZED RELAY 

In recognition of a widespread need for a polar-
ized relay capable of repeating with high accuracy 
feeble signal pulses of varying time duration and 
of maintaining this ability for long periods with-
out attention, C. P. CLARE & CO. set out to design 
such a relay, to have the following characteristics: 

• High sensitivity 
• Low hysteresis 
• Short transit time 
• Complete absence of contact rebound 
• Ease of adjustment 
• Long operational life between adjust-
ments 

• High contact pressure 
• Absence of pivots, with their almost in-
evitable shake and liability to wear or 
bind 

• Im munity from the effects of mechan-
ical vibration 

• Absence of positional error 
• Immunity from the effects of external 
fields 

• Shortness of operating time — impor-
tant for some applications 

Write for CLARE Bulletins 110-1 

“mik I 

MAGNETIC CIRCUIT OF TYPE S RELAY 
Thi schsmotic diagram shows the magnetic circuit of the 
Carpenter Type 5 Relay in one plane. Actually the ails of 
vibration of the armature is parallel to the ails of the signal 
coil. The working polo pieces (the 5 poles) of the permanent 
magnets and the contact mounts overlap one another on 
either side of the armature. The reversal circuit is reduced to 
its simplest possible form, having only a single air gap in 
which the armature Is situated 

A comprehensive survey of available relays, made 
as a prelude to this design project, disclosed that 
the CARPENTER POLARIZED RELAY, manu-
factured by Telephone Manufacturing Co. Ltd., 
of London, England, conforms closely to the ideal 
and surpasses all previously existing polarized 
relays. 

That this superior relay might be made immedi-
ately available to its customers, C. P. CLARE & 
CO. have paid a high compliment to another relay 
manufacturer: they have arranged to be exclusive 
distributor of the CARPENTER POLARIZED 
RELAY in the United States. 

Some of the remarkable features of the CARPEN-
TER POLARIZED RELAY which make C. P. 
CLARE & CO. proud to sponsor it are described 
on these pages. More complete information is im-
mediately available from CLARE sales engineers 
located in principal cities. Look in your classified 
telephone directory . . . or write: C. P. CLARE & 
CO., 4719 West Sunnyside Avenue, Chicago 30, III. 

11-112 for complete details 

irst in the Industrial Fiel 



Positions Wanted  

NO 
R. F. ATTENUATION 

W • • FOR YOUR W ORK 
NET WORK 

To meet the increasing needs for accurate, de-

pendable instruments to attenuate UHF, The 

Doyen  Company  now  offers  RF  attenuation 

boxes. These units are notably compact, provide 

a wide range of attenuation and are moderately 

priced. 

—SPECIFICATIONS— 

T.E DAVEN COMPANY 

CIRCUIT: Pi network. 
STANDARD IMPEDANCES: 50 and 73 ohms. Other impedances on request. 
RESISTOR ACCURACY: -±-2% at D. C. 
IMPEDANCE ACCURACY: Terminal impedance of loss network essentially flat from 

0-225 MC. 
RECEPTACLES: A/N Types UG-58/U or UG-I85/U. 
CABLE PLUGS: May be secured at additional cost. 
NO. OF STEPS: Types: 640, 641, 642, 643   8 Push Buttons 

Types: 650 and 651 10 Push Buttons 

SERIES IMPEDANCE 

640 & 641 

642 & 643 

650 & 651 

SO ft or 73 SI 

50 ft or 73 12 

50 12 or 73 II 

RANGE 

80 DB Total in 1 DB Steps 

100 DB Total in 2 DB Steps 

100 DB Total in I DB Steps 

—APPLICATIONS— 
• In signal and sweep generators. 
• In field strength measuring equipment. 
• Nucleonic and atomic research. 
• Television receiver testing. 
• Wide-band amplifiers. 
• Pulse amplifiers. 
• Any application where attenuation of UHF is required. 

For Additional Information Write to Dept. 1E-8 

THE  DAVEN co 
1 9 1  CE N T R A L  A V E N U E 

NE W A R K  4,  NE W  JERSEY 

arie4,0. 

(Continued from rage 544) 

ENGINEER 
M.S. in E.E., communications, 1947. 

3 years full time teaching. Desires teach-
ing or industrial position with prospect of 
research and possibility of work toward 
doctorate. Age 31, married, 2 children. 
Box 386 W. 

ENGINEER 
M.S. in E.E. communications option, 

June 1949. B.E.E. Cum Laude June 1948. 
Tau Beta Pi, Eta Kappa Nu. Age 23, 
single. Navy electronic technician pro-
gram 2 years. Desires electronic design, 
development or research position in N,•\N 
York-Long Island area. Box 387 W 

ENGINEER 
Broadcast Chief Engineer, overseas or 

states, with FM-TV-AM experience. At 
present overseas  150 KW  experience 
N.B.S., A.A.F., E.R.D.L. Research and 
development background, technical writer, 
patent law training. College graduate. 10 
years FCC license. Supervisory expe-
rience.  Washington,  D.C.  acceptable. 
Available June 1950. Box 388 W. 

INSTRUCTOR 
A.M. (in mathematics), B.S. in E.E 

Age 22. Excellent record. Slight teaching 
experience. Desires position as instructor 
of mathematics or as junior research-
mathematician, September 1950. Box 389 
w. 

ENGINEER 
Graduate June 1950 with B.S. in E.E. 

University of Virginia, Age 24. Tau Beta 
Pi. FCC radiotelephone 1st class license. 
Amateur radio operator. 2 years in U. S. 
Navy as ra(Iio-radar technician. 2 years 
design and development of electronic uni-
formity analyzer for textile materials. In-
terested in sales engineering, de,i,.!it apd 
development. Box 405 W. 

ASSISTANT PROFESSOR 
B.S., NI S. in E.E. Illinois Institutu 

Technolog  and University of Illin,i 
respectively. 1 year teaching experience. 
21/4 years experience in design of com-
puter servos and missile systems. Desire 
to teach electrical engineering courses, 
preferably at a college located in rural or 
suburban area. Available June 1950. Box 
-106 \V. 

ELECTRICAL ENGINEER 
Electrical engineer, graduate B.E.E., 

C.C.N.Y. Age 25, married. Some infor-
mal experience with amplifiers and mag-
netic recorders. Desires position, prefer-
ably in audio. Sali,ry secondary. Box 
407 \V. 

ENGINEER 
Recent graduate of American Televi-

sion  Institute  of  Technology  with 
B.S.T.E. Single. ART 1/c in Navy. 1st 
class radiotelephone FCC license. Desires 
position with future in electronics, tele-
vision or airlines as junior engineer or 
technician. Domestic or foreign assign-
ment. Box 408 \V. 

ELECTRONIC ENGINEER 
B.S. in plisics (biology minor) Ex-

Navy  engineering* officer.  Graduate 
C.R.E.I.  Married.  Experience:  elec-
tronics instruction, consultation, vacuum 
tube ruggedization. Desires position in 
medical electronics biophysics or vacuum 
tube development in east. Box 409 W. 

(Continued on page 604) 
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BLAW-KNOX builds 
ANOTHER RINGSIDE SEAT 

to the Events of the World 
For its ultra-modern station in the heart of 
down-town Louisville, WHAS engineers spec-
ified a Blaw-Knox Heavy Duty Type H-40 
Tower 526 ft. high to support safely its 
10,000 lb., 12 bay high gain TV antenna. 

Telecasting top-flight national and regional 
programs, WHAS will open up a new market 

for TV sets and provide ringside seats for 
appreciative thousands in the populous and 

progressive Louisville area. 

BLA W-KNOX DIVISION 
OP SLAW-KNOX COMPANY 

2037 Farmers Bank Bldg., Pittsburgh, Pa. 

Note at upper right ttiat 
Blew-Knox erectors are uti-
lizing the Tower itself as a 
boom to hoist the heavy 
antenna into position — 
proof enough of super-safe 
construction! 

• 

Lower photo shows the con-
gested area and restricted 
space from which this tower 
rises. Note overhead bridge 
from WHAS building to 
structure's first platform 
and ladder. 

BLAW-KNOXNammTOWERS 
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Po pm have 
Thiv Ilelpful 

Holipot  „„, 
uuodia 
Catalog.? 

Do you have complete data 
on the revolutionary new isEziPor —the helical 
p,,tentio meter-rheostat that provides many times greater 
c,tritrol accuracy at no increase in panel space?... or on the equally 
unique DUODIAL that greatly simplifies turns-indicating applications? If you are 
designing or manufacturing any type of precision electronic equipment, you 
should have this helpful catalog in your reference files ... 

id erde dig hi 5 .".• the unique helical  principle of the 

HELIPOT that compacts almost four feet of precision slide wire into a 

case only 13,fs inches in diameter—over thirty-one feet of precision 

slide wire into a case only 31/3 inches in diameter! 

h‘P etat7.5 — the precision construction features 
found in the Hu.iror ... the centerless ground and polished 
stainless steel shafts—the double bearings that maintain rigid 
shaft alignment—the positive sliding contact assembly—and many 
other unique features. 

//i/fiestrates -- describes and gives full dimen• 

sional and electrical data on the many types of HELIPOTS that are 
available  from 3 turn, l' "2- diameter sizes to 40 turn, 3" diameter 

sizes... 5 ohms to 500,000 ohms ... 3 watts to 20 watts. Also Dual 
and Drum Potentiometers. 

If Describes and illustrates the various spe-
cial HELIPOT designs available—double shaft extensions, multiple 
assemblies, integral dual units, etc. 

/ 74  6 / Ve‘f "I' full details on the DUODIAL -the new type 
turns•indicating dial that is ideal for use with the HELIPOT as well as 
with many other multiple•turn devices, both electrical and mechanical. 

If you use precision electronic components 
in your equipment and do not have a copy of this helplul lieu pot 
Bulletin in your files, write today for your free copy. 

THE Helipot Corporation 1011 Mission St. 

South Pasadena 6, Calif. 

Positions Wanted  
(Continued from page MA) 

ELECTRONIC ENGINEER 
B.S.E.E. 1949 Vanderbilt University, 

working on M.S.E.E. at present at Syra-
cuse University. Interested in television, 
electronics, radio communication. 4 years 
as Navy electronic technician. Tau Beta 
l'i. Age 26, married. Prefer mid-west. 
south. Available June 1950. Box 410 1V 

AUDIO TECHNICIAN 
Experienced in c,,inplex audio circuits 

Graduate RCA In,iiitites. 3 years tech-
nical training in Army Air Forces. Col-
lege background. Age 26. Box 411 W. 

ELECTRONIC ENGINEER 
Harvard B.S. June 1950. Broad physics 

and  electrical  engineering • background 
with some emphasis on pulse and timing 
circuits. 2 years training in U. S. Navy 
as electronic technician (10 mos. as in-
structor). 1st class radiophone license, 
light experience with TV and audio. Age 
22. Desires work in electronics anywhere 
but prefer eastern U.S. Box 412 W. 

ENGINEER 
B.S. in LE., M.S. in communicau 

engineering. Expect Ph.D. from Harvard 
in June 1950. Tau Beta Pi, Eta Kappa 
Nu. 4 years experience as air force radar 
officer specializing in tactical suitability 
tests of airborne equipments. 1 year in 
geophysical operations. Age 32. Married. 
Box 413 W. 

SALES OR FIELD ENGINEER 
B.S.E.E. communications major. 51/2 

years experience in radar and microwave 
systems test equipment and components. 
Additional experience in photocell, UHF 
transmitters and receivers, and servos; 
al,o phases of production, development. 
and supervisory management. Age 29, 
'harried, 1 child. Will travel or relocate. 
Available May 1, 1950. Box 414 W. 

(Continued from page 494/ 

Gilbert, J. J.. 463 West St.. New York 14. N. Y. 
Kent. R.. 39 Baldwin St.. Bloomfield. N. J. 
Leifer, M.. 220-37 -73 Ave.. Bayside. L. I.. N. V. 
Mace, J. C.. Shadwell. Va. 
McNeely. J. S., 801 Telephone Bldg., 308 S. Akard 

St.. Dallas. Tex. 
Melman, I. J.. 85-32 143 St.. Jamaica 2, L. I., N. V 
Rasley, D. R., Capehart-Farnsworth Corp.. 3700 

E. Pontiac St.. Fort Wayne 1, Ind. 
Schutz, G. C.. 1941 Riverside Dr.. Dayton S. Ohio 
Small. F. R.. 3823 Oak Ridge Blvd., St. Louis 20, 

Mo. 
Stewart, H. E.. Electrical Engineering Dept.. Uni-
•  versity of Arizona. Tucson. Ariz. 
Sumerlin, W. T.. c/o Fairchild Pilotless Plane Divi-

sion, Farmingdale. L. 1.. N. V 
Uhrich. W. J., 10803 E. 57 St.. R.F.D. 3. Kansas 

City .i, Mo. 

Admission to Senior Member 

Barzilai. G., 8706 Parsons Blvd.. Jamaica. L. I.. 
N. Y. 

13ramhall. E. H., Operations Research Office, Ft. 
McNair. Washington 25. D. C. 

Bricaud. J. M., 6445 Sewanee. Houston 5, Tex. 
Flack. W. L. 1-13, Northwood Hall, Hornsey Lane. 

Highgate. N. 6, London, England 

(Continued on page 624) 
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For a higher 
order of PRECISION 
in control 
The characteristics of Kollsman miniature Motor-Driven Induc-
tion Generators suggest many remote indication and control 
applications. These light, space-saving units— precision-
engineered for extreme sensitivity — combine motors of high 
torque/inertia ratio with generators offering linear voltage vs. 
speed ratios over a wide range. 

These Motor-Driven Induction Generators are representative 
of a complete line of small Kollsman special-purpose AC motors 
If those available do not meet the requirements of your particular 
instrumentation or control problem, Kollsman laboratories are 
staffed and equipped to develop a unit to your specifications. For 
further information, write: Kollsman Instrument Division, 
Square D Company, 80.66 45th Avenue, Elmhurst, N. Y. 

Kolisman Motor-Driven 
Induction Generators 

Motor characteristics: Maximum torque 
at stall —smouth-running (will not 
"cog'), fast-reversing — operate from 
2-phase source, or from single-phase 
source with phase-shifting condenser. 

Generator characteristics: Low residual 
voltage—output/residual voltage ratio 
of 100:1 in some models—residual 
voltage "spread" as low as 2 millivolts 
—available with built-in voltage tem-
perature compensating network —con-
stant frequency output—amplitude 
directly proportional to speed. 

Unit  characteristics: Both rotors 
mounted on same shaft, assuring posi-
tive alignment—geared models, with 
ratios between 5:1 and 75,000:1, de-
signed to safely transmit a maximum 
torque of 25 oz./in.— backlash held to 
a minimum. 

KOLLSMAN INSTRUMENT 

IlMMURST, NOW YORK 

DIVISION 

OLINDAtl, CALIFORNIA 

PROCEEDINGS OP THE IRE.  April, l'15(l 
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UHF OSCILLATOR 
FREQUENCY RANGE: 

300 Mc. to 1000 

U. H. F 
Mail '5 

The MODEL 112 Provides 
A Signal Source For 'The 
Measurement Ot 

• sTANDIt  N 4G WAVES ON 
'TRANSMISSIO  LINES 

• ANTENNA PATTERNS 

• P ILT ERS 

• ATI ENU AT ORS of 

A lso  for Alignment  for  many 
other and Tra cking  

UHF  Receivers cirri   

applications. 

OSCILLATOR 
-/ --. 

MODEL 112 

THIS oscillator was designed 
-I- for the many applications 
in ultra-high frequency engi-
neering that require a high de-
gree of frequency accuracy and 
stability.  The direct-reading 
frequency dial is individually 
calibrated to an accuracy of 

An output dial, calibrated in 
decibels, permits relative volt-
age measurements within a 
ratio of 100 to 1. 

FREQUENCY  RANGE: 300 to 1000 Megacycles 

FREQUENCY CALIBRATION ACCURACY:  0.5 % 

OUTPUT VOLTAGE:  Maxi mu m varies with frequency between 

0.3 volt and 2 volts. Adjustable over 40 db range 

OUTPUT IMPEDANCE:  50 ohms 

PO WER SUPPLY:  117 volts; 50-60 cycles; 60 watts 

DI MENSIONS:  12 1/2" x13 1/2 " x 8".  Weight 22 lbs. 

MEASUREMENTS 
CORP ORATI ON 

BOO N ON 

(Continued irons page 604) 

Hollands, L. C.. Laboratory Services, Hughes Air-
craft Co.. Culver City, Calif. 

Janvrin, %V. A.. Jr., 1341 N. Princeton. Albuquer-
que, N. Mex. 

Lamb, J. K.. 1482 44 St., Los Alamos, N. Mex. 
Meyer, H. F.. Box 504. R.F.D. I, Red Bank, N. J. 
Saraga, W., 43 Kingsway, Orpington. Kent. Eng-

land 
Schover. D. S., 7529 S. Cornell Ave., Chicago 49, 

Sherer, L. M.. 215 S. Ivy St.. Arlington. Va. 
'room, E.. Bell Telephone Laboratories. 463 West 

St.. New York 14, N. Y. 
Wilbur. D. A.. 39 Cleveland St.. Albany. N. Y. 
Lint. K. E., Electronic Engineering Company of 

California. c/o N.A. M.T.C.. Point Mug,' 
Calif. 

Transfer to Member 
Ara°. R. S.. Stromberg Carlson CO.. Engm: 1.ne 

Dept.. Rochester 3. N. Y. 
Ashenden. G. K., Jr.. 6705 Linden St.. Houston 17. 

Tex. 
Beaumariage, D. C., 1318 N. Sheridan Ave.. Pitts-

burgh 6. Pa. 
Dean, N. J., Sonotone Corp.. Elmsford, N. Y. 
Dutton. I. L., 710 -24 St.. Sacramento 16. Calif. 
Fort, W. R., 513 N. 16 St., Manhattan. Kan. 
Harvey. S. A., Signal Office, Fitzsimons General 

Hospital. Denver 8. Colo. 
Hoover. M. V., Radio Corporation of America. New 

Holland Pike. Dept. 990. Lancaster, P. 
Jones. J., 7555 31 Ave.. N.E.. Seattle 5, Wash. 
Madsen, E. C.. 739 Scott Ave.. Salt Lake City f, 

Utah 
Noland, J. W.. 915 Douglas St.. Omaha 8, Neb. 
Osburn. C. M., 23 Baylis St., S. W.. Grand Rapids. 

Mich. 
Powers. J. T., 82-50 Penelope Ave.. %Vest Forest 

Hills, N. Y. 
Timm. R. S.. 2108 -38 St.. S.E.. Washington 20 

D. C. 
11.alden. J. M.. Box 879, Anchorage. Alaska 

Admission to Member 
Abramson. M.. 106 Barker Ave.. Eatontown. N. J. 
Adler. S. B., 6 Birch St..Binghamton. N. Y. 
Bowen, W. A., Jr., U. S. Naval Civil Engineering 

Laboratory. Slgomons, Md. 
Cataldo. J. T.. 602 Vanderbilt Ave.. Brooklyn 17. 

N. Y. 
Daskam. E.. Jr.. General Telephone Service Corp.. 

80 Broad St.. New York 4, N. Y. 
Datighton, G. B.. Electrical Engineering Dept.. 

U. S. Naval Academy. Annapolis. Md. 
Delbert, C. R., Water Mill. L. I.. N. Y. 
Garrison, W. E., Radio Station WFBC. Poinsett 

Hotel, Greenville, S. C. 
Giles. R. C.. Code 3490, Naval Research Labora-

tory. Washington 25, D. C. 
Glassman. S.. 105 Belshaw Ave., Eatontown. N. J. 
Haddad. J. A.. R.F.D. 1, Wappingers Falls. N. Y. 
Hohermuth. H. U., Zurich 6/57, 22 Beckhammer, 

Zurich, Switzerland 
Kahan. J. G.. 4592 Wilson Ave.. Montreal, Que.. 

Canada 

Karlson, E. L., 615 Greendale Ave.. Pittsburgh 18. 
Pa. 

Kelley. A. A., 58 Exchange St.. Binghamton. N. Y. 
Kreitzer, H. M., 9204 Second Ave.. Silver Spring. 

Md. 
Lambert, R. M.. 109D Dibb Rd., China Lake, Calif. 

Lynch, U. L.. 180 N. Range St.. Colby, Kan. 
Makinson. H. 0., 1585 Venice St., San Diego 7, 

Calif. 
Michaels, S. E., Bell Telephone Laboratories, Inc.. 

Murray Hill, N. J. 
Nestor, G., 28.11 %V. Second St.. Brooklin 24. N. Y. 

Patten, S. F., 1 Highland Ter.. Upper Montclair. 
N. J. 
(Continued on page 634) 
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(Continued front page 624) 

Pippenger. C. R.. Commonwealth Edison Co.. 72 W. 
Adams St.. Chicago 90. 

Rand, A., 135 Belshaw Ave.. Eastontown, N. J. 
Reynolds. D. E.. 800 N. Barton St., Arlington. Va. 
Rogers. A. W.. 126 Fieldstone Dr.. Springfield, N. J. 
Rose. J., Box 2987. San Juan. Puerto Rico 
Shaffer, A.. 3210 Ave. H.. Brooklyn 10, N. Y. 
Shearer. A. D.. Box 6A. Providence Rd.. Towson 4. 

Md. 
Simmons. E. C.. 60 Court St., Whitman. Mass. 
Thalner, R. R.. 806 (W) Highland Ave.. Kenmore 

17, N. V. 
Thomson. A. G., Electrical Engineering Dept.. 

Heriot-Watt College. Edinburgh. Scot-

land 
• White, L. E.. 3289 Fulton Ave.. Hapeville. Ga. 

The following admissions to the Associate 
grade were approved to be effective as of 
March 1, 1950: 

Achtellik. G. J., 49 Vassar Pl., Lynbrook. N. V. 
Alpiger. W. E.. 917 Schiller Ave.. Louisville 4, Ky. 
Angelari. R. D.. 46 Powell St.. Brooklyn. N. Y. 
Ankele. E. T.. Jr.. 2836 Halbert St.. Fort Worth. 

Tex. 
Baicker. S. J.. 231 Arch St.. Nanticoke. Pa. 
Baker. K. F.. 1838 N. Kedvale Ave., Chicago. Ill. 
Bastow. R. G.. Jr., 17 Dulwich Rd.. Oakland 11. 

Calif. 
Becker. C. A.. 4014 S. Oak Park Ave.. Berwyn. III. 
Borcher. E. J.. 3517 Jackson St.. Omaha. Neb. 
Borrego. G.. 1134 Calle 6, La Plata. Argentina 
Boyens, R. D.. 97 Seaman Ave.. New York 34. N. Y. 
Boziwick. G. E.. Whittier Ave. 831. New Hyde 

Park. L. I., N. Y. 
Breibach, P. J.. 1409 W. Argyle St.. Chicago 40, Ill. 
Broadwell. H. S.. 222 E. Knight Ave.. Collingswood 

7. N. J. 
Burleigh. J. R.. Jr.. Oak Springs Farm Rd. 4, West 

Chester. Pa. 
Byrd. V. E., 1613 La Playa Way, Sacramento. Calif. 
Cajone. E.. Luiz Antonio. 25 M Ave. Brig.. Sao 

Paulo. Brazil 
Capon. N. J.. 124 Ludlow St., New York 2. N. V. 
Carpenter, R. M.. 900 Date. Hot Springs. N. Mex. 
Castellani. M. F., Calle De Casanova 270. Barce-

lona. Spain 
Clark, M. M.. 5606 Lothian Dr.. Baltimore. Md. 
Clark. T. P.. 39 Klee Ave.. Dayton 3. Ohio 
Clayton. J. F. Bendix Aviation Research l-abs. 

4855 Fourth Ave.. Detroit, Mich. 
Combat J. F.. 2370 Emerson Ave.. Dayton 6. Ohio 
Conroy. M. J.. 8 N. Glenallen Ave.. Youngstown. 

Ohio 
Curry. T. F.. Woodside Park, R.F.D. 1, State Col-

lege. Pa. 
Danz, E. J., Jr.. 1025 N. Mapleton Ave.. Oak Park. 

Day. J. A.. 12768 Elgin Ave., Huntington Woods. 
Mich, 

Day. 3. E., 4455 N. E. Alameda. Portland 13. Ore. 
De Satnick, S., 3105 Brighton Third St.. Brooklyn, 

N. Y. 
Dreifke, G. E.. 5466 Plover Ave.. St. Louis 20, Mo. 
Dujack, R. L., 560 Isham St.. New York, N. V. 
Engdale. R. J., 2311 Happy Hollow Blvd.. Omaha 

3. Neb. 
Falkinburg. R. P.. Forest Pl.. Towaco, N. J. 
Fitz Maurice, W. A.. 73 Grove Ave.. Maywood. 

N. J. 
Fountain, B. C.. Jr.. 946 Lee St.. Des Plaines. III. 
France, J. R.. RCAF Station. Centralia. Ont.. 

Canada 
Fryburg, C. H., III S. 22 St.. Philadelphia 3. Pa. 
Gatz, D. L.. 2620 Hardeman P1., Dallas. Tex. 
Gerber. E. A., 7 Plaza Ct., Elberon. 
Gilmer, C. J.. c/o Valparateo Technical Institute, 

Valparaiso, Ind. 
Heibeck. H. L., 773 S. Lemon Ave., El Cajon. Calif. 

(Continued on page 644) 

TRADE MARK REGISTERED 

NMI = 

7 Service-Proven Types 
OF  FI NE 

Insulating Compositions 
and Finishes 

• CLEAR RF LACQUER N O. A-27 

• CLEAR AIR DRYING FINISHING 
LACQUER N O. 28 

• BLACK AIR DRYING VARNISH N O. 30 

• CLEAR BAKING VARNISH N O. 43 

• BLACK BAKING VARNISH NO. 45 

• HITE MP CLEAR BAKING VARNISH NO. 41 

• INDUSTRIAL BAKING ADHESIVE NO. 49 

Here's what Q-Max does: 
Q-Max reduces corrosion, tropicalizes 

(when solutions permit the use of 
tropicalizing agents), repels moisture, 

increases volume and surface resistiv-
ity, promotes electrical stability, pro-

tects, reinforces and bonds. Q-Max has 

proven its worth in actual service under all climatic 
and operating conditions — the reason why radio engineers and 

operations men, everywhere, specify Q-Max for utmost protection. 

These tire its many applications: Q-Max, developed 
by C-P engineers to provide better performance for installations in 

RF service, is highly efficient when applied to a wide variety of 
materials and surfaces. Applications include the treatment of wood, 

steatite, porcelain, glass, plastics, organic and inor-

ganic fabrics, paper, vulcanized fibre and metals. A  ' 
1 reputation for positive action and permanence has  . 

made Q-Max the accepted standard for RF service. 

WRITE FOR YOUR COPY OF THE NEW 0-MAX CATALOG 

O• MAX CHEMICALS  DIVISI ON 

[E113 

avdica  ,Aee. 
NE W JERSEY 
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TWO NEW WAVEGUIDE-OUTPUT REFLEX KLYSTRONS 
Varian engineered to tune over the frequency range from 
8,100 to 17,500 megacycles. These tubes are designed for 
transmitter service, for use as local oscillators and bench 
oscillators as a power source for measurements. The tubes 
are small, light and sturdily built. Flanges with mica win-
dows bolt directly to the waveguide with a lapped surface 
to avoid reflections and leakage. Special grid techniques in-
crease efficiency, reduce rnicrophonics. A single screw tuner 
covers the entire broad tuning range. 

T V 

Pod 
N•wyet.e. 

Vsed 

1 Grow. 
1,-4 

4.4144 

Electrical Characteristics 

Beam Voltage 
Bea m Current 
Heater Voltage 
Heater Current 
Reflector Voltage 
Tuning Range 
Power Output 

X-I3 
500 volts, max 
60 ma, max 
6.3 volts 
1.1 amp 
0 to —1000 volts 
8.100-12,400 mc min 
100 milliwatts, m m with 
transformer 

Mechanical Specifications 
Cathode  Oxide coated, unipotential 
Clearance di mensions  3l'2 x 21;2 x 212 in. 
Weight  6 ounces 
Output Flange  Mates with standard flange 

for 1 x 1;2 x 0.050 in. wave-
guide 

Cooling  Forced air cooling required 
for bea m power inputs ex-
ceeding 10 watts 

Mounting position  Any 

Typical Operation 
Frequency 
Bea m Voltage 
Bea m Current 
Reflector Voltage 
Power Output 
Load VS WR 
Modulation 
Bandwidth 

Temperature 
coefficient 

10,000 mc 
400 volts 
48 ma 
575 volts 
230 milliwatts 
Less than 1.1 

30 mc 

Less than 0.25 me per degree C 

X-12 
600 volts, max 
60 ma. max 
6.3 volts 
1.1 amp 
0 to —1000 volts 
12.400-17,500 mc min 
10 to 100 milliwatts 

Oxide coated. unipotential 
x 2  x 2U in. 

5 ounces 
Mates with standard flange 
for 0.702 x 0.391 x 0.040 
in. waveguide 

Forced air cooling required 
for bea m power inputs 
exceeding 10 watts 

Any 

16.000 mc 
600 volts 
50 ma 
280 volts 
25 milliwatts 

50 me 

Not Illustrated, X-21 kiystron. Five-watt two-cavity oscillator. W eight 

approxi mately 4% ounces. Specifications upon request. 

VARIAN 
associates 

99 washington st. 

sun curios, calif. 

(Cont,noiril Irons tog,' 63/1) 

Henderson. R. C., 37(, Winnipeg Blvd., London 18. 
Ont., Canada 

Hollandeworth, W. J.. 8337S. Rhodes Ave.. Chicag,, 
19. 

Horan. J. J.. 565 Park Ave.. New York 21, N. V. 
Hore. H. B.. 45 Ottawa St.. Hamilton. Ont.. Canada 
Irwin. C. B.. Jr.. 504 N. W Seventh St.. Mineral 

Wells. Tex. 
Jackson, H. H.. 125 E. 62 St., New York 21, N. V 
Johnston, G T., 303 E. Matthews. Jonesboro. At, 

Jones. J. W.. 258 Elizabeth Ave., Bangor. Me. 
Joseph. B.. 620 W. 172 St.. New York 32. N. V. 
Joseph. M. M.. 50-30 Broadway. Woodside. L. I 

N. V. 
Kane, J. V.. Box 555, Westchester. Pa. 

Karst'. H.. 3408 25 St., S.E., Washington, I) 
Kling. R. J.. 205 Cambridge Ave., Dayton. 
Krause. A. M., 226-28 E. 83 St.. New York 28 

Krueger. W. F.. 2141 N. Kildare Ave.. Chicago. Ill 
Kuratani. K. K.. 2733 Hampden Ct.. Chicago. lii 
Lane. J. P.. 511 Linden St.. Roanoke 13. Va. 
Lee. C F.. c io Edward Bostock, Bryn Athyn. Pa 

Leecing, R. W.. 2145 Perkins Way. Sacramento 14. 
Calif 

Leftwich. R. F. c /o Servo Corporation of America. 
20211 Jericho Tpke.. New Hyde Park, N. V. 

Lindemann, C.. Jr.. 430 Union St.. Hackensack. 
N. J. 

Lisevi ski. E. E., 30 Croton Ter.. Yonkers. N. V 

Manske. W. C.. 854 N. II St.. Milwaukee, Wis. 
Martenson, R. B., 175 Lindenwood Rd.. Great Kill. 

8, S. 1.. N. Y. 
McCann, M. B.. Jr.. 47-26 49 St., Woodside, L. I 

N. Y. 
McCurdy. D. L., 119 Lafayette Ave., N.E.. Grand 

Rapids. Mich. 
McKewen. W. R., 413 Greene St.. Augusta, Ga. 
McKinley. M.. 407 Burnett St.. Lake Charles. 1.., 
Melvin. E. A.. 463 Eggert Rd.. Buffalo. N. Y. 
1%lemishian, 3.. 64 Salisbury Rd.. Watertown. Ma" 
Miller, F. P., 3 F St.. Fairborn, Ohio 
Nettleingham. M. D., 24 Stilwell Dr.. Dayton 

Ohio 
Newell, R. S.. 1714 Tenth St..-Sacramento, Calif. 
Nissim. S., Mekor Baronet'. 21 Rashi St.. Jerusalem 

Israel 
Onnigian. P. K.. R.F.D. 4, Box 451, Fresno, Cali . 
Opperman, R. H.. R.F.D. 4. Box 152. Albuquerqu. 

N. Mex. 
Otis, G. E., 832 Jay St., Albany 3, N. Y. 
Pacent. H. C.. 3 Edwards St.. Roslyn Height.. L. I 

N. Y. 
Patterson, G. N., 1 R & CS RCAF. Clinton: Ont 

Canada 
Peck. R. E.. 3701 N. 38 St., Omaha. Neb. 
Perro. E. J.. Box 389B, R.F.D. 9, Dayton 4. Ohio 
Powell, K. W.. Box 2063. Kansas City 13. Mo. 
Rate. %V. R.. Jr., 55 Brookhaven Ave.. Brookhaven 

National Laboratories. Upton. L. I.. N. Y 
Reichenbach, R. K., 1020 Ashland Ave.. Evanston. 

Ritzow. N. R.. 501 N. Central Ave., Chicago. III. 
Ruse, W. A., 1010 Colborne St.. London. Ont . 

Canada 

Salter. F. 0.. 920 E. Ogden Ave.. Milwaukee 2, Wis 
Sandefur, M. N., 509 Monroe St., Alexandria. La 
Sarett, D. P.. 50-07 Broadway. Woodside. L. I.. 

N. Y. 
Schoeny, E. P.. 204 S. Parker Dr., Evansville 14. 

Ind. 
Schultz. R. L., 1231 Schott St.. Covington. Ky. 
Schwiebert. H.. do Wheeler Laboratories. 122 Cut-

ter Mill Rd.. Great Neck, L. I.. N. Y. 
Seadale, S. A.. 90 Harvest Lane. Levittown, L. I.. 

N. V. 

Shimada. G.. 317 S. Thorp St.. Chicago. Ill. 
Silverman. E., 15 Beecheroft St.. Brighton 35. Mass 
Smith, J. E.. 505 N. Ervay St., Dallas I. Tex. 

Soendlin. C. F., 222 W. Babbitt Ave.. Dayton 5, 
Ohio 
(Continued on poor. 654) 
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WitYOU WANT A MINIATURE CART ME 
Vet% 

(Continued from Page 644) 

Sokol. L. L. 619 Rugby Rd., Brooklyn. N. Y. 
Soorsoorian, S. A.. 51 Merrimac St., NewburYPort, 

Mass. 
Speights, M. T., 1084 Peabody Ave.. Memphis. 

Tenn. 
Spinivasan. R.. No. 25 Riki Bhuvan, Lakamsi 

Napoo Rd., Matunga, Bombay 19. India 
Squires, W. K.. 137 Byror. Ave., Kenmore 17. N. Y. 
Stein, S., 831 N. Formosa Ma.. Los Angeles, Calif. 
Stackhard. L. C., 1641 Beach. Beaumont. Tex. 
Stratman. H. G.. 901 Madison St., Quincy, Ill. 
Stuetzer, 0. M., MCIAXF, Wright-Patterson, 

Dayton, Ohio 
Swartz, F. E.. 1525 Rosemont Ave., Chicago. Ill. 
Swartztrauber, A. C.. 122 Lonsdale Ave.. Dayton 

9, Ohio 
Talbot, W. S.. 17181 Burdett. New Orleans. La. 
Teetzel. F. M.. 7221 N. Fourth St.. Miamisburg. 

Ohio 
Thomas. R. R.. 4520 North Hazel St.. Chicago. Ill. 
Tyrrell, R. A.. 1171 S. Clinton, Oak Park, Ill. 
Vaio, C. A., San Martin 379. 5To. Piso, Buenos 

Aires, Argentina 
Vasques, H. A.. Imperial Ave.. Westport. Conn. 
Weatherford. H. L.. 3024 S. Lincoln Ave., Spring-

field, Ill. 
Wellcome, F. L.. Jr.. Research Laboratories. S. D. 

Warren Co.. Cumberland Mills, Maine 
White, P. E. P.. 8505 Glenview Ave., Takoma 

Park, Md. 
Wong, G. J.. 93 Main St.. E. Greenwich. R. I. 
Wybrow, E.. 10435 Dunleer Dr.. Los Anbeles 64. 

Calif. 
Zaharie. J.. Box 3031. R.F.D. 2, West Sacramento. 

Calif. 
Zanin. S. R., 2424 N. Oakland Ave., Milwaukee 11. 

The following transfers to the Associate 
grade were approved to be effective as of 
February 1, 1950: 

Aiken, D. W.. R.F.D. 1, Oakdale, Pa. 
Aitchison, J. H., Box 1010, Noranda. Que., Canada 
Allen. T. E.. 107 Glenwood Ave., Catonsville. Md. 
Ambrose. J.. 103 Birmingham Ter., Toledo 5. Ohio 
Anderson, L. W., 4145 Marlowe Ave.. Montreal. 

Que.. Canada 
Anderson. W. G.. 613 University Ave., Syracuse 10, 

N. Y. 
Angle. R. F., 1213 Springfield, Willow Village, Mich. 
Audo, P. D.. 817 Bertrand St., Manhattan, Kan. 
Backus, R. A., 1467 Casa Grande St., Pasadena 7, 

Calif. 
Bacon, D. R., 768 Blvd.. Westfield, N. J. 
Bauer, R. E., 23 State Circle. Apt. 5, Annapolis, 

Md. 
Bealey, C. F., 1120 Grant St., Denver 3, Colo. 
Blank, R. E., 354 E. 41 St.. Paterson 4, N. J. 
Block, E. J., 122 S. Yale, Vermillion. S. D. 
Block. T. S.. 1309 State St., Schenectady, N. Y. 
Boots, C. W., Box 524. New London, Mo. 
Braden, J. R., Box 362, Fort Pierce. Fla. 
Bryner, D. B., 716 E. Osborn Rd.. Apt. 5, Phoenix, 

Ariz. 
Busharls. J. G.. 35 Zamora St.. Jamaica Plain 30 

Mass. 
Butler, J. L., 9 Hazelhurst Ave., West Newton. 

Mass. 
Callan, R. W., 2646 Knox Ave.. N., Minneapolis 

11, Minn. 
Carlin, P. W., Physics Department, Colorado Uni-

versity, Boulder, Colo. 
Carlson, E. H., Jr., 28191 Telegraph Ave., Berkeley 

.5. Calif. 
Carpenter, D. I.., Forest Lake. Minn. 
Cheater, E. B.. 88 Henrietta Ave., Buffalo 7, N. Y. 
Chope, W. E., 190 Mt. Vernon St.. West Newton 65, 

Man. 
Cohen, D., 1664 Weeks Ave.. New York 57. N. V. 

(Continued on page 664) 

Eteeitadaalie, SMOOTH RESPONSE 
CHECK 

1 4//e ate dl NEW ... 

"AC" SERIES CRYSTAL CARTRIDGES 

• Astatic engineers have 

accomplished — in their tiny 

new "AC" Series Crystal Car-
tridges — a mechanical drive 

system with a new low in in-

ertia. It's the primary source of 

a new degree of smoothness of 
response. You will also note 

new tracking excellence and 
low needle talk — also partially 

due to the drive system. Overall 

excellence of frequency re-

sponse is particularly superior 

in the high frequencies. If you 

have not already done so, by all means check the perfection of sound 

reproduction which these advanced little cartridges are capable of 
delivering. 

"AC" Series Cartridges weigh approximately five grams and are about 

5/16" thick x 1/2" high x 1-1/2" long, not including pins. They are 

available in double needle turnover or single needle models, the latter 

in choice of three-mil stylus tip for 78 RPM, one-mil for 33-1/3 or 45, 
or with special Astatic All-Groove tip for all record types. Astatic's 
exclusive Type "C" Taper-Lock Needle, easily changeable without 

tools, is used throughout. Housings are of molded Bakelite, with metal 
-mounting brackets (fit standard 1/2" mounting center) and needle 

guards. Write for complete specifications. 

Model ACD 
Turnover 
Type 

Changing the Type "C" Taper-Lock Needle 

Asiatic Crystal pooled., manufattured 
under Brsosh Development Co. Wont' 

Model AC 

Placing thumbnail against stub at rear of needle 

(A), simply push in direction of arrow to remove. 

To insert, fold card, on which new needle comes, 

along scored line; place narrow end of needle 

shank in wide end of metal cartridge groove (B) 

and pull card in direction of arrow. 

ORPORATION 
CO N NEA UT',  OHI O L. _ , (110.11 41.  cd.ry•&••• •,14.1•(  ..40 0 0 4,1 , 
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HIS FOR HORNET 
CLASS H 
HIGH VOLTAGE 

KNOW H ow 
MAKE AN H OF A DIFFERENCE AND THEY 

HORNET Transformers provide mini-
mum size, maximum efficiency and great-
est life expectancy in transformers for 
portable and airborne equipment. 

Because they arc manufactured of 
newly developed Class H materials — 
silicones, fiberglas and special steels — 
HORNET miniature transformers can be 
operated at temperatures far in excess of 
the so-called "normal range." 

Compare These Typical Volume and Weight Figures 

PLATE TRANSFORMER: Primary 115V., 380 /1600cps. 
Secondary 860V C.T. 70 MA-RMS, 60 V.A. 

(BS deg.C. ambient, 50,000 ft. alt.) 

Max. Oper. 
Temp. 

Deg.C. 

Volume 
Cu. Ins. 

Relative 
Volume 
Percent 

Weight 
Pounds 

Relative 
Weight 
Percent 

Hermetically Sealed 
(Class A insulation) 105 21.3 100 2.0 100 

Open Cons t  Ton 
(Class A insulation) 105 11.0 54.2 1.2 60 

HORNET 
(Class H insulation) 200 6.5 30.5 .33 16.5 

The HORNET represents a combination of ingenious design, 

modern materials, and radically different manufacturing 

techniques which opens vast new fields in transformer con-

struction and application. 

Send for your copy of Bulletin 11-300, containing 

detailed size, weight and rating information on 

Hornet Transformers and Reactors. 

T t'7 

NEW YORK TRANSFORMER CO., INC. 
ALPHA, NE W JERSEY 

66A 

(Continued from page 65A) 

Cole, H. H.. 1232 N. Stanford. Albuquerque. N. 

Mex. 
Combs, J. A., 328 Garfield Ave., Bellefontaine, Ohio 

Copeon, A. P.. 5921 N. Albina. Portland. Ore. 
Cornwall. E. A.. Jr., General Delivery, Oxnard. 

Calif. (Jan. 1, '50) 
Crook, T. N., Box 434, c/o Humble Oil Co. 

vine. Miss. 
Dadant, P. M.. Hamilton, Ill. 
D'Amato. E. J., 156 .Rogers Ave., Brooklyn 16, 

N. Y. 
Darch. N. S., 100 Kramer St.. Staten Island 5. N.Y. 

De Lisle. J. E., Box 3, Station 24, Washington 
University, St. Louis 6, Mo. 

Dewey, D. A., Hq. 610 AC & WS. APO 929, c/o 
Postmaster. San Francisco, Calif. 

Eisele, E. J.. 1805 Rutledge St., Madison. Wis. 
Ernst. R. F., 16 Stuyvesant Oval, New York 9. 

N. Y. 
Eteson, D. C., 6 Sheffield Rd., Worcester S. Mas. 
Fasulo, J. L., 6120 Parkway Dr., Baltimore. 12, Md. 
Fetter. R. W., 1215 E. Armor. Kansas City. Mo. 
Fleming. C. W., 2140 Pine St.. Boulder, Colo. 
Frary, R. S.. Box 899, Utah Power & Light C., 

Salt Lake City. Utah 
Frattali. F. A. V., 33 Reynolds St., Rochester 8, 

N. Y. 
Gifford, J. S., 95 Washington St.. East Orange, N. J. 
Glidewell. J. J.. Jr., 106 Whittier, St.. Osborn, Ohio 
Grabowsky, L.. U.S.S. F.D.R., c/o FPO, New 

York, N. Y. 
Greenham, R. L., 214 14 St., N.W.. Canton 3, Ohio 
Grisetti. R. S., 362 W. Fifth,St., Erie, Pa. 
Guinn, J. R., Jr.. Engineering Division, Texas Col-

lege of Arts & Industries. Kingsville. Tex. 

Gustafson. C. E.. McKinnon Hall. Campus Rd.. 
Toledo 6, Ohio 

Hadley. F. P.. 110-11 215 St.. Queens Village, L. I., 

N. Y. (Jan. 1,'50) 
Hettinger. F. J., 44 Tobin Ave.. Apt. 4. Renton. 

Wash. 
Himler, G. J., 262 McConkey Dr.. Kenmore. N. Y. 
liolmes, W. H.. R.C.A.F. Station, Clinton, Ont.. 

Canada 
Horvath, C., 249 Van Cott Ave.. Farmingdale, 

N. Y. 
House. H. J., 410 Heaton Rd.. Fulmore Heights. 

Hatboro. Pa. 
Hudson, C. F., 1828 W. Albanus St., Philadelphia 

41. Pa. 
Hunter, N. E., Sodus Iribint, N. Y. 
Huster. L. W., Box 667, Williams. Ariz. 
Jesse, E., R.F.D. 1. St. Charles. Iowa (Jan. 1, '50) 
Johnson, J. S., 5351 W. 99 Pl.. Los Angeles 34. Calif. 
Kaufman. H.. Geophysical Department, Con-

tinental Oil Co.. Ponca City. Okla. 
Kempf. K. R.. R.F.D. I. Winamac, Ind. 
Kirchmayer, L. K.. Analytical Division, General 

Electric Co.. Schenectady, N. Y. 
Kirk, D.. Jr., 4610 Chestnut St., Bethesda 14. Md. 
Koerner, H. 170 E. 77 St., New York 21. N. Y. 
Krafft. W. R.. 147 Church St., Saratoga Springs. 

N. Y. 
Ladof, L. G.. 35 Wood Lane, Levittown, L. I., N. Y. 
Levin. S.. c/o J. Rothschild, IS Shoshone. Buffalo 

14. N. Y. 
Levinson. E.. 2197 Coney Island Ave.. Brooklyn 

23, N. Y. 
Love, S. F.. Electrical Engineering Dept., Uni-

versity of Toronto. Toronto 2. Ont.. 

Canada 
Levithal, J. G.. 705 Langdon St.. Madison, Wis 
Lind. A. H.. 135 West End Ave., Haddonfield. 

N. J. 
Logan, R. W., Measurement Engineering Ltd.. 

Arnprior, Ont.. Canada 
Lower, W. M., 443 Cranbrooke Ave.. Toronto. Ont., 

Canada 
Luse, J. D., c/o Commander Eighth Coast Guard 

District, Box 282. New Orleans 9, La. 
Mack, E. K., 52 Kalvedalsveren, Bergen. Norway 

(Continued on page 68A) 
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VOLUME CONTROLS 
A  Q U A RTER  MILLI O N  IN  ST O C K!  ALL  BR A N D  NE W! 

ST A N D A R D  BR A N DS  and  GU AR A NTEE D  BY  W ELLS 

ORDER YOUR REQUIREMENTS TODAY! 

AB  Allen-Bradley 

SP  Stockpole 
CIA - Clorostot 

CTS -- Chicago Telephone Supply 
LIN - Linear 
AUD - Audio 
RHE - Rheostat 

S  - With Switch 

IRC  International Resistor Co. 
CRL  Central Radio lobs 
MY  - Mallory 
GIB --- Gibbs Microkot 
CA  -- Carbon 
W W - Wire wound 
OB  - Open Bock 
M  - Midget 

WIR - Wirt 

DeJ - DeJur 
UTA - Utah 
WE - Western Electric 
SD  - Screw Driver Slot 
•  - Knurled Shaft 
In  - Lock-Type Bushing 

STOCK  SHAFT  UNIT 
NO  OHMS  MiR  LENGTH  TAPER  TYPE  WATT  PRICE 

360.1 
360.202 
360 401 
360-281 
360 2 
360.386 
360 510 
360.518 
360.415 
360.3 
360.192 
36B)4 
360.76 
360.84 
360.80 
360.6 
360 451 
360.88 
360.193 
360.515 
360.384 
360.141 
360.492 
360.390 
360.391 
360.487 
360.145 
360.502 
360.413 
360.89 
360-522 
360.397 
360-527 
360 521 
360.10 
360.91 
360-524 
360.291 
360-387 
360-512 
360.99 
360-58 
360-422 
360.101 
360-477 
360-19 
360-379 
360-139 
360.92 
360-178 
360-476 
360.523 
360-7 
360.611 
360.21 
360.196 
360.102 
360.374 
360.111 
360.11 
360.455 
360.414 
360.26 
380-475 
360.146 
360-491 
360.188 
360-121 
360.513 

3 
5 
6 
10 
10 
15 
20 
50 
75 
75 
75 
100 
100 
100 
100 
100 
100 
100 
100 
100 
150 
150 
150 
200 
200 
200 
200 
200 
200 
200 
200 
200 
250 
250 
255 
300 
300 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
600 
600 
600 
750 
750 
750 
950 

MY 
IRC 
INC 
MY 
MY 
MY 
UTA 
CTS 
CTS 
CTS 
CIA 
CIA 
CRL 
CTS 
CTS 
CTS 
CTS 
CTS 
IRC 
IRC 
CIA 
CTS 
IRC 
CRL 
CTS 
CTS 
CTS 
COS 
CTS 
CTS 
!RC 
MY 
CTS 
UTA 
COS 
COS 
MY 
CIA 
CIA 
CRL 
CTS 
CTS 
CTS 
CTS 
CTS 
CTS 
CTS 
COS 
CTS 
CIA 
CIA 
MY 
CRL 
CRL 
IRC 
CRL 
CTS 
UTA 
CIA 

K  CIA 
K  CRL 
K  CTS 
K  CTS 
X  CTS 
K  CTS 
K  COS 
K  CTS 
K  CTS 
K  COS 

,SD 

I' SD 

SD 
SD 

2. „ 

SD 
21, 
SD 
SD 
SD 

SD 

SD 
SD 

SD 
a s• 
0. 

SD 
!, 

SD 
SD 
, SD 
SD 
SD 

1 

SD 
2,, 
I A• 
SD 
SD 

', SD 

IT SD 
, SD 
1 

SD 

SD 

4. SD 

!, SD 

SD 

SD 

g 

SD 

ROE, 
UN. 
ROE. 
ROE. 
LIN 
ROE 
LIN 
LIN. 
ROE. 
LIN 
LIN 
LIN 
LIN. 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
ROE. 
LIN 
LIN 
UN. 
LIN 
LIN 
UN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
AUD 
LIN 
UN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
AUD 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
UN 
LIN 
LIN 
AUD 
AUD 
LIN. 

WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
CA 
WW 
WW 
CA 
WW 
WW 
WW 
CA 
WW 
WW 
. WW 
WW 
WW 
WW 
WW 
WA 
WW 
WW 
WW 
WW 
CA 
WW 
WW 
WW 
WW 
WW 
WA 
OW 
WW 
WW 
WW 
CA 
WW 
WW 
WA 
CA 
WW 
WW 
WW 
CA 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW 
WW  5 
WW  5 
WW 

$0/7 
.23 
.32 
21 
25 
.27 
/0 

5  29 
3  25 
5  29 
3  25 
2  /3 
3  .25 
3  /3 

27 
5  27 
5  29 
5  29 
1,,  22 
6  .32 
4  .40 

22 
3  23 
3  23 
3  25 

22 
5  27 
5  29 
5  29 
5  27 
3  .25 
4  ,27 
3  23 
3  21 
5  27 
5  29 
4  27 
3  25 

22 
3  25 
3  .23 
3  /5 
3  .25 
5  .27 
5  .27 
5  27 
5  19 
5  .27 
5  /7 
2  .27 
3  .24 

.25 
3  /5 
1,,  22 

20 
3  25 
3  23 
2  22 
3  23 
3  25 
3  25 
3  .23 
3  25 
5  29 
5  27 
5  .29 

29 
29 

5  27 

STOCK 
NO  OHMS 

360.110 
360.157 
360.27 
360.138 
360.481 
360.212 
360.500 
360.313 
360-377 
360.22 
360.458 
360-131 
360.156 
360.203 
360.28 
360-312 
360-14 
360.30 
360-405 
360.284 
360.295 
360.105 
360-459 
360.116 
360.307 
360-107 
360 441 
360-462 
360 108 
360-168 
360-31 
360-411 
360-297 
360.130 
360-71 
360.153 
360.210 
360.371 
360.451 
360.400 
360.210 
360-180 
360.416 
360.34 
360.117 
360.125 
360.90 
360-511 
360-301 
360.194 
360.288 
360.185 
360.357 
360.20 
360-298 
360 220 
360-396 
360.43 
360.185 
360.304 
360.258 
360.363 
360.362 
360-18 
360 222 
360.356 
360-118 
360.95 
360.49 

Write for Prices on Dual and Special Controls 

/W ELLS 
SALES, INC. 

20 
50 
5K 
51( 
5K 
5K 
20 
2K 
20 
20 
20 
20 
20 
2K 
256 
2 56 
25K 
2.5K 
25K 
250 
3K 
3K 
36 
30 
30 
3K 
30 
36 
36 
36 
36 
350 
4K 
40 
50 
51( 
5K 
5K 
50 
56 
5K 
5K 
5K 
50 
66 
76 
75K 
10K 
106 
10K 
10K 
10K 
10K 
100 
10K 
10K 
10K 
1081 
10K 
10K 

MIR 

CTS 
CTS 
COS 
CTS 
IRC 
IRC 
MY 
MY 
UTA 
CTS 
CRL 
COS 
CTS 
COS 
CTS 
CRL 
CTS 
CTS 
CTS 
COS 
WIR 
IRC 
IRC 
CRL 
CTS 
CTS 
COS 
CTS 
CTS 
CIA 
CTS 
CTS 
CTS 
CTS 
CTS 
MY 
MY 
MY 
MY 
WE 
SP 
CRL 
SP 
CIA 
CRL 
CRL 
CTS 
COS 
CTS 
IRC 
MY 
MY 
SP 
SP 
IRG 
UTA 
CIA 
CIA 
CRL 
CTS 
CTS 
CTS 
COS 
IRC 
IRC 
MY 
SP 
SP 
SP 

SHAFT 
LENGTH 

SD 
SD 

SD 
3 knob 

'. SD 
SD 

SD 

1,, SD' 
SD  • 
SD 

SD 
SD 
OD -M 
21 
SO 

',mA 
SD 
3 SD 
SD 
I' ," SD 
SD 

SD 
2,, 

SD 
1-14 
3, SD 

10 SD 
3, 
mil 

I, SD 
SD.M 

• 
SD 
SD 

SD 
SD 

1 

'm 
SD 

SD 
SD 
SD 
SD 

TAPER 

LIN 
LIN 
LIN 
LIN 
AUD 
LIN 
UN 
LIN. 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN. 
LIN 
LIN. 
LIN. 
LIN 
LIN 
LIN. 
LIN 
LIN 
LIN 
ROE. 
LIN. 
LIN. 
LOG. 
LIN. 
I IN. 
LIN 
UN 
UN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LIN 
LOG 
ROE 
LIN 
LIN 
LIN 
ROE 
LIN 
AUD 
LIN. 
ROE 
LIN 
LIN 
1111 
LIN 
UN 
UN 
LIN 
LIN 
LIN 
LIN 
LIN 
ROE 
AUD 
AUD 
LIN 
LIN 
UN 
LIN 
UN 
LIN 

UNIT 
TYPE  WATT  PRICE 

WW  5 
WW  5 
WW  5 
WW  5 
CA 
WW  3' 
WW  4 
WW  4 
CA  2 
CA  1 
WW  3 
WA  3 
WW  3 
WW  3 
WW  5 
CA  Io 
CA  2 
WW  3 
WW  3 
WW  3 
WW  3 
WW  3 
WW  3 
CA 
CA  1 
CA 
CA  2 
WW  3 
WW  3 
WW  3 
CA  2 
CA  2 
WW  3 
WA  5 
YoYi  5 
CA  2 
WW 
WW  4 
NW  4 
WW 
CA  2 
CA 
CA  3 
WW  3 
CA 
CO  Il 
CA  1 
CA  2 
CA  2 
WW  3 
CA  2 
WW  4 
WW  3 
CA  3 
WW  3 
Open Back' 
WW  4 
WW  3 
CA  41.0 
CA 
CA  2 
CA  2 
CA  2 
WW  3 
WW  3 
WW 
CA  2 
CA  I, 
CA  3-

$0.29 
.29 
27 
lA 
.23 
.25 
.21 
.30 
.24 
.24 
.23 
.23 
29 
.29 
.30 
.22 
22 
.27 
27 
.30 
30 
27 
35 
22 
24 
22 
22 
29 
27 
.27 
22 
21 
.29 
30 
.34 
24 
29 
.30 
29 
.30 
.24 
24 
.31 
.29 
.30 
.25 
25 
.25 
.25 
.30 
.27 
.32 
.30 
.32 
34 
25 
.38 
.30 
28 
.28 
.30 
30 
.30 
30 
.30 
36 
21 
.26 
.32 

STOCK 
NO 

360.496 
360 486 
360.150 
360.427 
360.412 
360.223 
360 460 
360.187 
360.312 
360.305 
360-224 
360.119 
360.97 
360.166 
360.154 
360.310 
360.349 
360.278 
360.277 
360 354 
360 50 
360 452 
360.328 
360.235 
360-65 
360.353 
360.127 
360-499 
360.336 
360.332 
360-226 
360.329 
360.283 
360 290 
360.103 
360.156 
360.265 
360 51 
360 517 
360.261 
360 237 
360.470 
360.200 
360-321 
360.52 
360.236 
360-529 
360-518 
360.64 
360-54 
360.322 
360.282 
360 56 
360 66 
360.205 
360 206 
360 530 
360 287 
360.516 
360.483 
360 441 
360.438 
360 481 
360.418 
360 507 
360 508 
360.511 
360 161 

OHMS 

106 
OK 
50 
56 
510 
56 
OK 
OK 
014 
OK 
OK 
01( 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
50 
50 
5K 
5K 
5K 
5K 
56 
5K 
5K 
56 
50 
ON 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
OK 
51( 
50 
006 
001( 
OOK 
000 
OK 
OK 
OK 
OK 
OK 
OK 
500 
000 
0088 
500 

68 
68 

AIR 

UTA 
WIR 
CTS 
CTS 
CTS 
UTA 
CIA 
CAL 
CRL 
CTS 
CTS 
CTS 
CTS 
CTS 
CTS 
Del 
GIB 
GIB 
618 
SP 
SP 
CIA 
CIA 
CIA 
CTS 
CTS 
COS 
COS 
IRC 
MY 
SP 
WIR 
MY 
CIA 
IRC 
CTS 
COS 
COS 
WIR 
SP 
WIR 
WIR 
MY 
WIR 
CIA 
SP 
CRL 
CTS 
IRC 
SP 
WIR 
CRC 
COS 
COS 
CTS 
IRC 
IRC 
CTS 
6P 
SP 
CAL 
CTS 

SP 
SP 
CRL 
CTS 
CTS 

SHAFT 
LENGTH 

2,, 
:) 
SD 
SD 
SD 
SD 
', SD 
SD M 

SB" 

', SD 

SD 

3, 

'. SD 
'. SD 

SD 
SD 
,, SO 

SD 
2,20 
1% 
SD 
34 

SD 
SD 
H 

SD 
5,, Flex 
' . SD 

2 
SD 
SD 
SD 
2' 211 
SO.M 
SD 
mil 

SD 
SD 
SD 
2', SD 

SD 
SD 

SD•S 
2!i 
2 
2 
SD 

DISTRIBUTORS: Our Regular Jobber Arrangement Applies on These Items 

MANUFACTURERS: Write for Quantity Discounts 

TAPER 

LIN. 
LIN. 
LIN 
LIN 
LIN. 
LIN. 
LIN. 
LIN. 
LIN. 
LIN. 
AUD. 
LIN. 
LIN. 
LIN. 
LIN. 
LIN, 

LIN, 
LIN. 
AUD 
LIN, 
LIN. 
LIN. 
LIN. 
UN 
LIN 
LIN. 
LIN. 
LIN 
LIN. 
UN. 
LIN. 
UN. 
LIN. 
UN 
AUD 
LIN. 
AUD 
UN. 
UN. 
LIN. 
LIN. 
LIN. 
LIN 
LIN. 
LIN 
LIN, 
LIN. 
LIN, 
ROE. 
ROE. 
LIN. 
LIN 
LIN, 
AUD. 
LIN. 
LIN. 
AUD. 
LIN. 
AUD. 
AUD. 
AUD. 
LIN. 
AUD. 
AUD. 
LIN. 

UNIT 
TYPE  WATT  PRICE 

WW  3 
NW  3 
CA  2 
WW  3 
WW  3 
WW  3 
CA  2 
CA  7-0 
WW  3 
CA  7-0 
CA  2 
WW  3 
WW  3 
WW  3 
WW  3 
WW  6 

CA 
CA 
NW 
WW 
WW 
CA 
CA 
CA 
CA 
CA 
WW 
CA 
WW 
CA 
WW 
CA 
CA 
CA 
CA 
WW 
CA 
WW 
WW 
WW 
WW 
CA 

&A 
CA 
CA 
CA 
WW 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 
CA 

CA 
CA 
CA 
CA 
CA 
CA 
CA 

80.35 
.30 
.24 
.30 
.30 
.30 
.26 
.24 
.32 
.26 
.26 
.32 
.32-
.32 
.30 
.85 
5.50 
550 
550 

2  .28 
3  .32 
3  .30 
3  .30 

.32 
1  .30 
2  .32 
2  .31 
2  .32 
IN  .30 

.36 
2-  .36 
4  .38 
2  .32 
3  .36 
7-0  .32 

.32 

.34 

.34 

.38 

.34 

.36 

.40 

.38 

.38 

.36 

.34 

.32 

.36 

.34 
AS 
.36 

1  .36 
2  .36 
2  .36 
2  .34 
2  .34 
2  .34 
2  .36 
3  .38 
2  .36 
1,,  .40 
2  .40 
IN  .12 
2  .55 
2  .50 
2  .44 
2  .44 
1  .40 

Ne w W ells Catalog 

Write for your free copy 

of Catalog H500 today! 

320 N. LA SALLE ST.  DEPT.  P,  CHICAGO 10, ILL, 
PRUCELDI NGS OF 7 IIE IR E.  .1f  135., 

\ 



60 C YCLE  

OR 400 CYCLE 

• 

65 VOLTS 
OUTPUT 

• 

RISE TIME 
.006 
USECS. 

• 

Supplied with 
or without 

Power Supply 

Specially designed to meet the demand for high output voltage and 

fast rise time, the — SKL — Model 214 Chain Pulse Amplifier has a band•width of 40 KC 

to 100 MC and a rise time of 0.006 microseconds. High gain — 30 db — and output — 

65 volts — are available. A specially designed terminating cable allows connection to either 

deflection plate or control grid of cathode ray tubes. An input impedance of 200 ohms is 

provided so that the Series 200 Wide-Band Chain Amplifiers can be used where additional 

gain is required. Used together, the low level voltages encountered in radar, television, and 

nuclear physics can be displayed conveniently and accurately. 

Write today for complete specifications. 

SI(1 SPENCER•KENNEDY LABORATORIES, INC. 
N. 186 M ASS ACHUSETTS A VE., CA MBRIDGE 39, M ASS. 

W  0 4 c p s 
o S ‘ C 0 11. 

?“141t  0 Ov  tt o 

‘S‘ 

Iti1 0, 0S1 0 t1 

,t4c,.c09-

19'P' 14 0.0 0 

There Is A Transicoil Unit 

Designed to M eet the 

Require ments 

Of Your Particular Application 

Complete Technical Data 
Available Upon Request 

TRANSICOIL CORP. 114 W. Worth St. 

New York 13, N.Y. 

(Continued Irons page 664) 

Maguire. W. W.. 2423 'G' Ave.. N.E., Cedar Rapid,' 

Iowa 
Maier, R. H.. 1138  Westwood Ave., Columbus I 

Ohio 
Martin. H. B., 605 Ontario St., Havre de Grace. M. 
Matthews. L. E., 5469 W. Iowa, Chicago 51. III. 
Mayo. It D., 4302 Halley Ter., S.E., Washington 

20, D. C. 
McCusker, J. H., 504 Elm Rd.. State College. Pa 
McElroy. W. J., 3140 Garfield Ave., S., Minn. 

apolis 8, Minn. 
McNally. W. P., 642 Moxahala Ave.. Zaneevill, 

Ohio 
Merrill, B., 205 Monticello Ave., Jersey City 

N. J. 
Milian, A.. Princesa 56, Madrid. Spain 
Miller, M. N., 6525 Woodland Ave., Philadelphi. 

42, Pa. 
Miller. R.. 172 Elizabeth Ave.. Trenton 10. N. J. 
Mills, E. It. Box 544, Spray, N. C. (Jan I. '50) 
Mills, W. W., 1106 S. Greenwood Ave.. Montebell. 

Calif. 
Mitchell, H. F., Jr., Webb Institute of Naval Arch 

tecture. Glen Cove, L. I., N. Y. 
Moore. F. B., 434 Bunkers Cove Rd.. Panama Cu . 

Fla. (Jan. 1. '50) 
Morrison. R., 1831 N. Ave. 52, Los Angeles 42, 

Calif. 
Mortenson. K. E.. 744 River St., Troy, N. Y. 
Myers, J. L., 3131 W. 69 St., Los Angeles 43, Calif. 
Nolan, C. A., 2634 N.E. Multnomah, Portland I 2 

Ore. 
Nutter, M. J., 9416 Monica. Detroit 4, Mich. 
Ockene, N. J.. 2321 Hudson Blvd.. Jersey City 4 

N. J. 
Odehnal, J. J., Box 392, R.F.D. 5, Niles. 

(Jan. 1. '50) 
Oemcke. E. C., 1531 •A• Ave.. N.E., Cedar Rapids. 

Iowa 
Paczkoweki, H., 13 Carlton St., Salem, Mass. 
Palm. W. A., 166 Cambridge Ave.. Dayton 5. 

Ohio 
Peacock, R. M., Jr., 4419 Rusk. Dallas 4, Tex. 
Petruzzelli. R. T., 20 Pleasant Ave.. Belleville. N. J. 

(Jan. 1. '50) 
Podall, B. A., Gilman, Vt. 
Purdy. T. W.. 237 Parkview Ave.. Willowdale, Ont 

Canada  , 
Putz. J. L., Box 94. Stanford University. Calif. 
Rafferty, W. G., 4540 Utopia Pkwy.. Flushing, 

L.  N. Y. 
Raymond. H. A., 528 A W. Ferry St., Buffalo, N. Y. 
Read. A. A., 139 Pammel Ct., Ames. Iowa 
Redelings, J. T., 4462 New Jersey St.. San Diego 3. 

Calif. 
Rogers. A. P., 183 Scholes St.. Brooklyn 6, N. Y. 
Rubin, L.. 2427 77 Ave., Philadelphia 38, Pa. 
Ruppel, D.. 1015 Seventh St., Columbus, Ind. 
Salerno, J.. Clarkson College of Technology. Pots-

dam. N. Y. 
Salter. J. M.. 281 Westgate, W.. Cambridge 39. 

Mass. 
Samuels, J. C.. 38 W. 129 St., New York 27. N. V. 
Schachter. J.. 1907 Coney Island Ave., Brooklyn 

30. N. Y. 
Scidmore. D. L., 200 Second Ave., S.W., Cedar 

Rapids. Iowa 
Sinclair, A. M., 73 Ringley Ave.. Toronto 13. Ont.. 

Canada 
Skalski, W. A., 103 Poplar St.. Ridgefield Park. 

N. J. 
Spence. D. W., 108 Hunt Dr., Fayetteville. N. Y. 
Talley, H. L.. Shipman. III. 
Takemura, T. P., 316 27 Ave.. Seattle 22. Wash. 
Talpey. T. E.. Electrical Engineering Department, 

University of Michigan. Ann Arbor, Mich. 
Thompson. D. G.. 3600 22 St., N.E.. Washington 

18, D. C. 

(Continued on page 694) 

'8\ 
PROCEEDINGS OF THE I.R.E.  April, 1950 



The Triad high-fidelity output transformers 

listed below afford a standard of performance 

exceeded only by the Triad "HS" Series out-

puts. Embodying a simplified, inexpensive con-

struction through the use of moss production 

die-stamped cases and flexible leads, costs 

on these transformers are held to a minimum 

without affecting performance. 

These transformers are designed with plenty 

of the highest quality core material and with 

interleaved windings of low resistance. These 

coils have a frequency response linear within 

1 db from 30-15.000 cycles and will deliver 

their full rated output within 3 db over this 

entire range of frequencies Their high open cir-

cuit reactance and low leakage reactance will 

permit their use within feedback loops em-

ploying as high as 30 db of negative feedback. 

kita-
Setitut1.4:41t40-44eill'ad 
Type  Prir.4 ,Y  Ssicondary Output 
No.  Impedance  Impedance Watts  

— 5-31M—  8000 C T.  4-8-16  15 
5-33/11  3000 C T  4-11•16 15 _ 
5-3511  5000 C T  4-8-16 18 
5-384  9000 C T  4-8-16  25 

— 5-40111  2500 C T.  4-8-16  30 
— 5-42,111  4500 C T  4-8-16   50 
5-45Z  4000 2000  4-8  10 

1000 500 

5;464  2000 1o00/  4-8-16  20  11.00 
500 250 

Circuit diagrams for the most effective use of 

Ihese transformers, plus data and prices on the 

entor•-• Triad line, are shown in Catalog TR-49-A, 

free on request 

Ust 
Prise 
98.75 
9.73 
950 

12.50 

12.50 
1730 
4.73 

TRANSFOR MER  MFG 

2254 S•pulveda Blvd. 

Los Angeles 64, Calif. 

(Continued from page 68A) 

Trock, R., 1240 42 St.. Brooklyn 19. N. Y. 
Tyminski, W. V., 421 Centre St.. Nutley. N. J. 

(Jan. 1.'50) 
Vehslage. E. P., 32 Jefferson Rd.. Scarsdale. N. V. 
Vignos. J. P.. 619 12 St.. N. W., Canton 3. Ohio 
Vogel, H. 0.. Staff. Corn. Serv. Pac., Box 3. c/o 

FPO. San Francisco, Calif. 
Vujnovic. R. H.. 3644 N. Racine Ave., Chicago 13. 

Ward. D. L.. 8 College Ave., Thomasville, N. C. 
Watson, H. K., 820 W. First Ave.. Cheyenne, Wyo. 
Webb. D. J., 1473 Irving St., N W.. Washington 

10, D. C. 
Werman. H. M.. 1014 E. 24 St., Brooklyn 10. N. V. 
Wiggins. J. D.. 269 Westmont Ave., Toronto, Ont.. 

Canada 
Williams, H. L., 320 Squires Ave.. Endicott, N. Y. 
Wimmer. A. A., 773 E. Fifth St.. Brooklyn 18, N. Y. 
Wolf, E. W.. 1664 Humphrey Ave.. Dayton 10... 

Ohio 
Woodcock. E. L.. 14 Trumpet Lane. Levittown. 

L. I., N. Y. 
Xikes, N., 20-22 38 St., Long Island City 5. L. 

N. Y. 
Yaples. B. S.. Naval Research Laboratory, Chesa-

peake Bay Annex. Chesapeake Beach, Md. 
Young. B. U., Box 4982. San Francisco I. Calif. 
Zaccari, S. D.. 424 Mertland Dr., Dayton 3. Ohio 

This unique pack-
aged component is eatily built into 
your apparatus. It has true derimal 
reading, and simple binary circuit with 
reliable automatic interpolation. Min-
iature size. Moderate price. Immedi-
ate shipment. 

Send for Bulletin DCU-I16 

SIXTH AND NiVIN AVE • RICHMOND, CA1110111114 

A TRUE 
ELECTROST1TIC 

101,1111ETER, 

VOLTS 
1S00  /000 

p•  tar  $14,  
N M  0 ,611 

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 
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SERIES 

CONNECTORS FO 

AUD!10 CIRCUITS 

TO RMA SPECIFICATIONS 

AND STANDARDS 

UA-3-32 Receptacle 

UA-3-31 Receptacle 

UA-3-13 Receptacle 

UA-3-11 Plug 

UA-3-14 Receptacle 

UA-3-12 Plug 

UA-3-32 Also Available 

First in the Field with the Latest 
and the Best! 

This achievement of Cannon Electric ap-
plies to this new series of audio connec-
tors for the radio industry as well as to 
other developments such as steel firewall 
connectors and guided missile plugs, etc. 
The UA Series has all of the superior 

features of the Type P and XL Series and 
in addition the following: 1) Gold plated 
contacts for long life; (2) double-protec-
tion rubber relief collar and bushing; (3) 
stronger and better latchlock; (4) flat-top 
polarization for finger-touch action; (5) 
steel plug shell and steel insert barrel. 
Three 15-amp. contacts; 1500 volts min. 

flashover; 1," cable entry. 
Sold through Cannon Electric Fran-

chised Jobbers. Ask for UA-1 Bulletin. 

Address Cannon Electric Development Company, 
Division of Cannon Manufacturing Corporation, 
3209 Humboldt Street, Los Angeles 31, California. 
Canadian offices and plant: Toronto, Ontario. 
World Export: Frazar & Hansen, San Francisco. 

COSSOR 
t° QUALITY 

TWIN-BEAM 

OSCILLOSCOPES 

MODEL 1035 Provides FAST SWEEPS, from 150 
Millisee. to 5 Micrinec., and Video Frequency 
Amplifiers, Stepped -VE Feedback Type, wItb 
Gain of 3 at 7 Mc. Bandwidth to Gain of 3000 at 
60 Kn. Bandwidth, -I- 1.5 DB.. PLUS Triggered 
Sweeps, Suppressed Flyback, ± VE Sync. 

MODEL 1049 Provides SLOW SWEEPS from 1.5 
Sec. to 50 Mierosec., and D.C. Amplifiers Com-
pletely Stabilized Throughout.  Response 0.100 
Kr, ± 1.5 DB., Cain 900, PLUS Beam Blanking 
Circuits, Triggered Sweeps, ± VE Sync. 

PLUS 
Unique TWIN BEAM Flat Face CRT in BOTH 
Instruments Providing Instant Directly Cali-
brated Measurement for Accurate Voltage, 
Time and Phase Compari•ona. 

WRITE TODAY FOR LITERATURE 
AND DEMONSTRATION 

COSSOR (CANADA) LIMITED 
WINDSOR ST.. HALIFAX. N.S. 

BEAM INSTRUMENTS CORP. 
Room 208. 55w. 42nd St., New York II 

TWO 
NEW 
COIL 

cl!! FORMS 
by 

CAMBRIDGE THERMIONIC 

These two new slug tuned coil forms 

by Cambridge Thermionic Corpora-

tion are designed to give you top per-

formance while fitting easily into small 

or hard-to-reach places. Illustrations 

are actual size. 

Both have silicone impregnated 

ceramic bodies, grade L-5, JAN-I-10 

for high resistance to moisture and 

fungi. Ring terminals are adjustable. 

Both sizes are provided with a spring 

lock for the slug, and the mounting 

stud is cadmium plated to withstand 

severe service conditions. 

The LS-5 and LS-6 are available 

with high, medium or low frequency 

slugs. Mounting hardware is supplied. 

Ask for CTC's new Catalog #300 

describing our complete line of Guar-

anteed Components. 

Turret Lugs Split Lugs 

Terminal  Double-End 
Boards  Lugs Swagers 

Cee.slom  "Plane/ate/ 
The Wevereanfeed 
Comfiesten4 

CA MEIRIDGE THER MIONIC CORP. 

456 Concord Ave., Cambridge 38, Moss. 

-/uA 
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Gold-Plated 

TUNGSTEN 
and 

MOLYBDENUM 

GRID WIRE 

A01101""N, 

'AIIIIIIIII(   

1 4  °̀ 

A  ;,,,, 

C.t 

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 

SI NCE 1 9 0 I 

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 26A) 

General Communication Co. radio-fre-
quency coaxial switch reduces reflection 
losses by maintaining coaxial configura-
tion. It has a standing-wave ratio due to 
insertion in a well-matched transmission 
line of 1.5 to 1.0 or better at 10 kilomega-
cycles—lower at lower frequencies. 
Switches are available for many appli-

cations of switching a common input to 
any one of 2 to 6 circuits. The model 
shown, No. 6N6ORC-1, is a 6-position, re-
motely -operated switch having the stand-
ard characteristic impedance of 50 ohms. 
It is approximately 4f inches long by 3 
inches in diameter, and weighs 29 ounces. 

High-Frequency Tweeter 
The HFT-100 high-frequency tweeter, 

designed to meet the high-quality stand-
ard required by providing wide range fre-
quency response in the upper register, is 
announced by Mark Simpson Mfg. Co., 
Inc., 32-28 49th St., Long Island City 3, 
L. I., N. Y. When used in conjunction with 
the average cone speaker, wide range re-
sponse is obtained from the lowest re-
sponse of the cone speaker to better than 
15,000 cps provided by the HFT-100 high-
frequency tweeter.. 

(Continued on rage 73A) 

Look It 
Up In 

Your IRE 

Yearbook 

Use Its 

Engineering 

Products 

Listings! 

Say Goodbye To Home 

Made Screen Rooms! 

Expensive test equipment is a waste 

of good money if you restrict its meas-

uring accuracy by inefficient, home-

made shielded enclosures. 

Ace Screen Rooms guarantee maxi-

mum attenuation —are supplied in 

ready built form for installation in a 

few hours, and actually cost less, all 

factors considered. Equally impor-

tant, they can readily be enlarged or 

moved to a new location. Approved 

and used by leading laboratories and 

plants. Write, wire or phone for de-

tails. 

3642 N. La wrence Street 

PHILADELPHIA 40, PA.  Rfgen1 9-1019 

PROCELDING.S. OF 1 IIE I.R.E. April, 1950 
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• 9999.9 hour range 
• 10,000 hour automatic reset 
•  55 to  • 55  C. operating temperature 

T‘e (teat S.S. WHITE 80X 

HIGH VOLTAGE RESISTOR 
(' 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 %Inch 
assures  adequate  mechanical 
strength  and durability. This 
material is non-hygroscopic and, 
therefore, moisture-resistant. The 
resistors are also coated with 
General Electric Dri-film 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. 

S.S.WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO.  DIVISION 

- -DEPT.  GR  10 EAST 40th ST, NE W YORK 16, N. Y. — 
FLEXIBLE  SHAFTS  AND  ACCESS ORIES 

MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS 

Oge oj"Inlefacer:: .44,4,4 laccalast effteafrsioe4 

RUNNING TIME 
METER 
• Designed for use  on  AC  Imes 
where successful servicing of elec-

tronic  or electrical  equipment de-

pends upon the regular servicing of 

such equipment based on actual op-

erating Icir idlel time. Unit has a 

range of 9999.9 hours and resets 

automatically at 10,000 hours. Can 

be supplied for either /20 or 240 

volts. 60 cycle operation and has 

operating temperature of  —55 to 

f-55  C. 

• The Running Time Meter is housed 

in Burlington's attractive, black bake-

life 3" square or 31/2" round case. 

Write Dept. 140 for further details. 

BURLINGTON INSTRUMENT COMPANY 
BURLINGTON, IOWA 

*2x10 .7 
o 0 

o 

Etitee, 
TYPE 
BCS-IA FREQUENCY STANDARD 

Stability better than 2x10 
-over any 24 hour period 

FOR THE FIRST TIME . . . A CO-

ORDINATION OF ALL DESIGN FEA-

TURES THAT CONTRIBUTE TO HIGH 

FREQUENCY STABILITY.  4 

THE RIGHT COMBINATION AND BAL-

ANCE OF  CIRCUITRY  UTILIZING A 

SPECIAL BLILEY CRYSTAL AND TEMP-

ERATURE CONTROL OVEN. A PRECI-

SION REFERENCE INSTRUMENT WITH 

EXCEPTIONAL QUALIFICATIONS. 

WRITE FOR BULLETIN 40 

-7 

A COMPLETE FREQUENCY 
STANDARD BY THE MAKERS OF 

CRYSTALS 
BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING 

ERIE, PA 
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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. 

(( ontinued from pager 714) 

The company claims that the Masco 
high-frequency tweeter unit with its 
patented diffuser provides a simple and 
economical method to obtain wide range 
frequency response without distortion. No 
filter network is required. 
Installation is simple and requires no 

additional space. The existing cone speaker 
is unscrewed, the screen with high-fre-
quency unit attached is placed over the 
corresponding holes of the cone speaker, 
and the assembly screwed back in place. 
The two speakers are then series con-
nected. 

AM Signal Generator 
The Type 1001-A Standard-Signal 

Generator, a general-purpose, amplitude-
modulated generator suitable for standard 
IRE and RMA tests on radio receivers, is 
being manufactured by General Radio Co., 
275 Massachusetts Ave., Cambridge 39, 
Mass. 

The carrier oscillator uses a Hartley 
circuit and is followed by an untuned 
modulating amplifier. The output voltage 
is continuously variable by means of a 
slide-wire calibrated in microvolts and a 
decade multiplier. 
The frequency range is 5 kc to 50 Mc, 

with logarithmic frequency dial and an 
auxiliary frequency-increment dial. Out-
put voltage range is 0.1 microvolt to 200 
millivolts at the panel jack; 0.05 micro-
volts to 100 millivolts at the end of a 
terminated cable. Output impedance is 10 
ohms at panel jack, 50 ohms at end of un-
terminated cable, or 25 ohms at end of 
terminated cable. Internal modulation at 
400 cps up to 80 per cent is provided. Ex-
ternal modulation can be used from 20 cps 
to 15 Ice. Incidental frequency modulation 
is below 38 parts per million at 30 per cent 
modulation. 

(continued on page 764) 

save work... 
increase 
prision ... 

measure   ) 
phase difference 
DIRECTLY 

with the new NIT Phase Meter 

E 

PHASE ANGLE DEGREES 
(OA- e9) 

TIC's New 320-A Phase Meter is the first commercially available 
instrument for the direct measurement of the phase difference 
between two recurrent mechanical motions or two electrical signals 
independent of amplitude, frequency, and wave shape. 

Phase measurements are made instantly and accurately —no 
balances, adjustments or corrections are involved. Phase angle 

readings at audio and ultrasonic frequencies are indicated directly 
on a large wide-scale meter with ranges of 360 1, 180 -, 901' and 36'. 
Useful frequency range 2 cps. to 100 k.c. 
In audio facilities, ultrasonics, servomechanisms, geophysics, 

vibration, acoustics, aerial navigation, electric power transformation 
or signaling . . . in mechanical applications such as printing 
register,  torque  measurement,  dynamic  balancing,  textile and 
packaging machinery and other uses where an accurate measure 

of the relative position of moving parts is required . . . the Phase 
Meter is a long needed measuring instrument never before avail-
able — a new tool for a heretofore neglected field of measurement. 

Technical Catalog  —  yours for the asking. Contains 
detailed information on all TIC Instruments, Potentiom-
eters and other equipment. Get your copy without obli-
gation — write today. 

TECHNOLOGY INSTRUMENT CORP. 
1058 Main Street, Waltham 54, Massachusetts 

Engineering Pi prercnialivri Cleveland. Ohio  l'Itospect 1.6171 
Chicago, Ill. —LIPtown 84141  Dallas. Tex. -1.0gan 6.5097  Rochester. N.Y. —Charlotte 51954 
Cambridge. Mass..ELiot 4.1751 Canaan, Conn..Canaan 649 Hollywood, Cal..H011ywood 9.6305 
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COMMUNICATIONS EQUIPMENT COMPANY 
X BAND 

Directional  coupler,  UG 40/U  take  off.  20 
DB  $17.50 
Directional coupler, APS-6, Type -ft take of4 
20 DB calibrated .  $17.50 
Broad  Band Directional coupler, type "N -

take  off,  choke  to  cover,  23  DOB,  cali-
brated -, $18.50 
Directional coupler, APS-3I, type "N" take 
off, 25 DB  ,  $17 50 
Bi-directional coupler, type "N - take off $2? 50 
Flexible Section 18" long  ,   $12.00 
Straight Sections 21/a ft long choke to cove , 
silver Plated    $6.50 

Pressure Test Section with 15 lb. gauge •ir 
pressurizing nipple   $10 00 

Bulk Head Feed Through, choke to cover $12.00 
Mitered Elbow, choke to cover or choke t, 
choke  .   $12.00 

Right  Angle  Bend  21/2 " Radius,  choke  to 
cover   $12.00 
90* Twist, 6" long    $7.50 
45° Twist, 6" long     $7.50 
90• Twist, 5" long with pressurizing nipple $7.50 
15° Bend, 10", choke to cover .   $4.50 
5 ft.  Sections  UG-39  to  UG-40,  silver 
plated    $9.50 
180° Bend, 26" choke to cover 21/z" radius $5.00 
SWR Measuring Section 4" long, 2 type 
probes mounted full wave apart 11/4 "  - 
guide   $8.50 
WE attenuator 0 to 20 DB, less cards, t.c , 
size guide  $12.50 

90° Bend, E Plane 18"  $4.00 
Rotary Joint, choke to choke  $10.00 
Rotary Joint, choke to choke with deck mount 
ing   $10.00 

TR•ATR Duplexer Section for 1824 and 7248 
  $12.50 

Waverneter-Therimstor MTG Sect.  $6.00 
21(25/723 Al Receiver, Local Oscillator Klystron 
Mo,nt, complete, with Crystal Mount  Iris 
Coupling and Choke Coupling to TR  $22.50 

TR-ATR Duplexer Section for above  $8.50 
723A1 Mixer-Beacon Dual Oscillator Mount 
with Crystal Holder. Used ..  $12.00 

723AB Mixer-Beacon Dual Oscillator Mount 
with Matching Slugs and tunable termination 
new  $24.50 
Bi-Directional Couple, type "N" termination. 
26 DB, calibrated, 11/4 ' x 54" guide  $24.50 
12" Flexible Section, 11/4 " x Vs" guide  $10-00 
Crystal Mount in Waveguide  $17.50 
SO-3 Echo Box, Transmission type cavity with 
bellows   $28.50 
1800 Bend with pressurizing nipple   $5.00 
"5" Curve 18" long  $5.00 
' 5" Curve 6" long  $3.25 
APS-31 Miner Section for mounting two K25! 
Beacon Reference Cavity, 1824 TR Tube $42.50 

Transition 1 a 1/2 " to 11/4 " X SA", 14" long . $8.00 
Receiver Front End, complete, C/O Dual 773AB 
Klystron mount, TR ATR Duplexer Section. 2 
Stage 30 MC. Preamplifier, new, with a 
tubes  $59.50 
Random  Lengths of Waveguidc  6" to  18 
long   $1.00 per ft. 

RADAR SETS 

APS-2, Airborne, 10 CM, Major Units, Pk.  $500 

APS-4, Airborne, 3 CM, Compd. Used  $1800 
APS•I5, Airborne, 3 CM, Major Units, New  $500 
SD-4, Submarine, 200 MC, Compl., New ...  $1100 
SE, Shipboard, 10 CM, compl., New  .. $1200 
SF-I, Shipboard, 10 CM, 'Compl., New  $2800 
SJ-1, Submarine, 10 CM, Compl., Used   $1500 
SL-1, Shipboard, 10 CM, Compl., Used ..  51700 
SN, Portable, 10 CM, Compl., Used .   $600 
SQ. Portable, 10 CM, Comp., Used  $650 
50-1, Shipboard, 10 CM, Compl., Used  $1500 
SO-8, Shipboard, 10 CM, Compl., Used  . $1500 
Mark 4, Gunlaying, 800 MC, Less Ant., Used  $850 
Mark 10, Gunlaying, 10 CM, Compl., New  $2000 

Less Rack, New .$1500; Less Rack, Used $1100 
CPN-3, Beacon, 10 CM, Maio, Units. Used  $1200 
CPN-6, Beacon, 3 CM, Complete, New  Write 
CPN-8, Beacon, 10 CM, Complete New  $2000 
Less Ant., New   51400 

SCR-533, IFF/A1R, 500 MC, New .  51200 
Search Tracer Airborne Radar Altimeter, 500 NS' 
Compl., New   $175 

COUPLINGS -UG-CONNECIORS 

UG/I5U  5.75  UG86U 
UG206L1  5.90  UG34211 
UG117U  $1.25  UG85U 
UG27U  51.69  UG58U 
UG2IU  5.89  UG9U 
UGI67U  $2 25  UGIO2U    
UG29U  5.90  UGIO3U 
UG254U  $1.69  UG255U 

UG 40/U  5.75 UG 52  $1.35 UG 5S/U 
UG 40A  $1.10 UG 210  $1.85 UG 56/U 
UG 343  $2.35 UG 212  $2.40 UG 65/U 
UG 344  $3.00 UG 40U  .5.70 UG I49/U 
UG 425  $2.00 VI Coax  5.50 UG I48/U 
UG 116  $1.95 1/. Coax  5.95 UG 150/U 
UG 117  $2.513 UG 53/U  $4.00 UG 39/U 
UG 51  51.00 UG 54/U  $4.75 UG 40/U 

$1.40 
$3.25 
51.45 
5.60 
5.89 
5.45 
5.45 
51.65 

$4.00 
$4.75 
$6.50 
$3.00 
54.00 
$3.00 
5.60 
5.80 

S BAND 
90* Twist, circular cover to circular cover $25.00 
Magnetron to Waveguide Coupler with 72IA 
Duplever Cavity, gold•plated  ..$45.00 

Waveguide Switch-Transp,scs one input to 
any of three outputs. Standard I1/2" x 3 
square flanges. Complete with  115V drive 
motor. Raytheon CRT24AAS, new  $150.00 

72IA TR Box complete with tube an • • 
Plungers  512 50 
McNally Klystron Cavities for 7078 
Three types available  54 00 

Right Angle  Bend 5'',  it ove•-a''  , 
slotted section  $2! 00 
Pick-up Dipole in LL.:it.• 
Prig  54.50 
F•29/SPR-2 1 r.••s  T.-pe ' N 
put  512.50 

726 Klystron Mount, ' 

bracket 
WAVEGUIDE • 
Adapte  ' • • 
Bas 

WAVEGUIDE 
! •••  • 

532 50 
SQ. FLANGE  '  adapt.. 
OA Il/2 in. x 3  guide. Ii.  N " 
and sampling probe  .  $27 50 

Crystal Miner ...dh tunable outpz! OR p   
T  'N" connectors. Type 62A8ii 

$14.50 
Slotted line probe. Probe depth  s 

•  type CPR-14AAC 
Coaxial slotted section. s'e" rigid 

age a" I 'probe 
Right Angle Bend 6" radius E or I-1 
Right Angle Bend 3 •adius E or 

-.liar flanges  . 
AN/APRSA 10 cm zditenna ecp, , • 
ing of two 10 CM waveguid.- •• 
Polarded 45 degrees   $75.00 

PICKUP LOOP Type "N" Output 
TR BOX Pick-up Loofa   
POWER SPLITTER: 726 Klystron  rrp1 
-hi" output   $5.00 

''S' BAND Mixer Assembly, with crystal "or,-' 
pick•up loop, tunable output ...  53.00 

721-A TR CAVITY WITH TUBE. Co- r cti•  •• 
tuning plungers  517.50 
10CM OSC. PICKUP LOOP, - 
dell output  $2.00 
MAGNETRON To 'X'  q •  4 

Outpd fit'g  $65.00 
10 CM  FEEDBACK  DIPOLE  ANTENNA 
lucite ball  :  .-2 
Coax. Input  $8 00 

PHASE SHIFTER. 10 CM Wavcguide. J̀PE •• • . 
ES-683816. E Plane to H Plane  Mat • - 
Slugs. Mark 4 ... .......  . .  $95.00 

72IA TR cavities. Heavy silver plated $2.00 ea. 
16 cm. horn and rotating joint assembly, go' -2 
plated  $65.00 ea. 

ASI4A/AP 10 CM dipole pr  r" ant. « 10 1. 
'able t;pe N fittings  53.25 

7/8" RIGID COAX 
Directional coupler, Type "N•' take off  $22.50 
Magnetron  Coupling  with  TR  Loop,  solo 
r/atnd  $7.50 

512 50 

each, $31 50 

59 SO 

$25 00 
$15 00 

SIS 00 

ea' 
per set 
57 75 
51 .25 

THERMISTORS  D-168087    $.95 
D-171812    5.95 
D-171528    5.95 
D-168549  5.95 
D-168442   $3.00 
D-163293   $1.25 
0.98428  ....  $2.00 
D-I6187A  $2.85 
D-171121  5.95 
SA (12-43)  $1.50 

D• 170225  $1.25  D-167620  $3.00 
D•167176  5.95  0•105598  52.25 

D-I67332 (tube)  5.95 
D-170396 (bead) . 5.95 
0.67613 (button) . $.95 
D-I04690  for  MTG  in 
'X ' n Ind Guide $2.50 

D•167618 (tube)  . 5.95 

VARISTORS 

All 'perch. guar. Mail orders promptly filled. All prices, F.O.B., N.Y.C. Send 

MICROWAVE 
..1( COMPONE.711ile 

TEST EQUIPMENT 

CG•I76/AP Directici,a1 r ouplei  X Band, 20 DB 
nominal, type "N" take off, choke to choke, 
silver•plated   $17.50 
X Band I Ye" x s/8" absorption type wavemeter. 
micrometer head, 6000 to 8500 mc. Demornay. 

 $185.00 Budd :358   
C Band "T" gold-plated at .   $97.00 
C Band Flap attenuator Demornay•Budd type 339 
gold-plated  .. . ........  . . $100.00 

X Band IYa" a s/q" Klystron mount with tunable 
jcimination, gold-plated ....... ...  . 175.00 

X Band IN" x sics" low power load, gold-plated 
  $45.00 

X gltanddpIlaliste"da 1/2" waveguide to type "N" adaptor. 

X Band Ws . x '/2" -1- Section, gold•plated  .$$5252..0056  
DEHYDRATOR  UNIT.  CPD  10137  Automatic 

or , ,, ,SSU , to 50 lbS., Compl. for Radar 
XSMN. I , •• W., 
H.V. PWR. SUPPLY 15000 v 30 ma. DC Bridge Red. 
for. Sply. Oper. CM. 115 v 60 cy. . 

50•3 RECEIVER 30 me. IF, 6 stages 6AC7, 10 mc. 
Band width inpt, 5.1 mc B.W. per stg.. 9 6 volt 
gain per stage as desc. in ch. 13 vol. 13 M I T 
Rad, Lab. Series  . .  $99.50 .. . .. 

APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE (715B) Pulse,. 714 Magnetron 417A Mine , 
all 7/8" rigid coaa. incl. rear, front end  $210.00 

MODEL TS•2611/U Test set designed to provide a 
means of rapid checking of crystal diodes IN21 
IN2IA, IN2IB, IN23, IN23A, IN238. Operates on 
1 '2 volt dry cell battery. 3 x 6 x 7. New . $35.00 

ea. 3CM  WAVEMETER  Coverage  9000, 
9500 Mcs w.'Calib. Chart Absorb 
T, pc wiCirC. Flange or XMSN. Type 
...- 'Sq. Flanges. New   $75.00 

SL WAVEMETER 1.2i- --....6  $125.000ABM .   
10CM ECHO BOX cAev i4ABA.I of OBU-3. 2890 
MC to 3170 M72  .1 •iiot reading mictometoi 
head. Ring prestietiin scale plus 9% to - - - 
9%. Type 'N - input. Resonance irdicato• o i • 
New and  Comp, w/aCCCSS.  Be. and  10  
DireAronal Couple'  . 

10 cm. horn assembly consisting of two 5" d•ski • 
dipoles feeding single trPc "N" out: . 

- . ics UG28'U type "N" "T'' iunctio, , 
type  ''.1 r ',6 zp probe. Mfg. (able. Ne. $15 50 

10 cm. cavity .., pc  waverrieterS 6" deer  s 
diar,ete/ ..oax output. Silver plat' I 564 SO ra 

10 Cm, echo box part of SF radar ...  - . $.4750  
t -irg Motor sub sig I148A   

THERMISTER BRIDGE: Power meter I•203.A, i".. 
--'q  W.E. Complete with metes, interpo'a• 
• ii• portable ca•rying Cane ...  . . .. $72.50 

WE. I 138. S gnal generator, 2700 to 2900 M • 
' untk. ,use tube oscillator w;th attenuato• 

!. • •• • .'i-  115 VAC input reg. Pwr. supply 
$75.00 

3 CM. - ir  i.  • . •• • ),errission type  $20.00 

3 CM. HORN AT-48/UP -.ode' 710. Type "N - input 
Hvy. Silver plate',    $6.50 

AT-68/UP 3 CM Horn ..." type ''N'' fitting ..$5.00 
TS-89/AP Voltage Divider: Ranges 100: 1/2  for 200  
to 20000V 10: 1 for 200 to 2000v. Input Z 2000 
oihm. output Z 4 meg. flat response 150.5 mcg. 

 $42.50 

10 CM WAVEMETER W.E. type B-43590 Transmis-
sion type. "N" fittings. Veeder root mic.$9d9.5301 
gold plated w/calib chart. P/O W.E. F•co  - t• 
X66404A. New 

X BAND 
AP5.34 Pot rung Joint ..  ..  . . $49.50 
Right Angle Bend E or H Plane: Specify "--
ti"atie"  ' ' ,,,p'ing desired ..  $12.00 

45° Bend E or H Plane, Choke to cove-  $12.00 
Directional coupler "7.U•103 'APS 31  $49.50 
Mitered Elbow, cover to cove , .  $4.00 
TR-ATR Section, choke to cover  .  54.00 
Flexible Section l'' choke to choke  $5.00 
"5" Curve choke to cover .. .  . $4.50 
Adaptor, round to square cover    $5.00 
Feedback to Parabola Horn with Press ,' .'i- : 
«inlove  .  $27.50 
Low Power Load, less 'a'ds  518.50 
K Band Miter Block  $45.00 
Waveguide 1/2 " x 1/4 "  $1.00 per ft. 
Circular Flanges  5.50 
Flange Coupling Nuts  5.50 
Slotted line, Demornay-Budd :397, new $450.00 
90° Twist  510.00 
"K" BAND DIRECTIONAL COUPLER -u104 
Are Ta ri ',E)  549.50 ea 

3131 K BAND MAGNETRON  $55.00 

Money Order or Check. Only shrpping charges sent C.O.D. Rated Concerns send P.O. 

131 LIBERTY STREET, NE W YORK, N.Y.  DEPT. E4  PIIONE DIGI1V -9.4124 
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1 CO M MUNICATIONS EQUIP MENT CO MPANY 

I  PULSE TRANSFORMERS 
$39.50 G.E.K.-23745   

- G.E.K.-23744-A. 11.5 KV High Voltage, 3.23 KV Low 
Voltage @ 200 KW oper. (270 KW max.) 1 
microsec. or 1/4 microsec. @I 600 PPS  $39.50 

W.E. :0166173 Hi-Volt input transformer, W E. Im-
pedance ratio 50 ohms to 900 ohms. Freq. range: 
10 kc. to 2 mc. 2 sections parallel connected, 
potted in oil  $36.00 

W.E. KS 9800 Input transformer. Winding ratio be-
tween terminals 3.5 and 1-2 is 1.1:1, and between 
terminals 6-7 and 1.2 is 2:1 Frequency range: 
380-520 c.o.s. Permalloy core  $6.00 

G.E. :K2731 Repetition Rate: 635 PPS, Pri. Imp: 50 
Ohms. Sec. Imp: 450 Ohms Pulse Width: I Micro. 
sec. Pri. Input: 9.5 KV PK Sec. Output: 28 KV 
PK. Peak Output: 800 KW Rifler 2.75 Amp. $64.50 

W.E. :D169271 Hi Volt input pulse Transformer 

. G.E. K2450A. Will receive I3KV. 4 micro.se$c2o7.n5  
pulse on  pri. sccondary delivers  I4KV Peak 
Power out 100 KW G. E.  $34.50 

G.E. :K2748A.  Pulse  Input  line  to  magnetron 
  $36.00 

0262 Utah Pulse or Blocking Oscillator XFMR 
Freq. limits 790-810 cy-3 windings turns ratio 
1:1:1 Dimensions I 13/16 x 11/8" 19/32  $1.50 

Pulse 13I-AWP L-421435  $6.00 
Pulse 134-BW-2F L-440895  $2.25 

PULSE NETWORKS 
Ray-WX42913F   S39.50 
GE-K6824730    $50.00 
G E-K9216945  $50.00 
15A-1-400-50:  15  KV,  "A"  CKT,  I microsec 
400 PPS, SO ohms imp.  $42.50 

G.E.  :6E3-S-2000-50P2T,  6KV  "E"  circuit,  3 
sections, .5 microsecond, 2000 PPS, 50 ohms 
impedance  $6.50 

• G.E. VE (3-84-810; 8-2.24-405) 50P4T; 3KV, "E" 
CKT Dual Unit: Unit I. 3 Sections. .84 Micro' 
sec. 810 PPS, 50 ohms imp.: Unit 2, 8 Sections, 
2.24 microsec. 405 PPS, 50 ohms imp.  $6.50 

7.5E34-200-67P. 7.5 KV, "E" Circuit, 1 microsec 
200 PPS, 67 ohms impedance, 3 sections $7.50 

• 7.5E4-I6-60.67P. 7.5 KV, "E" circuit 4 sections 
16 microsec. 60 PPS, 67 ohms impedance $15.00 

7.5E3-3-2004PT. 7.5 KV, "E" Circuit, 3 microsec 
200' PPS 67 ohms imp. 3 sections  $12.50 

DELAY LINES 
D-I63169  Delay  Line  Small  quantity 

PULSE 

EQUIPMENT 

available 
 $50.00 

D-I68184  5 microsec. up to 2000 PPS 1800 ohm 
$4.03 
hms 
$16.50 
$7.50 

D-1 70499  25/.50/.75  microsec  • • 

D-I65997: 11/4  microsec 

PULSE EQUIPMENT 
MIT. MOD. 3 HARD TUBE PULSER: Output Pulse 
Power 144 KW (12 KV at 12 Amp). Duty Ratio: 
OW max. Pulse duration: 5, 1.0, 2.0 microsec. 
Input voltage: 115 v. 400 to 2400 ops. Uses: 
1-71513, 4-829-B, 3-'72's, 1-73. New  $110.00 

APO-I3 PULSE MODULATOR. Pulse Width  5 to 1.1 
Micro Sec. Rep. rate 624 to 1348 Pps. Pk pwr. 
out 35 KW Emer  $49.00 SY 0.018 Joules   

TPS-3 PULSE MODULATOR. Pk. power 50 amp. 24 
KW (1200 KW pk); pulse rate 200 PPS. 1.5 micro-
sec. pulse line impedance 50 ohms. Circuit-
series charging version of DC Resonance type. 
Uses two 705-A's as rectifiers. 115 v. 400 cycle 
input. New with all tubes  $49.50 

APS-10 MODULATOR DECK. Complete, less tubes 
 $75.00 

BC 120313 Loran pulse modulator  $125.00 
BC 758A Pulse modulator  $395.00 
APS-10 Low voltage power supply less tubes $18.50 
725A magnetron pulse transformers  .$113.50 ea. 

DIRECTION FINDERS 
DAB 3 & 4. 2 18 Mc r-fg.  ,c.  5850.00 
DAK Direction Finder Automatic  c ring in. 
dicators  $185.00 
complete receiver  5225.00 
loops  $125.00 
RG 23U Twin conductor rf cable 250 't ,cel 

$50.00 
DPI2 Direct. Finder 103-1500 kc.  $250.00 
DF Rec. only Bludworth Standard Arrow $150.00 

I.F.F. 1 KW Pulsed Output Pkg. Tun-
able 154-186 mc. adj. modulat-

II19 Pulses 4-10 micro sec. comp. 11Sv 60 cy 
ac pwr. supply. 
Vidio output receiver. New w/tubcs $350.00 
Wavemeter for above   $75.01 
Dipole Array for above ,    585 C') 

INDICATORS -SCOPES 
BC 9318 4-20-50-100 mile range 5" scope w/mtg 
rack. indicator amplifier, BC 9328, visor, ne 
w/tubes  I $24.50 
BC 704A 9-36-90 mile rar r 5" scope. Write 
BC 937A & BC 938A 12' PPI & 'A" scc,r r 
Complete desk  Rack assy w/osc. cc• • 
unit. rec., pwr, supls. in unused cond  • • 
shelf worn  $300.00 
Radar Indicator RW :81 mfg. by Rescor& 
Enterprise Ltd. 5" scope  $30.00 
12- PP1 Radar indic. console P/O SK-IM Radar 
ASD Indicator  1 Write or phone for in- 
I030 APS? Indicator  forma tion  an d price. 
929 Indicator 

Many others in stock. 

All merch. guar. Mail orders promptly 

MAGNETRONS 
Tube  Frq. Range Pk. Pwr. Output Price 
2131  2820.2860 mc.  265 KW  $25.00 
2.121-A  9345-9405 mc.  50 KW  $25.00 
2122  3267-3333 mc.  265 KW  $25.00 
2.126  2492.3019 mc.  275 KW  $25.00 
2127  2165-2992 mc.  275 KW  525.00 
2.132  2780-2820 mc.  285 KW  525 00 
2J37  $45.00 
2.138 Pkg. 3249-3263 mc.  5 KW  $35.00 
2.139 Pkg. 3267-3333 mc.  87 KW  $35.00 
2140  9305.9325 mc.  10 KW  $65.00 
2149  9030-9160 mc.  58 KW  $85.00 
2134  $55.00 
2161  3000-3103 mc.  35 KW  $65.00 
2.162  2914-3010 mc.  35 KW  $65.00 
3.131  24,030 mc.  50 KW  $55.00 
5130  $39.50 
714AY  $25.00 
718D7  2720-2890 mc.  250 KW  $25.00 
720BY  2800 mc.  1030 KW  $50.03 
720CY  2860 mc.  1000 KW  $50.00 
725-A  9345-9405 mc.  SO KW  $25.00 
730-A  9345-9405 mc.  50 KW  $25.00 
728  AY, BY, CY, DY, EY, FY, GY  $50.00 
700  A, 8, C, D  • $50.00 
706  AY, BY, DY, EY, FY, GY  $50.00 
Klystrons  723A/B $12.50: 707B  $20.00 

W/Cavity 
4I7A $25.013  2K4I  $65.00 

MAGNETRON MAGNETS 
Gauss  Pole Diam.  Spacing  Price 
4850  3/4 in.  /e i,,.  $8.98 
5200  21/32 in.  34 in.  $17.50 
1303  1% in.  1 5/16 in.  $12.50 
1860  1 5/8 in.  11/2  in.  $14.50 
Electromagnets for magnetrons  $24.50 ea. 
GE Magnets type M77651 15, GI Distance Be-
tween pole faces variable. 2 1/16" (1100 
Gauss) to 11/2 " (2200 Gauss) Pole Dia. 19/8". 
New Part of SCR 584  $34.50 

CW" MAGNETRONS 
OK 62 3150-3375 mc. 
OK 59 2675-2900 mc.. 
OK 61 2975-3200 mc. 
OK 60 2800-3025 mc. 

New, Guaranteed ..Each $65.00 
OK 915    $150.00 

FILAMENT TRANSFORMER 
for above II5V/60 cy Pri: four 6.3V , 
4A Sec. 5000VT  $27.50 
Magnetron Kit of four OK's 2675-
3375 inc. vdtrans special  $250.00 

filled. All prices, 

MICROWAVE ANTENNAS 

AN-In Dipole Assy.  $22.50 
ADF Loop W/Selsyn. and Housins. 

New  $8.00 
DAK Bellino Tossi OF Loops  $125.00 
Adcock OF Arrays, Complete  ....... $65.00 
SA Radar, 200 MC Bed Springs, Complete with 
Pedastec, Less Drive  $600.00 

AN MGP-I Antenna. Rotary feed type high 
speed scanner antenna assembly, including 
horn parabolic reflector. Less internal mecha-
nisms. 10 deg. sector scan. Approx. I2'L x 
4'W x 3'H. Unused. (Gov't Cost-$4930.00) 
  $250.00 

APS-4 3 cm. antenna. CoMplete. 141/2 dish. Cut-
ler feed dipole directional coupler, all stand-
ard 1" x 1/2' wavcguide. Drive motor and gear 
mechanisms for horizontal and vertical scan. 
New, complete  45.00 

AN/TPS3. Parabolic dish type reflector approx. 
10' diam. Extremely lightweight construction. 
New in 3 carrying cases  $89.50 

RELAY  SYSTEM  PARABOLIC  REFLECTORS: 
approx. range: 2000 to 6000 mc. Dimensions: 
4' x 3' rectangle, now  $35.00 

TOY "JAM" RADAR ROTATING ANTENNA. 10 
cm. 30 deg. beam. 115 v.a.c. drive. New 

$100.00 

DIM ANTENNA. Dual, back-to-back parabolas 
with dipoles. Freq. coverage 1,000-4,500 mc. 
No drive mechanism  $65.00 

AS125/APR Cone type receiving antenna, 1080 to 
3208 megacycles. New  $4.50 
140400 MC. CONE type antenna, complete with 
25' sectional steel mast, guys, cables, carrying 
case, etc. New  $49.50 

ASD 3 cm. antenna, used, ex. cond.....$49.50 
YAGI ANTENNA AS-46A. APG-4, 5 elements 

$14.50 ea. 

DISH FOR PARABOLA 30"  $4-85 
ASI7/APS 10 CM Antenna, APS-2 30 Inch Dish 
with Ye Coax Dipole and fittings, New and 
Compl. with 24 V DC Drive motor, selsyn. 
360 Deg. Rotation and Vertical Tilt ....$94.50 

RC-224 Antenna, 10 CM. 30" Dish P/O. SCR-717 
Radar, New and Comp'ete  $94.50 

IX. 

PRECISION CAPACITORS 
0-163707: 0.4 mfd (a] 1500 vdc. -50 to plus 85 deg 

 $4.50 
D.163035: 0.1 mfd @ 600 vdc, 0 to plus 65 deg C. 
 $2.00 

D-170900: 0.152 mfd, 300 v. 400 cy. -50 to plus 85 
deg C  $2.50 
D-164960: 2.04 mfd f 203 vdc. 0 to plus SS deg C 
 $2.50 

D-168344: 2.16 mid Cr. 200 vdc. 0 to plus 55 deg C 
 $3.00 

D-161555: 5 mfd @ 400 vdc. -50 to plus 85 deg 
 $3.00 

D-I61270: I mfd @ 200 vdc. temp comp -40 to plus 
65 deg C  $12.50 

30' U. S. ARMY SIGNAL CORPS 
RADIO MASTS 

Complete set for the erection of a full flat top 
antenna. Of rugged plymold construction tele-
scoping into 3 ten-foot sections for easy stow-
11e and transportation. Supplied complete: 2 
complete masts, hardware, shipping crate. 
S loping wt. approx. 300 lbs. Sig Corps 
2A289.223-A. New ....  $35.00 per set of 2 

R. F. EQUIPMENT 
LHTR.  LIGHTHOUSE ASSEMBLY,  Part of RT-
30/APG-5 & APG IS, Receiver and Transmitter 
Lighthouse Cavities with assoc. Tr. Cavity and Type 
N CPLG. To Revr. Uses 2C40, 2C43, 1827, Tunable 
APX 2400-2700 MCS. Silver plated.  $49.50 

APS-2 10CM RF HEAD COMPLETE WITH HARD 
TUBE (71513) Pulser. 714 Magnetron 4I7A Mixer 
all 7/s" rigid coax. incl. revr. front end ....$210.00 
Beacon lighthouse cavity 10 cm with miniature 28 
volt DC FM motor, Mfg. Bernard Rice .$47.50 ea. 

T-128-/APN-I9 10 cm. radar Beacon transmitter pack-
age, used, less tubes  $59.50 ea. 

SO-3"X" band 3 ern RF package, new complete, 
including receiver unit as illustrated on Page 337, 
Volume 23 RAD LAB Series  $375.00 ea. 
Pre-Amplifier cavities type "M" 7410590GL, to use 
446A lighthouse tube. Completely tuneable. Heavy 
silver plated construction  $37.50 ea. 

RT32/APS  6A  RF  HEAD.  Compl.  with  725A 
Magnetron magnet pulse xfmr. TR-ATR 723A/B 
local osc. and beacon mount, pre amplifier. Used 
but inc. cond.  $97.50 

AN/APS-15A "X" Band compl. RF head and modu-
lator, incl. 725-A magnetron and magnet, two 
723A/8 klystrons (local osc. & beacon) 1824, TR, 
RCVR. ampl. duplexer, HV supply blower, pulse 
xfmr. Peak Pwr Out: 45 KW apx. Input: 11$, 400 
cy. Modulator pulse duration .5-2 microsc.,• apx. 
I3KV, PK, Pulse, with all tubes incl. 7158. 8298. 
RKR 73, two 72's. Complete pkg.  $210.00 

S BAND AN/APS2. Complete RF head and modu-
lator, including magnetron and magnet, 4I7A 
mixer, TR receiver duplexer, blower, eta., and 
complete pulscr. With tubes, used, fair condition 
 $75.00 . 

10 CM RF Package. Consists of: SO Xmtr. receiver 
using 2127 magnetron oscillator, 250 KW peak 
input. 707-8 receiver-mixer  $150.00 

AS11-500 Megacycles Radar Receiver with two GI 
446 lighthouse cavities, new less tubes ....$37.50 

+MICROWAVE A pt 

RF EQUIPMENT 

F.O.B., N.Y.C. Send Money Order or Check. Only shipping charges sent C.O.D. Rated Concerns send P.O 

131 LIBERTY STREET, NE W YORK, N.Y.  DEPT. E4 
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ORE. Prune. California. Front view 
of SO kw AM transmitter control con-
sole and Johnson cabinet containing 
phasing equipment. 

JOHNSON PHASING EQUIPMENT 
Illustrated is a perfect example of 
Johnson  craftsmanship  —  Phasing 
equipment exactly duplicating style 
and color of transmitter cabinets. 
All Johnson phasing equipment is 

individually designed for the job. Ade-
quate safety factor of all components, 
ample front panel control and adjust-
ment of each circuit is provided. 
Ir. addition, Johnson Phasing Equip-

ment offers optimum circuit design, 

heavier components with a wider range 
of tuning adjustments and automatic 
switching from directional to non-
directional operation. 
Johnson, for many years a leading 

supplier of antenna phasing equipment, 
manufactures units with power ratings 
from 1 to 50 kw. Standard as well as 
custom cabinets to match your equip-
ment are made in the Johnson plant. 
Your inquiries are always welcome. 

E. F. JOHNSON CO. 
W ASEC A, MI N NES OT A 

VERSATILITY  + 
ACCURACY 

Price $950 

lb •  • 

t •  • 
Rel 

4  4)-44 
4 

f.o.b. Portland, Oregon 

VERSATILE . . . The Tektronix 

Type 512 Oscilloscope is capable 

of meeting most requirements in the 

varied fields of SONAR, RADAR, 

GEOPHYSICS and BIOPHYSICS. With 

a vertical amplifier band width of DC 

to 2 mc and sweep speed range from 

.3 sec/cm to 3 microsec/cm the ob-

servation of either low or high speed 

phenomena is readily accomplished.. 

ACCURATE ... In addition to waveform observation, the Type 512 
provides direct reading quantitative measurements. Precision compo-
nents and stabilized circuits permit the use of approximately 50 inches 
of scale on both time and amplitude dials, giving accuracies of 5% or 
better at all points. 
DIFFERENTIAL INPUT  •  DELAYED TRIGGER  •  SWEEP MAGNIFICATION 

Please write or wire for complete specifications. 

6 0. TE K T R O NI X,  IN C. 

Cables, /Aaron'', 

712 S.E. Hawthorne Blvd. Portland 14. Ore. 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from pope 73/1) 

Single Untuned 
Amplifier 

Specifically designed for television use, 
a new model amplifier is announced by 
Spencer-Kennedy Labs., Inc., 186 Massa 
chusetts Ave., Cambridge 39, Mass. 

The Model 212T' Amplifier is a single 
untuned amplifier having a bandwidth of 
40 to 240 Mc and a gain of 20 db into a 7 ' 
ohm unbalanced load and 25 db into .1 • 
ohm balanced line. Capable of replacing 
to twelve single channel i'\' or FM ampli 
fiers, it has a transmission characteristic of 
+ 2 dl) over the bandwidth and an imped-
ance of 200 ohms. In addition to an integral 

(Continued on page 774) 

FEDERATED 

Your 
1MFD. 
Manufacturer',, 
lour 
2MFD. 
Manufacturer's 
Y011r 

"Moving Day"-
SPECIALS 
„,.1. , :,..., ,. „ Ility oil gaped 
tor; in vie. 1 rectangular cases with 
husky porcelain Insulators. Made by a 
leading condenser manufacturer. Till-
ie NOT war surplusl Brand new. Our 
sale price is a fraction of the regulm 
prim 
2M FD. 7500 Volts DC 
Manufacturer's Ilst..$151.00$22.50 

cost at Federated   
Condenser 10 Volts DC 

list price  $197.00 
cost at Federated   $27.50 
12.500 Volts DC" 

list IT14.0   $21;5 00 
cost at F .I. ratel   $36.00 

SPECIAL PURPOSE TUBES 
Brand  new—In  orlopal  manure, fur, r's raT,• o 
WL 655/658. Regular Pit,.  viJil to 

N O W  $ 7 5. 0 0 

WL 652/657. Regular pri m  473.•or 
NOW $21.50 

s2711 Iteollar price  ,1—: oo 
Nto‘l $39.00 

SPECIAL PURPOSE TUBES (surplus) 

Viil.fL::. `  ...,,, 90t 39C 

SENSATIONAL PRICE REDUCTION 
ON TEST OSCILLATOR WR67A 

Frequency range continuous.  100114C to 31 MC. 
In six bands. Calibration accuracy plus or minus 
2%. Output voltage continuously variable 5 micro-
ions to 1 V. RMS. Internal modulation 400 CPS 
adjustable from 0% to 50%. 
Regular Vniel•    
N O W    519 50 

• We are now located at new enlarged 00art," at 
66 Dey St . New York City. These Improved facili-
ties make It possible for us to offer you better 
service and greater values than ever before 

ederated 
..co••oa.•so 

NEW 
66 

DI 

c-•.. 

' nha 
YORK CITY  ALLENTOWN, PA. 
REY STREET  1115 HAMILTON ST. 
b 9.3050  Allentown 3-7441 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further techn ,cal 
information. Please mention your I.R.S. affiliation. 

(Continued from page 76A) 

power supply, transformers can be sup-
plied to match 52-, 72-, and 93-ohm unbal-
anced and 300-ohm balanced lines. 
Owing to the traveling-wave circuit 

used, a tube failure does not mean ampli-
fier failure, but only a loss of 0.7 db in gain. 

Predetermined Elec-
tronic Counter 

The Potter Instrument Co., Inc., 136-56 
Roosevelt Ave., Flushing, L. I., N. Y., an-
nounces the availability of a new high-
speed Predetermined Electronic Counter 
which features direct dial sitting of the 
predetermined count. 

(Continued on page 78A) 

Need  in  on 

TELEVISI ON? 
you can find what you wont in the 

ELECTRORIE ERGIREERIRG 
MASTER inon .... with 
o,•verer  references on Television! 

over  references600  on Electro-Magnelirs! 

cr's:feerre3nc0e0s0 on CO Mill airai th e 

i's.feerreln::s0 on Microwaves! 
• . . just a part of the 12,500 entries on elec-
tronics and allied engineering in the 1949 
edition. 

The series to date—from 1925 to the present 
time—total over 50,000 entries! 

A "finger-tip"  bibliography of world-wide 
periodicals, journals, proceedings, government 
reports, technical house organs, tests and U.S. 
patents. 

Editions to date: 

1935-1945  1946 

1925-1945 

1947-1948 

1949 (available April 1950) 

Write today for full descriptive literature 

Electronics Research Publishing Co., Inc. 
21. 490  '.tr••t. New York 13, N.Y. 

ACME ELECTRIC CORPORATION  • 444 Water St., Cuba, N. Y., U.S.A. 

Output  character-
istics of television 

transformers must 
match the circuit 

Acme Electric 
transformers are 

custo m engi-

neered to your 
specifications. 

(illustrated)Television Power 
Transformer with copper 

shorting band. 

solo" 

Rectiogie PEAK to PEAK 

y9,14 flat SC•Lt 

MODEL 305 

VOLTMETER 

Designed for 

PULSE AMPLITUDE 

MEASUREMENTS 

The outstanding characteristic of the 
Model 305 Electronic Voltmeter is its 
ability to provide absolute indication 
of transient or pulse voltages of short 
duration. Reliable indication of pulses 
a few microseconds wide repeated only 
10 times per second is readily obtained 
with this instrument. The Voltmeter is 
pre-calibrated, compact, easy to oper-
ate and observe. Positive and negative 
peaks are registered over the ranges of 
.001 volt to 1000 volts, peak to peak. 
Decade ranges and a logarithmic scale 
output meter are characteristic 
features, along with a separately avail-
able high gain, wide-band amplifier. 

Send for Bulletin No. 12 

BALLANTINE 
1,1111111,1TORIES, 

BOONTON N J US A 
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Write for 
Information 

IS A HIGH CLASS WORD 
FOR  DESIGNING 
SERVO MECHANISMS 

SERVOSCOPE IS A HIGH CLASS 
INSTRUMENT FOR SERVO SYNTHESIS! 

MEASURES amphrude & phase vs. frequency 

CARRIERS accepted, 50 to 800 cps 

MODULATES chosen carrier, 0.1 to 20 cps 

ANALYZES D.C. or A.C. automatic controls 

SUB-AUDIO sine generator, 0.1 to 20 cps 

SQUARE WAVE generator, 0.1 to 20 cps 

PHASE READING to 1° accuracy, 2 methods 

LINEAR SWEEP for external use, 0.1 to 20 cps 

SERVO CORP. OF AMERICA 
NE W  HY D E  PA R K,  N. Y. 

MERSUREMERT • TEST • CONTROL _ 

BOONTO 
BOONTON•N.J•U.S A. 

The 160-A 0-Meter is unexcelled for laboratory and 
development applications, having received world wide 
recognition as the outstanding instrument for measuring 
0, inductance, and capacitance at radio frequencies. 

Frequency Range: 50 kc. to 75 mc. (8 ranges) 
0 Measurement Range: 20 to 250 (2010625 with multiplier) 
Range of Main 0 Capacitor: 30-450 mmf. 
Range of Vernier Ct Capacitor: 4- 3 mmf., zero, —3 mmf. 

- A limited quantity of these instruments 
is available for immediate delivery. 

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 77A) 

Unlike the older models, which required 
a complementary setting of the number, 
the predetermined count is selected di-
rectly by means of dial switches conven-
iently located on the front panel. It is 
claimed that the new counters will count at 
rates up to 60,000 per minute with abso-
lute accuracy and will reset instantane-
ously without missing a count. 
The Model 133 Three-Decade Prede-

termined Electronic Counter (illustrated) 
will predetermine any count from 1 to 999 
continuously and provide a high-speed re-
lay action each time the selected predeter-
mined count is reached. Other models, hav-
ing capacities of 2, 3, 4, 5, and 6 digits, are 
available. 

Dual Speed Tape Recorder 

A new dual speed tape recorder with 
66-minute recording time, and an audio 
response of 40 to 10,000 cps ± 2 db at 7i 
inches per second, or an extended response 
to 15,000 cps at 15 inches per second, is the 
latest addition to the line of Audiograph 
Co., 1418 El Camino Real, San Carlos, 
Calif. 

(Continued on page 79A) 

LOW LOSS AT PO 

122-101 Ti dAe Sachet 
An absolutely secure mounting for tubes 
with medium molded flare 7 pin bases. For 
mobile applications or fixed station use the 
122-101 is more than a socket, it is a basic 
sub-assembly. Provisions are made for mount-
ing button mica capacitors directly on the 
socket. Grid terminals are designed to 
accommodate VHF grid tank components. 
A ventilated aluminum base shield recesses 
socket below the chassis. 

Steatite insulation and silver plated con-
tacts permit Septar based tubes such as the 
829, 832 and 4D32 to be operated at their 
high frequency limit. For further socket 
information write the leading producer of 

power tube sockets in the electronic 
industry. 

JOHNSON 
I. P. JOHNSON CO.  WASICA, MINN. 
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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 f•oni page 78A) 

The recording amplifier accommodates 
input levels as low as 10 dbm. The meter 
monitor amplifier provides 0 dbm monitor 
output, 0 db indication on VU meter at 
normal recording level. Playback amplifier 
provides a peak output of +20 dbm at less 
than 1 per cent total harmonic distortion. 

(Continued on page 81A) 

don't fail 

to see the 

AMPEREX 

advertisement 

next month 

announcing the 

NE W 

AMPEREX 

TUBES 
You'll flnd the details on the 

inside front cover next month 

. . . be sure to see them. 

AMPEREX ELECTRONIC CORP. 
SS WASHINGTON SHI M, M O WN I, H I 

In (onodo onsl Nowloundlond  logos Moosio lonnied 

II 11 loots's& lewd, lootsdo, [wont*, °mono, (onodo 

vi AIR-SPACED 
ARTICULATED R.F. CABLES 

41111  

cift  
ct. 

O V4 t  'CA' S  t4 
c p,PA• t.i t) ' 

1" 

We are specially organi3ed rLEXIBLE 

to handle direct enquiries    
from overseas and can give 

IMMEDIATE DELIVERIES/oU.S.A. 
• 

able your rush order tor 
delivery by air Settlement M 
dollars iy check on yourown hank 
ke7100lt/0n as simple as any local   
purchase-andde/meryfrda sp/CA I VERY IT IZ A 

CABLES 

PHOTOCELL 
CABLE 

LO W 
ATTEN 
TYPES 

Al 
A.2 
A.34 

thipto: 
OHMS 

74 
74 
73 

ATTEM. WALING 
<lb 100 ft  HA, 
Oe /00 M O   

0 o' 

1.7  0.11  0.36 r AMOS 
4.3  0.24 0.44  r 
0.6  1.5  0 as M E"  

LOW 
CAPAC. 
M U 

CAPAC. 
~ An 
• 

RAPED. 
OH MS 
• 

ATTEN , 
dblOOft 
1000p 

0 D . 
• 

0.36  C1 7.3 150  2 .5 
PC4 10.2 132 3 .1 0 .36  
C.11 473 :!2 . 0.36  

-C.2_ 
_6.3 
6.3 171 2.1 5 0 .44  

C.22 5.5 184 2.8 0.44 

C.3 5.4 197 1.9 0.64 

C.33 4.8 220 2.4 0.64 

C.44 4.4 252 2.1 1. 03 

TRAN S RAD 10 LTD 
C O N T R A CT O RS  T O  H. M .  G O VE R N M E N T. 

138A CROMWELL ROAD 

LONDON. S.W.PENGLAND 

C A B L E S: T R A N S R A D  •  L O N D O N 

For Stability... CONTINENTAL "NOBLELOY" 
RESISTORS 

• Engineered Performance 

• Metal Fil m 

• Range I/2 oh m to 30 megoh m 
• Ratings, 1/2, I, 2 and 5 W att 

• Tolerance V2 %. 1% 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 II, O HI O 

Following the Quality Curve Sioce 1923 
AMPLIFIERS • TRANSFORMERS 

for 
BROADCAST • RECORDING • SOUND SYSTEMS 

Langevin Manufacturing Corporation 
37 West 65th St., New York 23, N. Y. 

PROCEEDINGS OP THE I.R.E.  Air'', 



5 SECOND HEATING 
no waiting, saves power \ 

RIGID-TIP 
latest in tip 
engineering 

LONGER REACH 
full 51/4  inches 

SOLDERLITE 
spotlights the work 

STREAMLINED 
perfectly 

balanced 

DUAL HEAT 
single heat 
200 watts, 
dual heat 
200/250 
watts; 
115 volts, 
SO cycles 

4111111 110-, 

You can do every kind of soldering 
with this new 250 watt Weller Gun. 
Power-packed, it handles heavy 
work with ease—yet the compact, 
lightweight design makes it equally 
suited for delicate soldering and 
getting into tight spots. 
Pull the trigger switch and you 

solder. Release the trigger, and off 
goes the heat—automatically. No 
wasted time. No wasted current. No 
need to unplug the gun between 
jobs. 'Over and under' position of 
terminals provides greater visibility 
with built-in spotlight. Extra 51/4 " 
length and new RIGID-TIP mean 
real soldering efficiency. 
Chisel-shape RIGID-TIP offers 

more soldering area for faster heat 
transfer, and new design gives brac-
ing action for heavy jobs. Here you 
get features not found in any other 
soldering tool ... advantages that 
save hours and dollars. Your Weller 
Gun pays for itself in a few months. 
Order from your distributor or write 
for bulletin direct. 

SOLDERING TIPS—get your copy of 
the new Weller guide to easier, faster 
soldering-20 pages fully illustrated. 
Prke 10c at your distributor, or or. 
der direct. 

' 'MANUFACTURING COMPANY 
821 Parker Street  •  Easton Pa 

Regardless of your need for sheet metal housings, we probably have a stock 
item that will fulfill your requirements. OFTEN A SLIGHT CHANGE IN ONE 
OF OUR STANDARD MODELS WILL ELIMINATE THE NECESSITY OF A SPECIAL 
DESIGN. Of course we are always glad to quote on any steel or aluminum 
chassis, box, or cabinet directly from your blue print. 

Our facilities, years of experience and "know-how" assure you that you al-
ways get the highest quality at the lowest price. 

Whether your requirements are ONE OR A MILLION, you will save time and 
money by consulting us first. The Bud catalog gives complete, concise de-
scription of all our products including sizes, applications and prices. Write 
for a copy today. 

f 

..' . 
C•1111,11 "  COILS  TISI LIA M 

7,n cr''  THESE ARE SOME OF THE 1274 ITE MS 
A -"  AVAILABLE FRO M BUD RADIO, INC. 

APITOL RADIO  6) 
Pioneer in Qhiro i nit: wring instruction Sint(' 1927 

EN GI NEERI N G  INSTI T U TE 
.1‘creilited Technical Jtotitute 

3, 

j 'J rific!ir.. L..j.....:1 

31 1 

ADVANCED HOME STUDY 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERING 

Request your free bow study or 
re‘tdent ,cbool catalog by writing to, 

DEPT. 264B 

16th and PARK ROAD, N W.. 
WASHINGTON 10, D.C. 
Approved for Veteran Training 
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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. 

((ontinued from page 794) 

Miniature Relay 
The type FKL relay, announced by 

American Relay & Controls, Inc., 4926 
West Flournoy St., Chicago 44, Ill., is a 
miniature version of the long-established 
telephone-type relay. The new relay has 
been designed to preserve many of the 
features of the larger telephone-type re-
lays, and at the same time, meet the 
modern requirements of design engineers 
who are interested in space conservation. 

The TKL relay is available in contact 
combinations up to four-pole double throw 
in either silver or palladium contacts. The 
contacts are rated at 1 ampere at 115 volts 
ac or 1 ampere at 32 volts dc noninductive. 
Coils can be supplied for any operating 
voltage up to 115 volts dc. Size: 1 19/32 
inches long, 61/64 inches wide, height I 
varies in accordance with contact combina-
tions, normally 1 17/32 inches. The coil 
is of the cellulose acetate sealed construc-
tion which gives the relay maximum re-
sistance to humidity and moisture. The 
TKL relay is available in hermetically 
sealed enclosures. 

Recent Catalogs 

• • • Entitled "Fabrication of Polystyrene," 
a guide which summarizes recommended ' 
techniques for machining and working 
with polystyrene has been published by 
Plat Corporation Div., Hartford-Empire 
Co., P.O. Box 1019, Hartford 1, Conn, 

• • • The Seletron Rectifier Div., Radio 
Receptor Co., 251 W. 19 St., New York 11, 
N. V. has prepared a new four-page folder 
showing industrial applications of their 
"Seletron" Selenium Rectifiers in units up 
to 75 kw, as developed by their customers. 

(Continued on page 824) 

IMEASUREMENTS CORPORATION MODEL 80 

2 to 400 MEGACYCLES 
MANUFACTURERS OF 

Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Want Generators 
Vacuum Tube Voltmeters 
UHF Radio Noise L Field 
Strength Meters 
Capacity Bridges 
Megotim Meters 

Phase Sequence Indicators 
leivision and FM Test 

Equipment 

STANDARD SIGNAL GENERATOR 

MODULATION: Amplitude modulation is contin-

uously variable from Qto 30 %, indicated by a 

meter on the panel. An internal 400 or 1000 
cycle audio oscillator is provided. Modulation 

may also be applied from an external source. 
Pulse modulation may be applied to the oscillator 

from on external source through a special con-

nector. Pulses of 1 microsecond can be obtained 

at higher carrier frequencies. 

FREQUENCY 
ACCURACY  .5% 

OUTPUT VOLTAGE 
0.1 to 100,000 

microvolli 

OUTPUT 
IMPEDANCE 
50 ohms 

MEASUREMENTS  CORPORATION 
BOONTON  0 NE W JERSEY 

NEW! THE CB COIL CHECKER 
For measurement of: 

COIL INDUCTANCE  CAPACITY OF MICA CONDENSERS 

DISTRIBUTED CAPACITY OF COILS  0 OF COILS 

Combines an amplifier circuit, 
a calibrated variable capacitor 
with dial accuracy of I 
IMMF, and a highly stable 
VTVM into a single unit. Any 
R.F. Oscillator may be used as 
an external source. 

IDEAL FOR PRODUCTION COIL TESTING 

MODERATELY PRICED 

For complete construction  details and 

performance data write for Bulletin 27C. 

The CLOUGH BRENGLE CO 
601 2 Broadway  Chicago 40, Ill. 
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5 SECOND HEATING 

no waiting, saves power 

RIGID-TIP 

latest in tip 

engineering 

LONGER REACH 

full 51/4  inches 

SOLDERLITE 

spotlights the work 

STREAMLINED 

perfectiy 

balanced 

DUAL HEAT 

single heat 

200 watts, 

dual heat 
200/250 

Notts, 

115 volts, 

50 cycles,da 

"1111 111111 

You can do every kind of soldering 
with this new 250 watt Weller Gun. 
Power-packed, it handles heavy 
work with ease—yet the compact, 
lightweight design makes it equally 
suited for delicate soldering and 
getting into tight spots. 
Pull the trigger switch and you 

solder. Release the trigger, and off 
goes the heat—automatically. No 
wasted time. No wasted current. No 
need to unplug the gun between 
jobs. 'Over and under' position of 
terminals provides greater visibility 
with built-in spotlight. Extra 51/4 " 
length and new RIGID-TIP mean 
real soldering efficiency. 
Chisel-shape RIGID-TIP offers 

more soldering area for faster heat 
transfer, and new design gives brac-
ing action for heavy jobs. Here you 
get features not found in any other 
soldering tool ... advantages that 
save hours and dollars. Your Weller 
Gun pays for itself in a few months. 
Order from your distributor or write 
for bulletin direct. 

SOLDERING TIPS—get your copy of 
Me new Weller guide to easier, faster 
soldering-20 pages fully illustrated. 
Price 10c at your distributor, or or-
der direct. 

' 'MANUFACTURING COMPANY 
821 Packer Street  •  Easton  Pa. 

ogoikv7 
= 111 

Regardless of your need for sheet metal housings, we probably have a stock 
item that will fulfill your requirements. OFTEN A SLIGHT CHANGE IN ONE 
OF OUR STANDARD MODELS WILL ELI MINATE THE NECESSITY OF A SPECIAL 
DESIGN. Of course we are always glad to quote on any steel or aluminum 
chassis, box, or cabinet directly from your blue print. 

Our facilities, years of experience and "Ii.iow-how" assure you that you al-
ways get the highest quality at the lowest price. 

Whether your requirements are ONE OR A MILLION, you will save time and 
money by consulting us first. The Bud catalog gives complete, concise de-
scription of all our products including sizes, applications and prices. Write 
for a copy today. 

_Pioneer in _Radio Ltigincerinti :Instruction Since 1927 

APITOL RADIO (-1 

*X X casuals  COI"  Mt liAOS 
c THESE ARE SOME OF THE 1274 ITEMS 

AVAILABLE FROM BUD RADIO. INC. 

EN GI NEERI N G  INSTI T U TE 
An _Accredited Technical lrolitule 

Straii 

ADVANCED HONIE STUDY 
AND RESIDENCE COURSES IN 
PRACTICAL RADIO-ELECTRONICS 
AND TELEVISION ENGINEERINO 

Regiir.t your fret home study or 
resident  I I iitalsid by leraing 

Dd PT. 26•1ii 

16th and PARK ROAD, N W., 
WASHINGTON to, D.C. 
App,ored for Veteran Training 
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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 794) 

Miniature Relay 

The type FEL rela, announced by 
American Relay & Controls, Inc., 4926 
\\est Flournoy St., Chicago I I, III., is a 
miniature version of the long-established 

i telephone-type relay. The new relay has 
been designed to preserve many of the 
features of the larger telephone-type re-
lays, and at the same time, meet the 
modern requirements of design engineers 
who are interested in space conservation. 

The TEL relay is available in contact 
combinations up to four-pole double throw 
in either silver or palladium contacts. The 
contacts are rated at 1 ampere at 115 volts 
ac or 1 ampere at 32 volts dc noninductive. 
Coils can be supplied for any operating 
voltage up to 115 volts dc. Size: 1 19/32 
inches long, 61/64 inches wide, height 
varies in accordance with contact combina-
tions, normally 1 17/32 inches. The coil 
is of the cellulose acetate sealed construc-
tion which gives the relay maximum re-
sistance to humidity and moisture. The 
TEL relay is available in hermetically 
sealed enclosures. 

Recent Catalogs 

• • • Entitled "Fabrication of Polystyrene," 
a guide which summarizes recommended 
techniques for machining and working 
with polystyrene has been pulili...hed by 
Plax Corporation Div., Hartford-Empire 
Co., P.O. Box 1019, Hartford 1, Conn. 

• • • The Seletron Rectifier Div., Radio 
Receptor Co., 251 W. 19 St., New York 11, 
N. Y. has prepared a new four-page folder 
showing industrial applications of their 
"Seletron" Selenium Rectifiers in units up 
to 75 kw, as developed by their customers. 

(Continued on page 824) 

MEASUREMENTS CORPORATION MODEL 80 

2 to 400 MEGACYCLES 
MANUFACTURERS OF 

Standard Signal Generators 
Pulse Generators 
FM Signal Generators 
Square Wave GtrieratOrS 
Vacuum tube Voltmeters 
UHF Radio Noise L Field 
Strength Meters 
Capacity Bridges 
Megohm Meters 

Phase Sequence Indicators 
Television and FM Test 

Equipment 

STANDARD SIGNAL GENERATOR 

MODULATION: Amplitude modulation is contin-

uously variable from 0 to 30 %, indicated by a 
meter on the panel. An internal 400 or 1000 

cycle audio oscillator is provided. Modulation 

may also be applied from an external source. 
Pulse modulation may be applied to the oscillator 

from an external source through a special con-

nector. Pulses of 1 microsecond can be obtained 

at higher carrier frequencies. 

MEASUREMENTS  CORP 
BOONTON  0  NE W JERSEY 

FREOUENCY 
ACCURACY  .5% 

OUTPUT VOLTAGE 
0.1 to 100,000 
microvolls 

OU (PUT 
IMPEDANCE 
50 ohms 

ORATION 

NEW! THE CB COIL CHECKER 
For measurement of: 

COIL INDUCTANCE  CAPACITY OF MICA CONDENSERS 

DISTRIBUTED CAPACITY OF COILS  Q OF COILS 

Combines an amplifier circuit, 
a calibrated variable capacitor 
with dial accuracy of I 0/0 
IMMF, and a highly stable 
VTVM into a single unit. Any 
R.F. Oscillator may be used as 
an external source. - -- - -

CO MODEL 30IA 

IDEAL FOR PRODUCTION COIL TESTING 

MODERATELY PRICED 

For complete construction  details and 

performance data write for Bulletin 27C. 

The CLOUGH BRENGLE CO. 
601 2 Broadway Chicago 40, 
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USES 

Available Now! 

Easy, Fast 

•  Ultrasonic Spectrum Analysis 

alt mi jkitfte‘  WITH 

• Ultrasonic Vibration Measurements 

• Harmonic Analysis 

• Cross Modulation Studies 

• Noise Investigations 

• Determining Transmission Characteristics of 
Lines and Filters 

• Monitoring Communications Carrier Systems 

• Checking Interference, Spurious Modulation, 
Parasitics, Effects of load changes, shock, 
humidity, component variations, etc. upon 
frequency stability 

• Telemetering 

SPECIFICATIONS 

Frequency Range: 2KC-300KC stabilized linear 
scale 

Scanning Width: Continuously variable from 
200KC to zero 

Four Input Voltage Ranges: 0.05V. to 50V. Full 
scale readings from I millivolt to 50 volts 

Amplituue Scale: Linear and two decale log 

Amplitude Accuracy: Within  Idb.  Residual 
harmonics suppressed by at least 50db. 

Resolution:  Continuously  variable.  2KC  at 
maximum scannning width, 500c.p.s. for 
scanning widths below WC 

WRITE NO W For Complete Information, 

Price and Delivery 

• 

MODEL SB-7 

PANORAMIC 
ULTRASONIC ANALYZER 
An invaluable new direct reading instrument 
for simplifying ultrasonic investigations, the 
SB-7 provides continuous high speed pano-
ramic displays of the frequency. amplitude 
and characteristics of signals between 2KC 
and 300KC. The SB-7 allows simultaneous 
observation of many signals within a band 
up to 200KC wide. Special control features 
enable selection and highly detailed examina-
tion of narrower bands which may contain 
signals separated by less than 500c.p.s. The 
Instrument is unique in that it provides rapid 
indications of random changes in energy dis-
tribution. 

M ODEL 712 SWEEP CALIBRATOR 

Pip markers at 2.5, 10, 50, and 100 microseconds: 
spacings either positive or negative. 

Internal or external trigger from 200 cps to 3000 
cps. 

Continuously variable gate on markers to 2500 
microseconds. 

Accuracy within 0.2% with ambient of 10°C to 
65°C. 
Calibrate directly from CW frequency standard. 
Power-115 volts 60 to 400 cycles, 85 volt-am-
peres. 

82A 

M ODEL 708 SPECTRU M ANALYZER 

Frequency range -8500 mc to 9600 mc. 

IF bandwidth —approximately 100 kc. 

Sweep frequency —I0 cps to 25 cps. 

Minimum frequency dispersion -1 mc/inch. 

Maximum frequency dispersion —I0 mc! inch. 

Signal input attenuator -100 db linear. 

Power -115V or 230V, 50 cps to 800 cps. 

14315 Bessemer St., Van Nuys, Calif. 0 Box 361 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation 

(C,mtintged from page 81.4 

TV Germanium Diode 
An ultra-high frequency-welded got 

titanium diode and two new types II 
use in vhf television receivers have IWCII 

announced by the Specialty Div., General 
Electric Co., Electronics Park, Syracuse 5 

N. Y. 

The manufacturer claims that Oil, . 
the only germanium diode currently avail 
able for use in the ultra-high frequencies oi 
500-to-1000 Mc range. It is designed for 
use as a converter, with production quao 
sit it'-, available about December 1. 

it- ',tinned on rage 8,.-1 I 

ELECTRONICALLY REGULATED 

LABORATORY 
POWER SUPPLIES 

• 
STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

MODEL 21I 
STANDARD 

RACK 

MOUNTING 

• INPUT: 105 to 125 VAC, 

50-60 cy 

• O UTPUT #1: 200 to 325 

Volts DC at 100 ma 

regulated 

• O UTPUT #2: 6.3 Volts 

AC CT at 3A unregu-

lated 

PANN. 5151  • RIPPLE O UTPUT: Less 
S'," 19- 

WRIGHT 16 LBS.  than 10 millivolts rms 

For complete information write 
for Bulletin G8 

LIIII1D1 
c o it p  o 5 A  T  I  0  N 

CORONA 

PROCEEDINGS OF TUE I.R.E. 

NE W YORK 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 824) 

The uhf germanium diode is self-
healing under temporary over-voltage 
conditions, and requires no special handl-
ing. New snap-in construction eliminates 
the need for soldering. 
The two new diodes for use in present 

vhf television receivers are the 1N64, 
designed and selected for optimum effi-
ciency in video detector circuits, and the 
1N65 which is for use as a dc restorer in 
TV circuits, and is especially selected to 
provide high back resistance. 

General Purpose VHF 
Triode 

A new vacuum tube directly inter-
changeable with the well known type 592 
has been announced by Eitel-McCullough, 
237 San Mateo Ave., San Bruno, Calif. 

The tube is a general purpose VHF 
triode and is suitable for both oscillator 
and power amplifier service. As an oscil-
lator it lends itself to developing medium 
power at the frequencies for industrial 
purposes. The construction also lends it-
self to power amplifier service at fre-
quencies as high as 125 Mc. 

WHEN WRITING TO THESE 

ADVERTISERS PLEASE MEN-

TION PROCEEDINGS OF THE 

I.R.E. 

Nlannlinturer's It.sts confirm superiorit  of I'AILINEV* 

for brushes on ne‘‘  l'oientinunqvi. 

"Our  experience  has  con-
firmed 'our tests and those of 
the Radiation Laboratory re-
garding brush wear. Less than 
a week ago we completed a 
life test on one of our 2" Rec-
tilinear Potentiometers in 
hich the brush traveled the 
full length of the resistance 
element five million times be-
fore failure occurred. The 
wire used in the resistance 
element was .0014 diameter." 

PALINEY*  7 ... a precious metal 
alloy containing gold, platinum and pal-

ladium . . . is giving outstanding service as the 
sliding contact in many types of potentiometers where 

long life, low noise and maintained linearity are essential. This 
and other Tested NEY Precious Metal Alloys are also being used success-
fully in numerous precision contact and slip ring applications requiring 
controlled wear resistance, high conductivity and freedom from tarnish 
and corrosion. Write or call our Research Department for additional 
technical data, outlining your problem if possible. 

THE .1. M. NEV rOMPANV 171 ELM ST., HARTFORD, CUM. 
SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1812 

* Reg. T.M. J. M. Ney C. 
G. M. GIANNINI & CO., INC. 

697 Morris Turnpike 
Springfield, New Jersey 

_ 15NY50 

the perfect WIPE-ON 
for Stampings, Engravings, etc. 

SO EASY TO USE 

Just RUB IN —WIPE OFF ... 
HANDLE AT ONCE 

Lacquer-Stik is • highly specialized paint, 
compounded and prepared solely for use as 
a wipe-on. It is semi-solidified in stick form 
for quick, convenient use, but soon hardens 
and becomes permanent. Fill-in will expand 
and contract with the part and can be sub-
jected to temperatures as high as 500' P. Will 
not rub oft or smear when handled after ap-
plication. 
You'll be delighted with the attractive colors 

of this time-saving, labor-saving, practical and 
permanent wipe-on. 
At your Supply House —or send 504 coin 

for sample, specifying color. 
Submit your problem and sample of ma-

terial for laboratory recommendations. 

LAKE CHEMICAL CO. 
3054 Carroll Avenue  • Chicago 12, Illinois 

• 

FOR RECORDING 

TELEMETERING SIGNALS 
(up to 40 kc.) 

• MODEL 300 C $1575 
e VU METER PANEL 
(EXTRA) 3105 
fr OR Osn Car 1/2S) 

Almost overnight Ampex Magnetic 
Tape Recorders revolutionized 
radionetworkbroodcasting.Ampex 
succeeded in this most critical serv-
ice because of simple and depend-
able operation, plus a ton* quality 
that is unequalled Ampex is now 
available in   Imodels for  
wide range of requirements. In-
quiries for special instrumentation 
and industriall clo,:14:1 sacpplificom tciont 
promptly answered. 

\IS".  Standard omits 
har•  dual-

C)*  .1 7.1rse c oo rr s  d Tg 
‘  7  . 

CI\ 301 p 

\‘‘'0 

p 

A x 
MAGNETIC TAPE RECORDER 

.eree 

pokvEN 

• 

• THE GRIST RADI O SH O WS" 

Get FREE BOOKLET today! 
AMPEX ELECTRIC CORP., Son Carlos, California 
Wohovl 66147666n ploo.• tend 16 pogo .111,66fird 
booklet centamong lothnocol spec fccohon, of Ampex 
Magnet. Top. II•cord•ry 

NA M   

ADDRESS   

CITY 

Orr need is for: 
El Labor of., 
( ) Multi ,Channel ReEord.ng 

fl IllefordIng•Broadco.tIng 

Dctt buted by . . . 

RING CROSBY ENTERPRISES (Hollywood) 
AUDIO & VIDEO PRODUCTS CORP. Now York C.tyl 
GRAYBAR ELECTRIC COMPANY lEverywherel 
EXPORT WESTRIX (New York Cityl 

STAT 

fl Telernetering 
[) Indosiriol Recording 

Aeropt,..coi R•s•orrh 

11 1,..o,e No w Ule 
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INFORMATION SERVICE 

I.R.E. Yearbook and I.R.E. Industry Research Division 

A two-fold service is available without cost to firms supplying products for or rendering led  •al sertieVIn NI the radio-
and-elect  • • industry. (1) The 1.R.E. Yearbook, which is noted for its referem•e %aloe, lists inure than 2,000 firms and 
furnishes product or industry classilicat•  . (2) A classified index of products and ser%ices is maira6  .11 by the 1.ILE. 
Industry Research Divi  • . Radio engineers (oultitluutlsly draw al;   this bank of statistical data. 

These two sources of informat•   are not only invaluable to LICE. members and other engineers, hut the proper listing 
of your company may bring you new business. 

To help keep up to date, please cheek-off your products and services, 
and send to: Industry Research Div., Proceedings of the I.R.E. Room 707, 303 West 42nd St., New York 18, N.Y. 

Products to Be Checked By Radio-Electronic Manufacturers 

1. AMPLIFIERS,  Audio  1. re-
queney. 
1 a. Broadcast Speech In-

put Equipment. 
) b. Dynamic Noise Sup-

pressors. 
c. High Fidelity. 
d. Inter-communication 

Systems. 
e. Medical Equipment. 
I. Peak Limiting. 
g. Phonograph Pream-

plifiers-equalized. 
h. Power Amplifiers. 
i. Pre-amplifiers. 
j. Public Address Sys-

tems. 
) k. Recording Amplifi-

ers. 

2. ANTENNAS. 
( I a. AM Broadcast. 
( ) b. Dummy. 
( ) c. FM Broadcast. 
( ) d. Miscellaneous. 
( ) e. Receiving Types, all 

services. 
( ) f. Television Broadcast. 

3. ANTENNA ACCESSORIES. 
( ) a. Feeder Systems. 
( ) b. Insulators. 
( ) c. Phasing & Tuning 

Equipment. 
( ) d. Support Towers. 
( ) e. Tower Lighting 

Equipment. 

4. ATTENUATORS. 
( ) a. Audio Frequency. 
( ) b. Radio Frequency. 

5. BATTERIES. 
( ) a. Flashlight  & Mis-

cellaneous Dry. 
( ) b. Hearing Aid. 
( ) c. Portable Radio 

Types. 
( ) d. Storage. 

(i. 111.0WERS  &  COOLING 
FANS 

Bridges, see 60a. 

7. CABLE & WIRE. 
( ) a. Co-axial Cable. 
( ) b. Pre-formed 

harnesses 
c. Rubber Insulated 

Wires. 
d. Shielded Types. 
e. Synthetic  Insulated 

Wires. 
) f. U.H.F. Types. 

8. CAPACITORS: Fixed. 
( ) a. Ceramic. 
( ) b. Electrolytic. 
( ) c. Mica. 
( ) d. Oil Filled. 
( ) e. Paper. 
( )I. Pressurized Gas. 
( ) g. Vacuum. 

9. CAPACITORS: Variable. 
) a. Neutralizing. 
) b. Precision. 
) c. Temperature Fre-

quency Compen-
sating. 

) d. Trimmers. 
) e. Tuning. 
) I. Vacuum. 

10. CERAMICS. 
( ) a. Coil Forms. 
( ) b. Custom Fabrication. 
( ) c. Rods. 
( ) d. Sheets. 

11. CHASSIS & RELAY RACK 
CABINETS: Metal. 
( ) a. Open Stock. 
( ) b. Special Order & 

Custom Fabrica-
tion. 

Coil Forms, see 10a. 

12. COILS. 
( ) a. A. F. Chokes. 
( ) b. Miscellaneous. 
( ) c. R. F. Chokes. 
( ) d. Toroids. 
( ) e. Transformer Coils. 
( ) f. Tuning. 

Condensers, see 8 & 9. 

I2X. COMPUTERS 
( ) a. Electronic 

13. CONNECTORS. 
( ) a. AN Standard Types. 
( ) b. Microphone. 
( ) c. Power. 

Consoles, see la. 

14. CONVERTERS. 
( ) a.. Frequency. 
( ) b. Vibrator. 

Rotary, see 38. 

15. CORES & CORE MATERI-
ALS. 
( ) a. Complete Cores. 
( ) b. Laminations. 
( ) c. Powdered Metal. 

16. CRYSTALS. 
( ) a. Germanium & Sili-

con, etc. 
( ) b. Oscillating Quartz. 
( ) c. Piezo-Electric. 

17. CRYSTAL HOLDERS. 
Discs, Recording, see 51a. 

18. DRAFTING  EQUIPMENT 
& SUPPLIES. 

Dynamotors, see 38a. 

19. ELECTRONIC  CONTROL 
EQUIPMENT. 
( ) a. Air conditioning 

Controls. 
) b. Burglar Alarm & 

Protection De-
vices. 

e. Combustion & 
Smoke Elimina. 
lion. 

)ii. F uuc hesemum & 
Detection. 

) e. Production Controls, 
Counting & Sort-
ing. 

) f. Variable Speed 
Regulators. 

) g. Voltage Control & 
Stabilization. 

20. EQUALIZERS. 
( ) a. Dialogue. 
( ) b. Line. 
( ) c. Magnetic Repro-

ducer Types. 
( ) d. Sound Effects, 

21. FACSIMILE  EQUIPMENT. 

22. FILTERS. 
( ) a. Band Pass & Band 

Rejection. 
( ) b. Dividing Networks. 
( ) c. Noise Elimination. 

Sound effects, we 
201. 

Frequency Measuring 
Equipment, see 37a, 59a, 
61b, c, d, and e. 

23. FUSES & FUSE HOLDERS. 
Generators, gee 38c. 

2-1. GRAPHIC RECORDERS 

25. HARDWARE & MANUFAC-
TURING AIDS. 

26. INDUCTION HEATING 
EQUIPMENT. 
( I a. Manufacturing 

Processes. 
( ) b. Medical Applica-

t ions. 
Inductors, see 12. 

27. INSULATION. 
( ) a. Cloth. 
( ) b. Glass. 
( ) c. Mica. 
( I d. Paper. 
( ) e. Varnished Cambric. 

See also 10 & 45. 

28. JACKS,  JACK  FIELDS, 
PLUGS, & PATCH 
CORDS. 

29. KEYS. 
1 I a. Switching. 
I 1 b. Telegraph. 

Knobs, see 40c. 

30. LACQUERS. 
( ) a. Finishing. 
( ) b. Fungus Proofing. 
( ) c. Moisture Proofing. 

31. LOUDSPEAKERS & HEAD-
PHONES. 
( ) a. Co tttttt ercial Grade 

Loudspeakers. 
( ) b. Headphones. 
( ) c. High Fidelity Loud. 

speaking Systems. 
( ) d. High Frequency 

Types. 

C. LON I (Alit 

i)pies. 
32. MACHINERV,  FIXTI, 11 

& TOOLS FOR RA1)11 
ELECTRONIC MANU-
FACTURING. 

33. MAGNETS. 
( I a. Electro. 
( ) b. Permanent. 

Measuring Equipment, 
35, 59, 60, 61. 

34. METALS: Base. 
( / a. Copper. 
( ) b. Ferrous. 
( ) c. Non-ferrous, exclu 

ing Copper. 
(I d. Powdered. 
( ) e. Precious & Bare. 

35. METERS. 
( ) a. 
( ) b. 
( ) 

( I el. 
) e. 

( I f. 

Ammeters. 
Elapsed Time. 
Frequency  Indic 
ing. 

Voltmeters. 
N'olume Le%e1 
Meters (db & %u) 
Wattmeters & Wa 
flour Meter-. 
Vacuum Tube 
Voltmeters. see 

36. MICROPHONES. 
( 1 a. Carbon. 
I ) b. Condenser. 

c. Crystal. 
) d. Magnetic. 

37. MONITORING EQUIP-
MENT. 

Frequency. 
I  I.  M odulation. 

leV iSiOn 

3 8.  MOTOR GENERATORS. 
( / a. Dynamotors. 
( ) b. Frequency 

Changers. 
( ) c. Motor-Generators. 
( ) d. Rotary Converters. 

39. MOTORS: Very Small. 
I I a. Blower Motors. 
(  b. Sels)n Controls. 
) c. Timing Devices. 

40. MOULDED PRODUI:TS 
SERVICES. 
( ) a. Cabinets. 
1 1 b. Insulators. 
( ) c. Knobs & Parts. 
(I d. Proprietary  Mould-

ings. 
( ) e. Special Fabrication., 

41. OPTICAL SYSTEMS, MIR.' 
ROHS, SCREENS, & AC-
CESSORIES. 

Oscillators, see 59a, d & 61b, 
c, d, e. 

Please check clearly each item you naanufacture or service you render. 



1 
4 OSCILLOGRAPHS  &  AC-

CESSORIES. 
( ) a. General Purpose, 

Cathode Ray. 
( ) b. Recording. 
( ) c. Synchroscopes, 

Cathode Ray. 
( ) d. U.H.F. Cathode Ray 

Equipment. 
Panels, see 11. 

PHONOGRAPH & TRAN-
SCRIPTION REPRO-
DUCING EQUIPMENT. 
( ) a. Crystal Pick-ups. 
( ) b. Magnetic Pick-ups. 
( ) c. Phonograph Motors. 
( ) d. Playback arms. 
( ) e. Record Changers. 
( ) f. Turntables, com-

plete. 
i Pre-amplifiers, see li. 

I PILOT LIGHTS & ASSEM-
BLIES. 
( ) a. Incandescent. 

.  ( ) b. Neon. 

t PLASTICS. 
( ) a. Raw Powders for 

Moulding. 
( ) b. Rods. 
( ) c. Sheets. 

Plugs, see 13 & 28. 

I POINT TO POINT COM-
MUNICATION EQUIP-
MENT. 
( ) a. Aircraft & Airport 

Equipment. 
) b. Citizen Radio. 
) c. Emergency Corn-

muncations. 
) d. Fleet Dispatching. 
) e. Police & Fire Depart-

ment Equipment. 
) f. Ship to Shore Equip-

ment. 

I. POWER SUPPLIES. 
'  ( ) a. Electrically 

Powered. 
( ) b. Gasoline Driven. 

i ( ) c. Voltage Regulated 
Output types. 

I Printed circuits, see 25. 

1
 . PUMPS: Vacuum. 
Racks, see 11. 
Radar Equipment, see 64b. 

. RADIO RECEIVERS. 
( ) a. Broadcast. 
( ) b. Communications. 
( ) c. Fixed Frequency. 
( ) d. Frequency Modula-

tion. 
( ) e. Special Purpose. 
( ) f. Television. 

, RECORDING EQUIP-
MENT. 
( ) a. Disc Recording 

Machines. 
( ) b. Magnetic Tape 

Recorders. 
( ) c. Magnetic Wire 

Recorders. 

RECORDING ACCESSO-
RIES & SUPPLIES. 
( ) a. Blanks. 
( ) b. Cutting Needles. 

( ) c. Disc Recording 
Heads. 

) d. Magnetic Recording 
Playback, & Bias-
ing Heads. 

) e. Magnetic Recording. 
Tape. 

) f. Magnetic Recording 
Wire. 

52. RECTIFIERS. 
( ) a. Metallic. 
( ) b. Vacuum Tube. 

Regulators, Voltage, see 67. 

53. RELAYS. 
( ) a. Hermetically sealed. 
( ) b. Instrument. 
( ) c. Keying. 
( ) d. Mercury. 
( ) e. Power Control & 

Overload. 
( ) f. Stepping. 
( ) g. Telephone Types. 
( ) h. Time Delay. 

54. REMOTE CONTROLLING 
EQUIPMENT. 
( ) a. Automatic Tuning 

Mechanisms. 
( ) b. Remote Controls. 
( ) c. Switching Functions. 
( ) d. Servo-Mechanisms. 

55. RESISTORS. 
( ) a. Carbon fixed. 
( ) b. Carbon Variable. 
( ) c. Precision. 
( ) d. Vacuum Sealed. 
( ) e. Wire Wound, Fixed. 
( ) f. Wire Wound, 

Variable. 

56. SOCKETS, VACUUM TUBE. 
( ) a. Receiving Tube 

Types. 
( ) b. Transmitting  Tube 

Types 
( ) c. Underwriters Labo-

ratories Approved 
Types. 

57. SOLDER. 
( ) a. Acid Cored. 
( ) b. Plain. 
( ) c. Precious Metal. 
( ) d. Pre-forms. 
( ) e. Rosin Cored. 

Speakers, see 31. 

58. SWITCHES. 
( ) a. Band Switches. 
( ) b. Circuit Breaking. 
( ) c. Key. 
( ) d. Mercury Switches. 
( ) e. Momentary Contact. 
( ) f. Power. 
( ) g. Precision Snap. 

Acting. 
( ) h. Rotary. 
( ) I. Time Delay. 
( ) j. Toggle & Push 

Button. 

58X. TELEVISION EQUIP-
MENT. 
( ) a. Cameras. 
( ) b. Projectors. 
( ) c. Studio Lighting 

Equipment. 
Also see 37c, 491, 61d, 63e, 
& 65k. 

59. TESTING & MEASURING 
EQUIPMENT: Audio 
Frequency. 
( ) a. Beat Frequency 

Oscillators. 
b. Distortion & Noise 

Analyzers. 
c. Intermodulation Dis-

tortion Analyzers. 
d. Resistance Capacity 

Oscillators. 
e. Square Wave Gener-

ators. 
f. Wave Form Analysis 

Equipment. 

60. TESTING & MEASURING 
EQUIPMENT: General. 
( ) a. Bridges, all types. 
( ) b. Capacitance 

Decades. 
c. Capacitor Testers. 
d. Multi-meters. 
e. Resistance Decades. 
f. Resistor Testers-

Ohmmeters. 
g. Stroboscopes. 
h. Tube Testers. 
i. Vacuum Tube 

Voltmeters. 
j. Vibration Testing 

Equipment. 

60X • TESTING & MEASURING 
EQUIPMENT: Nuclear 
( ) a. Dosimeters. 
( ) b. Ionization Cham-

bers. 
( ) c. Scalers. 
( ) d. Scintillation Count-

ers. 
( ) e. Survey Meters. 
Geiger-Mueller Tubes, see. 
Vacuum Tubes. 

61. TESTING & MEASURING 
EQUIPMENT: Radio Fre-
quency. 
( ) a. "Q" Meters. 
( ) b. Signal Generators 

AM. 
b. Signal Generators, 

FM. • 
d. Signal Generators, 

TV. 
e. Standard Frequency 

Generators & 
Multi-Vibrators. 

f. Sweep Generators & 
Calibrators. • 

g. Wavemeters. 

( ) 

( ) 

( ) 

( ) 

62. TRANSFORMERS. 
( ) a. Audio Frequency. 
( ) b. Hermetically Sealed. 
( ) c. High Fidelity Audio 

Types. 
) d. Power Components. 
) e. Pulse Generating 

Types. 
) f. Radio Frequency. 
) g. Voltage Regulating. 

63. TRANSMITTERS. 
( ) a. AM Broadcast. 
( ) b. Communications. 
( ) c. FM Broadcast. 
( ) d. Special Types. 
( ) e. TV Broadcast. 

64. ULTRA HIGH FREQUEN-
CY EQUIPMENT & AC-
CESSORIES. 
( ) a. Antennas & Re-

flectors. 
( ) b. Radar Apparatus. 
( ) c. Receivers. 
( ) d. Transmitters. 
( ) e. Waveguides. 

65. VACUUM TUBES. 
( ) a. Cathode Ray. 
( ) b. Geiger-Mueller. 
( ) c. Industrial types. 
( ) d. Klystrons & Magne-

trons. 
e. Phototubes. 
f. Pirani Tubes. 
g. Receiving Types. 
h. Rectifiers. 
i. Special Purpose. 
j. Thyratrons. 
k. Television Types. 
1. Transmitting Types. 
m. Voltage Regulators. 

66. VACUUM TUBE COMPO-
NENT PARTS. 

Varnishes, see 30. 

67. VOLTAGE REGULATORS. 
( ) a. Automatic. 
( ) b. Manually Con-

trolled. 

68. WAXES, POTTING & 
SEALING COMPOUNDS. 

69. WOODEN CABINETS. 
( ) a. Radio Sets. 
( ) b. Record Storage. 

NON-MANUFACTURING 
CLASSIFICATIONS. 

91. BOOKS AND BOOK PUB-
LISHERS. 

92. BROADCASTING STA-
TIONS & COMMUNICA-
TION COMPANIES. 

93. CONSULTING ENGI-
NEERS. 
( ) a. Acoustical. 
( ). b. Electrical. 
( ) c. Mechanical. 
( ) d. Radio. 

94. DISTRIBUTION. 
( ) a. Jobbers and 

Wholesalers 
( ) b. Manufacturers 

Representatives 
( ) c. Sales and Service 

95. FREQUENCY MEASURING 
& MONITORING SERV-
ICES. 

96. LABORATORIES & CUS-
TOM BUILDERS OF 
EQUIPMENT. 

97. RECORDING STUDIOS & 
SERVICES. 

98. TECHNICAL SCHOOLS & 
INSTITUTIONS. 

99. TRANSCRIPTION  LIBRA-
RIES. 

COUPON 
Send to: Industry Research Div., Proceedings of the I.R.E.  Date 

Rm. 707, 303 West 42nd St., New York 18, N.Y. 

Firm Name:  Phone No.   

Address:   Place   
To whom in your organization should we direct 

Product Data   

IRE Yearly Convention 

correspondence concerning: 
Zone .. State  . 

  Advertising 
• 



Mode by 
Machining 
and drilling 
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Big Savings on 

SMALL METAL PARTS 
COSTS HALVED! Instead of turning and 

drilling parts like these from solid rod, or 
stamping and forming them. the BEAD CHAIN 
MULTI-SWAGE Process automatically swages 
them from flat stock. By doubling the pro. 
duction rate and eliminating scrap, this 
advanced process can save you as much as 
fifty percent of the cost of other methods. 
The BEAD CHAIN MULTI-SWAGE Process 

produces a wide variety of hollow or solid 
metal parts —beaded, grooved, shouldered— 
from flat stock, tubing, rod, or wire—of any 
metal. Sizes to 1/4" dia. and 11/2 " length. 
GET COST COMPARISON ON YOUR PARTS 

—If you use small metal parts in quantities 
of about 100,000, don't overlook the almost 
certain savings of this high-speed, precision 
process. Send sketch, blueprint or sample 
part and our engineers will furnish facts 
about Multi-Swage economy. Or, write for 
Catalog. The Bead Chain Manufacturing Co.. 
60 Mountain Grove St., Bridgeport, Conn. 
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H & P lighting equipment, consistently 
specified by outstanding radio engineers, 
is furnished as standard equipment by 
most leading tower manufacturers. 

300 M M 
CODE BEACON 
Patented ventila-

tor dome circulates 
the air, assures 
cooler operation, 
longer lamp life. 
Concave base 
with drainage 
port at lowest 
point. Glass-to-
glass color screen 
supports virtual-
ly eliminate color 
screen breakage. 
Neoprene gaskets 
throughout. 
CAA approved 

MERCURY ' 
CODE FLASHER 

Li fetime•lubricat. 
ed ball bearings. No 
contact points to 
wear out. Highest 
quality bronze gears. 
Adjustable, 14 to 52 
Bashes per minute 

SINGLE and DOUBLE 
OBSTRUCTION  Se 

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 f.c.; off at 58 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 TOWERS 

PROMPT SERVICE and DELIVERY 
First-day shipments out of stock. 

Immediate attention to specifica-
tions and unusual requirements. 
WRITE OR WIRE FOR CATALOG 
AND DETAILED INFOR MATION 

HUGHEY & PHILLIPS 
TO WER LIGHTING DIVISION 

326 N. LA CIENEGA BLVD. 
LOS ANGELES 45, CALIF. 

60 E. 42ND ST.  NE W YORK IT. N Y 

&IA 
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Business 

Opportunity 

Wanted 

Graduate Engineer, Member 
A IEE, IRE, Acoustical Society 

of America, Registered Profes-
sional Engineer, Experienced in 
Management  and  Operation 
of Business, Wants Responsi-
ble Position in Established Ra-
dio, Television, Electronics or 
Acoustical Manufacturing or 

Laboratory Enterprise. 

Willing to make substantial 
five-figure investment if oppor-

tunity warrants. 

Write Box No. 1251%* 

The Institute of Radio 

Engineers 

1 East 79th Street, 

New York 21, N.Y. 

PROFESSIONAL CARDS 
EDWARD J. CONTENT 
Acoustical Consultant 

Functional Studio-Theater Design 
FM — T•low W on —  A M 

Audio  Sysdenoi F nolnprrina 

Ro•bury Road  , t aro ford 3.7 519 

, tand'ord,  1onn 

CROSBY LABORATORIES 
Hurray G. Crosby & Staff 
FM, Communications. TV 

Industrial Electronics 
High-Frequency Heating 

Offices,  Laboratory  & Model  Shop at 
IN Herrick, Rd.  Mineola, N.Y. 

Garden City 7-0284 

Richard B. Schulz 

EleetA4 — Seane% 
Radio•Interference Reduction, 

Development of 
Interference-Free 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. 

12 Elk Street  Telephone: 
New York 7, N.Y.  WOrth 24943 

WILLIAM L. FOSS, INC. 

927 15th St., N. W.  REpublic 3883 

WASHINGTON, D.C. 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs & Lab.: Great Notch, N.J. 

Phone: Montclair 3 3000 

Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 
National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

Samuel Gubin, Electronics 
G. F. Knowles, Mech. Eng. 

SPECTRUM ENGINEERS, Inc. 
Electronic 6, Mechanical Derigners 

540 North 63rd Street 
Philadelphia 31. Pa. 
GRanite 2-2333; 2-3135 

MEASUREMENTS CORP. 
RESEARCH A MANUFACTURING 

ENGINEERS 

Harry W. Houck  Jerry 8. Minter 
John M. van Beuren 

Specialists in the Design and 
Development of Electronic Test Instruments 

BOONTON, N.J. 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation 
of Radio Systems 

Research, Development & Design 
of Special Electronic Equipment 

240 Highland Ave.,  Needham 94, Mass 

PAUL ROSENBERG ASSOCIATES 
Consulting Phyticists 

Maio office: Woolworth Building, 
New York 7. N.Y. 

Cable Address  Telephone 
PHYSICIST  W Orth 24959 

Laboratory: 21 Park Place. New York 7, N.Y. 

TECHNICAL 
MATERIEL CORPORATION 
COMMUNICATIONS CONSULTANTS 

RADIOTELETYPE - FREQUENCY SHIFT 
INK SLIP RECORDING • TELETYPE NET WORKS 

453 West 47th Street, New York 19, N.Y. 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting —  Research —  Development 
R-F Circuits — Lines — Antennas 

Microwave Components — Test Equipment 

Harold A. Wheeler and Engineering Staff 
Great Neck, N.Y.  Great Neck 2-7806 
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New Duo-Cone loudspeaker, developed at RCA Laboratories, achieves the illusion of "living presence." 

/friets/ /ovets"Irsorts of Isieoffir" 

For years, working toward the ultimate 
in sound reproduction, scientists have 
sought for living presence—the illusion 
that a real musician or speaker is talking, 
singing, playing in your home. 

Now, with RCA's Duo-Cone loudspeaker, 
the goal is achieved. Two sound-cones in 
acoustical alignment reproduce sound 
without distortion, and give you every 
tonal value from a frequency of 30 on to 
15,000 ... and even 18,000 cycles. It is in 
the area above a frequency of 4,000—seldom 
touched by conventional speakers — that 

most of the all-important "overtones" lie. 
RCA's Duo-Cone loudspeaker faithfully re-
produces every overtone—to the very peak 
of a violin's range— and just as faithfully 
gives you the deep low notes of a bass drum! 
In addition, the RCA Duo-Cone loudspeak-

er's wide angle of sound pervades every corner 
of a room without sharply directed blast or 
blare. Its response to tones of every frequency 
is smooth, flowing, and even. 

See the newest advances of radio, television, 
and electronics at RCA Exhibition Hall, 36 W. 
49th St., New York. Admission is free. Radio 
Corporation of America, Radio City, N. Y. 

Ideal for monitoring radio—AM-FM 
television programs — RCA's Duo-
Cone loudspeaker gets, and passes, 
its toughest tests from engineers and 
experts in sound reproduction! 

IR AIP/ 0 C O M P O R A77 011/of A M E NIF C A 

Wor/d Leader /.7 Radio —77/-51- in -Te/evision 
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OW AVAILABLE 

ON A MASS PRODUCTIQN BASIS 

ioseZ% 

CORNELL-DUBILIER TINY 

M I K E® 

The TINYMIKE now makes it possible for you to get full-sized 
"Cornell-Dubilier performance" in an ultra-small, space-saving 
ceramic capacitor only 19/32" in diameter and 5/32" thick. 
Application: Bypass and coupling in ultra-compact 
assemblies, especially for TV, FM and VHF. 
Characteristics: Unusually low inductance, minimized 
eddy current losses, remarkable electrical ruggedness, 
high dielectric strength of ceramic, high insulation 
resistance, low power factor. 
TINYMIKES are presently available in 500 volts DC working, 
with a guaranteed minimum capacity from 1,000 mmfd. 
to 5,000 mmfd., over a temperature range of + 10° C. to 
+ 65* C. Units available in capacities from 100 to 150 mmfd 

CERAMICS 
— offering the same 

dependable performance 

as the specialized C-D 

Ceramic Capacitors, 

used for many years by 

the world's largest 

manufacturers of instru-

ments and transmitter 

equipment. 

can be supplied at a tolerance of ± 10% or ± 20%. 

Since the performance of a ceramic capacitor depends in 
large measure on the quality of its ceramic body, every, 
step in the manufacture of TINYMIKES is controlled by 
Cornell-Dubilier engineers. This means that the same 
dependable quality that has made C-D's famous for over 
40 years is now available in TINYMIKE ceramics. 
Write today for samples and complete technical data. 
Engineering inquiries solicited. CORNELL-DURILIER 
ELECTRIC CORPORATION, Dept. M40, South Plainfield, 
New Jersey. Other plants in New Bedford, Brookline, 
and Worcester, Mass.; Providence, R. I.; Indianapolis, 
Ind., and subsidiary, The Radiart Corp., Cleveland, Ohio. 

C OP e ec5  Z y 7 7e / d 7jaalt 

CONSISTENTLY DEPENDABLE 

CORNELL-DUBILIER 
CAPACITORS - VIBRATORS 

ANTENNAS - ROTATORS - CONVERTERS 
01 ; 

.4o1s9‘ 



And NOW   
G-R Decade-Inductor Units 
and Decade Inductors 

A companion instruments to the popular Decade 
Resistance and Decade Condenser Boxes, G-R 

announces equally useful laboratory accessories in 
the new Type 940 Decade-Inductor Units and Type 
1490 Decade Inductors. 
These high-quality decade inductors cover the 

range from one millihenry to ten henrys. They are 
intended primarily for use at audio and lower ultra-
sonic frequencies as convenient, accurately adjusted 
and stable elements in wave filters and tuned circuits. 

FE ATURES 

• Toroidal Construction: each unit is an assembly of four 
toroids wound on stabilized molybdenum permalloy dust 
cores; the coils (relative values of 1, 2, 2, 5) are con-
nected in series, the switch short-circuiting combinations 
of coils to give eleven successive values from 0 to 10 

• Storage Factor CI: much higher than obtained with air-
core coils, maximum values of 200-300 occur between 
2 and 5 kc 

• Multi-Layer Windings: to minimize d-c ohms-per-henry 
ratios and increase both storage factor Q and natural 
frequency; special toroidal winding machine used to 
produce a progressive multi-layer winding 

• Astatic to External Magnetic Fields: complete and uni-
form toroidal winding essentially astatic except for 
equivalent single-turn loop effect 

• Low Copper Loss: d-c resistance of lowest decade 60 
ohms per h, other three decades 44 ohms per h 

• Good Electrostatic Shielding provided by aluminum 
mounting frames and coil covers 

• Accurately Adjusted: at zero frequency and initial per-
meability between ±2% for the 1 mh step and ±0.25% 
for the 1 h step 

• Very Low Temperature Coefficient: about —24 parts per 
million per deg. C. 

• Metal Cabinet adds to shielding; both terminals insu-
lated from panel . .. ground terminal provided 

• Maximum Voltage of 500 volts r-m-s for all coils. 

TYPE 1490-A DECADE INDUCTOR, 1 henry total, in steps 
of 0.001 henry    $220.00 

TYPE 1490-B DECADE INDUCTOR, 10 henrys total, in steps 
of 0.001 henry   $285.00 

GENERAL RADIO COMPANY 
Ca mbridge 39, Massachusetts 

90 West St., New York 6  920 S. Michigan Ave., Chicago 5  1000 N. Seward St., Los Angeles 38 

TYPE 940 DECADE-INDUCTOR UNITS 

TYPE 940-A, 0.01 henry in 0.001 h steps  $62.00 

TYPE 940-B, 0.1 henry in 0.01 h steps  56.00 

TYPE 940-C, 1 henry in 0.1 h steps  62.00 

TYPE 940-D, 10 henrys in 1 h steps  70.00 


