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A LONG AND 
STABLE LIFE•-• 

Design and Production Developments Exclusive with Amperex Set 

New Stability and Performance Standards for Vacuum Condensers 

Released six months ago, the new Amperex VC50 and VC25 

vacuum condensers have proved themselves a real contribu-

tion in communication, dialectric heating and electro-medicat 

apparatus. Their Figher current handling ability and lower 

l'R losses in reduced space suggest important simplifications 

in equipment design. Oscillator; using Amperex-developed 

circuits and Amperex VC capacitors meet proposed FCC 

stability regulations. 

ALL COPPER (OFIC) 

CONSTRUCTION 

LARGE SURFACE AREAS 

TO CARRY H. F. CURRENT 

GENERAL CHARACTERISTICS 
A MPEREX VCSO 

Capacitance  50 uuf-_-_-2 % 
Maximum Peak VoItage....30.000 
Maximum HMS Current 

65 Amps at 10 Mc. 
40 Amps at 60 Mc. 

Dimensions: 
6,/2"  3/32" x 21/2 " Max. 

W RITE FOR 
COMPLETE TECHNICAL RATING 

AND DATA SHEETS 

11111PERER ELECTR0111( CORPORIIT1011 
25 WASHINGTON STREET, BROOKLYN .NEW YORK 

IN  CANADA  AND  NE WFOUNDLAND  ROGER;  MAJESTIC  LIMITED 

11.19 BRENTCLIFFE RD, LEASIDE, TORCPCO I:, ONTARIO, CANADA 

Type of equipotentiol and electrostatic flux lines 
established  by  probing  electrolytic  bath  to 
determine shapes and disposition of electrodes. 

(POINT —A" IN PHOTOGRAPH) 

NE W TECHNIQUES: Design and manufac-
turing techniques evolved for high power 
copper anode tubes were successfully 
brought to bear in developing the unusual 
qualities of Amperex VC50 and VC25 
vacuum condensers. Unique all-copper 
OFHC construction, large area seals, un-
usual mechanical ruggedness and elimina-
tion of welds insure more efficient and 
economical operation. 

PRIOR ART. When the vacuum condenser 
project was  initiated in the Amperex 
laboratory, one of the first steps was the 
prolonged testing of all available types 
under field conditions. Concentrated high 
frequency fields and bottlenecks to current 
passage were common to all. These "hot 
spots" inevitably resulted in overheating, 
creating the risks of puncturing and dis-
tortion of the delicate balance of elements 

THE SHAPE OF THINGS: More than 200 
theoretical shapes for the VC50 electrodes 
were tested in the electrolytic bath. Re-
sulting lines-of-force curves dictated the 
shapes finally adopted. These spread the 
fields of force, eliminating destructive con-
centrations. It was discovered, also, that 
elements carrying high frequency current 
had to offer surface areas much larger 
than those which had contented older 
practice. Wires even of comparatively 
large diameter were found electrically in-
sufficient and in addition, presented me-
chanical hazards. Elimination of current-
carrying welds was indicated. Basic de-
velopments and nu merous manufacturing 
refinements growing out of these tests 
were built into the Amperex VC series 
They are responsible for outstanding per-
formance records. 



lightweight 
and compact! 

The Bendix Radio Type TA-17 Trans-
mitter is now available to manufac-
turers and operators of feeder line and 
executive type aircraft. 

Built to rigid perforthance require-
ments—requirements that have made 
Bendix Radio the acknowledged leader 
in equipment and systems design for 

' large air transport services—the TA-17 
is a powerful, lightweight, multi-channel 
high frequency transmitter; making 
precision radio equipment available to 
the feeder line and charter operator 
without a proportionate sacrifice in 
potential payload. Weighing only 35 
lbs., complete with shockmount and 
built-in power supply, the TA-17 Trans-
mitter delivers a full 50 watts output 
on four crystal-controlled channels at 
any frequency between 2850 kc. and 
12,500 kc. 

It utilizes standard single ATR/JAN-
C172 case, chassis and shockmount 
design. All antenna tuning adjustments 
are accessible from the front panel, 
greatly simplifying the antenna tuning 
problem. A cover plate protects the 
tuning controls in normal operation. 

BENDIX RADI O  DIVISI ON 

BENDIX  AVIATI ON  CORPORATI ON 

BALTI MORE 4, MARYLAND 

BENDIX   RADIO) 

STA NDARD FOR 

THE 

AVIATIO N INDUSTRY 

en 
AVIATION  CORPORATION 

and E*ec 

For eeder Line 
\ r 

tive Type Aircraft 
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ELECTRONICS 
,\ 

ACCURATE TIME AND CURRENT CONTROL 
Avs ifead odder.: 

To cut welding time on small-part fabrication, such 
as welding solid or stranded conductors to terminals, 
welding electronic tube elements, or other small 
parts, look into the possibilities of the Thyratron-
controlled bench-or-tong, low-capacity spot welder. 
These alert, accurate controls, with a suitable 

transformer, have recorded a two-to-one advantage 
over soldering and rivet fabrication. Because of 
Thyratron welding controls' accuracy and split-cycle 
response, rejects drop to a new low. They are de-
signed for either 230v or 460v, 60-cycle operation, 
and are rated 77 amperes peak on a duty cycle not 
exceeding 10 per cent. Equipment for 50-cycle opera-
tion is also available. Write for Bulletin CEA-4175A. 

ONE AND A HALF INCHES 
leostrameot aeuoute, 

General Electric's 1%-inch panel 
instruments include direct-cur-
rent, radio-frequency, and 
audio-frequency types, in both 
conventional and watertight con-

, struction. All feature the com-
pact, internal-pivot element and Textolite cases; will 
withstand 50 G's shock, and are accurate to within 
±2 per cent. The conventional, direct-current instru-
ment is supplied self-contained for current measure-
ments from 100 microamperes to 10 amperes and for 
voltage measurements up to 150 volts. For other re-
quirements, combinations of instruments and acces-
sories can be had. Write for Bulletin GE A-4380. 

lor- GENERAL 
2A 

TERMINAL BOARDS to eat 10146g, rime 
There's less motion and more wiring speed when 
terminal boards are G-E Type EB-2. Strip the wire-
end, insert it in the connector, tighten a screw, and 
the connection is made. Each of these solderless, 
pressure connectors will accommodate one No. 8 
stranded conductor, two No. 12 stranded conduc-
tors, or three No. 12 solid conductors, all AWG. 
Type EB-1 differs from EB-2 only in its terminals, 

which are the conventional washerheaded screw 
type. Both boards are molded from strong, long-last-
ing Textolite, both are available in 4-, 6-, 8-, and 
12-pole sizes, and are equipped with marking strips. 
Covers are optional. Write for Bulletin GEA-1497A. 

744e vid04-‘04 dear dt.4u, Aar 
eaa FLAMENOL WIRE 

Flamenol hook-up 
wire's tough, plastic-
ized-polyvinyl-chloride 
insulation strips clean, 
bends without cracking, 
and is available in seven 
different colors. Nor-
mally, it needs no bulky 
armor-braid for protec-
tion. As a result, Fla-
menol speeds up wiring 

operations on electronic apparatus, where voltages 
do not exceed 600. Flame-resistant, corrosion-re-
sistant, non-oxidizing, and unaffected by most hydro-
carbon solvents, mild acids and alkalies, Flamenol 
rarely needs either attention or replacing. Its glossy 
finish looks new, and stays that way. Write for Bulle-
tin GEA-4352. 

ELE 
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NEW D-C PYRANOL* CAPhwiut,4 
wed mew qua&tey, der.4, lettla94 

New materials, new manufacturing techniques and 
strict quality control, which were so important in 
the excellent records d-c Pyranol capacitors made 
during the war, are now incorporated into a new 
line of d-c Pyranol capacitors built to meet exacting 
commercial requirements. 
This new line of d-c Pyranol capacitors has a 

broader range of sizes, ratings, and mounting ar-
rangements, with characteristics that allow operation 
through the temperature range from —55C up to 
85C, at altitudes as high as 7,500 feet. Sizes range 
from "bathtub" up to large, welded-steel case sizes, 
capacitance from .01 muf to 100 muf, and voltages 
from 100v to 100,000v. Write Transformer Division, 
General Electric Company, Pittsfield, Mass. 

°Reg. U. S. Pat. Off. 

MORE "KNOW" MEANS Axes 'do? 
To help train new 
technical personnel, 
and make supervisory 
and production men's 
jobs mean more, G.E. 
offers this 12 part talk-
ing slide film, pre-
pared to teach even 

non-technical personnel the elements of electronics. 
It comes complete with 12 slide films and records, 
300 review books, instructor's manual and carrying 
case; price of the kit is $100. Call your local G-E 
office, or order direct from Apparatus Dept., Sect. 
642-13, General Electric Co., Schenectady 5, N. Y. 

TIMELY HIGHLIGHTS 
ON GE COMPONENTS 

40  •  • 

FITS AND FIT FOR 
eta, laseiNeaed-A144tie 

Because it can be fabricated with machine tools 
into practically unlimited numbers of shapes, G-E 
Textolite sheet, tube, and rod stock adds flexibility 
to electronic apparatus design. Over fifty different 
grades — each with an individual combination of 
electrical, mechanical, chemical, and thermal proper-
ties — assures you that tube bases, coil forms, bus-bar 
supports and other components will be exactly right 
for your job. For additional information on G-E 
Textolite, write to Plastics DivisiOns, Chemical De-
partment, General Electric Company, Pittsfield, Mass 

  Electric Company, Sect. 642-13 

Apparatus Department, Schenectady 5, N Y. 

Please send me 

GEA-1497A (Terminal Boards) 

GEA-4175A (Thyratron Welding Controls) 

GEA-4380 (Small Panel Instruments) 

GEA-4352 (flamenol) 

Note: More data available in Sweets File for product designers. 

Name   

Company   

Address   

City  State   

• 
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THE 1-10A 

The ONE-TEN-A is a complete redesign of the ONE-TEN, 

retaining all the proven design features of the older model 

but with improved performance and smoothness of control. 

For many years the ONE-TEN has been the "standard" re-

ceiver for work in the range from one to ten meters. Although 

many advances in high frequency technique have been made 

since this little receiver was first introduced, it has easily held 

its place in the affections of experienced amateurs by its con-

sistent dependability under actual operating conditions and 

its high usable sensitivity. 

The new ONE-TEN-A inherits the fine qualities of its pred-

ecessor brought up to date by a complete restudy of circuit, 

mechanical arrangement and constructional details. 

The ONE-TEN-A is a fine receiver. 

iiikNATION N MI NI MIMALDEN, MASS 

\\ 
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intrufittneitis3iows-dmifilittiatte741-

"It's a fact, John, those little TUNG-

SOL Miniatures are actually doing a 

better job than the big tubes. Take 

radio frequency amplifiers for exam-

ple. There's the TUNG-SOL 6BA6 

for transformer and storage battery 

operated sets and the 12BA6 for series 

filament operation. It's only natural 

that you get greater rigidity with the 

shorter structure and the same grid 

cathode spacing . . . and to give you 

some idea of space saving, one of these 

little fellows occupies less than half 

the chassis area that a big tube re-

quires. Think what this means in com-

pact equipment like an auto set. 

"With these 

miniature amplifiers it's possible to 

obtain the correct bias by means of a 

cathode resistor of 68 ohms for normal 

operating current. If unbypassed this 

gives partial compensation for varia-

tions in input capacitance due to 

changes in automatic volume control 

voltage. Almost complete compensa-

tion can be obtained with 

a 100 ohm unbypassed 

cathode resistor. Under 

this condition the 

effective 

transconductance is 2700 microhms. 

Excellent performance is obtained 

in the frequency modulation and tele-

vision intermediate frequency bands. 

The stable gain figure of merit is 

about the same as for the large type 

tube while the broad band figure of 

merit is about 30% greater. 

"I tell you, John, you should lay 

your tube problems before these 

TUNG-SOL Engineers. They'll 

help you select the miniature 

that'll be most efficient and 

they won't disclose your 

plans to others. You see 

they're tube manu-

facturers, not set 

builders." 

TUNG-SOL 

ELECTR O N TUBES 

• 

TU N G- S O L  LA M P  W O R K S  IN C.,  NE W A R K  4,  NE W  JE R S E Y 

Sales  Offices: Atlanta • Chicago • Dallas • Denver • Detroit • Los Angeles • New York 
Also Manufacturers of Miniature Incandescent Lamps, All-Glass Sealed Beam Headlight Lamps and Current Intermittors 

Proceedings of the I.R.S. and Wares and Electrons  November, 1946  SA 



AEROVOX SERIES PX ar9 .:52a-zafe CAPACITORS 

WATTS— 
SECONDS 

Typical discharge applica-
tion—th• "Syncrotlash"— 
AC operated  light-weight 
100-watt-second high-speed 
photo-flash apparatus. 

12.5  4000 volt DC 
pea  yvol Energy-
Store a Capacitor. 

ENERGY STORAGE  • CAPACITORS 

PREFERRED RATINGS 

VOLTS — E TYPE NO.  DIMENSIONS NT. 

22.5 

50 

50 

100 

75 

55a 

100 

500 

1.5 KVDC peak 

1.8  

2.0 

2.5 

3.0 

3.0  " 

4.0  " 

4.0  " 

•O 

CI 

PX10F1 

PX13D1 

PX14D2 

PX15D1 

PX18D1 

PX22F1 

PX20D1 

PX32F1 

21/2 x 33/4  x 

4-9/16 x 33/4 x 4% 

4-916 x 33/4 x 

4-9/16 x 33/4 x 61/2  

4-9/16 x 33/4 x 

51/2  x 13 1/2  x 13 

4-9/16 x 33/4  x 43/a 

51/2  x 131/2  x 13 

'Stored Energy = 1/2 Cr, Watts Seconds (C in farads) 

movox 
capacitors 

WT. 
LBS. 

23/4 

4% 

61/a 

4% 

64 

43/s 

63 

Z -Ape:a/ Zee:a 
.  \ 

HIGH-SPEED FLASH PHOTOGRAPHY 

CAPACITOR-DISCHARGE WELDING 

ELECT 0  IC TI MING CIRCUIT S. 

• Interested in storing a large amount of energy 
in a small space—and at low cost, first and last? 

If so, Aerovox Series PX Energy-Storage Ca-
pacitors are your logical choice. Here's why: 
Light. Fast discharge. Easily installed. Excep-

tionally rugged mechanrcally and electrically. 
Time-proven Hyvol impregnant and fill for the 
generously-proportioned paper-and-foil sections, 
insures dependable service and longest life. Posi-

tively the maximum energy-storage with minimum 
bulk and weight. 
Preferred ratings available for prompt delivery, 

are listed at left. Other ratings can be designed and 
made to order for exceptional requirements. 

• Our engineers will gladly discuss the advan-
tages of Aerovox Energy-Storage Capacitors as 
applied to your specific problems or needs. 

FOR RADIO-ELECTRONIC AND 
INDUSTRIAL APPLICATIONS 

OVOX CORPO UTilkit NEW BEDFORD, MASS., U.S.A.-7'7 

it: 13 E. 41113 Sr., NEW Yon    

6A Proceedings of the I.R.E. and Waves and Electrons  November, 1946 



PIC 
VA 

WSAP 

/ MORE THAN 30 BONA FIDE 
ORDERS ALREADY SIGNED! 

\ NEWARK 
WPAT 

FM BY FEDERAL will soon be giving 
millions of America's radio listeners 
the benefits of finer, static-free broad-
casting. Already, more than 30 radio 
stations have placed their orders with 
Federal—for equipment that is being 
made, shipped, and installed now. 

Federal can equip your new FM station too—from 
microphone to antenna. Federal's FM transmitters, 
with the "Frequematic" modulator, assure outstand-
ing fidelity and carrier stability. And with Federal's 
new 8-Element Square-Loop Antenna, you can get an 
effective radiated power eight times that of the trans-
mitter. For finer equipment, faster delivery, and free 
installation service—make Federal your one source for 
all your FM needs. 

Write Dept. B944 for information. 

WSVA 

WPAT 

WGRC 

W MBH 

WBEN 

W MRC 

WHBP 

WHNY 

Here Are The First 30 Orders 

for FM by Federal 

Harrisonburg. Va. 
10-Kw Transmitter 
5-Kw Transmitter 
Associated Equip. 
Paterson, N. J. 
10-Kw Transmitter 
Louisville. Ky. 
10-Kw Transmitter 
Joplin. Missouri 
3-Kw Transmitter 

Buffalo. New York 
3-Kw Transmitter 
2-Element Square-
Loop Antenna 

Associated Equip. 
Greenville, S. C. 
10-Kw Transmitter 
8-Element Square-
Loop Antenna 

Associated Equip. 
Reading. Pa. 
3-Kw Transmitter 
Associated Equip. 
Hempstead, N. Y. 
1-Kw Transmitter 

WINC 

WLIB 

WBLJ 

WELD 

KOAD 

WE W 

Winchester, Va. 
3-Kw Transmitter 
6-Element Square-
Loop Antenna 

Brooklyn, New York 
10-Kw Transmitter 
Antenna 
Associated Equip. 

Dalton, Georgia 
3-Kw Transmitter 
Associated Equip. 

Columbus. Ohio 
10-Kw Transmitter 
Antenna 
Associated Equip. 

Omaha, Nebraska 
1-Kw Transmitter 
8-Element Square-
Loop Antenna 

Associated Equip. 
St. Louis, Missouri 
10-Kw Transmitter 
8-Element Square-
Loop Antenna 

Associated Equip. 

WSAP 

WTCN 

W WLH 

WAPO 

WROL 

WFIBM 

W KWK 

WPAD 

W MBS 

Portsmouth, Va. 
3-Kw Transmitter 
Associated Equip. 

Minneapolis. Minn. 
3-Kw Transmitter 
8-Element Square-
Loop Antenna 

Associated Equip. 

New Orleans. La. 
3-Kw Transmitter 
Antenna 
Associated Equip. 

Chattanooga, Tenn. 
250-Watt Transmit. 

Knoxville, Tenn. 
8-Element Square-
Loop Antenna 

Associated Equip. 

Chicago. Illinois 
3-Kw RF Amplifier 

Wheeling, W. Va. 
3-Kw Transmitter 
Associated Equip. 

Paducah. Kentucky 
3-Kw Transmitter 
Associated Equip. 

Uniontown. Pa. 
1-Kw Transmitter 
Associated Equip. 

WSBT  South Bend, Indiana 
10-Kw Transmitter 
8-Element Square-
Loop Antenna 

Associated Equip. 
W HIS  Bluefield. W. Va. 

20-Kw Transmitter 
12-Element Square-
Loop Antenna 

WCIL  Carbondale. Ill. 
1-Kw Transmitter 
Associated Equip. 

WJLS  Beckley, W. Va. 
3-Kw Transmitter 
8-Element Square-
Loop Antenna 

Associated Equip. 
*  North Jersey Radio, 

Inc. 
Newark. New Jersey 
3-Kw Transmitter 
Antenna 
Associated Equip. 

*  Grand Rapids, Mich. 
3-Kw Transmitter 
Associated Equip. 

*  Kankakee, Illinois 
10-Kw Transmitter 
Associated Equip. 

#Call letters not yet assigned. 

Federal Telephone and Radio Corporal/Oil 
In Canada :—Fcideral Elactric Manufacturing Company, Ltd., Montrital. 

Export DIstrIbutorit—InternatIonal Standard Electric Corp. 67 Brood St., N.Y.C. 

Newark 1, 

New Jersey 

Proceedings of the I.R.E. and Wares and Electrons November, 1946 7,x 



I  11 

a 

RAYTHEON s 250 WATT FM TRANSMITTER 
INCORPORATING THE NE W 

eade de, PHASE SHIFT 

250 Watt FM transmitter, also standard 
exciter unit for all higher power. 

• 

• 

. 
• 

•  a -a a 

s • o 

• 

• 

wat 44- 44-

-11r1.0" e" 

CI • CI 
r  eg- .te 

•  •  • 

MODULATION 

• 0 

Thorough tests in actual competition with 
all other systems of modulation have proved 
the superiority of the Cascade Phase Shift 
Circuit—in signal quality, simplicity and de-
pendability. 
Raytheon's Cascade Phase Shift Modula-

tion is a basically direct circuit which adds 
the phase shift of six simple stages to produce 
the required phase shift needed for high fidel-
ity modulation—at an inherently lower noise 
level. This extremely simple circuit elimi-
nates the major faults of other systems and 
brings important advantages never before 
possible (See features). 
Carefully compare and you will buy Ray-

theon. Place YOUR order now for Fall delivery. 

111 k44 -4-.}4,4 i 

)  • ED ' 

4) #)  O r . 

Above—Complete Cascade Phase Shift Modulator. 
Left—front control panel of Transmitter. 

YOU WILL WANT EVERY ONE OF THESE TEN IMPORTANT 

FEATURES... ONLY RAYTHEON CAN GIVE THEM TO YOU 

I. Simplified circuit design thru the Cascade system gives stability 
and efficiency to Raytheon FM. 

2. Direct Crystal Control, independent of modulation, gives posi-
tive and automatic control of the mean carrier frequency. No com-
plicated electronic or mechanical frequency stabilizers are used. A 
single high quality crystal does the job. 

3. An inherently lower noise level is achieved by Cascade Phase 
Shift Modalation which adds the phase shift of six simple stages. 

4. Very low harmonic distortion —less than 1.0% from 50 to 
15,000 CPS vs ith 100 KC frequency deviation. 

5. Conser.fatively operated circuits prolong tube life—prevent 
program interruptions. 

6. No expensive special tubes. The modulator unit uses only in-
expensive receiver type tubes of proven reliability. 

7. Unit construction. There is no obsolescence to Raytheon FM 
Transmitters. Add an amplifier later to give the desired increase in 
power. All units are perfectly matched in size, styling and colors. 

8. Simple, very fast tuning. Circuit can be completely tuned up 
in two or three minutes without external measuring instruments. 

9. Lasting economy. Low first cost—low power cost—advanced 
engineering design—plus modern styling, guarantee years of satis-
faction. 

10. Easy to service. Excellent mechanical layout, vertical type 
chassis and full height front and rear doors make servicing fast and 
easy. 

RAYTHEON MANUFACTURING COMPANY 
Brcadcast Equipment Division 

7517 No. Clark Street, Chicago 26, Illinois excei(erece  fheltoriica 

DEVOTED TO RESEARCH AND MANUFACTURE  FOR THE BROADCASTING  INDUSTRY 



Why 
there are so many 

REVERE 
METALS 

M HERE are so many Revere Metals 
I. because no one metal can possibly 
fill all requirements. For high electrical 
and heat conductivity, for example, the 
coppers are supreme, but where heat 
conductivity plus extra strength is re-
quired, as in condensers and heat ex-
changers, alloys such as cupro-nickel 
or Admiralty metal may be required. 
Special corrosive conditions likewise 
may affect the choice of metal. When 
weight is a factor, as in anything that 
must be moved by mechanical or man-
power, there are Revere aluminum and 
magnesium alloys. If fabrication costs 
are an important element, copper in 
one of its several types will be selected 
for some products, free-cutting brass 
rod for screw machine work, brass 
sheet and strip for severe forming 
operations, Herculoy for the corrosion 
resistance of copper with strength of 
mild steel plus ready weldability. Sel-
dom, however, is there only one factor 
to be considered in selecting a Revere 
Metal; usually there are several, and 
striking the correct balance may not 
be easy. In such cases, Revere is glad 
to offer the cooperation of its Tech-
nical Advisory Service. 
Revere Metals are offered in the form 

of mill products, as follows: Copper 
and Copper Alloys: Sheet and Plates, 
Roll and Strip, Rod and Bar, Tube 
and Pipe, Extruded Shapes, Forgings. 
Aluminum Alloys: Tube, Extruded 
Shapes, Forgings. Magnesium Alloys: 
Sheet and Plate, Rod and Bar, Tube, 
Extruded Shapes, Forgings. Steel: Elec-
tric Welded Steel Tube. 

REPERE 
COPPER AND BRASS INCORPORATED 

Pounded by Pawl Revere in ISM 
230 Park Ave., New York 17, New York 
Mills: Baltimore, Md.; Chicago, III.; Detroit, Mich.; 
New Bedford, Mass.; Rome, N. Y.—Sales Offices in 

Principal Cities, Distributors Everywhere. 

Listen to Exploring the Unknown on the Mutual Net-
work every Sunday evening. 9 to 9:30 p.m., EST. 

M S" 
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CENTRALAB 
takes the "Mystery" out of CERAMICS 

CE NT R A LAB controls porosity 1.7n ceramics.  • Centralab controls heat-shock characteristics. 
Centralab controls physical strength. • Centralab holds tolerances of + .001" where grinding is feasible. 
Centralab is prepared to supply you with ceramics harder than the hardest quartz (71/2 on Moh Scale). 
If you need a versatile ceramic for spec:alized or standard applications, invoke the magic name of Centralab. 

Send for Bulletin No. 720 

Division of GLOBE-UNION INC., Milwaukee 

PRODUCERS OF 

Ceramics 
Silver Mica Capacitors  Bulletin 720 

Bulletin 630 

Ceramic Trimmers 
Bulletin 630 

Rodiohms 
Bulletin 697 

Ceramic High Voltage Capacitors 

Tubulltsr Caeamic 
Capacitors 
Bulie•in 630 

Ceramic Plate :apacitors 
Bulletin 630  Bulletin 630 

Selector Switches 
Bulletin 722 

10A o1 tI,  I I I.  ,uI 11'.rr le, 



Dependability and Uniformity of 

Accuracy Assured in the 

-hp- 400A Vacuum Tube Voltmeter 

This delicate -hp- engineered winding de-
vice, equipped with cam-operated com-
pensating wire guides, permits an even, 
steady movement of .001" resistance wire 
to the flat resistor card. Full potentiome-
ter drive control permits winding at any 
practical rate of speed. Wire spacing 
can be mechanically controlled at any 
interval between .001" and .007". 

Flat resistor voltage dividers for the -hp- 400A 

Voltmeter are precision-wound by machine. This 
development by -hp- engineers makes possible the 

construction of more precisely uniform instruments 
—more economically, more quickly. 

The -hp- 400A Voltmeter long ago set a high 
standard of accuracy in measurements ranging 

from .005 volts to 300 volts, at frequencies from 
10 cps to 1 megacycle. There are no troublesome 

adjustments to make during measurement, and 
normally no special precautions against over-

loads are needed. 
The meter of the -hp- 400A has scales for both 

voltage and decibel calibrations; ind a handy range 

mc w,  100 A 

•14) 
117 

knob permits instantaneous range selection in 10 
db steps. The instrument itself is light, rugged, and 

compact for easy portability. 

Write today for complete details and price of 
this precision-built, general purpose voltmeter. 

HEWLETT-PACKARD COMPANY 
1293D PAGE MILL ROAD, PALO ALTO, CALIFORNIA 

Vacuum Tube Voltmeters 

Audio Frequency Oscillators  •  Noise 

Wave Analyzers • Frequenc Meters • 
Frequency Standards • Attenuators • 

Amplifiers  .  Power Supplies  • 

Audio Signal Generators 

and Distortion Analyzers 

Square Wave Generators 

Electronic Tachometers 

UHF Signal Generators 

LAB OR AT ORY  IN ST R U ME NTS  FOR  SPE E D  AN D  AC C UR A C Y 
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Radio-frequency  wave-

form of horizontal sync 

pulse. Horizontal sweep 

frequency of the oscil 

lograph  set  at  15,750 

cps. 

o)e 
SOU.041.P. 

•"", 
• 

Radio frequency 

waveform of vertical 

sync pulse. Horizon. 

tal sweep frequency 

of  the oscillograph 

set at 60 cps. 

0 

DU MONT Type 241 
CATHODE-RAY OSCILLOGRAPH 

Ideal for the observation of 

AUDIO, VIDEO and R-F signals... 

10 For unexcelled performance at moderate 
cost, the Du Mont Type 241 Oscillograph offers 
these outstanding features: 

O The Type 5JP cathode-ray tube with intensifier elec-

trode for increased light intensity of the observed 

trace. 

O  A vertical amplifier for study of signal frequen-

cies up to 2 megacycles. 

9  Direct connections (on front panel) to deflection 

plates for signals up to 60 megacycles without in-

teraction between horizontal and vertical deflec-

tion plates. 

O  Use as a modulation monitor over the standard 

broadcast band. 

O Examination of very short pulses in television 
transmitting and receiving equipment. 

o Brilliant, easy-to-photograph oscillograms through 

use of the Du Mont Type 5JP11 intensifier-type 

cathode-ray tube. Deficiencies in a television sync 

generator under test show up in the accompany-

ing oscillograms taken on the Du Mont Type 241. 

0 Literature on request. 

JUST ANOTHER REASON WHY DU MONT IS AL WAYS YOUR "BEST BUY" 

. DU M ONT LASORAT ORIES,  INC. 

011 M fl1  ãqe leiltWea6 Teh Wit 
ALLEN B. DuNIONT LABORATORIES, INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 

- - -- - -- - - - - - - - --- -- - -- --
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Crystal Mount DB-453 

EVERY DE MORNAY-BUDD WAVE GUIDE 
is Electrically Tested, Calibrated and Tagged 

Rotating Joint D8-446  90 ' Elbow (H Plane) DB-433 Pressurizing Unit DB-452 

Uni-directional Broad Band Couplet DB-442 

Bi-directional Narrow Bard Coupler DB-441 

Bulkhead Flange DB-451 

- 

Uni-directional Narrow Band Coupler DB.-440 

STRAIGHT 
SECTION 

I 
REFLECT,;R 

FEED HORN 

ROTATING JOINT 

FLAT 90 ELBOW 

90' TWIST 

MITERED ELBOW 

EDGE 90 ELBOW  90' TWIST 
• 

.F UNIT 

Typical plumbing arrangement illus-
trating use of De Mornay - Budd com-
ponents available from standard stocks. 

When you use any De Mornay•Budd wave guide 
assembly, you know exactly bow each compo-
nent will function electrically. You avoid possible 
losses in operating efficiency through impedance 
mismatches, or breakdown and arcing caused by 
a high standing wave ratio. (See chart below.) 

De Mornay•Budd wave guides are manufac-
tured from special precision tubing, and to the 

The curve shows the manner 
in whicl- the reflected power 

increases with an increase in 
the  vol'age  standing  wave 
ratio. Tie curve is calculated 
from the following equation; 

(% Power Reflected =  Vv'moin  2 )  1 ) 

(v r, ) + 1 
rni 

faitered Elbow (H Prase) DB-439 

90' Twist DB-435 

RF Radar Assinnbly DB-412 

most stringent mechanical specifications. Rigid 
inspection and quality control insure optimum 
performance. 

NOTE: Write for complete catalog of 
De Mornay•Budcl Standard Components 
and Standard Bench Test Equipment. Be 
sure to have a copy in your reference files. 
Write for it today. 

• 
VC. , Kt  0 710 

Pr.f riot 1.1 7;11. ',Kr" no 

STA KING 

••. 
be Mornay 3udd, Inc, 475 Grand 
Concourse, Nlew York 51, N. Y. 
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The Ey\e, Thai Never C 

You are looking at a thermistor — 
a speck of metallic oxide imbedded in 
a glass bead hardly larger than a pin-
head and mounted in a vacuum. The 

thermistor was developed by Bell Tele-
phone Laboratories to keep an eye on 

the amplification in long-distance tele-
phone circuits. 

When a thermistor is heated, its 
resistance to electric current changes 
rapidly. That is its secret. Connected 
in the output of repeater amplifiers, 
it heats up as power increases, cools 
as power decreases. This change in 
temperature alters the resistance, in 
turn alters the amplification, and so 
maintains the desired power level. 
Current through the wire at the left 
provides a little heat to compensate 
for local temperature changes. 

Wartime need brought a new use 
for this device which can detect tem-
perature changes of one-millionth of 
a degree. Bell Laboratories scientists 
produced a thermistor which could 
"see" the warmth of a man's body a 
quarter of a mile away. 

Thermistors are made by Western 
Electric Company, manufacturing 
branch of the Bell System. Funda-
mental work on this tiny device still 
continues as part of the Laboratories 

program to keep giving America the 
finest telephone service in the world. 

1 o es 

I  I 

BELL TELEPHONE  LABORATORIES 
EXPLORING AND INVENTING, DEVISING AND PERFECTING FOR CON-

TINUED  IMPROVEMENTS  AND  ECONOMIES  IN  TELEPHONE  SERVICE 



INFINITELY LONGER LIFE 

FOR FLUORESCENT 

LA MP CAP ACITORS..• 

dtiaded-ed SPRAGUE 
VITAMIN 0 

Greatly increased production facilities now 

permit the application of Sprague's famous 

Vitamin Q impregnant to ballast capacitors 

for fluorescent lamps—with truly outstanding 

results. The tables below tell the story—on severe 

tests that leave nothing open to question 

as to the remarkable superiority of these 

Sprague units. NO Sprague Vitamin Q 

Capacitors failed during the life of the tests. 

ALL of the competing units did! 

SPRAGUE ELECTRIC COMPANY, North Adams, Mass. 

LIFE TEST 140. 1 
Tested at 490v. A.C. 85°C. in circulating air 

Tested  Molter 

1st Hours Life at Failure of each unit tested 
2nd  3rd  4th  No Un.tt 

5  SPRAGUE  NO FAILURES AFTER 750 HOURS I 

5  Mfr. 1  37  124  339  498 

2  Mfr. 2  107  243 

Unit, totted in both rose, were 
standard 31/2  mfd. 330v. A.C. 
Fluor  t Capacitors in 2" d. 

21/4 " h. cans. 

No Units 
'retied 

4 

3 

3 

3 

Maker 

SPRAGUE 

Mfr. 
hdfr. 

Mfr. 3 

5th 

516 

imp.anard 
VITAMIN 0 

Chlorinated dipitenY1 
Mineral Oil 

LIFE TEST 140. 2 
Tested at 575v. A.C. 85-C. in still air 

Results 

N O FAILURES AFTER  750  HOURS  I .................. VI TAMIN 0 
All failed in less than 4 hours  ................... Chlorinated dipheny1 ....................... Mineral Oil 

"  "  " "  " 4  "  ................... • • .. Mineral Oil 

PO WER FACTOR 
550 v. A.C. 85 C. 

(as measured on a Schering bridge) 

Sprague 

Mfr. 1 

Mfr. 2 

'mar ..... I 

0  27% 

0  62% 

0  45% 
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FM noise level   

AM noise level   

Carrier Frequency stability 

Important FM news 
for Broadcast Managers . . . Engineers . . . Listeners 

tit-
yth, 
sent 
apcne - 
that. 
ay." 

-ices 
147as 
101/8 

ged 

Unexcelled Performance of 

Western Electric FM Transmitters 

Audio Frequency Response   

Harmonic distortion — for  +75 KC swing  Less than 0.5 % from 30 to 15,000 cycles 

— for  *100 KC swing. Less than 0.75 % from 30 to 15.000 cycles 

fruermodulation — - - for  ±75 KC swing. . Less than 0.5% for 80% .50 eyries and 

20% 1000 cycles; less thaw 1.0% for 

80% 50 cycles and 20% 7000 eyeles 

65 DB below *75 KC swing 

SO DB below 100% •mpitude modulation 

 Less than 2000 cycles deviation 

(no crystal heater) 

(1.23 DB from 30 to 15,000 cycles 

but that it persists in e transmitting 
' not play. and reproducing som that they do 

These tones, resulting from  a ° 
proc ess known 
cross  to the engineer as ra 

modula tion (in both trans-  tha 
th n , ..-.1-.4.. , . itter and receiver) are discord-  quen 

FROM AN ARTICLE  DU111 

BY EDWIN H. ARMSTRONG  du 

BROADCASTING, JULY 1, 1946  sid 

tri 
uriu not -like- t 

• W k., 

t is FM's uniq  abilit  to 
ue  y trans mit and reproduce only the 

tones  io actually produced in the  
stud  that has evoked the com-
mendation of  er  the musical authori-
ties heretofore ref erred to in this lett. 

or-  th 
nn 
101 

IT is low cross modulation (intermodulation ), as  
Major Armstrong points out, which allows FM 

to reproduce only the notes actually played and 
thus achieve such naturalness of tone. 

Western Electric's Synchronized FM trans-
mitters are unique in FM broadcasting because of 
their unusually low intermodulation products— 
achieved by a complete separation of the oscilla-
tor-modulator circuit from the frequency control 
circuit. 

For other important features of Western Elec-
tric's complete new line of FM transmitters, con-
tact your nearest Graybar Broadcast Equipment 
Representative, or write to Graybar Electric Com-
pany, 420 Lexington Avenue, New York 17, N.Y. 

Western Electric 
QUALITY COUNTS 
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ST • MAD 
• The favorable mechanical and electrical charccteristics of AlSiMag 35 for precision resis-

-or forms have been demonstrated in countless 3 ppfications. The permanent rigidity, high 

-nechanical strength. and the nherent accuracy to which this mcterial can be held, make i• 

unrivalled in this  ield.  • Special equipment enables Amer.con Lava Corporation to 

fabricate quickly and cheaply practically any type of resistor f Dim required. Flanges car 

oe rounded to minimize wire losses in winding. -tubs can be grooved, notched, slotted, or 

tapped, to facilitate your method of anchoring te -minals  • If you.. will submit your designs 

.Arrerican Lava Corporation w II be glad to show you what its special production facilities 

can do for you. 

16.0)..4',4,444 AMERICAN LAVA CORPORATION 
CH ATTA N O O G A  5,  TE N NESSEE 
44 T H  YE A R  OF  CE R A MI C  LE A DER S HI P 

ENGINEERING SERVICE OFFICES• 
T. LOUIS, Mo., 1123 Washington Ave.. Tel: Garfield 4959 • NE WARK, N. 1., 671 B-oad Street, Tstl: Mitchel, 2-8150 
:AMEIR/DGE, Mass., 38-1 Brats,* St., Tel Kirkland 4498 • CHICAGO, 9 S. :linttn St., Tel: Central 172 , 
34141 FRANCISCO, 763 Second St., Tel  Douglas 2464 • LOS ANGELES, 324 N ;an Fedi.° St., Tel: Mutual 9076 



finch TELEFAX 
IS REALLY "PRINTING 

BY REMOTE CONTROL" 

Finch Telefax equipment transmits 
and records — by radio or telephone — exact 

facsimiles of written or printed messages, as well as 

drawings, photographs, signatures, typewriting, etc. Finch Telefax 

is really "printing by remote control." It is the fastest known and 

most accurate system of communication. Write for particulars. 

FINCH TELECOM MUNICATIONS, INC. 
Address all inquiries to Sales Office 

10 EAST 40th STREE T  •  NE W YOR K 16, N . Y. 

Makers also of Facsimile Broadcast Transmitting Equipment, Facsimile Home Recorders, 

Faxograph Duplicating Machines, and Finch Rocket Antenna for FM stations. 

i—n--ch ~tat e-ovhfee•Ye. 
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Edwin F. Eilloby•ldesigner of the popular 1075 develops the 

mount structure for a new transmitting triode. 

TUBE DESIGN is a 

BALANCING ACT 
The job of a vacuum tube designer would really 

make you tear your hair. Drawing mainly on long 
experience — only the bare principles of tube de-
sign are found in books — the design engineer 
must co-ordinate the  innumerable interlocking 
characteristics you specify. 
Using standard parts when possible — hand-

fabricating others, he assembles and processes 
engineering samples. Some characteristics may fall 
outside limits. Then begins a seesaw of compro-
mises. Screen diameter is lowered; input capaci-
tance rises. Plate current is raised; amplification 
factor drops. Back and forth teeters the design. 
Interlocking electrical, mechanical, physiochemical, 
ceramic, and metallurgical characteristics must be 
reconciled one after another. Finally the harassed 

designer submits apparently satisfactory tubes for 
application tests. 
You guessed it. Changes are required. The 

balancing act begins anew. Innumerable variables 
are again co-ordinated.  Science and creative 
craftsmanship triumph; everyone is satisfied. Pro-
duction takes over. Sure, it's a swell tube. But 
could this lead be changed, this spacer eliminated, 
this material substituted? Well, you see what we 
mean. 
Through the years, Hytron design engineers have 

sweated for you. They have originated: GT, sub-
miniature, vhf, instant-heating tubes. They have 
improved standard types including: 0C3, OD3, 
1616. Their experience will continue to craft for 
you the best in tubes. 

SPECIALISTS IN  RADI O RECEIVING TUBES SINCE 1921 

M AI N  O F FI C E:  S A L E M,  M A S S A C H U S E T T S 
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THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTRONIC PRODUCT 

CRYSTAL CONTROL with Eimac tetrodes 

means pin-point frequency stability 

plus ready portability for tomorrow's 

electronic heating units! 

This experimental diathermy unit quency  stabili 

WORKS ...and it prove s that the 

eas y, simple, SURE way to solve fre ty problems is with 

crysta l controlled Eimac tetrodes. 

te n  experitne 250  rmy application shown nta l diathe 
here, one EinlaC 4- A. trode is driven by a simple 
crysta If:  controlled r-f exciter t employ 
ing a hndful of parts  and only two rece iving type 

Exciter  ncy multiplication plus great 

power amplific  the EiMaC tet rode permits tubes.  freque 

approximately 500 watts output at 27.32nce a this 
Mc. And ation by 

because of the low plate-to-grid capacita   

heat-

tetr ode, no neutralization is necessary. 
The success of Eimac's experimentation with crys 

tal frequency control through Eirnac tetrodes has 
proved the usefulness of this combination—not 

on ly in diathermy—but in industrial electronic  
ing as well. Eirnac's 4-250A, 4-12 5A or other Eimac 
tetro des may well solve your  electron ic heating 
problem. You r inquiry will receive full an d prompt 
attention from either Eimac representathes or fac-

Once again—Eitnac engineers have pionee red the ineers. 

way to new developments in the el 

ectronic field. tory eng   

CALL IN AN EIMAC REPRESENTATIVE FOR INFORMATION 
ROYAL J. HIGGINS (W9A10), 600 
So. Michigan Ave., Room 818, Chi-
cago 5, Ill., Phone: Harrison 5948-
VERNER 0. JENSEN, Verner 0. 
Jensen Company, 2616 Second Ave., 
Seattle 1, Wash., Phone: Elliott 6871. 
M. B. PATTERSON (W5CI), Patter-
son & Co., 1124 Irwin-Keasler Bldg., 
Dallas 1, Tex., Phone: Central 5764. 

ADOLPH SCH WARTZ (W2CN). 
220 Broadway, Room 2210, New York 
7. N. Y., Phone: Cortland 7-0011. 

HERB BECKER (W6QD), 1406 So. 
Grand Avenue, Los Angeles 15, Cali-
fornia, Telephone: Richmond 6191. 
TIM COAKLEY (WIICICP), 11 Bea-
con Street, Boston 8, Massachusetts, 
Telephone: Capitol 0050. 
RONALD G. BOVVEN, 1886 South 
Humboldt Street, Denver 10, Colo-
rado, Telephone: Spruce 9368. 

JAMES MILLAR ASSOCIATES, J. E. 
Joyner, Jr. (W4TO) 1000 Peachtree 
Street, N.E., Atlanta, Georgia. 

• 

i  7 
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THE COUNTERSIGN OF DEPENDABILITY IN ANY ELECTR ONIC PRODUCT 

Eimajetrodes lead the way to simplified 
CRYSTAL FREQUENCY *CONTROL FOR 

DIATHERMY and ELECTRONIC HEATING 

Eimac 4-250A Tetrode 

0
 Crystal control of frequency now becomes the practical answer to the 
new frequency stability requirements. Eimac tetrodes make crystal fre-
quency control feasible and simple. Crystal control through Eimac tet-
rodes means maximum frequency stability, end of objectionable radia-
tion, and handy portability for electronic heating units of the future. 

Here's How an Eimac Tube 
Makes This Practical 

The way just one Eimac 4-250A tetrode 
makes crystal frequency control prac-
tical is shown in this operative, experi-
mental circuit assembled by Eimac en-
gineers. The circuit is also applicable 
to other forms of electronic heating. 

Here's Why Eimac Tubes 
Make Crystal Frequency 
Control Practical 

Because of their unique characteristics, 
Eimac power tetrodes such as the 4-250A 
and 4-125A are ideal for use in circuits 
like the one above. 

Eimac 4-125 Tetrode  These tubes have an unusually high 
power-gain for efficient performance at medium, high, or 
the very high frequencies used in diathermy and heating. 
For example, the 4-250A (at frequencies up to 70 Mc.) 
develops power output of 750 watts with a driving power 
of less than 5 watts. The 4-125A tetrode delivers 375 watts 
output with less than 3 watts drive. 

Greater Stability...Longer Life 
Both tetrodes have specially treated elements that 
insure longer life. Both have non-emitting grids 
which give great operating stability. 
Because of their low grid-plate capacitance (0.12 

uufd in the 4-250A and 0.05 uufd in the 4-125A), 
these tubes normally require no neutralization at 
diathermy or heating frequencies. (In fact, the 

4-250A normally requires no neu-
tralization up to 70 Mc ;4-125A ordi-
narily needs none even at 120 Mc.) 

Eimac Tetrodes for Power 
Amplification Throughout 
the Useful Frequencies 
Dependable, durable Eimac tetrodes 
are admirably suited for diathermy 
or electronic heating work, or for 
almost any power amplification as-
signment at any frequency, includ-

ing VHF. Write today to Eimac's local representa-
tives or factory engineers for complete data on 
these tubes. 

EITEL-McCULLOUGH, INC. 
1290.1 San Mateo Avenue • San Bruno, Calif. 
Export Agents: Frazar and Hansen, 301 Clay St., San Francisco 11, California, U. S. A. 
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NO 

SYLVANIA NEWS 
CIRCUIT ENGINEERING EDITION 

Ernimirmire 
Prepared by SI LVANIA ELECTRIC PRODUCTS INC., Emporium, Pa. 1946 

SYLVANIA COMMERCIAL ENGINEERING DIVISION 
AIDS IN PRODUCING EFFICIENT SET CIRCUITS 

Views ol Sylvania Electric's renowned Commercial Engineering 
Department. Here, new discoveries from Sylvania's laboratories 

are built into the latest products. 

Helping to engineer the best possible radio circuits for many set 
manufacturers is one of the numerous achievements of Sylvania's 
famous Commercial Engineering Department. 

Time and again circuits found to be unnecessarily complicated 
were simplified and made even more efficient through the work 
carried on here. 

(410 
IMAM • MIAL 
i n •• 

r or nearly twenty years Sylvania's Commercial Engineer-
ing Department has contributed to the advancement of circuit 
design as well as to the development of a great variety of 
electronic and lighting products. 

SOME PRODUCTS DF SYLVANIA 

ENGINEERING RESEARCH 

Radio receiving tubes, s Jch as the famous 
Lock-In. 

Miniature radio receivng tubes, includ-
ing the tiny T-3. 

1.4 volt battery tubes. 

150 ma. line of 6.3 vo t tubes. 

Radio transmitting tube s. 

Cathode ray tubes. 

Pirani tubes. 

Silicon Crystal Diodes. 

1N34 and 1N35 Germanium Crystals. 

Electroflash Tubes and Units. 

Radio tube parts. 

Fluorescent lamps. 

SYLVANIA TTLECTRIC 
MAKERS OF RADIO TUBES; CATHODE RAY TUBES; ELECTRONIC DEVICES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES; ELECTRIC LIGHT BULBS 
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... FROM ONE WORLD-RENOWNED SOURCE, 

YOU CAN OBTAIN ANALYSIS, ENGINEERING, 

MANUFACTURING AND INSTALLATION ABILITY 

BUILDING A COMPLETE 

communication system to 

meet your particular needs is a 

job for experts. Unless all units 

in the system are properly inte-

grated, the end result may prove 

unsatisfactory and costly. 

In spite of the fact no two commu-

nication problems are identical, 

Press Wireless—with their world-

wide operating and manufactur-

ing experience —can engineer a 

combination of standardized units 

to do your job. Obviously, such a 

procedure results in greater effi-

ciency, lower cost. 

After thorough analysis, and this 

means much more than "desk 

work", PW will present recom 

mendations for your "packaged" 

communication system —all units 

of which are designed and built to 

work together. Such a system will 

be complete from soil analysis to 

antenna tower, even to equipment 

housing where necessary. Thus, 

you will be able to obtain all the 

factors of a successful communi-

cation system from one source, 

under one contract. PressWireless 

Mfg. Corp., Executive Offices, 1475 

Broadway, New York 18, N.Y. USA 

7.---- -- 
— - -----7 ITS IN THE PW H PACK G1 A " 

TELEPRO1 FO -TNE A " E IRAN  TIERS 

F REOU EN HY0STFIIFT 

RADIO- 0 

CO MMUNICA  N RECEIVERS 

PL  S 

ASSOCIATED TERMI NAL 

EOU  ENT 

Your installation is engineered from any com-

bination of the above standardized PW units 

PRESS le/RELES5 
li?st ifti3dagel"Commameanws efuOmeve 
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BC 

G4  

FBC 

Many evidences of superiority in 
JOHNSON condensers reflect the twenty-three years 

of experience that has gone into them. Each type 

is carefully designed by electronic engineers for 

maximum circuit efficiency. A primary design 

objective at JOHNSON'S has been the accomod-
ation of a greater number of specific require-

Il k DUAL 
ments with a standard condenser or minor 

modification of a standard. JOHNSON'S 

search for better design and methods is 

continuous and employs first class engi-

neering talent and equipment. Many 
developments, such as the new plate 

design mentioned below, not only 

bring increased efficiency but a 
saving in cost. 

Plates for types A and B condensers 

are of the new heavy rounded edge 

design recently developed by JOHNSON 

engineers. Their higher breakdown volt-

age permits closer spacing, a shorter con-

denser, lower minimum, and less inductance 

at UHF. These features combined with new 

end frame design reduce weight to minimum, 

yet cost no more, in most cases less because of 

the saving in material. 

JOHNSON 
.oamoui name in Nadia 

JOHNSON offers many stand-

ard types from which to 
choose with capacities to 

10,000 mmf, voltage rat-

ings to 30,000. See your 

distributor or write to 
Deot. W today 

P-O6tdoo todueed ioducee 
Condensers  Inductors  Sockets 

R. F. Chokes  Q Antennas  Insulators 
Connectors  Plugs & Jacks  Hardware 

Pilot and Dial Lights  Broadcast Components 

Directional Antenna Equipment 

E. F. JOHNSON CO., WASECA, MINNESOTA 
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ca A.R.C. Microwave Components, 
%Pi precision-engineered and manufactured. - 

•  OOOOOOO •••. 

." ............ 61.‘• ..... 

Recently released from Army-Navy 
classification, this equipment, former-
ly known as the TS-223/AP, is now 
being produced by Aircraft Radio 
Corporation as the A.R.C. Test Set, 
Type H-10. 
This highly specialized test equip-

ment is used primarily for the meas-
urement of radar receiver sensitivity, 
frequency and band width; and trans-
mitter power and frequency, in the 

A.R.C. 24,000 Mc. viaveraeter 

and en  and 
uator, built to 

tt 
highest precision st 

a  ards 

through unique split-plate 

method of construction. 

24,000 Mc. band. Other field or lab-
oratory measurements possible with 
this equipment include testing of type 
2K50 r-f oscillator tubes and measure-
ment of radar receiver recovery time. 
The heart of the A.R.C. Test Set, 

the 24,000 Mc. wavemeter and attenu-
ator, is available separately, if desired. 
For full information on A.R.C. 

microwave accessories and component 
parts, write 

free, 
illustrated catalog of 
A.R.C. Radio and Elec-
tronic Component Parts 
and Accessories 

AIRCRAFT RADIO CORPORATION 
708 Main Street  BOONTON, NEW JERSEY 
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FROM ANY ANGLE.. 
POYEETVWE TYPE 20 

IS 

• 

In the market for a small variable transformer 

of about 1/2 KVA capacity? To be more specific . . . 

INPUT —  115 volts, 50/60 cycles, 1 phase. OUTPUT 

— 0-135 volts or 0-115 volts, 3.0 amperes. 

Take a look at PO WERSTAT type 20. 

Viewed from any angle it qualifies as a superior vol-

tage controller. 

QUALITY ANGLE ... The mechanical construction is 

extremely rugged yet this PO WERSTAT is unusually compact 
for the rating. 

Mounting holes are located on a 11/4  inch radius. 

THE 

SUPERIOR 

Excellent regulation, smooth control, high efficiency are only 
a few of its desirable electrical features. 

VERSATILITY ANGLE ... Type 20 can be connected 
to provide increasing voltage with either clockwise or counter-
clockwise rotation. Terminals permit clip-lead or solder 
connections. 

COST ANGLE ... Highest valuation yet lowest price per 
rated ampere output of any sim lar type variable transformer. 

Other angles regarding type 20 will be cheerfully discussed 
by SECO sales-engineers. . . Consult us NO W! 

Send for Bulletin 150 ER 

SUPERIOR (4 ELECTRIC COMPANY  
811  LAUREL STREET BRISTOL, CONNECTICUT, U. S. A. 

26A, Proceedings of the I.R.E. and Wares and Electrons  November, 1946 



FTR-184 radio transmitter, with (1) IF and (3) HF radio-
frequency units, (2) modulators, (2) power supplies, 
and remote control equipment. 

TRANS WORLD AIRLINE 

Another Fa 4ous Airline Orders 

FEDERAL'S FTR-184 RADIO TRANSMITTERS 
for Ground-to-Plane Communication. 

TRANS WORLD AIRLINE has joined the rapidly in-

creasing ranks of famous users of Federal'! FTR-184 

ground-station transmitters. On these major airlines, 

radio equipment plays a vital role in maintaining 

schedules and controlling air traffic —a job where 

reliability is the watchword. 

Federal's radio transmitter 184 is designed and built 

for just this kind of service—every unit backed by 37 

years of research and experience. This compact unit---

modern in design, modern in styling —is adaptable to 

practically all operating requirements. The component 

parts, such as power supplies, modulators, r-f units and 

auxiliaries, can be combined to provide the frequencies, 

emissions and types of operation which will best fill 

your needs. 

For complete information, write today for bulletin 

A237. 

DATA 

Frequency Range Power Output, and Type of Emission 

(HF)  2 to 20 Mc  500 watts, Telephone and Telegrap:i 
(VHF) 108 to 140 Mc  200 watts, Telephone 
(LF)  200 to 540 Kca.  400 watts 

Frequency Control —Low temperature-coefficient crystals for 

all operating frequencies. Facilities can be supplied for switch-
ing in either of two crystals for adjacent-channel operation. 

Frequency Response —300 to 4000 cycles, plus or minus 3 db 
with reference to response at 1000 cycles. 

Distortion — Less than 10 % at 95 % modulation. 

Remote Control—Transmitter on-off, channel selection, push-
to-talk, and keying may be performed over telephone circuits 
by remote control equipment. 

Primary Power-220 volts, 50/60 cycles, single phase. 

Federal Telephone ami Radio Corporal/off 
In Can eclat —Federal Electric Manufacturing Company, Ltd., Montreal 

Export Distribvtor:  ,nternotional Standard Electrk Corporation, 67 Broad St., N, Y. C. 
Newark 1, 

New Jersey 
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C SOUND 

FOR LABORATORY RESEARCH 

AND DEVELOPMENT, TESTING, 

PRODUCTION CONTROL . . . 

RAULAND Electronic Sound offers industry a versatile 
and complete line of quality equipment. .. for 
laboratory applications, production control, testing, 
and for plant and office intercommunication. Each 
RAULAND unit is the end product of creative 
research, precise engineering and careful production. 
Every RAULAND Electronic Sound unit measures up 
to the highest requirements for versatility, abundant 
output, faithful tone quality and dependable perform-
ance. Let RAULAND Electronic Sound serve you. 
Write for details. 

INDUSTRIAL PAGING 
RAULAND is prepared to supply 

rock-type Industrial Paging units 

tailored to fit specific require-
ments. Proved in hundreds of in-

dustrial installations. 

AMPLICALL INTERCOMMUNICATION 
America's preferred 2-way intercommunication 

unit. Available with up to 24 master stations. 

Thousands are today serving plants and offices 

everywhere. 

RADIO • RADAR • SOUND • 

RAULAND 
Weatherproof 
Speaker 

RAULAND AUDIO AMPLIFIER UNITS 
The RAULAND Electronic Sound line includes a selec-

tion of precision-built Audio Amplifier units suitable 

for laboratory, test equipment and general applica-

tions. RAULAND audio amplifier design has earned 

the respect and acceptance of leading radio en-
gineers and researchers. 

RAULAND D. R. S. PREAMPLIFIER 
A broadcast station type Preamplifier, with special 

characteristics and performance that make it highly 
suitable for laboratory use. Absolutely humless. Flat 

frequency response from 30 to 12,000 cycles. 

Couples any type microphone to a 200 ohm or 500 
ohm line. Complete with linear attenuotor, universal 
input impedances, 50, 300, 500,000 ohms, and 2 

megohms. 

- COMMUNICATIONS • TELEVISION] 

Electroneering is our business 

THE RAULAND CORPORATION  • CHICAGO 41, ILLINOIS 
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Type 
SO - 

UTC 

SUB-OUNCER SERIES 

UTC Sub-Ouszer units are 9/16" x 5/8  x 7/8' and 

weigh only  1/3 ounce. Through unique construction, 

however, these miniature units have performance and 

dependabilil). characteristics far superior to any other 

comparable Items. The coil is uniform layer wound of 

Formex wire . . . On a molded nylon bobbin  . . 

insulation is of cellulose acetate . . . leads mechani-

cally anchored (no tape) . . . core material Hiperm-

alloy . .  entire unit triple  (waterproof"  sealed. 

The freques:y response of these standard items is 

• 3 DI from 200 to 5,000 cycles. 

Application 

Input 

SO-2  Interstate 3.1 

SO-3  Plate to Line 

Output 

Level  Pri. Imp. D.C. in Pri. Sec. Imp. 

-4-  4 V.U.  200  250.000 
50  0  62.300 

-4-  4 V.U.  10.000  0  90.000 

-I- 23 V.U.  10.000  200 
25.000  3 1.5 mil.  500 

-I- 20 V.U.  30.000  I 0 r1  50 

S0-5  Reactor 50 14 9 at I mil. 0.C. 
3000 ohms 0.C. Res. 

UTC 

OUNCER SERIES 
The standard  of the industry for seven years. The 

overall  dimensions are  7/8"  diameter by  1-3/10 

height including lugs. Mounting is effected by two 

screws,  opposite  the  terminal  board  side,  spaced 

11/16". Weight approximately one ounce. Units not 

carrying D.C. hove high fidelity characteristics being 

uniform from 40 to 15,000 cycles. Items with D.C. in 

pri. ore for voice frequencies from 150 to 8000 cycles. 

Type  Application  Pri. Imp. 

0-1  Mike pickup or 50. 200. 500  Sec. Imp. 
line to I grid  50.000 

0.4  Single plate to 
1 grid  9.000 to 15.000  60.000 

0.5  Single plate to 
1 grid, D.C. in Pri.  8.000 to 15,000  60,000 

0-6  Single s plate to 
2  d   8.000 to 15,000  95.000 

0.8  line  plate to 
id   8.000 to 15.000  50. 200. 500 

0-0  Single plate to 
line. D.C. in Pri.  8.000 to 15.000  50. 200. 500 

0-12  Mining and matehino  50. 200  50. 200. 500 

0.13  Reactor. 200 Hysino 
D.C., 50 Hys.2MA 
D.C.. 6.000 ohms 

Manufacturers: Our experience in building hundreds of thousands of ounters and sub-

ouncers is yours for the asking. Special types, and mountings are readily available. U.T.C. 

engineers can help you save weight and space in the design of miniatu e equipment. 

150 VARIC K STREET  •  NE W YOR K  13.  N. Y. 

EXPORT DIVISION: -3 EAST 40th STREET, NE W YORK 16, N.Y.,  CABLES: "ARIAS" 



... BETTER UNIFORMITY CHARACTERISTICS, GREATER MECHANICAL STRENGTH 

• licensri under G U poPe.rOs 

H ere is new help on permanent magnet problems —from one 
of the largest, oldest and most widely experienced producers 
of molded and sintered components in the industry. 

Stackpole *Alnico ll offers notable economy in the pro-
duction of units up to two ounces. Odd shapes are a specialty. 
Engineering recommendations based on your requirements 
gladly submitted. 

STACKPOLE CARBON COMPANY, ST. MARYS, PA. 

BRUSHES and CONTACTS (all carbon, graphite, metal and composition types) — IRON CORES —RARE 

METAL CONTACTS —RHEOSTAT PLATES AND DISCS —CHEMICAL CARBONS — WELDING AND BRAZING 
CARBONS — MOLDED PUMP and FLUID DRIVE SEALS —CARBON RHEOSTAT PILES —COIL FORMS, etc., etc. 



11/2 0 
KC 

EACH day brings a greater number of active ama-
teurs to the ham bands. If you want successful 

OSO's you need a scientifically designed filter to give 
the exact degree of selectivity necessary to avoid 

ORM. The uniformly smooth response curve of the 
HO-129-X filter also makes it ideal for Narrow 

Band FM. 

JA A 
CSTUINIED 11110 

THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST., NEW YORK 1, N.Y. 

M ANUFACTURERS OF PRECISION CO M MUNICATIONS  EQUIP MENT 
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RCA-
1P42 
—a tiny 
high-vacuum 
phototube 
with unusual 
possibilities 

7 -DIRECTION 
"I- OF LIGHT 

ACTUAL SIZE 

I %;t-

FEATURES 

• Can be used in closely confined space 

• Head-on structure permits close spacing of tubes 
in banks 

• Excellent sensitivity —single amplifier stage is suffi-
cient for many relay services 

• Smooth end terminal permits pin-jack mounting 

• High-vacuum insures high stability 

THE RCA-1P42 high-vacuum phototube opens up 
entirely new fields of application to the design en-

gineer—particularly for control purposes where space 
limitation is a prime consideration. Its extremely small 
size, combined with the unique "head-on" construction, 
permits exceedingly close spacing of the tubes in banks 
for controlling a large number of circuits, or the use of a 
single tube in closely confined quarters. 

The semi-transparent cathode surface on the glass 
window in the large end of the 1P42 is sensitive to light 
sources predominating in blue radiation, and has negli-
gible sensitivity to infrared radiation. The tube has an 
S-4 spectral response and maximum response at a wave-
length of 4200 Angstroms. 

The RCA-1P42 is especially designed for compact 
services such as the control of complex business-machine 
operations. It is also applicable to small equipment for 

sound-film reproduction. 

A technical bulletin on the RCA-1P42 is available on 
request. RCA tube application engineers will be glad to 
work with you in adapting this or any other RCA tube 
types to your equipment designs. Address RCA, Com-

mercial Engineering, Section D-18K, Harrison, N. J. 

TUBE DEPA RT MENT 

P M  RA DIO CORPORATIO N 

V DIF 

MAXIMUM RATINGS, ABSOLUTE VALUES: 

Anode-Supply Voltage (DC or Peak AC)... 

150 max. Volts 

Cathode-Current Density...  14 max. Microampisg. In. 

Average Cathode Current*.  .0.4 max. Microampere 

Ambient Temperature   75 max. 0C 

CHARACTERISTICS: 

Maximum Dark Current at 150 volts ... 

0.005 Microampere 
Sensitivity: 

At 4200 Angstroms  0  020 Micreamp/uvrott 
Luminous**   25 Microampilumon 

MINIMUM CIRCUIT VALUES: 

DC Load Resistance   I Megehm 

*On basis of the use of a sensitive cathode area 0.19" 
in diameter. 

**Given for conditions where a Mazda projection lamp 
operated at a filament color temperature of 2870°K is 
used as a light source. With daylight, the value is 
several times higher; with light from a high-pressure 
arc, many times higher. 

RCA Laboratories, Princeton, N. J. 

THE FOUNTAINHEAD OF MODERN 

TUBE DEVELOPMENT IS RCA. 

H A R RIS O N, N. .1. 

of A MERICA 
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4 

The amazing technical development and industrial expansion of the radio field 
could not have occurred without the intelligent and determined efforts of the 
engineers active in that field. Its further progress will be in considerable meas-
ure dependent on the same group. Accordingly some engineers have of late 
been called to high executive positions in industry. Reflecting these trends, 
there is here presented an editorial from a former President of The Institute 
of Radio Engineers who has long been constructively active in the radio field 
and who is as well the present president of the Stromberg-Carlson Company.— 
The Editor. 

Radio Industry Needs Well-Trained 
Young Engineers 

RAY H. MANSON 

The radio industry needs young engineers of the highest caliber. The radio business is not 
static. Recent advances in fundamental approaches to the sciences underlying electronics, as 
well as the rapid expansion in the applications of electronics, offer a challenge to the very high-
est grade of engineer. 

At the present time there are almost endless opportunities for well-trained radio engineers 
who have had formal education in electronics and communications in up-to-date electronic 
techniques. Most young engineers are probably primarily interested in working in engineering 
laboratories on the development and design of circuits and apparatus or in the production and 
inspection of radio equipment. Others—and especially those with advanced training—find their 
chief interest in research laboratories, where advances are made in the fundamental knowledge 
underlying engineering. 

Practically all modern designs of electronic equipment demand the exercise of great ingenuity 
and the ability to co-ordinate the electrical design with the mechanical requirements, in order 
that the finished product not only will be efficient in operation but will be practical in design 
and capable of production in the factory with modern manufacturing methods. Last, but not 
of least importance, is the necessity that the product can be manufactured and sold in a com-
petitive market at a reasonable profit. 
Radio, being a highly competitive business, with major success coming to those who lead in 

new products, requires that an engineer be able quickly to recognize the fundamentals of each 
problem and, through clear thinking backed by experience, quickly provide a useful and prac-
tical design. 

In recent years, more and more engineers have worked into supervisory and managerial posi-
tions in all branches of the radio industry, and such possibilities are available in all phases of 
industrial work. It should be noted, however, that top-notch engineers, doing strictly technical 
work, form the keystone of the radio industry. Such men should—and usually do—have equal 
or greater recognition and earning capacity than those in all but top supervisory and manage-
ment positions. 

The electronic field is still in its infancy. The rapid advance in the last few years into the field 
of frequencies hitherto unexplored has opened seemingly limitless opportunities for the electronic 
engineer of the future. To the young, well-trained engineer, it offers a challenge with ample 
rewards for successful accomplishment. 

 4 

4-
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Edward M. Webster 
Board of Directors, 1946 

Edward M. Webster was born February 29, 1889, in 
Washington, D. C. He was graduated from the United 
States Coast Guard Academy in 1912 as an ensign; 
during Woild War I he served with the Navy, following 
which he was assigned to communications duty in 
the Coast Guard, and was its chief communications 
officer. 
Retiring from active duty in 1934, Commodore 

Webster accepted a position with the Federal Com-
munications Commission as assistant chief engineer, in 
which his work included the regulation of the use and 
installation of radio in the merchant marine. Recalled 
to active duty in the Coast Guard in 1942, he was 
assigned to his former duty as chief communications 
officer with the rank of captain, and in 1945, was pro-
moted to rank of commodore. 
As the representative of the United States, he has 

attended the International Radio Conferences of Wash-
ington, 1927; Madrid, 1932; Cairo, 1938; the Inter-
American Radio Communications Conference, Rio de 
Janeiro, 1945; and the London Safety of Life at Sea 
Conference in 1929. 
During 1946, Commodore Webster has attended 

several international conferences involving aviation 

operations, and the questions of safety communications 
and search and rescue over and on the high seas; all 
under the aegis of the Provisional International Civil 
Aviation Organization. In March of this year he at-
tended the International Meeting on Radio Aids to 
Marine Navigation, in London, as chairman of the 
United States delegation. As a member of a technical 
investigating committee for the United States Senate 
several years ago, he assisted in the drafting of con-
gressional legislation, subsequently enacted into law, 
which put into effect the radio provisions of the Inter-
national Convention for Safety of Life at Sea. 
Commodore Webster was relieved from active duty 

in the Coast Guard August 1, 1946, and is now director 
of telecommunications with the National Federation of 
American Shipping, Inc. 
In 1930 he became an Associate member of the In-

stitute of Radio Engineers, transferred to Member 
grade in 1938, to Senior Member grade in 1943, and in 
1944 received a Fellow Award. He served on the Mem-
bership Committee in 1940, on the Public Relations 
Committee in 1945, was secretary of the Washington 
Section in 1940, and chairman in 1942. He is a member 
of the Veterans Wireless Operators Association. 
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Metal-Lens Antennas* 
WINSTON E. KOCKt, SENIOR MEMBER, I.R.E. 

Summary—A new type of antenna is described which utilizes the 
optical properties of radio waves. It consists of a number of con-
ducting plates of proper shape and spacing and is, in effect, a lens, 
the focusing action of which is due to the high phase velocity of a 
wave passing between the plates. Its field of usefulness extends from 
the very short waves up to wavelengths of perhaps five meters or 
more. The paper discusses the properties of this antenna, methods of 
construction, and applications. 

INTRODUCTION 

T
HE EXTENSION of the useful field of radio 
waves to the very short wavelengths has made the 
optical properties of such waves increasingly ap-

parent, and effective use of this optical nature has al-
ready been made in employing concave parabolic mir-
rors as radio antennas. Another optical device which can 
function as a radio antenna is the lens; it performs in a 
manner similar to a parabolic reflector in that it trans-
forms the spherical wave front produced by rays 
emerging radially from a smaller feed antenna into a 
flat or uniphase wave front at the aperture of the lens. 
The usual glass or dielectric lenses of optics depend, 

for their focusing action, upon the fact that free-space 
electromagnetic waves experience a reduction  in 
velocity upon entering a dielectric medium. The lens 
to be described in this paper depends upon imparting to 
the waves an increased phase velocity rather than the 
usual slower velocity of a dielectric lens. Its operation 
is based on the fact that electromagnetic waves confined 
in wave guides assume a wavelength and phase velocity 
which are greater than their free-space wavelength and 
velocity.' This same property is acquired by waves con-
fined between conducting plates which are parallel to 
the electric vector and spaced apart a distance greater 
than one half wavelength. A row of such parallel plates 
accordingly constitutes a refractive medium with index 
of refraction less than unity. Such a medium, when cut 
to the proper profile, can be used to produce a focusing 
or lens effect in a manner similar to that of a dielectric 
lens. 
Fig. 1 shows how both types of media can be used to 

obtain the focusing action of a lens; in the case of the 
metal-plate refracting medium, a concave profile is 
required. 

FUNDAMENTAL PRINCIPLES 

The phase velocity of the dominant mode of a trans-
verse electric wave confined between conducting plates 
which are parallel to the electric vector and infinite in 
extent is given by 

* Decimal classification R326.8. Original manuscript received by 
the Institute, March 29, 1946; revised manuscript received, June 25, 
1946. 
t Bell Telephone Laboratories, Inc., Holmdel, New Jersey. 
The use of the increased phase velocity in a wave guide to obtain 

a lens or prism action was considered rather early by A. P. King, 
G. C. Southworth, and W. P. Mason of these Laboratories. 

= vo/V1 — (X/2a)'  (1) 

where a is the separation of the plates or side walls, vo 
is the free-space velocity, and X the free-space wave-
length. The equivalent index of refraction, which is the 
ratio of free-space velocity to velocity in the medium, 
is then 

= 4/ 1 1,n2 

2cr) • 

(a) 

cP(is°uRcE 

(2) 

Fig. 1—Focusing action of (a) dielectric and (b) metal-plate lenses. 
X0= Free-space wavelength. 
X. =Wavelength in the dielectric. 
XG— Wavelength in the guide. 

It is seen that, for any finite plate spacing a greater than 
one-half wavelength, n is finite and less than one. 
The required profile of a metal-plate lens can be 

Fig. 2—Calculation of lens profile. 
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determined by ray analysis. Thus, in Fig. 2, it is required 
that the phase of ray A should equal that of ray B at 
the aperture a—a. That is, 

NA/ — xr  yVvo  x/v = fivo  (3) 
or 

(1 — n2)x2 — 2(1 — n)fx  y2 = 0  (4) 

where n=vo/v. This is the equation of an ellipse, having 
a radius of curvature, at y = 0, of 

p=f(1—n). (5) 

If a number of identical metal plates having the profile 
defined by equation (4) and shown shaded in Fig. 2, 
are placed side by side with proper center-to-center 
spacing, one obtains a lens which focuses in only one 
plane, i.e., a "line-focus" lens. If, on the other hand, the 

Fig. 3—A piano-concave metal lens having an 
aperture of 14 wavelengths. 

plates are cut out and assembled so as to form, for the 
rear face, a surface of revolution generated by revolving 
the ellipse defined by (4) about the x axis, one obtains 
a circular lens which focuses in both planes (point 
focus). Such a lens, 14 wavelengths in diameter and 
having an f number (ratio of focal length to aperture) 
of 1.67, is shown in Fig. 3. 
In order to keep the lens thickness at a minimum the 

process of stepping can be employed, whereby the lens 
profile is reduced each time a thickness is reached which 
is equivalent to a phase advance of one wavelength. This 
thickness t depends upon the wavelength and the index 
of refraction, as follows: 

(6) 

so that the equations of the successive steps are altered 
as shown in Fig. 4. Such a stepped lens 40 wavelengths 
square is shown in Fig. 5. 

By employing plates of the proper shape, lenses can 
be designed to produce almost any desired directional 
pattern in either the vertical or horizontal planes. This 
would permit the design of transmitting antennas which 

(1 n2 )X2 - 2f (1-n) x.4. y2.0 

(1 n2 )(x+ i'*1)2 - 2(f + 4 )(1-n)(x+ 4 )4 y24- 0 

(1 n2 )(x+ -F A) 2- 2(f + i-ialt)(1-n)(x+ i?!..t,-) 4 y2=0 

tic. 

Fig. 4—Equations of successive steps of a metal plate lens. 

would have good coverage over certain areas and re-
duced coverage over others, and receiving antennas 
which would receive with high gain only in certain 

Fig. 5—An1/0.95 metal lens of stepped construction. 

selected directions and discriminate against other direc-
tions from which unwanted signals arrive. However, in 
this paper, consideration will be given only to those 
lens antennas which finally produce a flat or uniphase 
surface at their aperture, inasmuch as such antennas 
possess, for a given aperture area, the greatest direc-
tivity and gain. 

HORN-LENSES 

An important type of lens antenna is a combination 
of a lens and electric horn. The flare angle of a horn 
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radiator is generally designed to produce maximum 
gain for a given horn length; i.e., "optimum" design.' 
For large-aperture horns the required length becomes 
excessive, and a lens in the aperture can materially 
reduce this horn length. For example, the lens shown in 
Fig. 5 has an aperture of 40 wavelengths and is designed 
for use with a square pyramidal horn 38 wavelengths 
long; an optimum horn flared to an aperture of 40 wave-
lengths in the electric plane would be 800 wavelengths 
long. This striking difference in length is shown to scale 
in Fig. 6. Increased gain over an optimum horn is also 

600 A 

Fig. 6—Comparison of horn lengths of 40-wavelength-aperture 
antennas. Above: horn with lens of Fig. 5 in the aperture. Below: 
optimum horn (no lens). 

achieved by the use of a lens, since, by proper design of 
the lens, the gain can be made to approach that of an 
infinitely long horn. The effective area of an optimum 
horn flared in both planes is approximately 45 per cent 
of its actual area, whereas a similar horn infinitely long 
has an effective area which is 81 per cent of its actual 
area.' This increase in effective area is equivalent to a 
2i-decibel increase in power gain of the horn. 
If the horn, instead of being pyramidal, i.e., flared in 

two dimensions, is flared in one dimension only, a lens 
in the aperture can also materially reduce the required 
horn length. Fig. 7 shows a sketch of such a horn 
equipped with a lens of 36 wavelengths aperture. This 

Fig. 7—Sectoral horn equipped with a wave-guidel ens. 

lens is of a type somewhat different from those so far 
discussed. It is a lens having constant thickness and 
varying index of refraction and consists of a number of 
wave guides of constant length (14X) but of different 

2 W. L. Barrow, and L. J. Chu, "Theory of the electromagnetic 
horn," PROC. I.R.E, vol. 27, pp. 51-64; January, 1939. See also 
F. E. Terman, "Radio Engineers Handbook," p. 824, McGraw-Hill 
Book Company, New York, N. Y. 
$ S. A. Schelkunoff, "Electromagnetic Waves," p. 365, D. Van 

Nostrand Company, Inc., New York, N. Y., 1943. 

widths (different phase velocities). The phase velocities 
of the individual wave guides are chosen so that proper 
phase advance is secured in the 14X length of guide, and 
the circular phase front of the wave approaching the 
lens from the throat of the horn is thereby transformed 
into a flat emerging phase front. The stepping procedure 
is also made use of in this lens, as shown in the sketch. 
Since the focal length of the lens is 23 wavelengths, it 
has an f number of 0.64. This antenna produces a nar-
row beam in the horizontal plane (the plane of the horn 
flare) and a broad beam in the vertical plane. The hori-
zontal directional pattern is shown in Fig. 8. 
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Fig. 8—Directional characteristic of a sectoral horn having 
an 1/0.64 lens in the aperture. 

WIRE LENSES 

A modification of the solid plate lens consists of re-
placing the plates with wires. In a wave guide the cur-
rents in the side walls are parallel to the electric vector, 
so that vertical rods or wires, spaced sufficiently close 

(b) 

Fig. 9—(a) Current in side walls of conventional wave guide for 
dominant mode. (b) Nonradiating wave guide having wire side 
walls. 

together, can be used to replace the solid side walls 
(Fig. 9). Since the plates of a metal-plate lens are also 
wave-guide side walls, they likewise can be constructed 
of wires. Experimentally it was found that the spacing 
of the wires in such a lens plate could be as much as one 
quarter of the free-space wavelength without serious 
effect on the lens performance. A wire lens, 7.3 wave-
lengths in diameter, is shown in Fig. 10; it exhibited 
50 per cent effective area with side lobes 18 decibels 
down in the magnetic plane and 20 decibels down in the 
the electric plane. The widths of the major lobe at half-
power points were 8.5 degrees and 8.7 degrees in the two 
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planes. This construction would be useful at meter 
wavelengths where the wire spacings are large and the 
lens plates could be curtains of wires suspended from 
poles. 

Fig. 10—Wire-curtain lens. 

FEED SYSTEMS 

Lens feeds can be those employed with parabolic 
reflectors; namely, directive dipole feeds (Fig. 11(a)) 
or small wave-guide horns (Fig. 11(b)). When thus 
used, the directivity of the feed is usually designed to 
produce an illumination across the aperture which is 

DIPOLE — Iff  

REFLECTOR 

(a) DIPOLE 

LENS 

ROUND 
WAVEGUIDE 

(b) SMALL HORN 

HORN 

RECTANGULAR 
WAVEGUIOE 

Fig. 11—Methods of energizing metal lenses. 

tapered, being down approximately 10 decibels at the 
edges of the lens. Somewhat superior results are obtained 
if the feed horn is made longer than optimum so as to 
improve its primary directional pattern. For lenses with 

large f number, the feed horn must have high directivity 
and consequently a large aperture in wavelengths. As a 
horn may then become unduly long, it may be preferable 
to use instead a second lens as a feed, this second lens 
being fed in turn by a small wave-guide horn. Such an 
arrangement is shown in Fig. 12; in this photograph 
the round wave-guide horn can be seen behind the 
smaller "primary" lens. 
Another method of feeding a lens, which is not ap-

plicable in the case of parabolic reflectors, comprises 
the use of a horn with sides extending to the edges of the 
lens (Fig. 11(c)). The horn is made equal in length to the 
focal length of the lens and prevents energy from 
spilling over the edges of the lens. This type of lens feed 
may be said to be well "shielded"; it is useful in applica-

Fig. 12—Double-lens s) 

tions where interference between two adjacent simul-
taneously operating antennas is to be kept at a mini-
mum. Furthermore, it has been found that this type of 
feed is easier to match to the feed line than a small 
horn feed. The aperture of a small horn usually presents 
a sizeable mismatch to free space and this must be 
tuned out, with the result that a good match over a 
broad band is difficult to obtain. A horn extending to 
the edges of the lens has such a large aperture that it 
matches free space quite well, and the small mismatch 
remaining at the throat can be tuned out over a large 
band. The presence of the lens will affect the match in 
either cases, but this effect can be minimized by tilting 
the lens slightly. This procedure will be discussed in 
the following section. 

DESIGN CONSIDERATIONS 

1. Constructional Details 

Methods of construction of metal lenses will depend 
upon the wavelength at which they are to be used and 
upon the type of lens. At meter wavelengths the wire-
curtain construction is most applicable, whereas at 
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shorter wavelengths the solid-metal-plate structure is 
perhaps more suitable. 
For the solid metal-plate variety, some of the newer 

low-loss dielectric foam materials can be used as spacers 
between very thin metal plates. Bonding the metal to 
the foam strips forms a very light structure which is 
sufficiently rigid for some applications. 
The usual construction methods employ sheet metal 

for the lens plates, which are individually cut out. Since 
the electric vector is parallel to the plates, numerous 
metal cross supports can be introduced without inter-
fering with the lens performance. By using an interlock-
ing-slot (egg-crate) construction, a rigid cellular struc-
ture is obtained. (See, for example, Fig. 20.) 

2. Index of Refraction 

The choice of index of refraction, which is determined 
by the wavelength-to-plate spacing ratio, according to 
equation (2), will be based upon a compromise between 
two factors, reflection loss and lens thickness. If the 
refractive index is too small, undesirable reflection loss 
occurs at the lens surface, so that matching sections, 
similar to the quarter wave films used on optical lenses, 
may be required. On the other hand, if the refractive 
index is too large (too close to unity), the lens thick-
ness becomes undesirably large. An index of refraction 
of 0.6 represents a fair compromise, since the theoretical 
reflection loss at each surface is then held to less than 
0.1 decibel, and the lens thicknesses do not become 
unreasonable. 

3. Bandwidth of Metal Lenses 

Of importance in design is the bandwidth over which 
a lens antenna is effective. Since metal lenses possess an 
index of refraction which varies with the wavelength 
(equation 2), they are frequency sensitive. This means 
that at frequencies other than the design frequency the 
lens either undercorrects or overcorrects the spherical 
wave emanating from the feed, and instead of the re-
sulting wave front being flat (as indicated in Fig. 1 (b)), 
it becomes curved, and the antenna performance is 
thereby impaired. To evaluate the frequency band over 
which such a lens will operate efficiently, some criterion 
must be set up for the amount of this wave front or 
phase curvature which can be tolerated. Because of the 
tapered illumination usually employed in a lens, the 
edges of the lens, where the phase error is greatest, are 
not strongly energized, so that this particular type of 
phase variation does not have as pronounced an effect 
on the antenna performance as a random phase varia-
tion. Experimentally it has been found that whereas 
the random phase variation should be kept less than 
±X/16, a curved phase discrepancy of 7r/2 (i.e., ±X/8) 
between the center and edges of the lens can be satis-
factorily tolerated. Applying this 7r/2 phase limitation, 
the bandwidths of both stepped and unstepped lenses 
can be calculated, as has been done in Appendix I, and 
the results plotted in Fig. 13. It is seen that the band-
width can be improved by the process of stepping, since 

this reduces the path length of the rays in the frequency-
sensitive medium. In Fig. 13 the index of refraction 
has been taken as 0.5; somewhat broader bands are ob-
tained if the value of 0.6 is chosen. 
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Fig. 13—Bandwidths of lenses. 

14 16 

It may be observed that the bandwidth of frequency-
sensitive lenses can be extended by readjusting the 
feed or focus position. This is because various wave-
lengths tend to focus at different points along the lens 
axis. 

4. Tolerance Considerations 

Another design requirement is a knowledge of con-
struction tolerances which are permissible in a metal-
plate lens. Three tolerances are of importance: plate-
spacing tolerance, profile or thickness tolerance, and 
twist or warping tolerance. Plate-spacing tolerance is 
analyzed in Appendix II, and it is seen that since, for a 
given phase accuracy, the plate spacing must be more 
accurately maintained at the thick portions than at 
the thin portions of the lens, the process of stepping, by 
which the maximum thickness is minimized, appreciably 
relieves the tolerance requirements. For such lenses, 
stepped at the one wavelength points and having an 
index of refraction of 0.6, the plate spacing at the 
thickest portions of the lens (i.e., the tips of the steps) 
may vary ± 2.2 per cent from the correct design 
spacing without introducing a phase error greater than 
+7/8( -I-X/16). At the thinner portions of the lens 
more tolerance is, of course, permitted. These plate-
spacing tolerance requirements can be met by the use 
of a sufficient number of cross-member supports (shown, 
for example, in Fig. 20), or by the use of foam separator 
sheets which maintain the spacing quite accurately. 
The profile or thickness tolerance is the amount by 

which the contour of the plates may vary from their 
theoretically correct contour, as defined by the equa-
tions of Fig. 4. As shown in Appendix II, if the actual 
thickness of a point on the lens differs from its true 
design thickness b by an amount  b, then the phase 
discrepancy in wavelengths, a, is given by 

= Ab(1 — n).  (7) 



1946 Kock: Metal-Lens Antennas 833 

From this equation it is seen that the permissible thick-
ness variation in a lens having an index of refraction of 
0.6 is five times the tolerance of a reflector for the same 
phase requirements. 
Consideration of the third tolerance requirement, 

the warping tolerance, brings out one of the most im-
portant advantages of a lens over a reflector. It will be 
seen below that a lens can suffer appreciable rotation 
(as in Fig. 14) without serious effect on the direction or 
quality of the beam it produces. Since any portion of the 
lens can likewise suffer such a displacement from its 
correct position without harming the lens performance, 
it is evident that considerable warping and twisting of 
the final lens structure can be tolerated. 

5. Matching Problems 

In antenna design it is desirable that the whole 
antenna unit present a satisfactory match to the feed 
line over its useful band. Both reflector antennas and 
lens antennas comprise two elements, the feed and the 
main reflector or lens; and although it may not be too 
difficult to design the feed system alone to properly 
match the feed line, the reflector or lens may influence 
the feed system, in which case the large distances in 
wavelengths which are usually present between feed 
and antenna will prevent a satisfactory match from 
being obtained over a broad band. In a lens antenna 
practically all of the energy passes on through the lens 
and very little is reflected back towards the feed, as in 
the case of a reflector. This discontinuity at the lens 
surfaces will cause a small amount to be reflected, and if 
the front surface of the lens is flat, the lens should be 
tilted in order to prevent this reflected energy from 
being refocused back into the feed. A tilt of one or two 
wavelengths between the extremities of the lens is 
sufficient to steer the reflected beam away from the 
feed, as shown in Fig. 14. Other ways of reducing such 
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WAVE GUIDE 
HORN FEED 
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- WI  1E- I -2A TILT 

Fig. 14—Use of lens tilt to prevent reflected energy from entering and 
producing undesirable standing waves in feed line. 

reflections comprise the use of quarter-wave matching 
sections on the two lens surfaces, or the use of a dielec-
tric constant which presents a small mismatch (e.g., 
n =0.6 or larger). 

PRACTICAL CONSIDERATIONS—LENS VERSUS REFLECTOR 

Since accurately made parabolic reflectors and lenses 
of the same size have comparable gain and patterns and 
therefore can often be used to accomplish the same re-
sults, it is worthwhile to consider the practical aspects 
which may dictate the choice between the two. 

1. Tolerances 

One of the most significant advantages of a lens over 
a parabolic reflector is its ability to withstand warping 
or twisting without serious damage to the beam in the 
way of beam position, gain, and minor lobes. This 
property arises from the fact that the beam lies along a 
line projected from the feed through the center of the 

Fig. 15—Metal lens having an aperture 48 by 480 wavelengths. 

lens, so that moderate angular deflections of the lens 
about axes passing through the center of the lens 
(strictly through the rear nodal point of the lens) have 
insignificant effects upon the beam position and direc-
tional pattern. For example, it was found experi-
mentally that the lens of Fig. 12 could be rotated +33 
degrees, with the feed remaining fixed, without serious 
effect upon the pattern or beam position and with only 
one decibel reduction in gain. For large-aperture short-
focal-length lenses the permissible tilt or rotation is 
smaller but still ample to take care of any reasonable 
twist or warp that inadvertently may be imparted to the 
lens. Accordingly, as long as the lens thickness and plate 
spacing are correct, the mean surface of the lens can be 
considerably warped without seriously impairing the 
lens performance. A reflector, on the other hand, must 
be held accurately to a parabolic contour if a satis-
factory gain and directional pattern is to be obtained, 
and the usual requirement that the phase front of the 
emerging wave be maintained flat to within +X/16 
imposes the condition that the reflector be accurate to 
±X/32, a condition difficult to achieve for large-
aperture short-wavelength antennas. For example, the 
metal-lens antenna shown in Fig. 15 has an aperture 
of 48 by 480 wavelengths,' and the measured gain and 

4 The construction of this lens was engineered by W. M. Sharpless 
of these Laboratories. 
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directional properties of this antenna indicated that the 
emerging wave front was flat to a high degree of ac-
curacy. A reflector that large, held to the +X/32 toler-
ance, would have presented a difficult design problem. 
It may be of interest to point out that the beam of this 
antenna is probably the sharpest radio beam ever pro-
duced, its half-power width being but 6 minutes (one 
tenth of a degree). 

2. Feed Position 

The relative position of the feed and the antenna 
leads to certain advantages in the case of a lens. In a 
reflector, any symmetrical arrangement of feed and 
reflector causes the feed to be in the way of the re-
flected beam, which results in some interference to the 
pattern and a standing wave in the feed line. This is 
particularly true in the case of a symmetrical sectoral 
parabola, where the energy reflected back into the feed 
is exceptionally high. The considerations in the previous 
section show that this- can be avoided by the use of a 
lens. 

3. Crosstalk Protection 

In the use of antennas in radio repeater-link opera-
tions, the receiving and transmitting antennas are 
placed back to back and it is desirable that the inter-

RECEIVING 
ANTENNA 

TRANSMITTING 
ANTENNA 

/ 

Fig. 16—Superior shielding between transmitter and receiver by 
the use of horn antennas with lenses. 

action or crosstalk between them be kept at a minimum. 
In using paraboloids for such applications it is very 
difficult to prevent energy from the feed from diffract-
ing around (spilling over) the edges of the dish to pro-
duce back lobes which cause crosstalk. Horn antennas 
are free from this spill-over difficulty and a lens in the 
aperture permits the use of very short horns. Such an-
tennas are markedly superior to paraboloids in the 
matter of crosstalk protection (see Fig. 16). Further-
more, the rigid lens structure in the aperture furnishes 
a convenient mechanical support for a dielectric cover 
for protection against ice formation. As indicated above, 
the large horn will also present a superior match to the 
feed line compared with the customary paraboloid feed. 

4. Bandwidth 

On the other hand, the lens has a definite bandwidth 
limitation which the reflector does not possess, and, 
except for the problem of match to the feed line, the 
reflector is truly a broad-band antenna (a searchlight 
mirror can be used equally well for light waves or 
radio waves). Also, the presence of the steps in a lens 

-20 

causes a slight distortion of the wave front due to dif-
fraction of the waves at the step boundaries. Although 
this effect is apparently small, it may account for the 
failure to obtain the expected 81 per cent effective area 
of a horn-lens combination (see next section). 

EXPERIMENTAL RESULTS 

In this section, the results of tests on several experi-
mental models will be given. Figs. 17 and 18 show, re-
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Fig. 17—Electric-plane pattern of 40-wavelength-square 
metal-plate lens. 

spectively, the electric and magnetic plane patterns of 
the 40-wavelength-square-aperture lens of Fig. 5, when 
energized by a conical feed horn having an aperture 2 
wavelengths in diameter. From the curve of Fig. 13 this 
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Fig. 18—Magnetic-plane pattern of 40-wavelength-square 
metal-plate lens. 

lens should have a bandwidth of 8 per cent, and Fig. 19 
shows its behavior over a 12 per cent band of frequen-
cies; although the gain and beam width are seen to be 
affected, the direction properties remain quite good.5 
When this lens is used in conjunction with a horn 38 
wavelengths long, extending to the edges of the lens, the 

6 This and similar results on other lenses form the basis for the 
statement made earlier that a phase-front curvature of X/4 does not 
have too serious an effect on antenna performance. 
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patterns are similar, except that in the electric plane 
the illumination is more uniform and the directional 
characteristic approaches the expected sin x/x pattern 
produced by a uniform-amplitude, uniform-phase an-
tenna. With a ± P. tilt imparted respectively to the top 
and bottom of the lens relative to the center, the stand-
ing-wave ratio in the horn throat averaged 0.5 decibel 
(voltage-standing-wave ratio =1.06) over a 10 per cent 
band of wavelengths, reaching a maximum of 0.7 deci-
bel at several points. 
Experiments were made to determine the extent to 

which the gain of a horn-lens antenna could be made to 
approach the gain of an infinitely long horn (81 per cent 
effective area). In one case a lens was placed in front of 
an optimum horn (the lens being just strong enough to 
correct the X/4 phase curvature present in the horn), 
and the horn then exhibited an effective area of 75 per 
cent. In another case a short horn, 14 wavelengths long, 
with a 9i-wavelength square lens in the aperture, ex-
hibited an effective area of 66 per cent. 
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Fig. 19—Lens performance over a 12-degree wavelength band. 

In general, however, it is more reasonable to expect 
but 50 to 60 per cent effective area from antennas where 
the apertures in wavelengths are large, and this has been 
the experience with most of the lenses illustrated in this 
paper. As mentioned earlier, diffraction at the steps 
may be responsible for the failure to realize the high 
expected gains. 

METAL-PLATE OPTICS 

In addition to lenses, many of the other optical in-
struments used at light wavelengths can be duplicated 
at radio frequencies by the use of the metal-plate refrac: 
tive medium. 

LENS APPLICATIONS 

In the meter-wavelength region, the wire-curtain 
lens antenna may find application wherever pine-tree 
antennas have usefulness. The lens of Fig. 10 would 
scale to an 84- by 84-foot antenna at 3 meters, the 
wires being spaced 21 feet apart in each curtain and the 
curtains spaced 61 feet apart. The feed for this antenna 
could be a small array of dipoles with reflector curtain. 
An equivalent pine-tree antenna would require over 200 
half-wave dipoles carefully phased plus a like number 
comprising the reflecting curtain. 

Lenses in combination with horns exhibit such a small 
amount of interaction or crosstalk that their use as 
repeater antennas may permit straight-through opera-
tion of the entire repeater chain at the same wavelength, 
with radio-frequency amplifiers at each repeater station. 
In Fig. 20 is shown a photograph of a horn-lens corn-

. 
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Fig. 20-4000-megacycle repeater antenna. 

bination designed for a repeater antenna at 4000 mega-
cycles. It exhibited a power gain of 12,000 over an iso-
tropic radiator. At approximately 1.8 degrees off the 
axis of the beam, the power gain of this antenna drops to 
one one-hundredth of its maximum value; this indicates 
that the energy is highly concentrated in a narrow 
beam, a property which is very desirable for repeater-
link application. In actual use, the lens will be covered 
with a flat sheet of plastic to prevent ice from forming in 
the individual lens cells. With this cover in place, the 
standing wave in the feed line did not exceed 0.6 decibel 
(voltage-standing-wave ratio 1.07) over a 400-mega-
cycle band. Fig. 21 shows a section of this lens, and 
Fig. 22 is a photograph taken at the horn throat (look-
ing into the horn) showing the circular step construc-
tion. 

Fig. 21—Section of the lens of the antenna shown in Fig. 20. 
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In general, the low tolerance requirements on metal 
lenses make them attractive in many applications where 
reflectors might otherwise be used. 
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Fig. 22—View from the horn throat of the antenna shown in Fig. 20. 
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APPENDIX I 

BAND-WIDTH CONSIDERATIONS 

I. Unstepped Metal Lenses 

In Fig. 23(a) the phase at A is given by 

2wb  2wb x )2 
=  — 4/1 — 
X,,  X  2a 

where b is the lens 

thickness. 

(0)UNSTEPPED METAL LENS 

b 

(b)STEPPEO METAL LENS 

(8) 

Fig. 23—Bandwidth considerations. (a) Unstepped metal lens. 
(b) Stepped metal lens. 

At the design wavelength Xo, 

= 

= 

4/1  ( 12 or (iv=  (1—n2)  / i.e., 
2a  2a)  Xo2 

2rb /  — 4/ 1  (1 n2)  (_X)2. 

X V 
The phase at B is given by 

2w 
41)/3  — nb, 

X 

(9) 

(10) 

so that 

27b  x)2 

(— 
(11) 

X  Xo 

The solid curve in Fig. 13 was obtained from (11) by 
letting n=0.5, 4)A —On= +7/2-, OA —0B= —w/2 and b 
variable. 

2. Stepped Metal Lenses 

In Fig. 23(b) the thickness b of the original lens is 
KX0/1 — n where K is the number of one wavelength 
steps. The phase at B is Oft = arnb/X and the phase at 
A is 

2rb (K — 1\  2rb  / /X \2 

(12)  

so that 

— 4/I3 

= 2rb [K ; '+ ,g/' — (1 _ n2) (!)2_ ]. (13) 
X  K  Xo 

When X =No, OA —011= 27r(K —1), an integral number of 
wavelengths. When X  0A - 4)13 = 2 T( K —1) ± 4, 
where AO= the phase discrepancy. That is, 

A4, = 2r (K — 1) 

27rX0K  K —1  1 A / 

X(1— n) L K 1— (1— n2) (-X—)2 _n]. (14) 
No 

The crosses' n Fig. 13 were obtained from (14) by letting 
n= 1, ,0,4)=7,12, K variable. 

In Fig. 23(a) 

APPENDIX II 

LENS TOLERANCES 

2rb  X )2 
— (1)13 = — [4/ 1 —  — n]. X  2a  (15) 

The correct plate spacing ao is such as to make 

x )7 
4/1  

\2a0/ 

Substituting in (15), 

or (--.)2=(1 _ n2)6,02.  (16) 

27b  /a0\2 
=  [4/1 — (1 — n2) (— a ) — 

X   
n].  (17) 

This equation yields the ± 2.2 per cent figure mentioned 
in the text for a ± X/16 phase accuracy (OA —4)B= ±7r/8, 
b=X/1 —n, n=0.6). 
The thickness tolerance of a lens is directly propor-

tional to the phase accuracy requirements. If a lens of 
thickness b produces a certain phase advance 4), then a 
thickness variation Ab will produce a phase variation 

4.• 
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Measurement of the Angle of Arrival of Microwaves* 
WILLIAM M. SHARPLESSt, SENIOR MEMBER, I.R.E. 

Summary—This paper describes a method of measuring the 
direction from which microwaves arrive at a given receiving site. 
Data which have been collected on two short optical paths using a 
wavelength of 34 centimeters are presented to illustrate the use 
of the method. Angles of arrival as large as i degree above the 
true angle of elevation have been observed in the vertical plane, 
while no variations greater than ±1/10 degree have been found in 
the horizontal plane. These results indicate that radar directions for 
low angles of elevation may be in error by several tenths of a de-
gree during times when anomalous propagation conditions are pres-
ent. Possible solutions to the problems introduced by variations in 
the angle of arrival are suggested. 

INTRODUCTION 

AKNOWLEDGE of the variations likely to be 
encountered in the angle of arrival of radio 
waves has for some time been of considerable 

importance to radio engineers. Angle-of-arrival measure-
ments made at short waves on signals received over the 
North Atlantic path from Rugby, England, to Holmdel, 
New Jersey", yielded information which made possible 
the building of special types of receiving antennas for 
transoceanic reception.' 
This paper deals with angle-of-arrival observations 

made in the microwave region over two short, line-of-
sight paths in northern New Jersey, with the terminals 
located less than 30 miles apart. The transmission wave-
lengths were in the 3-centimeter band; the results are 
therefore of importance to radar engineers as well as to 
those interested in microwave relay systems. 
Variations of the angle of arrival of radio waves on a 

particular transmission path will, of course, have a direct 
bearing on the design of the antenna systems to be 
used on that path. A knowledge of the angles of arrival 
is required for the proper design of antennas in micro-
wave repeater systems, since such antennas must ac-
commodate the maximum variations in angle of arrival 
expected in both planes. Fixed point-to-point antennas 
must not be designed with beam-widths so sharp that 
the waves may, at times, arrive outside the main lobe 
of the antenna. Likewise, steerable antenna designs will 
be influeticed by a knowledge of variations likely to be 
encountered in the angle of arrival. Target directions 
indicated by radar will obviously be in error if trans-
mission conditions are such that the transmitted and 
received waves do not travel along straight lines while 
being propagated through the earth's atmosphere. 

• Decimal classification R310 XR221. Original manuscript re-
ceived by the Institute, February 27,1946. Presented, 1946 Winter 
Technical Meeting, New York, N. Y., January 26,1946. 
t Bell Telephone Laboratories, Inc., Holmdel, N. J. 
1 H. T. Friis, C. B. Feldman, and W. M. Sharpless, "The de-

termination of the direction of arrival of short radio waves," PROC. 
I.R.E., vol. 22, pp. 47-78; January, 1934. 

2 E. Bruce and A. C. Beck, "Experiments with directivity steering 
for fading reduction," PROC. I. R.E., vol. 23, pp. 357-371; April, 1935. 
' H. T. Friis and C. B. Feldman, "A multiple unit steerable an-

tenna for short-wave reception," PROC. 1.R.E., vol. 25, pp. 841-917; 
July, 1937. 

In general, microwaves propagate from point to point 
near the earth's surface along curved paths, the curva-
ture being due to refraction introduced by the atmos-
phere. This refraction is caused by gradients of the di-
electric constant of the atmosphere, which, in turn, are 
due principally to the distribution of temperature and 
moisture. 
If a well-mixed atmosphere exists between the trans-

mitter and receiver, its dielectric constant decreases 
slightly with height above ground (a relative gradient 
of about —2.4X10-I  per hundred feet) and we have a 
condition in which a so-called "Standard Atmosphere" 
is present. In this situation, the path traveled by the 
waves will have a radius of curvature equal to about 
four times the radius of the earth, and the waves will 
arrive at the receiver with an elevation angle slightly 
above the true elevation angle of the transmitter.' 
Under conditions of anomalous propagation, the path 

of the wave may deviate from the "standard conditions" 
path, described above, in the following ways: (a) if the 
dielectric constant of the atmosphere decreases with 
height more rapidly than the standard rate, the wave 
will be refracted downward more rapidly and will arrive 
at the receiver at an angle of elevation higher than the 
"standard" angle; (b) if the dielectric constant falls off 
less rapidly than the standard rate, the wave path will 
be refracted downward less rapidly, becoming straight 
when the dielectric constant is uniform with height, 
and will be refracted upward when the dielectric con-
stant increases with height; under the latter conditions 
the wave arrives at the receiver at an angle of elevation 
lower than the "standard" angle; (c) if more compli-
cated variations of the dielectric constant are present 
in the atmosphere, a so-called "trapping" of the waves 
may result. Trapping could also result under (a) above 
if sufficiently strong gradients were present. 
A rather involved meteorological situation would be 

required to account for some of the results obtained 
during times of anomalous propagation. In view of this 
and the fact that no meteorological air-sounding data 
accompany the angle-of-arrival measurements herein 
presented, it is believed that further discussion of propa-
gation conditions is not within the scope of this paper. 

METHOD OF ANGLE-OF-ARRIVAL MEASUREMENTS 

The angle of arrival of the incoming waves was meas-
ured by sweeping the beam of a large receiving antenna 
through a small arc. The beam was swept or scanned in 
a sinusoidal fashion by rocking the complete antenna 
by means of a simple motor-driven eccentric connecting-

' This condition may be represented pictorially by drawing the 
earth's radius as if it weie 4/3 that of true earth, and representing 
the transmission paths as straight lines between the terminals of the 
radio circuit. 
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rod mechanism. Observations of the signal-level output 
of the associated receiver as the beam of the antenna 
crossed through the line of the incoming waves gave an 
indication of the angle of arrival of the waves. For the 
case of a single incoming wave, the recorded output was 
simply a replica of the directional pattern of the scan-
ning antenna. Both the antenna-rocking mechanism 
and the output-recorder chart were driven by syn-
chronous motors. 

EQUIPMENT 

All the angle-measuring equipment used in these ex-
periments was located on the top of Beer's Hill, New 
Jersey, near the Holmdel Laboratory. The trans-
mitters were located at two different points, which 
allowed for observations on a 24-mile path to New 
York which was partly over water, as well as on a 13-
mile path to Deal, New Jersey, which was entirely over 
land (see Fig. 1). 

Fig. 1—Map showing location of microwave transmission paths 
from New York, Deal, and Holmdel to Beer's Hill, New Jersey. 

The transmitting equipments, which were housed in 
plywood boxes for weather-proofing, consisted of 
3-centimeter reflex-oscillator tubes feeding small an-
tennas. The outputs of the oscillator tubes were 
monitored by directional-coupler branches feeding 
point-contact rectifiers from which direct-current out-
puts were obtained. The radiated power was about 50 
milliwatts. A wave, polarized at 45 degrees, was trans-
mitted in order that antennas that are designed for 
either vertically or horizontally polarized waves could 
be used at the receiver. The beam of the New York 
antenna, a 28-inch dish, was about 4 degrees wide (3 
decibels down). The Deal antenna was of the lens 
type and was smaller, and therefore it had a slightly 
wider beam. 

The receivers at Beer's Hill were of the double-
detection type employing a 30-megacycle intermediate-
frequency, point-contact first detectors, and auto-
matic-frequency controls for the beating oscillators. 

The outputs of the receivers were fed through direct-
current amplifiers to Esterline-Angus recorders. Two 
complete receiving sets were employed, the calibration 
of each being maintained by use of a local standard-
signal generator. 
The two antennas used for the measurements of the 

horizontal and vertical angles of arrival of the incoming 
waves were of the "pill-box" type, which employs a para-
bolic reflector between parallel plates. The reflectors 
had 5-foot focal lengths and 20-foot apertures. The 
parallel plates were spaced  inch apart and were flared 
up to a 6-inch spacing at the faces of the antennas. The 
antennas were constructed of plywood covered with 
thin copper sheets. The beams were 0.36 degree wide in 
the plane of the 20-foot dimension and 15 degrees wide 
in the other plane. These antennas were designed by 
W. D. Lewis of these Laboratories, who made the pre-
liminary angle-of-arrival measurements over the New 
York path in June, 1944. 

The two scanning antennas were mounted at right 
angles to each other, and the entire receiving assembly, 
including two other antennas and the receiving shack, 
was mounted on a rotatable platform which could be 
pointed in any horizontal direction desired (see Fig. 2). 
The vertical scanning antenna is shown extending sky-
ward on the right hand side of the platform, with a 28-
inch dish antenna alongside. The horizontal scanning 
antenna is shown on the left, extended over the edge of 

Fig. 2—Receiving antenna assembly located at Beer's Hill, 
New Jersey. 

the platform. The 9 X11 foot receiving shack toward the 
rear has a 30-centimeter-band antenna mounted on the 
roof. The wave-guide feed lines from the 3-centimeter-
band antennas enter the shack through the lower part 
of the window. The track on which the antenna plat-
form rotates is 25 feet in diameter. 
Fig. 3 shows the two receivers and the recorders 
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inside the shack. The wave guides from the antenna 
terminate just out of view to the left of the picture. 
The beating oscillators and crystal first detectors for 
the two receivers are located at this point. By plugging 
into the desired guides, the outputs of any two antennas 
may be fed to the two receivers and simultaneously 
recorded. 

CALIBRATION OF SCANNING ANTENNAS 

The scanning antennas scan +1 of a degree. The 
midpoint of the scan was adjusted on our vertical scan-
ning antenna to coincide with the angle of arrival of the 
direct wave from the transmitter in New York under 
"normal transmission" conditions.6 It was found that the 
direct wave then arrived from the transmitter at the 
same angle as that predicted from calculations based 
on the actual earth geometry. The difference in angle 
of elevation calculated for the "true" and "-I" earth 
radius was only 0.04 degree for the New York path, 
and this was less than the accuracy of our measure-
ments, which are discussed below. 
The physical position of the front face of the vertical 

antenna can be determined to about 1/100 of a degree 
by the use of a 20-foot-long plumb-bob line located 
inside the face of the antenna; but because of possible 
inaccuracies in building the antenna and in locating the 
collector at the focus, the accuracy with which the ab-
solute position of the beam is known is believed to be 
somewhat lower, about 1/30 of a degree. The records 
can be interpreted with an accuracy of about 1/50 of a 
degree, which represents the relative accuracy of vertical 
angle measurements. The absolute accuracy is probably 
of the order of 1/20 of a degree. 
The accuracy of angle measurement with the hori-

zontal antenna is better than that with the vertical. 
The absolute position of the beam relative to an optical 
sight line was determined by means of a local oscillator, 
about two miles away, and on clear days sights were 
obtained on the distant transmitters during normal 
radio transmission conditions. The diameter of the 
track on which the array rotates is, as stated earlier, 25 
feet, and a knife-edge pointer above the track indicates 
the direction the antenna beam is pointed at the center 
of its scan. It is not difficult to reset to a previous cali-
bration mark to better than 1/16 inch, which means the 
antenna beams are normally reset to any given trans-
mitter to better than 1/50 of a degree. Fig. 4(a) shows a 
calibration record made with a transmitter located at-
the Holmdel Laboratories 2.2 miles away (see Fig. 1). 
The record shows the variation in amplitude of the 
received signal with time as the antenna was rocked 
sideways (from east to west and return, etc.). The signal-
amplitude scale is nearly linear. The time taken to 
complete a rocking cycle, from east to west and return, 
is 20 seconds; i.e., the separation between every second 
peak is exactly 20 seconds. The "on-center" part of the 

I Normal transmission conditions, for the propagation measure-
ments given in this paper, are not distinguishable from those ex-
pected for the case of transmission through a standard atmosphere. 

record was taken for the condition where the scanning 
antenna pointed directly at the transmitter when at 
the midpoint of its scanning cycle. For this condition 
the peaks of maximum amplitude are equispaced. The 
change in the record caused by setting the antenna "off" 
(0.05 degree and 0.10 degree) either side of the correct 
setting is shown on either side of center on the record. It 
will be noticed that, if the spacing between the amplitude 

Fig. 3—Receiving sets and recording equipment at Beer's Hill. 

peaks becomes smaller on the east swing, the signal is 
arriving from the east of center. The record illustrates 
that measurements of the separation between peaks give 
the angle of arrival with great accuracy, and it is the 
method that has been used in this work. 

TRANSMISSION PATHS 

Observations with this equipment were made on two 
different types of optical paths on a part-time basis 
through the summer of 1944. The New York path, 24.06 
miles in length, was partly over water and was put in 
operation on June 8, 1944. The Deal path, 12.63 miles 
in length, was entirely over gently rolling land, and was 
in operation on September 1, 1944. Measurements were 
continued until the early part of October, 1944. The 
profile details of both paths are given in Fig. 5. Lines 
AB drawn from the transmitter to the receiver on the 
New York profile and DB on the Deal profile indicate 
the straight-line paths of the direct waves. The possible 
path of a reflected ray A CB on the New York path has 
also been sketched in. 

RESULTS 

The horizontal angle of arrival of the received waves 
has not been found to deviate more than +1/10 degree 
from the true bearings of the Deal or New York trans-
mitters. There have been occasions when the horizontal 
angle of arrival apparently remained 1/10 degree east 
on the New York path for short periods, but this is very 
exceptional. Variations of the angle of arrival in the 
horizontal plane, for the most part, appear to be rapid; 
at times, changes of the order of 1/10 degree have taken 
place in the 20-second interval between adjacent sweeps 
of the scanning antenna. There has been no indication 
that this small shifting of the angle of arrival in the 
horizontal plane is influenced or tied in with any change 
that may be taking place in the arrival angle of the 
waves in the vertical plane. This is interesting when one 
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Fig. 4(a) —Calibration record: September 30, 1944. Horizontal scan-
ning antenna. Holmdel transmitter, located 2.2 miles from 
Beer's Hill. 

Fig. 4(b)—Normal transmission record: September 30, 1944, EWT 
10:27-10:.45 A.M. New York and Deal Transmitters. Weather: 
Cloudy. Temperature, 59 degrees. Wind, east 12 miles per hour. 
Visibility, 12 miles. 
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considers that at times several vertical-plane paths, 
which will be discussed later, may be involved. It is 
rather encouraging that greater horizontal deviations 
have not been observed, because this permits, in the 
3-centimeter band, the use of antennas with horizontal 
beams as narrow as that of the scanning antenna, 
of a degree, for radar and communication. However, 
as this work is continued, greater variations may be 
found to occur. 
The vertical angles of arrival herein reported have 

in all cases been referred to the normal elevation angle 
of the distant transmitter, as discussed earlier. The 
records described in the following paragraphs illustrate 
several types of propagation that have been observed. 
The particular scanning antenna whose peaked output 
curve is being recorded is marked along the top of the 
record. The wavy line running the full length of some of 
the records is, unless otherwise marked, the simultane-
ous output of the 3i-degree broad-beamed dish antenna. 
Other notes on the records are self-explanatory. 

NORMAL PROPAGATION 

Fig. 4(b) shows a record obtained under typical 
normal propagation conditions for both the Deal and 
New York paths. Short samples of the horizontal and 
vertical scanning-antenna outputs for both transmission 
paths, together with the output of the broader-beamed 
reference dish antenna, were recorded. The record ex-
tends over a period of about 8 minutes. This time in-
cludes the time taken to turn the array from one trans-
mitter to the other and to tune in the new signal. The 
output levels of the antennas and the angles of arrival 
are normal. By measuring the average distance be-
tween peaks on that part of the record which shows sig-
nals received from New York on the vertical scanning 
antenna, it is seen that the "up" and "down" parts of 
the scanning cycle are of equal length (distance between 
peaks equal). This means the signals were arriving from 
the normal direction of the New York transmitter in 
the vertical plane. The Deal portion of the record shows 
the vertical angle of arrival on this path to be lower 
than on New York by 0.11 degree, which would be 
expected from the geometry involved. That the angle 
of arrival is lower on the Deal path can be observed 
from the record, as the "up" parts of the scanning 
cycle are now longer than the "down" parts. 
It will be noticed also that a slight ground-reflected 

wave is received from Deal and New York as the an-
tenna is pointed down; this reflected component pre-
vents the output level, as indicated on the recorder, 
from dropping to the same low level as when the an-
tenna is pointed up. The reflection coefficient for the 
reflected wave path of the Deal circuit, which is en-
tirely over land, has been measured by variable-height 
experiments to be only 0.18, which agrees well with the 
scanning patterns observed on this circuit. On the over-
water New York circuit, a reflected wave is more in 
evidence. During normal propagation, a stronger-than-
observed reflected wave might be expected on the New 

York circuit, since the profile map (see Fig. 5) shows that 
the reflection point, C, is located on the salt water of 
Raritan Bay. It is surmised that the proximity of the 
Staten Island hill, which the reflected wave path clears 
by less than the first Fresnel zone under normal condi-
tions, may be the cause of the normally low amplitude 
of the reflected wave. However, this may not be the 
entire cause, as special experiments, with a portable 
transmitter located on the side of Staten Island toward 
the receiver, gave results which indicate that the effec-
tive reflection coefficient for Raritan Bay at a point 
such as point C in Fig. 5 is only about 0.5, and is not as 
high as might have been expected from measurements 
reported by other workers. 
Fig. 4(b) shows that the horizontal angles of arrival 

on both the Deal and New York paths average very 
nearly true bearing angles, though it will be noticed 
that individual sweeps of the antenna do show some 
weaving of the angle of arrival of the signals in the 
horizontal plane. 

ANOMALOUS PROPAGATION OF THE REFLECTED WAVE 

In contrast to the normal conditions shown by the 
record of Fig. 4(b), anomalous propagation of the re- , 
flected wave was occasionally observed on the New 
York circuit. At these times the reflected wave was char-
acterized by stronger amplitudes and lower angles of 
arrival than those found during the periods of normal 
propagation. Such propagation produced the usual 
type of wave interference fading between the direct 
and reflected components. 
Fig. 6(a) shows a sample of a record obtained when 

this type of propagation was in evidence (August 10, 
1944, 5:00 P.m.). The reflected wave at this time has 
about the same amplitude as the direct wave. The scan-
ning beam is not sharp enough to separate completely 
the two waves and the record becomes very interesting. 
At the left of the record the waves add in phase in the 
output of the scanning antenna and only two peaks 
occur per cycle. At the right of the record the waves are 
out of phase and four peaks occur per scanning cycle. 
In the broad-beamed dish antenna (wavy line) this 
phase relationship is reversed; i.e., in the dish, the two 
waves are in phase opposition at the left and produce 
a deep fade, and are in phase addition toward the right. 
The difference in location of the scanning antenna and 
the dish is probably the cause of this reversal in phase 
relationship in the two antennas. Assuming two waves 
with arbitrary phase and amplitude relationships, scan-
ning patterns have been calculated that resemble the 
patterns shown in Fig. 6(a). These synthesized pat-
terns indicate that the direct wave was arriving from 
about true transmitter direction and that the reflected 
wave path was about 0.4 degree below the direct wave 
path when the record of Fig. 6(a) was made.' 

• The reflected wave from the New York transmitter, by calcula-
tion, should arrive 0.33 degree below the direct wave on a normal 
day. This calculation neglects any effect introduced by the presence 
of Staten Island. 
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Fig. 6(a) —Record: August 10, 1944, EWT 4:58-5:04 P.M., New 
York transmitter. Weather: Temperature 90 degrees. Wind, south-
east 2 miles per hour. Humidity high. Visibility, 4 miles. 

Fig. 6(b) —Record: August 9, 1944, EWT 5:34-5:40 P.M., New York 
transmitter. Weather: Temperature 80 degrees: clear, sunny. 
Wind, southeast 5 miles per hour. Visibility, 25 miles. 
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Fig. 7(a) —Record: July 7, 1944, EWT 4:48-4:53 A.m., New York 
transmitter. Weather: Dawn, clear. Wind, still. Temperature 
70 degrees. Visibility, 1 mile, ground haze. 

Fig. 7(b) —Record: July 8, 1944, EWT 12:09-12:26 A.M. New York 
transmitter. Weather: Clear. Temperature, 70 degrees. Wind, 
southeast 5 miles per hour. Visibility, 3 miles, ground haze. 
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Under conditions as shown in Fig. 6(a), marked im-
provement in fading can be accomplished by using an 
antenna sharp enough to reduce the amplitude of the 
reflected wave. A record taken the day before, under 
almost identical conditions to those in Fig. 6(a), is 
shown in Fig. 6(b) (August 9, 1944, 5:35 P.m.). Here 
the sharp vertical-scan antenna (upper trace) was 
stopped on center, so as to point toward the incoming 
direct wave, while the broad-beamed dish antenna 
(lower trace) receives the strongly reflected wave as well 
as the direct wave. The output of the dish antenna 
changes about 20 decibels, while the output of the sharp 
antenna varies less than 4 decibels. 
The record shown in Fig. 6(a) is only one of many. 

One record obtained showed a reflected wave much 
stronger than the direct wave and arriving at an angle 
about 0.5 degree below the true transmitter direction. 
"Trapping" of the reflected wave caused by steep 
gradients of the dielectric constant in the atmosphere 
near the surface of the water is a possible cause of some 
of the complicated phenomena observed. So far, the 
measuring equipment has indicated only lower-than-
normal angles of arrival of the reflected wave during 
anomalous transmission conditions. 

ANOMALOUS PROPAGATION OF THE DIRECT WAVE 

Another type of propagation that has been observed 
is characterized by the direct-wave path deviating from 
its normal angle of arrival. Fig. 7(a) (July 7, 1944, 
4:50 A.m.) shows a record made on the New York 
transmitter. At the time this record was made, what was 
presumed to be the direct wave was arriving 0.35 de-
gree abo‘e the normal elevation angle of the trans-
mitter, while the weaker, reflected wave was arriving 
about 0.40 degree below. (The higher speed scanning 
of the horizontal antenna is shown in center of the 
record.' The average horizontal angle of arrival at this 
time was 1/10 degree east.) The direct wave may have 
been "trapped" at this time. The record is consistent 
with the idea that the refraction experienced by a wave 
passing within a few feet of the earth's surface may be 
considerably different from that encountered by 
another wave passing some 200 feet above. 
A special type of propagation, not illustrated, was ob-

served on the Deal circuit on the foggy morning of 
October 14, 1944, at 10:40 A.M. The patterns for both 
the horizontal and vertical scanning antennas had 
"peaks" that indicated a normal direct wave. The levels 
of the "valleys," however, were about 5 decibels higher 
than normal. This indicated that, inside the limits of 
the scanning region, radiation was being received from 
above and below and from either side of the normal 
direct wave. The antenna resolution was, unfortunately, 
not sufficient to determine whether this unusual radia-
tion was scattered or whether only a few distinct waves 
were involved. 

7 Later this scanning speed was changed, and on most of the 
records the scanning speed of the horizontal antenna is the same as 
that of the vertical. 

Fig. 7(b) shows propagation on the New York circuit, 
where the angle of arrival of the direct wave is higher 
than normal and the reflected wave is practically ab-
sent. Such propagation also has been observed on the 
Deal circuit. The record shows an angle of arrival 0.40 
degree above the normal transmitter direction. At 
times angles have been measured as much as 0.46 de-
gree above the normal New York transmitter direction. 
Records of similar types of propagation on the Deal 
circuit have shown angles of elevation as high as 0.27 
degree above normal. At these times the received field 
has changed as much as 10 decibels above and below 
the free-space field in a few minutes without a notice-
able change in the angle of arrival or in the character 
of the scanning pattern. A change of 10 decibels in 
signal level is shown on the record of Fig. 7(b). Near the 
center of the record the vertical scanning antenna was 
stopped at the angle giving maximum signal output and 
the recorders were run for about 12 minutes at slow 
speed. The scanning was then resumed, and the record 
shows that the angle of arrival was the same as before 
the change in signal level. It is not known how often 
these conditions existed during the summer. They have 
been observed only during the calm, cool hours of dark-
ness following a hot summer day; relatively few all-
night observations were made. So far, excluding cases 
where attenuation was caused by rain or snow, deep 
fades of the direct wave have always been accompanied 
by higher-than-normal angles of arrival. 
The kind of propagation illustrated in Fig. 7(b) will 

have an important effect on radars and microwave re-
peater circuits. The results show that low-elevation 
radar directions may be in error by  degree in the 3-
centimeter band and that the beam of our vertical 
scanning antenna is too narrow for point-to-point 
systems, when it is left in a fixed position. It is believed 
that fixed,  sharp-beamed point-to-point antennas 
should be tilted upwards slightly, since, to date, the 
angle of arrival of the direct wave has not been found 
to be below the true transmitter direction.8 On the basis 
of the observations, a 7-foot vertical antenna dimen-
sion, with the antenna pointed up 0.15 degree from 
the normal angle of arrival, would have been satis-
factory for the 3-centimeter New York circuit during 
the summer of 1944. 
There still remains a good deal of work to be done 

on methods of overcoming fading associated with this 
type of propagation. Possibly diversity reception with 
antennas at different heights or at different locations 
along the ground may prove fruitful. 

POLARIZATION EFFECTS 

As was stated earlier, the transmitters were set to 
radiate waves polarized at 45 degrees so that antennas 
that receive only horizontal or vertical polarization 
could be used at the receiver. The vertical scanning 
• Meteorologists working on other radio paths have observed 

conditions which would indicate that lower-than-normal angles of 
arrival may also be possible. 
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antenna is designed to accept only horizontally polar-
ized waves, while the horizontal scanning antenna ac-
cepts only vertically polarized waves. Therefore it is 
important to know whether or not the received signals 
arrive at the same polarizations as transmitted, and 
whether or not the fading on the two polarizations is the 
same. These questions were answered by the use of the 
reference dish antenna which could be rapidly changed 

Fig. 8—Record: August 9, 1944, EWT 5:46-5:51 P.M. New York 
transmitter. Weather: Clear. Temperature, 78 degrees. Low hu-
midity. Wind, northwest, 8 miles per hour. Visibility, 5 miles. 

from the +45-degree polarization transmitted to the 
—45-degree not transmitted. It was found that, even 
under disturbed conditions, this change resulted in 
more than a 20-decibel decrease in signal, which means 
that the opposed polarization is at least this far down 
at all times. Furthermore, no important differences in 
fading have so far been found between waves of op-
posit d polarization. The record reproduced in Fig. 8 
(August 9, 1944, 5:45 P.m.), shows the outputs of the 
horizontally polarized dish antenna (lower trace) and 
the vertically polarized horizontal scanning antenna 
(upper trace) fading together. From this and other 
records it was concluded that no important difference 
exists between horizontally and vertically polarized 

waves in the 3-centimeter band over paths of the type 
used in this work. 

3- AND 30-CENTIMETER-BAND COMPARISONS 

Early in September, 1944, a 30-centimeter-band 
transmitter was added to the New York circuit and a 
few comparisons of fading on this circuit and on the 
regular 3-centimeter-band circuit were made. 
It was found that, in general, the fading on the 30-

centimeter circuit was less than on the 3-centimeter 
circuit. The greatest difference observed between the 
two was on September 27, 1944, during a sunset-period 
observation. A record covering one hour between 5:30 
and 6:45 P.M. Eastern War Time shows that the New 
York 3-centimeter-band circuit using a 28-inch dish 
antenna suffered many 15- to 19-decibel field changes, 
while the 30-centimeter-band circuit showed only one 
4-decibel change in field. The 3-centimeter fading was 
rapid at the time and was apparently caused by wave 
interference. 

RAIN EFFECTS 

No particular study has been made of rain effects, 
but it may be mentioned that rain has affected the 
transmission on both of our 3-centimeter-band paths in 
varying degrees, depending on the magnitude of the 
downfall. Light rains, in general, have had no noticeable 
effect, while very heavy downpours have caused as much 
as 8/10-decibel attenuation per mile of path length. It 
is very difficult for us to know what conditions of rain-
fall may have existed over the full length of any particu-
lar path at any particular time, but the above figures 
can be presented as the maximum values of attenua-
tion that have been observed on our paths. One-half 
inch of rain was reported by the New York Weather 
Bureau for an hour interval covering one of the periods 
when 8/10-decibel-per-mile attenuation was observed. 
Observations have been made on the 30-centimeter 

circuit during periods of heavy rainfall and, so far, no 
noticeable attenuation because of rain has been ob-
served. 

CONCLUDING REMARKS 

The angle-of-arrival measurements reported in this 
paper cover only the results obtained from part-time 
observations on two particular microwave circuits. 
Similar results may or may not be observed in micro-
wave circuits which are installed at locations where the 
terrain and meteorological conditions may be quite 
different. In summarizing the results obtained, the fol-
lowing concluding remarks are significant. 
The angle of arrival of microwaves has been found 

to vary in both the horizontal and the vertical planes. 
Vertical-plane variations have been found to he the 

more common, with the angle of elevation of the received 
signal at times deviating from the normal direction of 
the transmitter by as much as  degree. 
Horizontal-angle deviations have been found to be 

present less frequently than those in the vertical plane 
and the magnitude of the deviations has been found to 
be much smaller. No deviation greater than 1/10 degree 
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from the true bearing of the transmitter has been re-
corded. 
From the above it is seen that radars designed to 

measure the angle of elevation of targets may be sub-
ject to occasional errors of the order of  degree when 
the angle of elevation is small. 
If antennas for microwave repeater links are not made 

"steerable," some allowance must be made in their 
design for variation in the angle of arrival of the re-
ceived signals. 
In regard to the fading improvements possible with 

narrow-beamed antennas, it will be recalled that in the 
case of the New York path, where a strong water-
reflected component was at times received, the large 

20-foot-aperture, narrow-beamed antenna gave a con-
siderable improvement in fading over that experienced 
with a small broad-beamed dish antenna. This result 
indicates that two small antennas separated by 20 feet 
might be expected to give useful space-diversity effects 
on this path. 
Finally, there is evidence that at times during the 

course of this work our 1-degree beam-width scanning 
antennas were not sufficiently sharp to separate all the 
components of the radiation arriving at the receiving 
point. Future measuring work on microwave angles of 
arrival would probably be greatly benefited by making 
use of antennas with beam widths several times nar-
rower than those of our present scanners. 

Further Observations of the Angle of Arrival 
of Microwaves* 

A. B. CRAWFORDt, SENIOR MEMBER, I.R.E. AND WILLIAM M . SHARPLESSt, SENIOR MEMBER, I.R.E. 

Summary—Microwave propagation measurements made in the 
summer of 1945 are described. This work, a continuation of the 1944 

work reported elsewhere in this issue of the PROCEEDINGS OF THE 
I.R.E. AND WAVES AND ELECTRONS, was characterized by the use 
of an antenna with a beam width of 0.12 degree for angle-of-arrival 
measurements and by observations of multiple-path transmission. 

PAPER appearing in this issue of the PROCEED-
INGS'' describes a method of measuring the angle 
of arrival of microwaves and gives some data 

obtained during the summer of 1944 at a wavelength of 
3.25 centimeters using parabolic-reflector-type antennas 
with beam widths of about i degree (20-foot apertures). 
Occasionally, during this work, it was observed that 
antennas with still sharper beam widths were needed 
to separate in angle the components of the received 
field. Since the beam width of an antenna is inversely 
proportional to the linear dimension of its aperture but 
directly proportional to the operating wavelength, it 
was decided to build an antenna with a 20-foot aperture 
but designed to operate at a wavelength of 1.25 centi-
meters, and thus obtain an antenna with about two-
and-one-half times sharper beam. This note describes 
that antenna and summarizes the results of observa-
tions made in the summer of 1945. 
The metal-lens2 type of antenna construction was 

chosen for the new antenna because the physical 
tolerances required could be realized more easily than 
with a parabolic-reflector-type antenna of the same size 
designed for a wavelength as short as 1.25 centimeters. 
The operation of a metal-lens antenna depends on the 
fact that a wave traveling between conducting plates 

• Decimal classification: R310 X R221. Original manuscript re-
ceived by the Institute, April 18, 1946. 

t Bell Telephone Laboratories, Inc., Holmdel, N. J. 
1 William M. Sharpless, "Measurement of the angle of arrival of 

microwaves," PRoc. I.R.E. this issue, pp. 837-845. 
1 W. E. Kock, "Metal-lens antennas," PRoc. I.R.E., this issue, 

pp. 828-836. 

parallel to the electric field and spaced more than a 
half wavelength, as in a wave guide, has a phase velocity 
greater than the wave in free space. By properly shaping 
the profile of a structure consisting of a number of 
such parallel plates, a plane wave can be brought to a 
focus. In Fig. 1, the lens antenna (at the extreme right 

Fig. 1—Photograph of receiving antennas at Beer's Hill, N. J. The 
lens antenna, in the right foreground, has a beam width of 0.12 
degree and was used for angle-of-arrival measurements at 1 25 
centimeters wavelength. The antennas used at 3.25 centimeters 
and the receiving shack are in the background. 

of the picture) consists of seventy vertical parallel 
plates held to a spacing of about one-third inch by 
means of horizontal spacing strips. The profile is 
"stepped back" at points where the required phase cor-
rections are multiples of 360 degrees, thus keeping the 
lens thickness at a minimum. The lens, 20 feet high and 
2 feet wide, in combination with the collector antenna 
at the focal distance (48.6 feet to the rear of the lens), 
has a beam width at half-power points of 0.12 degree 
in the plane perpendicular to its short dimension and 
1.2 degrees in the plane perpendicular to its long di-
mension. The minor lobes are about 25 decibels down 
from the major lobe. The beam of this antenna is 
scanned, sinusoidally, through an angle of ± 0.75 
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degree in the vertical plane by moving the lens 74 inches 
up and down from its central position by means of a 
motor-driven connecting-rod mechanism, not visible 
in the photograph. By rotating the lens assembly and 
the collector antenna through 90 degrees, the system is 
used for scanning in the horizontal plane. 
Using this antenna and a broad-beam (2.75 degrees) 

parabolic-reflector-type antenna at 1.25 centimeters, 
and also the 3.25-centimeter equipment described in 
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Fig. 2.-Plots of data obtained during periods of simple, one-path 
transmission. 

Plot (A) -Angles of arrival measured at 1.25 centimeters wave-
length versus the gradient of the modified index of refraction 
of the atmosphere (dM/dh). The inclined line is the calculated 
variation of angle with gradient. 

Plot (B) -Same as (A) for a wavelength of 3.25 centimeters. 
Plot (C) -A comparison of angles of arrival measured simul-
taneously at wavelengths of 1.25 centimeters and 3.25 centi-
meters. 

Plot (D) -Atmospheric absorption measured at 1.25 centime-
ters wavelength; excess attenuation in decibels per mile plotted 
against absolute humidity in grams of water vapor per cubic 
meter. 

the previously mentioned paper,' part-time measure-
ments of angle of arrival and signal level were made 
during the summer of 1945 over the Deal-Beer's Hill 
path; a 12.63-mile overland path for which the line of 
sight clears the average ground level by about 155 feet 
(see Figs. 1 and 5, /oc. cit.). Angle-of-arrival measure-
ments were made in the manner described in the above 
paper, i.e., by observing the spacing between the signal 
peaks recorded on a continuously moving chart as the 
beam of the antenna was scanned through the incoming 
waves at a rate of three scanning cycles per minute. 
Our radio data have been supplemented by meteoro-

logical data in the form of M-curvess which were fur-
nished us through the co-operation of the NDRC Com-
mittee on Propagation, represented by Captain W. E. 
Gordon of the Army Air Forces and A. T. Waterman, 
Jr., of the Wave Propagation Group, Columbia Uni-
versity. These curves, six for each day, were intended 

Modified index of refraction of the atmosphere plotted against 
height above ground. 

to be representative for the path, and were synthesized 
from low-level soundings made by balloon at the 
Holmdel Laboratory (see map, Fig. 1, /oc. cit.) and on a 
400-foot radar tower about 14 miles south of our trans-
mitting site at Deal. 
From about the middle of July to the end of Septem-

ber, observations were made during periods ranging 
from 4 hour to 8 hours in length on most of the days 
and on twenty nights when clear, relatively calm 
weather conditions suggested the possibility of anoma-
lous propagation. The major results are described below. 
1. In the horizontal plane, angular deviations from 

the line of sight were usually absent and were never 
observed to be larger than 0.03 degree. 
2. In the vertical plane, except for two nights when 

multiple-path transmission was present, the angle of 
arrival varied from -0.04 degree to +0.11 degree, 
relative to the line of sight, on both wavelengths. Most 
of the deviations occurred during the nighttime hours. 
As was to be expected from simple ray theory, there was 
a correlation between the angle of arrival and the 
gradient of the modified index of refraction (see plots 
(A) and (B) of Fig. 2). In these plots measured angles of 
arrival or, as shown by the vertical lines, the range in 
angle during the observation period, are plotted against 
refractive-index gradients obtained from the M-curves 
most nearly corresponding in time with the radio 
measurements, usually within two hours. The inclined 
lines show the calculated variation of angle with 
gradient. 
The scattering of the data in plots (A) and (B) may be 

partly the result of errors of measurement and partly 
because of the fact that the radio and meteorological 
data do not always correspond in time. On the night of 
September 12-13, the angle of arrival for both wave-
lengths varied over a small range during the four-hour 
observation period, with the exception of a short inter-
val of time when a much different angle was observed. 
This angle is indicated on the plots by a cross which is 
connected by a dotted line with the solid line represent-
ing the range in angle measured during the major part 
of the period. M-curves were available for only the 
beginning and end of the period and both of these indi-
cated an M-gradient of zero. 
3. Angles measured simultaneously at 1.25 centi-

meters and at 3.25 centimeters agreed quite well, as 
shown in plot (C) of Fig. 2, which is also for periods of 
simple one-path transmission. 
4. Fading ranges observed with the broad-beam an-

tennas were usually less than 6 decibels, except on the 
nights of multiple-path transmission. Scintillation fad-
ing (rapid fluctuations of from I to 14 decibels about a 
steady average signal level) was usually present during 
the daytime and on windy nights, and was more severe 
at 1.25 centimeters than at 3.25 centimeters. Observa-
tions made at 1.25 centimeters showed that the scintilla-
tion fading was generally less on the large narrow-beam 
scanning antenna (held in a fixed position for this test) 



1946  Crawford and Sharpless: Angle of Arrival of Microwaves 847 

2 SIGNAL 

t -O. TIME   

3    

If NI AM =  
4    

5 M  6  M INI 1 _ _ _ _R _ _, _ _ _ 

7  = momil =  si s INNI ammo l uiLi mm  11:  M i  M EN E M ,   
= 

M a 
8  ..   = =  1  IIIII MI1 111 111111111 •111   

ti m 9  eim• ̀.=  IM MO i' .  It sia sig m  m itammummi r majs m are m   - — 

10 i ntl  7 1-1UIM U M mitkunal 
Z.. ..,  '2 = 

12 
IS  =. WO W  " 111111■1 0k W\1111111  M I M I  \ IL   VI M\ 
ELI MIX llri MICIIII M MAI U MILA  111■U nW  \MIL  \  

20 

Fig. 3—Sample scanning records for 1.25-centimeter wavelength. 
Upper chart—Normal day scanning record. Lower chart—Example of multiple-path transmission. 

than on the small broad-beam antenna; this obserra-
tion is analogous, perhaps, to the optical one in which 
star scintillation is less when viewed through a large 
telescope than when seen by the unaided eye. 
5. The 1.25-centimeter signal was "washed out" by 

rainstorms and was affected in mean amplitude by day-
to-day variations in the absolute humidity. Plot D of 
Fig. 2 shows atmospheric absorption, expressed in 
decibels per mile in excess of free-space attenuation, 
plotted against absolute humidity (grams of water vapor 
per cubic meter) calculated from measurements of air 
temperature and relative humidity at the Beer's Hill 
receiving site. The solid line is the theoretical relation 
of Dr. J. H. Van Vleck for the case of the absorption 
line centered at a wavelength of 1.33 centimeters.' A 
typical value of absorption at 1.25 centimeters for sum-
mertime in this locality is about 0.4 decibel per mile. 
Heavy rains had an effect on the 3.25-centimeter signal, 
but attenuation effects due to water-vapor absorption 
were too small to be observed. 
6. Multiple-path transmission was observed on two 

nights, August 9-10 and August 30-31, when the scan-
ning records showed that the received signal consisted 
of several components arriving simultaneously at dif-
ferent angles. The angles quoted below are for the 1.25-
centimeter wavelength, since the 3.25-centimeter an-
tenna with its I-degree beam width was unable, most 
of the time, to resolve the components; at times there 

4 From the paper, "The atmospheric absorption of microwaves," 
presented by Dr. Van Vleck at the Cambridge Meeting of the 
American Physical Society, April 26, 1946. 

was evidence of components so closely spaced in angle 
that even the 0.12 degree beam of the 1.25-centimeter 
antenna could not resolve them. 
Beginning about 2:30 A.M. on August 10 and still 

continuing at 6:30 A.M., when observations were dis-
continued, two transmission paths were present much 
of the time. One of these was apparently the "normal" 
or daytime path; the angle of arrival and the signal 
level of this component were, for the most part, nearly 
normal. The other component arrived at an angle which 
varied from 0.21 to 0.46 degree above the line of sight 
and also varied in amplitude, sometimes very rapidly, 
over a range of 20 decibels. Wave interference between 
these components caused severe fading on the broad-
beam antennas which would accept both components. 
The signal-level variation on both wavelengths was 
from about 20 decibels below to 10 decibels above the 
free-space level, but otherwise there was little similarity 
in the fading records for the two wavelengths. 
On the night of August 30-31, from about 10:30 

P.M. to 4: 00 A.M., two, three, and, at times, four separate 
transmission paths were observed. All of these varied 
in angle of arrival and all had large, rapid variations in 
signal level; the normal or daytime path sometimes was 
missing. A short section of the scanning record for this 
night is shown at the bottom of Fig. 3, which shows 
also, for comparison, a sample record which is typical 
of normal day scanning. The lines marked "up" and 
"down" indicate the points on the record for which the 
antenna was at the top or bottom, respectively, of its 
scanning cycle. At the extreme left of the bottom chart 
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the record shows that three components were received: 
the strongest at +0.01 degree, with two others at 
+0.30 degree and +0.62 degree relative to the line-
of-sight path. On the next scanning cycle, twenty sec-
onds later, the received energy was about equally di-
vided between two paths at 0 degrees and +0.30 de-
gree. About 1i minutes later (seventh scanning cycle 
from the left), the major component was at +0.30 
degree, with three weaker paths in evidence at 0 de-
gree, +0.54 degree, and +0.69 degree. The highest 
angle observed this night was about +0.75 degree. 
As on the two-path night, violent fading was observed 
on the broad-beam antennas. 
The weather on these nights was clear and calm; 

there was heavy condensation at the ground and fog 
in the low-lying areas. A slight breeze started about 
4:00 A.M. on the morning of August 31 and the trans-
mission reverted to the normal single-path variety. The 
M-curves for both of these nights were S-shaped; there 
were inversions in the refractive-index versus height 
curve at elevations near that of the line of transmission. 
There was a single inversion on the night of two paths, 
August 9-10, while on the night of August 30-31 there 
was evidence of two inversion layers. No similar inver-

sions near the line of sight or evidence of multiple-path 
transmission were found on any other night. 
Calculations based on simple ray theory indicate that 

multiple-path transmission can be caused by super-
refraction in inversion layers. However, it seems un-
likely that the largest angles of arrival we have ob-
served can be accounted for in this manner, since re-
fractive index inversions several times larger than those 
actually measured would be required. A more reason-
able explanation for these high-angle components would 
seem to be that they arise from reflections at small, 
abrupt changes in the refractive index which may be 
present at the boundaries of the inversion layers.5 In 
any case, a good correlation cannot be expected between 
the rapidly changing radio data and the slowly meas-
ured and relatively coarse-grained meteorological data. 
A rapid method of making continuous air soundings and 
further radio measurements is needed. An experiment 
in which angles of arrival are measured simultaneously 
over in-line paths of different lengths may help to clarify 
the mechanism of multiple-path transmission. 

* C. R. Englund, A. B. Crawford, and W. W. Mumford, "Ultra-
short wave transmission and atmospheric irregularities," Bell Sys. 
Tech. Jour., vol. 17, pp. 489-519, October, 1938. 

The Cathode Follower Driven by a Rectangular 
Voltage Wave* 
MALCOLM S. McILROYt 

Summary—A rectangular voltage wave is often transmitted from 
a high-impedance source to a low-impedance load through resistance-
capacitance coupling and a cathode follower. The position of the grid-
return tap on the cathode resistor determines, for any applied voltage 
wave form, whether the output voltage wave is linearly related to 
the input voltage wave or is affected by cutoff or by overdriving. 
This paper presents methods for determining the operating condition 
that applies and derives expressions for the circuit voltages, subject 
to stated assumptions. 

GENERAL ANALYSIS 

THE CATHODE follower is often used in com-
bination with a resistance-capacitance coupling 

  circuit to transmit a periodic rectangular voltage 
wave from a high-impedance source circuit to a load 
circuit having relatively low impedance.' The voltage 
wave is transmitted with a gain less than one and with-
out polarity inversion. Fig. 1 illustrates this circuit 
and shows the grid-return resistor R. connected, or 
"returned," to a tap on the cathode resistor R. The 
numerical value of Rk is intended to represent the 
parallel combination of the resistance in the cathode cir-
cuit and the resistance of a load. The quantity a, repre-

• Decimal classification: R139.21. Original manuscript received 
by the Institute, February 10, 1946. 
t Massachusetts Institute of Technology, Cambridge, Mass. 
1 Walther Richter, "Cathode follower circuits," Electronics, vol. 

16, pp. 112-117, and 312; November, 1943. 

senting the fraction of the resistance Rk which is be-
tween the grid-return tap and ground, may have any 
value from zero to one. No grid current flows in the 
series clipping resistor R, when the grid voltage e is 
negative. Since the resistor R, limits the flow of grid 

*Ebb 

-4" 

Fig. 1—Cathode follower with resistance-capacitance coupling 
and variable grid-return tap on the cathode resistor. 

current when e is positive, the magnitude of e, is then 
negligible compared with other circuit voltages. 
The tap position of the grid-return resistor as given 

by the fraction a affects the average value of the volt-
age e2 and hence the average value of the output voltage 
ea and the limits of linear operation. In the discussion 
which follows an analysis is made of the relations that 



1946  McIlroy: Cathode Follower Driven by Rectangular Wave 849 

exist in the circuit, including the influence of the loca-
tion of the grid-return tap, when el, the input voltage 
to the circuit, has a rectangular wave form. The elec-
tric-current relations presented here are subject to the 
following four assumptions: 
(1) The time constants R.0 and R.0 are sufficiently 

large so that, under steady operating conditions with the 
periodic rectangular voltage wave applied, the voltage 
E. across the capacitor C is substantially constant. 
(2) The grid-return resistor R is very large, and R. 

is large compared with the cathode resistor Rk. 

(3) The input voltage el is the actual voltage present 
when the circuit is in operation. 
(4) Interelectrode capacitances, stray capacitances, 

and load capacitance do not significantly affect the 
voltages in the circuit. 

ae 

ay. 

I---Tu -r, t 

—  - — 

e2ovl 

aT7e 

T  

I I-ekt. em,„9 

Fig. 2—Wave forms of voltages indicated in Fig. 1. 

Since the capacitor voltage E. is assumed to be con-
stant, the voltages el and es are exactly alike except for 
their average values. Therefore the two arithmetical 
differences, Ae+ and Ae- in Fig. 2, between the actual 
values and the average values, apply equally to el and 
es. If the differences ae-f- and Ae- are respectively added 
to and subtracted from a known average value of es, 
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the wave form of the voltage es is completely defined. 
The wave form of the output voltage ek may be found 
from the graphical construction of Fig. 3 for any known 
voltage es. The plate load line is drawn, intersecting 
the plate-voltage axis at Ebb and the plate-current axis 
at Ebbl(Rk+ RI). In the example of Fig. 3, the values 
used for Rk and RL are 10,000 ohms and 30,000 ohms, 
respectively. An ordinate scale is added to represent 
the output voltage, with values ek=Rkib as shown. 
For several points on the load line, corresponding values 
of ek and e. and their sum es are listed and used to plot 
a graph of e& versus es, as in the broken line of Fig. 3 (b). 
Since the resistor R. prevents the existence of signifi-

cant positive values of ec, the output voltage cannot 
exceed its value at the point Q in Fig. 3(a), where the 
load line intersects the curve for ec= 0. Therefore, for all 
values of es to the right of point U in Fig. 3(b), the 
output voltage is very nearly constant. 
Because the curves which represent equal incre-

ments of grid voltage in the tube characteristics do not 
intersect the load line at equal distances for low values 
of plate current, the lower end of the broken-line exact 
characteristic in Fig. 3(b) is curved. In analytical work, 
results sufficiently accurate for most purposes are 
achieved if the lines of constant grid voltage in Fig. 
3(a) are represented by equally spaced straight lines 
parallel to the line QP drawn tangent to the ec=0 curve 
at point Q. If the graphical projection previously de-
scribed is then repeated, the characteristic in Fig. 3(b) 
is the solid straight line L U, which differs slightly from 
the exact characteristic for low values of the output volt-
age ek. The intersection distance LO on the abscissa axis 
of Fig. 3(b) is the magnitude Ec0 of the cutoff grid volt-
age to be used in the linear-approximation method of 
analysis, since ec and es are equal at cutoff. The value 
of E. may be computed without preparation of a graph 
by employing the reasoning which follows. 
In Fig. 3(a) let E. represent the plate voltage OP at 

the intersection with the abscissa axis of the line QP. 
The change in plate voltage for zero plate current be-
tween ec = 0 and ec at cutoff is then E6—E0. The change 
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Fig. 3—(a) Characteristics of triode employed in Fig. 1. (b) Relation 
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in grid voltage for the same operating range is E.. 
Hence the ratio (Ebb— E0)/E. is equal to µ, the ampli-
fication factor, and the value of E. is 

Ea, = 
Ebb —  E0 

(1) 
IL 

The slope of the solid line L U in Fig. 3(b) is the ampli-
fication A, defined by the expression2 

A — IL   (2) 
RL 

+ 1 + 
Rk 

in which r, is the dynamic plate resistance of the triode 
at the point Q. 
The relation between es, and ea, as shown in Fig. 3(b), 

may be expressed as 

ek = A(e2 ±  (3) 

During the period Tu, when es has its upper value 
eu,n +Ae+ (see Fig. 2), grid current may flow; during 
the period TL, when es has its lower value e1.5-4,e-, 
the tube may be cut off. The larger the value of the 
fraction a, the higher becomes the voltage on the right-
hand plate of the capacitor and the more likely is grid 
current to flow during the period T. The smaller the 
value of a, the lower is the voltage on the right-hand 
plate and the more likely is the tube to cut off during 
the period TL. 
The possible combinations of input wave form and 

of the fraction a may be grouped under four operating 
conditions, which are considered separately in the fol-
lowing paragraphs. The four conditions are: 
1. Grid current never flows. Plate current is never 
cut off. 

2. Grid current never flows. Plate current is cut off 
during period TL. 

3. Grid current flows in period Tu. Plate current is 
never cut off. 

4. Grid current flows in period Tu. Plate current is 
cut off during period TL. 

Condition 1. The grid-to-cathode voltage ec is always 
negative, and the tube plate current is never cut off. 

With the grid-to-cathode voltage always negative 
between zero and the cut-off value E0, the cathode fol-
lower operates as a linear circuit having the input and 
output voltage wave forms shown in Fig. 2. Since no 
grid current flows, the average current through R„, is 
zero. Therefore, 

e2avg = aekaVg• (4) 
Since operation in condition 1 is confined to the straight 
line LU of Fig. 3(b), equation (3) applies to average 
values as well as to instantaneous values. Therefore, 

ekavg = A(e2.2 Ec0).  (5) 
A simultaneous solution of (4) and (5) determines the 
values of the unknown voltages: 

2 Electrical Engineering Staff, Massachusetts Institute of Tech-
nology, "Applied Electronics," John Wiley and Sons, Inc., New 
York, N. Y., 1943, P. 537, equation 177. 

aA 
esavg =   E. 

1 — aA 
A 

ekavg =   Eco. 
1 — aA 

(6) 

(7) 

The upper and lower values of output voltage ek may 
be found, respectively, from 

eku = ekays AAe+  (8) 
ekc = ekavg — Ae  (9) 

and the capacitor voltage is 

(10) E x =  elavg  e2avg• 

If ,die- equals the difference in voltage between eun 
and — E„ (see Fig. 3(b)), the tube cuts off. Then 

=  E. 
aA 

1 — aA 
1 

Ae- = 1  (11) 
— aA 

Therefore the lower limit aL, of the value of a below 
which condition 1 does not apply is 

1 ( 

Ae-

If the value of aL, found from (12) is negative, plate-
current cutoff does not occur for any position of the tap 
on R. 
The voltages ea and es are equal at the point U in 

Fig. 3(b), where grid current starts to flow. Therefore, 
from the geometry of the figure, 

EV)  ECO 

and 

aL, (12) 

A =   (13) 
ek.. + Ea, 

A E. 
ekmag =   

1 — A 
(14) 

If Lle+ equals the difference in voltage between ekmag and 
e„, grid current flows. Then 

A E. 
AO- —  1 — A  e2avg•  (15) 

If the value of e2„ from (6) is substituted in (15), 
and (15) is solved for the upper limit au, of the value 
of a above which condition 1 does not apply, the result 
is 

1 — A 
 Ae-t-
A 

au, =   
— (1 —  

(16) 

Condition 2. The grid-to-cathode voltage is aluays nega-
tive, but the tube plate current is cut off during the period 
TL of lower output voltage. 

If the value of the tap ratio on the cathode resistor is 
less than aL, as defined by (12), the plate current is 
cut off during the period TL. Since the output voltage 
is zero during the period TL, the average value of the 
output voltage is 
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Tu 
ek.vg =    ekU• 

TL + TU 

Since no grid current flows, 

e2avg = aekavg = 

aTu 
 eke. 
TL  Tu 

If the value of  from (24), is substituted in (25), 
(17)  the solution for the lower limit ak, of the value of a at 

which cutoff occurs is 

(18) 

The upper value of ek may be found from the slope-form 
equation of the line in Fig. 3(b). 

eke = A[e2avg  Ae+  Em].  (19) 

Equations (18) and (19) are solved simultaneously for 

the unknown value of e2ftyg: 

otA[ie+  E] 
e2,4 = 

Ae+ 
1 — aA  — 

(20) 

As in condition 1, (15) establishes the upper limit of 
4,e+ for condition 2. If the value of e2avg, from (20) is 
substituted in (15), the upper limit au, of the value of 
a for condition 2 is 

,6,e+  0 - A)e+1 
au, = (1  --)[1    

Ae- A E. 
(21) 

Condition 3. Grid current flows during the period of 
higher input voltage, and the tube is never cut off. 

If the value of a exceeds au, as found in (16), grid 
current flows during the period Tu. The upper value of 
the output voltage ft,. is found from (14). The lower 
value of the output voltage for condition 3 is found from 
Fig. 3(b) 

ekk = A (exavg + E. — e-).  (22) 

The charge gained by the coupling capacitor C during 
period Ty is equal to the charge lost during period Tr,. 
The charging current during period Tu is the sum of 
the currents through resistors R. and R„. During period 
TL the entire discharge current flows upward through 
resistor R„. The effects of these currents on the voltages 
in resistor Rk are negligible compared with the voltages 
resulting from the plate current. The gain and loss of 
charge are equated in the following expression: 

e2avg  4,e+ — ekmax e2avg  Ae+ — aekma l 
Tu   

R.  R, 

TL  , 
= —  LaA(e2avg  —  Ec.) — (e2,,vg — L1,61]• 
R, 

A solution of (23) gives 

e2avg =  

(--E" _i)]+ekinax—Ae+ 
R, 

a_I ek +Aze 

- + --  1 +— (1— aA)] 
1  1 [  Ae+ 

R, R, 

As in condition 1, the tube cuts off when 

= e2avg + 

(23) 

aL, 
1 4,e+) 
[(4,e- — E.)(1 + -  

ekmax  Ae-

-  \-kmax  — Ae+ —  
Rg 

—  (e 
R, 

(26) 

Condition 4. The tube is cut off during the period of 
lower input voltage, and grid current flows during the 
period of higher input voltage. 

If the value ak, found from (26) is equal to or greater 
than the value au, found from (21), the tube cuts off 
during the period TL, and grid current flows during 
the period Tu. The two values of the output voltage 
are then zero and ek,.. The equality of charge gained 
during the period Tu to the charge lost in the period TL 
is expressed as follows: 

e2„,  — ekm. euvg  Ae+ — aekmax 
Tu 

R, R, 

whose solution is 

e2avg = 

= 

TL 
—  — ej 
Rg 

ekin.r  + a ]  Ae+ 
L R,  R9J  R, 

1 ± 1 (I +  

R.  R, 

(27) 

(28) 

CONCLUSION 

For any combination of circuit constants and ap-
plied voltage wave form, the position of a in the follow-
ing tabulation determines the operating condition that 
applies. 

Condition 1: ac,a 
Condition 2: aSak, au2 
Condition 3: a L, 5 au, a 
Condition 4: au, Sa 

After the operating condition is determined from 
this tabulation, the circuit voltages may be found from 
the appropriate equations derived for the corresponding 
condition in the body of the paper. Under conditions 3 
and 4, the upper value of the output voltage is always 
e 1 as found in (14). Under conditions 2 and 4, the 
lower value of the output voltage is always zero. 
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Ultra-High-Frequency Radiosonde 
Direction Finding* 

LUKE CHIA-LIU YUANt, SENIOR MEMBER, I.R.E. 

Summary—A simple radio direction finder, operating at 183 
megacycles, for observing the flight of meteorological balloons is 
described. 
An Adcock antenna and a single-dipole antenna system, including 

a corner-type reflector as shield against ground-reflected waves, 
were used for measuring the azimuthal and the elevation angles of 
an incoming electromagnetic wave. Shielding characteristics of the 
corner-type reflector for various wire spacings, focal lengths, and 
wire lengths are given. 

The direction finder has an accuracy of degree in the determina-
tion of the azimuthal angles. An accuracy of  degree is easily ob-
tained in the determination of the elevation angles when a stationary 
transmitter is used as target on top of Mt. Wilson at a distance of 
seven miles. Larger errors in .the elevation angles were observed 
when the target transmitter was sent aloft on balloons. 

INTRODUCTION 

rii HERE HAS been a growing interest in and an in-
creasing demand for the determination of wind 
velocities at high altitudes under any and all 

weather conditions for the purpose of meteorological 
studies. In normal practice, the wind velocities are ob-
tained by sending up a free sounding balloon and de-
termining its positions at regular time intervals by opti-
cal means, sucli as observations with a theodolite. It is 
obvious that there are many limitations to this optical 
method of determining the wind velocity. First, the 
weather must be clear; and second, the balloon must 
not be obscured by clouds. However, in cloudy or other-
wise poor weather conditions, during which information 
on the wind velocities at high atmospheres is especially 
needed for weather studying, optical observations are 
no longer feasible. 
The problem then is to find a simple method of deter-

mining, irrespective of visibility and weather conditions, 
the positions of a floating object in the air rising con-
tinuously to heights of several miles. It is apparent that 
direction finding by radio means would be a logical 
solution. 
Maier' and others have devised radiometeorographs 

or radiosondes of extremely light weight to be sent aloft 
on free balloons. Such a device consists of a small radio 
transmitter and a meteorograph which sends out sig-
nals carrying information on the temperature, humid-
ity, and barometric pressure during its ascent. The sig-

• Decimal classification: R553.1 X R325.31. Original manuscript 
received by the Institute, November 20, 1945; revised manuscript re-
ceived, April 2, 1946. This work was done in whole or in part under 
Contract No. OEMsr-217 with California Institute of Technology 
under the auspices of the Office of Scientific Research and Develop-
ment, which assumes no responsibility for the accuracy of the state-
ments contained herein. 
t Formerly, Norman Bridge Laboratory, California Institute of 

Technology, Pasadena, Calif.; now, RCA Laboratories, Princeton, 
N. J. 
' 0. C. Maier and L. E. Wood, 'The galcit radio meteorograph," 

Jour. Aero. Sc., vol. 4, pp. 417-422; August, 1937. 

nals are received on the ground and are recorded auto-
matically. 

The position of an object in space can be defined 
either by two azimuthal angles, measured simultane-
ously from two fixed points which are at a known dis-
tance apart, and the height of the object, or by the 
height and the azimuthal and vertical angles referred 
to a single fixed point. 

In applying the foregoing methods to the determina-
tion of the position of a radiosonde at any instant, it is 
necessary in the first method to employ simultaneously 
two azimuthal direction finders of high accuracy at a 
known distance apart, and to synchronize these azi-
muthal readings with the corresponding altitude ob-
tained from the barometric-pressure signal transmitted 
from the radiosonde. This involves the maintenance 
and synchronization of two separate direction finders 
which should be separated by a considerable distance 
in order to get the required accuracy in the position of 
the radiosonde. 
The second method, however, requires only one direc-

tion finder which is able to measure the vertical angle 
and the azimuthal angle simultaneously. The work de-
scribed in this paper is based on the latter method. Use 
is made of a simple, easily portable direction-finding 
system, which is designed to overcome large errors en-
countered in the measurement of vertical angles due to 
ground-reflected waves when the antenna system de-
scribed in another paper' is employed. 

APPARATUS 

The transmitters employed as source of signals for 
the experiments are of the type used in radiosondes. 
They transmit a vertically polarized wave at 183 mega-
cycles per second. 
The radio direction finder is comprised of an Adcock 

antenna for measuring azimuthal angles and a single-
dipole antenna for measuring vertical angles. The dipole 
is shielded with a corner-type reflector in order to have 
the dipole antenna free from the effects of reflected 
waves from the ground. When the dipole and the reflec-
tor system are placed in an electromagnetic field, and 
the reflector has the proper position and orientation rela-
tive to the dipole, the reflector produces a secondary-
radiation field which neutralizes the effect of the original 
field at the dipole. 
A simple sketch of the instrument is shown in Fig. 1. 

The four elements 1-1 and 1,-1' form a directional an-
tenna of the Adcock type. 
Rods 5, similar to rods 1 and 1', are similarly coaxially 

Luke Chia-Liu Yuan, "Radio direction finding at 1.67-meter 
wavelengths," PROC. I.R.E. vol. 34, pp. 752-757; October, 1946. 
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supported by insulator 6. Rods 5, constituting a dipole 
antenna, feed the line 7. The dipole 5-5, together with 
the shield g, constitute the antenna assembly for de-
termining the vertical angle of incidence of the incoming 
wave. 

Fig. 1—Sketch of direction-finder assembly. 

The shield g, which is of the corner-reflector type, is 
placed so that it shields the dipole from reflected waves 
from ground without impairing the receptive and direc-
tive characteristics of the dipole in the reception of the 
direct waves from the transmitter. 
The reflector wires 9, approximately 0.6 wavelength 

long, are supported so as to be mutually parallel, and 
at the same time parallel with the dipole 5-5 in two 
planes whose intersection is the line D-D'. The in-
cluded angle ABC between the planes is 60 degrees. The 
dipole 5-5 lies in a plane that bisects the angle ABC. 
It is parallel to the line D-D' and is placed at a focal 
distance p from D-D' equal to or slightly greater than 
half a wavelength. The spacing between the reflector 
wires should be at least X/60 and preferably smaller. 
The two antennas are connected through their feed 

lines 7 and 10 to a double-pole, double-throw switch of 

suitable design for the frequencies employed. By means 
of this switch, either antenna may be connected at will 
to the line 12 which feeds the receiver 13. Line 10 must 
connect to the electrical midpoint, which will also be 
the geometrical midpoint if the system is carefully con-
structed, of line 3. The lines 4, 7, 10, and 12 are made 
with two parallel No. 18 copper wires separated by 
victron spacers. 
The two antenna systems, which are so mounted as 

to be rigidly held in fixed positions relative to each other, 
constitute the directional-antenna assembly. The axes 
X-X', Y- Y', and Z-Z' intersect one another at angles 
of 90 degrees. The dipole 5-5 is parallel to axis X-X'. 
Lines 7, 10, and 12 are one wavelength long. 
The directional-antenna assembly may be rotated 

about axes Y- Y' and Z-Z'. One means of turning and 
controlling the rotation of the assembly about axis 
Z-Z' is illustrated in Fig. 1. The worm reduction gear 
14 is turned by means of the handwheel 15. Rotation 
about axis Y- Y' may be produced directly or by some 
mechanical device not indicated in the drawing. The 
angular positions due to rotation about axes Y- Y' and 
Z-Z' may be indicated and measured by any suitable 
system. 
The complete unit is shown mounted upon a tripod 

20, so that the receiver 13 is one wavelength above 
ground. For best results, the axis Z-Z' should prefer-
ably be more than two wavelengths above ground. 
The receiver 13 is of the superheterodyne type, with 

an output meter to indicate the signal intensity and a 
pair of earphones for audible indication. It must be well 
shielded to eliminate stray pickup. The receiver is 
mounted by a tubular support 21 so that it rotates as 
an integral unit with the antenna assembly. Advantages 
of this construction are that it makes better shielding 
possible and prevents the characteristics of the trans-
mission lines from being altered, even though the as-
sembly is continuously rotated in the same direction. In 
this way, since the relative position of the operator with 
respect to the two antenna systems remains unchanged 
during operation, any error in the measurements caused 
by the changing position of the operator with respect to 
the antenna systems is eliminated. 
The procedure of operating the direction finder is 

rather simple. If consists of two steps in rapid succes-
sion: (1) determining the azimuthal angle, and (2) de-
termining the elevation angle. 

RESULTS 

1. On the Shielding Properties of the Corner-Type Re-
flector 

Various types of reflector systems were tested to 
shield a dipole antenna, used to measure the elevation 
angles of incoming electromagnetic waves, from ground-
reflected waves. These systems included a single-rod 
reflector, a reflector and director combination, cylindri-
cally parabolic sheet or wire reflectors, cylindrical sheet 
or wire reflectors, and corner reflectors. 
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The corner-reflector type of shield in conjunction with 
a simple half-wave dipole antenna was found to be most 
satisfactory for the purpose. Fig. 2 is a polar diagram of 
the strength of the received signal, in terms of the inter-

Fig. 2—Azimuthal response of X/2 antenna with 60-degree corner 
reflector. (Wire spacing X/60.) Signal voltage is expressed in terms 
of intermediate-frequency voltage on the plate of last intermedi-
ate-frequency stage (abbreviation: I.F. volts). 

mediate-frequency voltage on the plate of the last inter-
mediate-frequency-amplifier stage of the receiver, for 
various horizontal angular settings of the shield. The 
circle represents the uniform signal received without any 
shield. Maximum shielding is shown when the front 
end of the corner reflector is facing 180 degrees away 
from the incoming signal. In this setup the half-wave 
antenna and the reflector remained vertical, and the 
reflector was rotated about the antenna. The curves 
show the results for different focal distances p at a spac-
ing X/60 between reflector wires. 

E 
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Fig. 3—Response of half-wave antenna with 60-degree corner re-
flector (wire spacing X/60) in a vertical plane containing the 
transmitter. 

It was found that a focal distance of 86 centimeters 
gave the best results with a good ratio of shielding to 
gain as the reflector swung through 180 degrees. Repre-
sentative curves A, B, and C show the response for p's 
of 85, 86, and 100 centimeters, respectively. 
Fig. 3 shows the response of the half-wave antenna in 

a vertical plane containing a stationary transmitter 

located on Mt. Wilson, about seven miles from the an-
tenna. Curve B is the response of the antenna alone 

Fig. 4—Azimuthal response of X/2 antenna with 60-degree corner 
reflector made of wires of different lengths. Spacing= X/7.5. 

without any shield. Curves A and C are with the shield 
in place facing toward the transmitter and opposite to 
it, respectively. These positions correspond to angles of 
zero and 180 degrees, respectively, in the polar diagram, 
Fig. 2. Curve C shows that the shielding is quite effec-
tive and fairly uniform. 
In Fig. 4 are shown response curves indicating the ef-

fect on its shielding properties of the length of the wire 
elements of the reflector at X/7.5 spacing. Because of 

270* 

C. 

Fig. 5—Azimuthal response of X/2 antenna with 60-degree 
corner reflector of various wire spacings. 

279 

Fig. 6—Azimuthal response of X/2 antenna with 60-degree 
corner reflector of various wire spacings. 
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the congestion of the curves near the zero-angle region, 
only representative curves are drawn in the figure. It is 
evident that the best shielding is obtained at 0.65 wave-
length. This value was used as the optimum length of 
the wire elements in the later experiments on the wire 
spacings of the reflector. 
Figs. 5 and 6 show the effect of wire spacing on the 

shielding properties of the reflector. It is seen that the 
closer the spacing of the wire elements, the better is the 
shielding, although the spacing is not too critical when 
it is smaller than X/7.5. The X/60 spacing seems to be 
the best in the group. 
These tests were all made close to the ground. It was 

later found that the results thus obtained do not quite 
hold when the corner reflector is mounted on the instru-
ment at a height of three wavelengths above the ground 
and in the vicinity of the Adcock antenna and other 
metal supports of the instrument. This makes it neces-
sary to repeat the shielding experiments on reflector 
spacing by actually mounting it on top of the instru-
ment. 
Experiments made with an incoming radio wave 

emitted from a transmitter at Mt. Wilson at a vertical 
angle of 71 degrees showed that without the reflector 
the deviation from the true direction is over 22 degrees, 
while with a reflector of X/30 spacing the deviation re-
duces to about one degree (see Fig. 7). From Fig. 7 it 
is seen that for a X/60 spacing the null point is much 

0 

3 

a 

Fig. 7—Vertical response of X/2 antenna with 60-degree corner re-
flector of various wire spacings. Length of wire=0.65 wave-
length. 

sharper. It is to be remembered that at this grazing 
angle of 71 degrees, the intensity of the reflected wave 
from the ground is extremely high. This suggests the 
necessity of further decreasing the spacing. The results 
shown in Fig. 8 for X/120 and X/240 spacing are quite 
satisfactory. In both cases the deviation is only 1 de-
gree, which is of the same order of magnitude as the 
experimental error of the instrument. It is also seen 
from Figs. 7 and 8 that the small humps which appear in 
the case of larger spacings are smoothed out in the case 
of X/120 and X/240 spacings. 
Even for the X/60 spacing there were about 120 wires 

which had to be fastened individually into proper place 
with the right spacing, and for a X/240 spacing there 
were 480 wires fastened on to the reflector frame. The 

X/240 spacing is already so close that further decrease 
of the spacing is impractical in the present method of 
mounting. In view of this fact, experiments were made 
upon the shielding properties of fine copper-wire screen. 
Fig. 9 shows the response curves of the reflector when 
various numbers of pieces of copper-wire screen are used 

40 
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Fig. 8—Vertical response of X/2 antenna with 60-degree corner re-
flector of various wire spacings. Length of wire=0.65 wave-
length. 

as the reflecting elements. Curve A shows the response 
when a whole sheet of the screen was used; curve B, 
when the screen was cut crosswise into four pieces; curve 
C, when it was further cut into eight pieces; curve D, 
when cut into twelve pieces; and curve E' when it was 

10 

Fig. 9—Azimuthal response of X/2 antenna with 60-degree 
corner reflector made of bronze window screen. 

cut into sixteen pieces. It can be seen from Fig. 9 that 
the more the wire screen is cut, the better the shielding 
becomes. This obviously shows that the presence of the 
horizontal members of the wire screen decreases the ef-
fect of shielding. 
Different sizes of wires and tubings ranging from No. 

32 wire to 1-inch tubing were tried as the reflecting ele-
ments and no appreciable difference in the efficiency 
of the shielding property of the reflector was observed. 

2. On the Determination of the Azimuthal and the Eleva-
tion Angles of the Direction of an Incoming Electro-
magnetic Wave 

The radio directional measurements were made on in-
coming waves emitted either from a stationary trans-
mitter located on top of Mt. Wilson at a distance of 
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seven miles, or from a transmitter sent aloft on meteor-
ological balloons. 

Table I shows the typical results of azimuthal meas-
urements with the Adcock antenna made in an open field 
with the transmitter supported by a captive balloon. 

TABLE I 

AZIMUTHAL ANGLES MEASURED BY ADCOCK ANTENNA 

Vertical Angle (at Time Observations Made by 
Adcock Antenna Visual Observation 

Azimuthal Observation 
in Degrees  in Degrees was Made) in Degrees 

88 
871 
7 

88 
88 
71 

34 
324 
45 
45 
71 

This illustrates the independence of the azimuthal meas-
urements from the vertical incidence of the incoming 
wave. The accuracy obtained in the azimuthal meas-
urements is within I degree. 
Repeated measurements made on the elevation angles 

of the direction of the incoming wave emitted from a 
transmitter on top of Mt. Wilson are within a quarter 
of a degree from the true direction (whose true eleva-
tion angle is 7i degrees). Observations were also made 
at various altitudes and elevation angles on transmitters 
sent aloft on captive balloons. Typical results of these 
observations, made at various times, are shown in Table 

TABLE II 

MEASUREMENTS OF ELEVATION ANGLES BY A DIPOLE 
ANTENNA WITH CORNER REFLECTOR 

Elevation Angle of Incoming Wave Elevation Angle of Transmitter 
as Determined by Dipole Antenna  as Determined Visually 
at Repeated Times in Degrees  in Degrees 

32 
204 
50 
71 
43 

32 
20 
50 
69 
424 

Table III shows the measurements made on the eleva-
tion angles when the reflector was removed. This table 
demonstrates the great deviation in the readings from 
the true direction, caused by ground-reflected waves. 
It is seen that, while some of the elevation-angle 

measurements obtained by using the direction-finder 
are very good and agree within  degree with the read-
ings obtained visually, there are readings which differ 
quite appreciably from those obtained visually. These 
discrepancies are probably due to the fact that the an-
tenna swings badly and that the plane of polarization 
of the incoming waves is thus changed. This change, 
in turn, affects the magnitude of the electromotive force 
induced in the receiving-antenna system, and hence 
causes the fluctuation in the output of the receiver. 
When the indicator needle swings badly, it is hard to 
determine the null point with great accuracy. 
Another factor responsible for the deviations in the 

readings, which sometimes amounted to as much as a 

few degrees, is probably the decrease in the efficiency 
of the shielding system on account of the formation of 

TABLE III 

MEASUREMENTS OF ELEVATION ANGLES WITHOUT REFLECTOR 

Elevation Angles of Incoming Wave Elevation Angles of Transmitter 
as Determined by Dipole Antenna  as Determined Visually 
at Repeated Times in Degrees  in Degrees 

3 
12 
7 
19 
25 
28 
30 
40 
60 
68 
90 
98 

8 
16 
14 
14 
31 
17 
29 
32 
30 
34 
76 
72 

a poorly conducting layer on the surface of the copper. 
wire elements due to oxidation, because they were un-
der constant exposure to various weather conditions. 
Since, at ultra-high frequencies, practically all the cur-
rent flowing in the wire is concentrated on the surface 
of the wire, it seems that any contamination of the sur-
face would decrease the efficiency of the wire elements 
in their secondary radiation. This is especially important 
in the present case because the secondary-radiation 
field due to these wires serves to neutralize the effect of 
the ground-reflected waves at the antenna. Any deterio-
ration in the efficiency of the shielding system would de-
crease the intensity of the secondary-radiation field, 
and thus cause the effect of the ground-reflected waves 
still to be markedly noticeable at the antenna. 
A new corner-type reflector was made and gold-plated 

No. 30 copper wire was used as the wire elements, in-
stead of the No. 30 bare copper wire originally used. 
Tests made with the new reflector on an incoming wave 

----- --", 

/ 

• 

30  30  40  50  40 

VERTICAL MIELE PROM II 0E11 011 MI WOR M 

Fig. 10—Vertical response of X/2 antenna with 60-degree corner 
reflector X/240 wire spacing. Length of wire =0.65 wavelength. 

  without reflector 
— • — • old reflector 
  gold-plated reflector 

from Mt. Wilson show a marked improvement over the 
old reflector, the surface of whose elements had been 
badly oxidized. This is shown in Fig. 10, where the sig-
nal strength in intermediate-frequency output voltage 
is plotted against the elevation angles. 
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CONCLUSION 

In summarizing the results, it is seen that an accuracy 
of I degree is obtained in the determination of the 
azimuthal angles, while a less consistent accuracy in the 
determination of the elevation angles is obtainable. 
However, by comparing Tables II and III, one can im-
mediately see the marked improvement the shield has 
contributed toward decreasing the effect of the ground-
reflected wave in the determination of elevation angles. 

The author believes that, by using proper damping 
devices to keep the antenna from swinging appreciably 
during the flight, and by further improving the reflector 
system, the accuracy in the determination of the eleva-
tion angles can be greatly increased. 
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Minimum Detectable Radar Signal and Its Dependence 
Upon Parameters of Radar Systems* 

ANDREW V. HAEFFt, SENIOR MEMBER, I.R.E. 

Summary—This paper presents results of an early study of the 
influence of parameters of a pulse radar system on its sensitivity. 
More specifically, it describes an experimental determination of the 

absolute value of minimum pulse signal visually detectable through 
random noise with a probability of 50 per cent for a wide range of the 

following parameters: pulse-repetition rate r, pulse length t, inter-
mediate-frequency bandwidth B, and video bandwidth b. 
The following empirical formula expresses the results of the in-

vestigation with considerable accuracy: 

Vmin =  E  B 112 ( n 1  -  -  

I  1670)1/6 

2  tB)( r 

where Vm, is the minimum detectable pulse voltage and E„ is the 

noise voltage per unit intermediate-frequency bandwidth of the re-
ceiver. 
The application of the results to the design of search radar sys-

tems is briefly discussed. 

INTRODUCTION 

T
HE MAGNITUDE of the minimum detectable 
signal at the receiver is one of the most important 
factors determining the maximum range of a 

radar system. The knowledge of its dependence upon 
the different parameters is a prerequisite for an intelli-
gent choice of these parameters in the design of new 
radar systems. However, in the early days of radar de-
velopment, very little information was available to the 
designer on the effect of such parameters as pulse-repeti-
tion rate, receiver bandwidth, pulse length, and others. 
Therefore, a study to determine these effects was under-
taken at the Naval Research Laboratory and the fol-
lowing material represents a report summarizing the 
most significant results obtained during the early stages 
of the investigation which was started in the beginning 
of 1942. This information was presented in the form of a 
confidential report about three years ago and was dis-
tributed to all government and industrial organizations 
concerned with the design of radar systems. 
The present paper is the result of the authors belief 

that this information is of interest to all workers en-
gaged in the development of pulse systems and that, 
therefore, publication is justified. 

• Decimal classification: R537. Original manuscript received by 
the Institute, February 13, 1946. 
t Naval Research Laboratory, Washington ,D. C. 

METHOD OF INVESTIGATION 

Preliminary observations of the effect of some 
parameters were made on a complete radar system. 
However, for the sake of greater accuracy and ease in 
variation of system parameters, special laboratory ap-
paratus was set up for more extensive study. Because 
characteristics of a "typical" radar receiver were of 
immediate interest, it was the first to be studied. As a 
"typical" receiver, the superheterodyne receiver with 
high-level second detector and one video stage was 
chosen. Again, type-A signal presentation was selected 
as being the one most commonly used at that time. 
Type-A presentation is one of the many methods of 
visually displaying radar signals on the face of a 
cathode-ray tube. It consists of applying the signal to 
the vertical deflection plate, while the horizontal de-
flection is made proportional to time and consequently 
to radar range when each sweep is initiated by the 

transmitter pulse. 
Test signals were provided by a, pulsed signal gen-

erator. In order to simulate conditions of actual radar 
observations, a slowly increasing signal was used. The 
signal was delayed by an arbitrary time interval (set by 
the operator) with respect to the synchronizing pulse. 
Thus, in order to detect the signal, the observer, not 
knowing the delay of the signal, had to scan the whole 
sweep, as in actual radar search. The magnitude of the 
signal at the moment when the signal amplitude was 
first detected was recorded. After each observation 
the signal amplitude was reduced to zero and the delay 
corresponding to the radar range was changed arbi-
trarily. From six to fourteen observations were made 
by each observer for the same set of parameters and the 
average value of minimum detectable signal was 
computed from recorded readings. Thus, this com-
puted signal magnitude represents the signal level at 
which the probability of detection is 50 per cent. 
Observations were made by several observers. It was 

found that differences between computed average 
values of detectable signal for observers of approxi-
mately equal experience were within the statistical 
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error in readings of one observer. In addition, the "ob-
server effect," when present, appeared as an approxi-
mately constant factor, which, however, for the limited 
number of observers employed in the initial study, was 
close to unity. Since no systematic study of the effect 
of the observers' experience had been made at that time, 
this fact must be borne in mind when the scope of 
application of results is considered. 

DESCRIPTION OF APPARATUS AND TECHNIQUE 
OF MEASUREMENTS 

A schematic block diagram of the arrangement of the 
apparatus is shown in Fig. 1. The receiver consisted of 
a conventional converter and four wide-band inter-
mediate-frequency stages followed by an additional in-
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Fig. 1—Block diagram of experimental arrangement. 

termediate-frequency stage of variable bandwidth, a 
high-level linear detector and a variable-bandwidth 
video filter. The pulse signals were observed on a type-
A oscilloscope having a medium-persistence screen. 
Artificial radar echoes were fed to the receiver from a 
calibrated signal generator which was pulsed by means 
of a variable-width pulse generator. Synchronizing 
pulses were obtained from a master pulse generator, 
the repetition frequency of which was controlled by a 
crystal. In order to obtain the effect of lower repetition 
rate, a frequency divider was used and the low-fre-
quency pulses were applied through the intensifying 
pulse generator to the intensifier electrode of the 
cathode-ray tube. This technique assured constancy of 
all other factors when effective repetition rate was 
varied. 
The amplitude of the signal could be increased slowly 

from low to high values by means of a constant-speed 
motor driving the exponential attenuator of the signal 
generator. The starting and stopping of the motor was 
controlled by the observer by means of a push button. 
A pulse envelope of approximately rectangular shape 
was used. With a 1-megacycle effective bandwidth of 
the receiver, the difference between the pulse length at 
the base and the top of the pulse, as observed on the 
oscilloscope, was approximately 1 microsecond. The 
pulse length was measured directly on the scope by 
means of calibrating markers. 

The following ranges of parameters were investi-
gated: 
(1) Pulse-repetition rate r =1670 to 26 pulses per 

second in steps of 2 to 1; 
(2) Pulse length (at base) =2.5 to 25 microseconds, 

in arbitrary steps; 
Intermediate-frequency bandwidth B=0.05 to 
1.0 megacycle in four steps; 

Video bandwidth b =0.015 to 2.0 megacycles 
in eight steps. 

The characteristics of the intermediate-frequency and 
video filters are shown in Figs. 2 and 3. Fig. 2 shows 
the form of intermediate-frequency selectivity curve 
which was measured by means of the radio-frequency 
signal generator and thus includes the effect of 

(3) 

(4) 

111.1.01n. 

204 

R.F. FNECNICNCY IN NO 

Fig. 2—Intermediate-frequency selectivity curve. 
(Data of October 8, 1942.) 

radio-frequency circuits. The effective bandwidth B 
has been defined' as  

fG(1") B =  df 
G2(Jo) 

where G( f) is the response of a linear output meter. In 
this work G(fo) was taken as the maximum response 
and the integral was obtained graphically. For the 
form of selectivity curve shown in Fig. 2, the effective 
bandwidth is somewhat greater than the bandwidth 
corresponding to half-power response. 
Fig. 3 shows the response of the video filters, which 

could be easily selected by a switch on the front panel 
of the receiver. Video filter bandwidths indicated on 
this graph and later used in plotting observed data were 
taken as those corresponding to approximately half-
power points. The shape of the video curve which 
shows a slight peak at a frequency equal to half the 
effective bandwidth was similar to video response curves 
of some radar receivers in use at that time. 
Observations were made in the following manner. The 

observer, while viewing the cathode-ray tube, was al-
lowed to tune the receiver and to adjust the setting of the 
gain control to a value which he considered best for de-
tection of weak signals after a period of experimentation. 

1 D. 0. North, "The absolute sensitivity of radio receivers," RCA 
Rev., vol. 6, pp. 332-343; January, 1942. 
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When the observer was ready to take a reading, 
the operator reset the signal generator attenuator back 
to zero and shifted the time delay of the pulse to an 
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Fig.:, 3—Video-filter selectivity curves. (Data of August 3, 1942.) 

arbitrary setting. Thus, for every reading, the observer 
did not know in advance the position at which the signal 
would appear on the scope and was obliged to scan the 
whole range. By pressing the push button, the observer 
actuated the attenuator motor and released the button 
immediately upon detecting the signal on the screen. 
The corresponding reading on the attenuator was re-
corded by the operator. 
For each set of parameters, six to twelve observations 

were made and the arithmetic mean of all readings was 
computed and used for plotting the data. The range of 
individual readings for an experienced observer was of 
the order of two to four decibels, after suitable time was 
allowed for accommodation of eyes, etc. However, the 
same observer could repeat the run and the deviation 
from the average reading of the preceding run was 
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Fig. 4—Effect of pulse-repetition rate. 
x =long-persistence screen (without optical  (data of November 

filter)  9, 1942). 
o =long-persistence screen (with optical filter) 
v = short-persistence screen (data of October 16, 1942). 

usually not greater than one decibel. Samples of in-
dividual runs showing the effects of variations of 
repetition rate, pulse length, and intermediate-fre-
quency and video bandwidth are illustrated in Figs. 4, 
5, 6, and 7. 

DISCUSSION OF RESULTS 

Fig. 4 shows the effect of pulse-repetition rate. The 
lower curve represents an individual run, when observa-
tions were made on short-persistence screen. The upper 

curve was drawn through points obtained at another 
time, when a long-persistence screen was used with and 
without a yellow filter. Many curves of the same general 
shape have been obtained. Analyses of the results indi-
cated that a slope of one sixth represents the best ap-
proximation, since no systematic correlation between 
the slope and other factors could be deduced from the 
available data. It may be remarked that the difference 
in absolute values, as indicated by the two curves of 
Fig. 4, is not due to the use of long-persistence screens 
but it attributable to other factors and should be dis-
regarded for the present discussion. 
Fig. 5 demonstrates the fact that no significant varia-

tion of detectable signal level results from variation of 
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Fig. 5—Effect of video bandwidth. 

Intermediate-frequency bandwidth B=1.0 megacycle. 

Pulse-repetition rate =418 pulses per second. 

x =6-microsecond pulse 
}(Data of August 7, 1942). 

o=18-microsecond pulse }• = 6-microsecond pulse (Data of August 18, 1942). 
A=18-microsecond pulse 

2003 

video bandwidth within the investigated range. This 
was a rather unexpected result at the time the results 
were obtained, but later it was realized that this be-
havior is due to loss in effective signal-to-noise ratio 
caused by the detection process when signals are small 
compared to noise. In this connection it may be men-
tioned that for either square-law or linear high-level 
detectors, the behavior with respect to change in video 
bandwidth was found to be the same. It must be em-
phasized, however, that for strong signals the effect 
of video bandwidth variation is of the same order as 
for intermediate-frequency bandwidth, as far as the 
shape of the signal is concerned. 
Fig. 6 illustrates the effect of variation in pulse 

length and intermediate-frequency bandwidth. In gen-
eral, the longer the pulse length, the lower the level of 
the signal that can be detected. However, for constant 
bandwidth an increase of pulse length beyond a certain 
value does not result in a significant decrease in de-
tectable signal level. This is clearly shown by curves 
marked B =0.27 megacycle and B =1.0 megacycle. 
For ease in analysis of the results, the data of Fig. 

6 have been replotted as shown in Fig. 7. Here, the ratio 
of detectable signal level to square root of intermediate-
frequency bandwidth (17„,in/Bio) is plotted against the 
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reciprocal of the dimensionless parameter tB, the 
product of pulse length and bandwidth. It can be seen 

3  4 6 6 7 11 1110  16  SO  30 
PULSE LENGTH It/ IN }1. SEC 

Fig. 6—Effects of pulse length and intermediate-
frequency bandwidth. 

that, within experimental accuracy, all points in this 
graph crowd around a straight line passing through the 
points 

(x = — 1, y = 0) and  (x =  1 and y = En)• 

Measurements of the intrinsic noise of the receiver E. 
(noise energy per unit bandwidth) indicated that it was 
directly related to the minimum detectable signal. In 
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Fig. 7—Effects of pulse length (t) and of intermediate-frequency 
bandwidth (B) shown as a function of the parameter Bt (from 
data of October 6, 1942). 

x= B=0.05 megacycle 
.6,=B =0.10 megacycle 
o=B =0.27 megacycle 
0=B =1.0 megacycle 

order to correlate the observed levels of detectable pulse 
signals with the absolute value of receiver noise, noise 
measurements were made with the same signal generator 
and immediately upon completion of an observational 
run. For this purpose, the signal generator was operated 
in continuous-wave condition. Since the pulsing method 
was such as to simply switch on and off the applied 
voltages, the continuous-wave level was the same as the 
pulse level. (The oscillator build-up time was usually 
small, compared to pulse length.) Thus, whenever noise 
measurements were made, it was possible to compare on 
an absolute scale the results of many observations taken 
at different times by different observers and under 
different operating conditions. 

The relationship (3) when 

Because of large statistical errors due to limited 
numbers of observations, it was necessary to vary the 
parameters over a wide range in order to establish the 
law of dependence with a reasonable accuracy. From 
the total amount of accumulated data, it was then 
possible to derive an empirical relationship which de-
scribes the major results of the investigation in the 
following manner: 

1  1670 116  

Vnan =  B 1 12  • 2— •  +  • k  (1) 
2  tB  r 

where 

Vrnin =absolute value of pulse signal voltage at the re-
ceiver input terminals which can be detected 
with a probability of 50 per cent 

E. = the noise voltage per unit intermediate-fre-
quency bandwidth at the input terminals of 
the receiver 

B = the effective bandwidth of the receiver in 
megacycles as measured at the input to the 
second detector 

t= the pulse length, in microseconds, of a rec-
tangular pulse 

r =pulse repetition rate in pulses per second 
k = the "observer's constant" which, however, can 
be taken as unity for observers of average 
experience. 

Equation (1) fits the experimental data approximately 
within 1 decibel over the investigated range of param-
eters. 
The optimum value of intermediate-frequency band-

width for detecting weak signals is 

(2) 

which follows from (1). Therefore, when the receiver 
bandwidth is adjusted to an optimum for the trans-
mitted pulse, the minimum value of detectable signal 
voltage is 

167C)"  E„ (1670)1 16 
(Vin in) opt = E„B112( . --  = —  —  

r 

expressed in the form 

.1 = En . (1670 V3 

r ) 

indicates that, for a given repetition rate and receiver 
noise factor, the same maximum range will be realized 
if the total energy contained in one pulse is the same; 
that is, a long pulse of low instantaneous power or a 
short pulse of high power will produce the same result, 
provided the total pulse energy is the same and the 
bandwidth of the receiver is adjusted for optimum in 
each case. The results indicate, also, how small is the 
effect of pulse-repetition rate and hence of the average 
transmitted power. For example, a change in repetition 

(3) 

(3a) 
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rate from 30 to 1670 pulses per second, while increasing 
the average power by 18 decibels, will result in an im-
provement of only 6 decibels in actual sensitivity of the 
system. 
In order to illustrate how much loss in performance 

will result from deviation from optimum conditions, 
(1) can be rewritten as follows: 

1 
  -  Et ( 2 1  —1).  (4) 
Yrnin 2)„,  4  Ft 

This relationship is plotted graphically in Fig. 8, where 
the change in system sensitivity is expressed in decibels. 
Curve A shows gain in sensitivity due to increase in 
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Fig. 8—Dependence of system sensitivity upon parameter Bt. 

pulse length (with bandwidth adjusted for optimum). 
Curve B shows a gain due to increase in pulse length, 
with bandwidth held constant. Curve C shows loss in 
performance due to deviation from optimum bandwidth 
condition. The last curve shows a rather broad, fla,t 
maximum, indicating that selection of bandwidth is not 
critical as long as it is in the vicinity of the optimum 
bandwidth. For instance, the bandwidth twice as great 
as the optimum bandwidth results in a sensitivity loss 
of only  decibel. However, for bandwidths further 
away from optimum value the loss increases rapidly. 
When high resolution is the primary consideration in the 
design of a radar set, the bandwidth greater than the 
optimum value by a factor of 2 or 3 is usually selected, 
with considerable improvement in resolution and only 
negligible loss in sensitivity. 
In design of pulse systems, it is frequently more con-

venient to deal with power rather than voltage. For this 
purpose the relationship contained in (1) can be ex-
pressed as follows: 

  = win  _ E 2 B 1  ± 1 y  (1670 y /8  (5)  

4R.  - 4R.  ,7  \ 2 
or 

1 y ( k1670\  (5a)1/8  Wmin = KT• B • (NF) • —1 (1 
4  Bti  2 

and the expression for minimum power for optimum 

bandwidth of the receiver, corresponding to (3), is 

1 (1670 r 
= KT (NF). — 

t  r 
(6) 

where 

Wmin =minimum detectable pulse power at the 
terminals of the receiver 

K =1.37.10-22  joules (Boltzmann's constant) 
T=300 degrees Kelvin 
R„ =radiation resistance of the antenna 

(NF)= noise factor of the receiver. 

The application of the above formulas for the com-
putation of maximum range of radar discloses the fact 
that for search radar, where detection of a target at the 
maximum possible range is the primary objective, it is 
advantageous (a) to generate pulses of the highest 
energy content, and (b) to use the highest pulse-repeti-
tion rate consistent with power-dissipation capabilities 
after condition (a) is satisfied. 
In transmitters most commonly used, the peak in-

stantaneous power is usually limited by voltage break-
down. Therefore, in order to obtain maximum range for 
search radar, pulses of long duration must be used. In 
this case, the optimum receiver bandwidth becomes 
quite narrow and careful consideration should be given 
to the effect of frequency modulation which may be 
incidental to pulse modulation. As the present study 
shows, a satisfactory compromise is to use a slightly 
greater than optimum bandwidth in order to accept 
most of the significant frequency components of the 
pulse even in the presence of incidental frequency modula-
tion. The repetition rate should be chosen after the re-
quirement of maximum pulse energy is satisfied. Its 
value is limited either by power-dissipation capabilities 
of the transmitter tubes or by consideration of economy, 
weight, or size of the equipment. 

CONCLUSIONS 

The results of the present investigation were found 
quite useful in the design of new radar systems and in 
the analysis of performance of existing radars. It is 
hoped that this information will be of value to all 
engineers concerned with pulse techniques, 
The study of pulse systems was later extended to 

include many other system parameters, and a consider-
able amount of additional information was obtained. 
It is hoped that security considerations will not unduly 
delay disclosure of the results of these later investiga-
tions. 
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Captions are to be supplied for all il-
lustrations. 

Effect of a Differentiating Circuit on 
a Sloping Wave Front 

The following discourse attempts to 
show the importance of specifying as steep 
a wave front as possible for trigger pulses 
which serve to actuate timing circuits after 
passage through differentiators. Consider 
the voltage wave front of constant slope 
shown by the dotted line of Fig. 1 impressed 
on the resistance-capacitance circuit of Fig. 2. 
The expression for es may be obtained 

by solution of the linear differential equa-
tion of the circuit in Fig. 2. This equation is 

= iR  — 
1 f 8 

C 
(1) 

where es is the generator voltage which 
starts from 0 at time 1=0 and increases in 

e• vouogi 

021 
Oa max•mT•T dt 

  t• time 

Fig. 1—Voltage wave of constant slope 
applied to a resistance-capacitance cir-
cuit. 

time with constant slope m =dei/d1 accord-
ing to the equation e=mt=t(del/d1). Sub-
stituting for sin (I), there results 

mt = iR  —1 f tidt.  (2) 
c 

This equation may be readily solved in i by 
differentiating with respect to t: 

di  1 
m  

dt  C 

The solution of the equation is 

i = mc(1 — rgiac),  e = 2.1727. 

Fig. 2—Resistance-capacitance circuit. 

Therefore, 

e, iR = 222c R(1 _ c oac) 

= mT (1— eon) 

de 
T— (1 — e-ime) 
dt (3) 

where T= RC, the time constant of the resist-
ance-capacitance circuit. Study of (3) shows 
that for 

!I =  , 
,,, del 

el =  — 
dt 

(4) 

so that this is the maximum value attained 
by 52. (Call it e2 maximum.) Therefore, no 
matter how large el becomes, 52 can never 
exceed 52 maximum. At time 1=T—RC, 
ei is 63 per cent of 52 maximum, but note 
that at this time ei=mT=T(deildt=e2 
maximum. It should also be noted that the 
greater the slope m or deddt, the greater is 
es maximum. 
In an actual case, however, es does not 

continue to rise indefinitely, but instead 
eventually levels off to a plateau. During the 
time of rise, which we shall call r, conditions 
are as described above, but after the voltage 
wave has leveled off the input voltage is 
constant as though a battery were applied, 
and the usual exponential decay is obtained. 
The form of the output voltage 52 is de-
termined by the relation which the rise 
time i- bears to T, the time constant of the 
circuit. This is shown in Fig. 3. 
Let us see how this theory can help in a 

practical example. In a Navy specification 
for an electronic equipment, the rise time of 
a trigger pulse was defined in such a manner 
that the pulse would require no more than 
2 microseconds to rise to 5 volts. Nothing 
was said about a minimum rate of rise. 
Careful study of the implications of this 
definition as applied to the equipment 
revealed that such a pulse, after passage 
through a very short-time-constant dif-
ferentiator, could fail to trip a particular 
timing circuit. It was determined that if the 
rate of rise between the 10 and 90 per cent 
points of the trigger pulse were defined as at 
least 5 volts per microsecond there would 
be no difficulty because, as can be seen from 
(4), el maximum would be at least twice the 

Prospective Authors 
The Institute of Radio Engineers 

has a supply of reprints on hand of the 
article "Preparation and Publication 
of I.R.E. Papers" which appeared in 
the January, 1946, issue of the PRO-
CEEDINGS OF THE I.R.E. AND WAVES 
AND ELECTRONS. If you wish copies, 
will you please send your requests to 
the Editorial Department, The Insti-
tute of Radio Engineers, Inc., 1 East 
79th Street, New York 21, New York, 
and they will be sent to you with the 
compliments of the Institute. It would 
be greatly appreciated if your requests 
were accompanied by a stamped, self-
addressed envelope. 
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Fig. 3—Output-voltage wave as a function 
of the rise time of the input-voltage wave 
in relation to the time constant of the 
resistance-capacitance circuit. 

(a) 7 ‹ T. 
(b) 7= T. 
(c) 7>T. 

e2 maximum of the specification for its 
loosest interpretation. Therefore, it was 
recommended that the definition be changed 
to read accordingly. 

LEONARD S. SCHWARTZ 
Security Systems Section 

Naval Research Laboratory 
Washington 20, D. C, 
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Locking Phenomena in Oscillators 
To the Editor: 

I have read with interest the paper by 
Robert Adler, "A study of locking phe-
nomena in oscillators," in the June, 1946, 
issue of the PROCEEDINGS OF THE I R.E. AND 
WAVES AND ELECTRONS. I wrote a paper' 
on a similar subject before the war, but since 
it was written in Polish, I think it may be of 
interest to your readers if I quote some of 
the results and method used and compare 
them with those of Mr. Adler. 
In my paper the analysis of mutual lock-

ing of two oscillators led to an identical dif-
ferential equation as in the case of one locked 
oscillator; it is the same as (9b) in Adler's 
paper. Approximate solutions of the equa-
tion were obtained by successive approxima-
tion, under the assumption that the two 
oscillators are detuned far beyond the syn-
chronization range, i.e., AoRK<B, in Adler's 
notation, where B is half of the synchroniza-
tion range and two, the detuning. The for-
mula for the deviation (Aco—,10,0) of the beat 
frequency due to the synchronization effect 
was found to be 

1 CB ) 2 Ac..1— Awe 

2 co,, 

this appears to be the first approximation 
to the exact formula (18b) obtained by Mr. 
Adler. Further, the beat voltage of the 
oscillators was examined and from the ap-
proximate solution formulas were obtained 
for the second- and third-harmonic content: 

V2 1  B  17.3 1  B y 

V, 2 Atoo  17, 8 tlwo 

The formulas were given in terms of the 
synchronization range, which perhaps is the 
quantity most easily measured in a beat-
frequency  oscillator.  Experiments were 
made and good agreement with the formulas 
was obtained for detunings greater than 2B. 

z. Jelonek, 'Distortion in beat frequency oscilla-
tors. Behaviour of oscillators outside the synchonisa-
tion range", Prseglad Radjoiechhicsny, vol. 16. num-
bers 7-8, pp. 25-28; 1938. 

Although the differential equation de-
rived by me is the same as that derived by 
Mr. Adler, the methods of derivation were 
somewhat different: while Mr. Adler an-
alyzed the oscillator circuit in some detail, 
making approximations on the way, I used 
what I should like to call "quasi-static" 
method, as follows: 
When relatively slow processes are ex-

pected, and the steady-state relations be-
tween the frequency of oscillation, the mag-
nitude, and phase of the synchronizing volt-
age are known, it may be assumed that they 
hold also in the transient state. This, as-
suming that the oscillator voltage remains 
constant, leads rapidly, without a detailed 
circuit analysis, to the differential equation; 
the extension of the analysis to the ease of 
two mutually locked oscillators presents no 
difficulty. 
I. hope to publish shortly a more complete 

account of the quasi-static method. 
Z. JELONEK 

Signals Research and 
Development Establishment 

Christchurch, England 

Emission-Limited Diode 
To the Editor: 
Your contributor' provides a solution 

for the transit time (taking space charge as 
negligible and initial velocities zero) which 
is handy when the ratio of the radii of the 
cylinders approaches unity. For v= (R2/R1) 
exceeding about 10 the given series converges 
too slowly to be convenient: 

p10 4.6 —7.1  6.5 —4.3  2.2 — .9 

v20 6  —12  14.4 —12.3 8.2 —4.5 

It is, therefore, best to work with 
Scheibe's now well-known formula,2 which 
may be written 

t —  R2  v  LrVlog v 2 r ag  P e 

I Virgil M. Brittain. 'Emission-limited diode." 
PROC. I.R.E.. vol. 33. pp. 724-725; October. 1945. 

A. Scheibe, 'inhale). der Physik, 73, 54; 1924. 

DELAYS MAY OCCUR —PLEASE 

WAIT 

It is intended that the PROCEED-
INGS OF THE I.R.E. AND WAVES AND 
ELECTRONS shall reach its readers ap-
proximately at the middle of the 
month of issue. However, present-day 
printing and transportation condi-
tions are exceptionally difficult. Short-
ages of labor and materials give rise to 
corresponding delays. Accordingly, we 
request the patience of our PROCEED-
INGS readers. We suggest further that, 
in cases of delay in delivery, no query 
be sent to the Institute unless the 
issue is at least several . weeks late. 
If numerous premature statements of 
nondelivery of the PROCEEDINGS 
were received, the Institute's policy 
of immediately acknowledging all 
queries or complaints would lead to 
severe congestion of correspondence 
in the office of the Institute. 

For  10Vlog v = 1.518 f  e.tclu = 4.239. 

Calling F the factor in square brackets 
which corresponds to the series under 
discussion, we have, to slide-rule accuracy, 

v  2 I  10 

.895 I 1.286 

20   54.6  

1.266 I 1.21 • 

As v increases indefinitely, F tends 
towards the value unity. It may be men-
tioned that the first 5 terms of the series 
give F also as 0.895, 4 terms only give F 
0.888, in the case v2. 

W. E. BENHAM 
P.R.T. Laboratories, Ltd. 

Commonwood House 
North Chipperfield, 

Herts, England 

Correction 

Z  3  5  10  ZO  JO 
Mtaf-polert C, PlII-pat.t Spacing in klov• AnItles 

Fig. 7—Variation in decoupling with orientation of and spacing 
between half-wave dipoles. 

Fig. 7 of the paper, "Simplifications in the Considera-
tion of Mutual Effects Between Half-Wave Dipoles in 
Collinear and Parallel Orientations," by Kosmo J. 

Affanasiev, published in the September, 1946, issue of 
the PROCEEDINGS OF THE I.R.E., was unfortunately 
omitted. This figure appears above. 
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Contributors to Proceedings of the I.R.E. 

Pass Ikwu 

WINSTON E. KOCK 

Winston E. Kock (SM'45) was born on 
December 5, 1909, at Cincinnati, Ohio. He 
received the E.E. and M.S. degrees from 
the University of Cincinnati in 1932-1933, 
and the Ph.D. degree from the University 
of Berlin in 1934. Mr. Kock was formerly 
director of electronic research and develop-
ment work for the Baldwin Piano Com-
pany. He is now associated with Bell Tele-
phone Laboratories, Inc., Holmdel, N. J. 
In 1938, Mr. Kock was chosen America's 

outstanding young electrical engineer by 
Eta Kappa Nu, national honorary electrical 
engineering society. 

A. B. Crawford (A'29—S111'46) was born 
on February 26, 1907 at Graysville, Ohio. 
He received the B.S. degree in 1928 from 
Ohio State University. Since 1928 he has 
been with the research department of Bell 
Telephone Laboratories and has been en-
gaged chiefly in ultra-short-wave propaga-
tion  udies. 

A. B. CRAWFORD 

For a biography and photograph of Luke 
Chia-Liu Yuan, see the October issue of the 
PROCEEDINGS OF THE I.R.E. 

William M. Sharpless (A'28—M '38— 
SM'43) was born on September 4, 1904, in 
Minneapolis, Minnesota. He received the 
B.S. degree in electrical engineering from 
the University of Minnesota in 1928. He 
has been a member of the technical staff 
of the Bell Telephone Laboratories since 
1928, engaged in radio research work in the 
short-wave, ultra-short-wave, and micro-
wave regions. 

WILLIAM M. SHARI-LESS 

• 

Malcolm S. McIlroy was born on August 
28, 1902, at Rochester, New York. He re-
ceived the E.E. degree in 1923 from Cornell 
University. He was employed by the General 
Electric Company as a test engineer from 
1923 to 1924, and by the Brooklyn-Manhat-
tan Transit Corporation as an equipment in-
spector during 1925. From 1926 until 1937, he 
was associated with the Central Hudson Gas 
and Electric Corporation, of Poughkeepsie, 
N. Y., as distribution engineer, district engi-
neer, and assistant manager of the Newburgh 
district, and as superintendent of the Beacon 
district. He then transferred to the instruct-
ing staff of the department of electrical engi-
neering at the Massachusetts Institute of 
Technology, where he was an instructor for 
three years and an assistant professor for six 
years while pursuing graduate studies. Dur-
ing the war he was an assistant director of 
the M.I.T. Radar School, responsible for the 
initial construction of the plant and for the 
design and installation of its power systems, 
and for student records. He taught principles 
of timing and modulator circuits to Army 
officer students at the Radar School. He is 
now engaged in thesis work leading to a doc-
torate in electrical engineering. He is a mem-
ber of Tau Beta Pi, Eta Kappa Nu, the 
American Institute of Electrical Engineers, 
and the Society for the promotion of Engi-
neering Education. 

Andrew V. Haeff (A'34—M'40—SM'43) 
was born in Moscow, Russia, on December 

MALCOLNI S. MCILROY 

30, 1904. In 1928, he received the degree of 
Electrical and Mechanical Engineer from 
the Russian Polytechnic Institute at Har-
bin, China. The same year he came to the 
United States and majored in electrical en-
gineering at the California Institute of Tech-
nology where he obtained the M.S. degree in 
1929 and the Ph.D. degree in 1932. Until the 
end of 1933, Dr. Haeff was a Special Re-
search Fellow in the Electrical Engineering 
Department of the California Institute of 
Technology, engaging in research work on 
ultra-high-frequency problems. From 1934 
to 1941, Dr. Haeff was a member of the 
vacuum-tube research section of the RCA 
Manufacturing Company, specializing in 
research on ultra-high-frequency tubes and 
circuits. On March 1, 1941, he joined the re-
search staff of the Naval Research Labora-
tory at Washington, D.C., in order to devote 
his full time to naval research problems, par-
ticularly irn connection with wartime devel-
opment of radar. 

ANDREW V. HAEFF 

Dr. Haeff's present position is that of 
consultant for Electronics and acting chief 
of the vacuum-tube research section of the 
electronic special research division of the 
Naval Research Laboratory. 
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Books 

Inductance  Calculations,  by 
Frederick W. Grover 
Published (1946) by D. Van Nostrand 

Co., Inc., 250 Fourth Ave., New York, N. Y. 
286 pages+xiv pages. 66 illustrations. 
6} X9} inches. Price, $5.75. 

This book gives a comprehensive collec-
tion of working formulas and tables for the 
calculation of mutual and self-inductance. 
Basic principles, limitations, and methods 
are discussed. The formulas and dimensional 
units are reduced to such form as can be 
readily used by an engineer or physicist 
without reference to other books. Numerous 
practical examples are included in 19 of the 
24 chapters. 
The activities of Dr. Grover in the field 

of inductance calculations are well known. 
The book is largely an assemblage of some 
of his extensive work. It may be considered 
as a new type of book well planned to supply 
data for the intermediate region between 
calculations of highest accuracy and those 
using simplified or empirical formulas yield-
ing uncertain results. Accuracies attainable 
are 0.1 per cent in the worst cases and much 
better for certain geometrical shapes such as 
coaxial circular filaments. 
In addition to data on inductance, the 

book has one chapter on precision calcula-
tion of magnetic forces between coils. 
In general, the formulas given are in-

tended for very low frequencies. However, in 
one chapter the necessary data are included 
for determining changes in inductance and 
resistance and retaining usefulness and ac-
curacy of the formulas as frequency is in-
creased. 

W. D. GEORGE 
National Bureau of Standards 

Washington 25, D. C. 

Circuit Analysis by Laboratory 
Methods, by Carl E. Skroder 
and M. Stanley Helm 

Published (1946) by Prentice-Hall, Inc., 
70 Fifth Ave., New York 11, N. Y. 282 pages 
+6-page index +xvi pages. 160 illustrations. 
6j X9 inches. Price, $5.35. 

This is a book designed as something 
more than just another college laboratory 
manual. As such it succeeds quite well in 
providing the student with a source of in-
formation supplementing the usual circuits 
texts, and at the same time overcomes the 
proverbial bugaboo of equipment differences 
between laboratories. 
Written with chapters of theoretical 

material, much of which is presented only 
too briefly in the usual circuits texts, the 
book provides valuable background for the 
sets of experiments which follow each 
chapter. Examples of this treatment are 
very complete chapters devoted to the 
theory of instruments and their use in cir-
cuits, and to the temperature variation of 
resistance. 
The book covers laboratory material for 

direct- and alternating-current circuits, the 
space being divided about one to two, and 

is apparently intended for sophomore or 
junior electrical engineering students. A 
considerable amount of space in the alternat-
ing-current circuits chapters is given to the 
study of series and parallel resonance, but 
the reviewer was disappointed to find no 
mention of the various network theorems, as 
Thevenin's, Norton's, superposition, etc. 
These theorems are of importance to either 
power or communication students, and can 
lead to very interesting and instructive 
laboratory work.  • 
In overcoming the matter of differences 

of equipment in various laboratories, the 
authors have given experimental instruc-
tions in general terms, leaving with the 
student the responsibility for the exact cir-
cuits to be used and data to be taken. 
This should aid the student in developing his 
ability to analyze a problem, and help in his 
transition to the industrial laboratory, 
where detailed instructions are rarely, if 
ever, given. 
The book as a whole is well and clearly 

written, but for the reviewer, the high spot 
was the chapter on "The Report." The 
chapter gives the simple rules of good prac-
tice in engineering report writing—but fails 
to provide a clue to where we can find 
more engineering students who will follow 
them! 

J. D. RYDER 
Iowa State College 

Ames, Iowa 

The Radio Amateur's Hand-
Book, 1946 Edition, by Head-
quarters Staff of the American 
Radio Relay League 
Published (1946) by The American 

Radio Relay League, Inc., West Hartford 7, 
Connecticut. 468 pages+208-page catalog 
+11-page index. 1249 illustrations. 61X94 
inches. Price, $1.00 in continental U.S.A.; 
$1.50 elsewhere. 

A book which has circulated 1.4 millions 
of copies during the past twenty years on as 
specialized a subject as amateur radio needs 
no introduction. Its scope and competence 
having been clearly established, a compari-
son of the latest edition with the one it suc-
ceeds seems most useful even though this, 
relatively speaking, restricts the reviewer to 
the realm of microtrivia. 
The preparation of the 1946 edition was 

interrupted by VJ Day and publication was 
deferred to permit a major overhauling of 
its olive-drab-covered predecessor—a re-
conversion job. Consequently, there are 
missing from its pages such wartime features 
as the War Emergency Radio Service and 
carrier-current communication. 
The introduction to wave guides and 

cavity resonators has been expanded and 
data on their dimensions and coupling 
methods added. 
In the chapters on very-high-frequency 

receivers and transmitters, the wartime 
112- and 224-megacycle designs have been 
converted or replaced by 144-, 220-, and 
420-megacycle apparatus. The transmitter 
section, in particular, has been lengthened 
by about 75 per cent.  • 
Treatment of the grounded-grid or 

cathode-excited amplifier neglects a highly 
significant feature, the ability of the driver 
to deliver power to the load through the 
electron stream of the amplifier tube. With 
suitable design, the driver may contribute 
substantially to the power in the antenna 
without increasing the circuit capacitances, 
an important consideration at the higher 
frequencies. 
Much to be regretted is the deletion of 

about half the material on measurements. 
Among the omissions are measurements of 
frequency in the audible range; R, Z, C, L, 
and Q; receiver and transmitter character-
istics; as well as designs for vacuum-tube 
voltmeters and various accessories for cath-
ode-ray oscilloscopes. The previous edition 
will still be useful for this material. 
As has been consistently true throughout 

the years, there have been enough important 
changes in this hardy perennial to justify its 
addition to your bookshelf even though it 
it may rub covers with numerous of its elder 
brethren. 

HAROLD P. WESTMAN 
International Telephone and 

Telegraph Corporation 
New York, N. Y. 

Most-Often-Needed 1946 Radio 
Diagrams, Compiled by M. N. 
Beitman 
Published (1946) by Supreme Publica-

tions, 9 S. Kedzie Ave., Chicago 12, III. 
192 pages. Numerous illustrations. 8i X101 
inches. Price, $2.00. 

As indicated by the title, this booklet is 
an assembly of the available wiring diagrams 
and service information on radio-receiver 
models produced by approximately forty 
manufacturers during the early part of 1946. 
While the coverage is incomplete, some 
models are included from most of the major 
radio manufacturers. 
The information is supplied by the manu-

facturers, and varies in completeness from 
simple diagrams, to coverage of alignment 
procedure, voltage readings, spare-part list-
ings, and specific servicing information. The 
information on record changers is meager. 
The binding is permanent, and no plans are 
indicated for loose-leaf or other follow-up 
service. 
In the absence of specific information 

from the manufacturer, this volume will as-
sist the serviceman on the models which are 
covered. 

H. C. FORBES 
Colonial Radio Corporation 

Buffalo, N. Y. 

Radio Sound Effects, by Joseph 
Creamer and William B. Hoff-
man 
Published (1945) by Ziff-Davis Publish-

ing Co., 350 Fifth Avenue, New York 1, 
N. Y. 61 pages+x pages. 11 illustrations. 
54X8; inches. Price, $1.50. 

The authors have written a nontechnical 
primer on sound effects which gives some 
helpful suggestions and advice intended for 
the beginner in radio-sound-effects technique. 
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Sound effects as produced for present-
day broadcasting cover a great many de-
tails, both practical and technical, which 
would require much more material than the 
authors have presented. 
Types of equipment and examples of 

each are given, also a list of some basic pieces 
of equipment. The importance of timing 
effects to cues, script marking, and studio 
set up are stressed. Control-room signals are 
described in order that the student may more 
easily understand the program director's 
coaching during rehearsal and broadcasts. 
The necessity of considerable practice and 
rehearsal are well emphasized along with the 
general approach to this type of work. 
A chapter on recorded sound effects lists 

some good recordings now available and 
their manufacturers. "Record spotting" of a 
particular effect contained on a record is il-
lustrated by pictures and description but 
this section could have been made clearer 
and more concise. 
Examples of some "trick effects" and 

how they were created are interesting and 
serve the authors' contention that diligent 
study, experimenting, and improvising are 
so important. 
While some constructional information 

is given, the book is not apparently intended 
by the authors as a comprehensive "how to 
build it or produce it" volume on sound ef-
fects but rathei to give a general background 
to those who are contemplating work in the 
studio end of the broadcast field. 

W. R. PIERSON 
71 Kensett Rd., 

Manhasset, L. I., N. Y. 

I.R.E. People 

FRANK C. Gow 
Frank C. Gow (A'44) has been appointed 

station director of WROL, Knoxville, Ten-
nessee where he will have charge of all studio 
and transmitting personnel and operations, 
the installation and initiation operations of 
the frequency-modulation transmitter, and 
the installation of improved amplitude-
modulation facilities. 
Mr. Gow served as a ship operator for the 

Independent Wireless Telegraph Company 
from 1925 to 1927, and as an operator, an-
nouncer, and production worker for WEEI 
from 1927 to 1936. He then joined the Col-
umbia Broadcasting System where he en-
gaged in network production until 1941 when 
he became an operating engineer at CBS's 
Brentwood, New York, international short-
wave stations. Mr. Gow joined the Radio 
Corporation of America Laboratories in 
1942 where he served in both New York and 
Chicago. 

• 

LESTER N. HATFIELD 
AND STEPHEN HORBACH 

Announcement has been made by Press 
Wireless Manufacturing Corporation, a 

Chairman 

H. L. Spencer 
Associated Consultants 
18 E. Lexington 
Baltimore 2, Md. 

Glenn Browning 
Browning Laboratories 
750 Main St. 
Winchester, Mass 

I. C. Grant 
San Martin 379 
Buenos Aires, Argentina 

H. W. Staderman 
264 Loring Ave. 
Buffalo, N. Y. 

T. A. Hunter 
Collins Radio Co. 
855-35 St., N.E. 
Cedar Rapids, Iowa 

A. W. Graf 
135 S. La Salle St. 
Chicago 3, Ill. 

J. D. Reid 
Box 67 
Cincinnati 31, Ohio 

H. C. Williams 
2636 Milton Rd. 
University Heights 
Cleveland 21, Ohio 

E. M. Boone 
Ohio State University 
Columbus, Ohio 

Dale Pollack 
352 Pequot Ave. 
New London, Conn 

R. M. Flynn 
KRLD 
Dallas 1, Texas 

J. E. Keto 
Aircraft Radio Laboratory 
Wright Field 
Dayton, Ohio 

H. E. Kranz 
International Detrola Corp. 
1501 Beard Ave. 
Detroit 9, Mich. 

N. L. Kiser 
Sylvania Electric Products, 
Inc. 

Emporium, Pa. 

E. M. Dupree 
1702 Main 
Houston, Texas 

H. I. Metz 
Civil Aeronautics Authority 
Experimental Station 
Indianapolis, Ind. 

R. N. White 
4800 Jefferson St. 
Kansas City, Mo. 

J. Bach 
Sparton of Canada, Ltd. 
London, Ont., Canada 

Frederick Ireland 
950 N. Highland Ave. 
Hollywood 38, Calif. 
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M. S. Alexander 
2289 Memorial Dr., S.E. 
Atlanta, Ga. 

G. P. Houston, 3rd 
3000 Manhattan Ave. 
Baltimore 15, Md. 

A. G. Bousquet 
General Radio Co. 
275 Massachusetts Ave. 
Cambridge 39, Mass. 

Raymond Hastings 
San Martin 379 
Buenos Aires, Argentina 

J. F. Myers 
Colonial Radio Corp. 
1280 Main St. 
Buffalo 9, N. Y. 

R. S. Conrad 
Collins Radio Co. 
855-35 St., N.E. 
Cedar Rapids, Iowa 

D. G. Haines 
Hytron Radio 
and Electronic Corp. 
4000 W. North Ave. 
Chicago 39, III. 

P. J. Konkle 
5524 Hamilton Ave. 
Cincinnati 24, Ohio 

A. J. Kres 
16911 Valleyview Ave. 
Cleveland 11, Ohio 

C. J. Emmons 
158 E. Como Ave. 
Columbus 2, Ohio 

R. F. Blackburn 
62 Salem Rd. 
Manchester, Conn. 

J. G. Rountree 
4333 Southwestern Blvd. 
Dallas 5, Texas 

Joseph General 
411 E. Bruce Ave. 
Dayton 5, Ohio 

A. Friedenthal 
5396 Oregon 
Detroit 4, Mich. 

D. J. Knowles 
Sylvania Electric Products, 
Inc. 

Emporium, Pa. 

L. G. Cowles 
Box 425 
Bellaire, Texas 

Max G. Beier 
3930 Guilford Ave. 
Indianapolis 5, Ind. 

Mrs. G. L. Curtis 
6003 El Monte 
Mission, Kansas 

B. L. Foster 
Sparton of Canada, Ltd. 
London, Ont., Canada 

Walter Kenworth 
1427 Lafayette St. 
San Gabriel, Calif. 
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Chairman 
L. W. Butler 
3019 N. 90 St. 
Milwaukee 13, Wis. 

J. C. R. Punchard 
Northern Electric Co. 
1261 Shearer St. 
Montreal 22, Que., Canada 

J. T. Cimorelli 
RCA Victor Division 
415 S. Fifth St. 
Harrison, N. J. 

L. R. Quarles 
University of Virginia 
Charlottesville, Va. 

D. W. R. McKinley 
211 Cobourg St. 
Ottawa, Canada 

Samuel Gubin 
4417 Pine St. 
Philadelphia 4, Pa. 

W. E. Shoupp 
911 S. Braddock Ave 
Wilkinsburg, Pa. 

C. W. Lund 
Rt. 4, Box 858 
Portland, Ore. 

A. E. Newlon 
Stromberg-Carlson Co. 
Rochester 3, N. Y. 

S. H. Van Wambeck 
Washington University 
St. Louis 5, Mo. 

David Kalbfell 
941 Rosecrans Blvd. 
San Diego 6, Calif. 

R. V. Howard 
Mark Hopkins Hotel 
San Francisco, Calif. 

E. H. Smith 
823 E. 78 St. 
Seattle 5, Wash. 

H. S. Dawson 
Canadian Association of 
Broadcasters 

80 Richmond St., W. 
Toronto, Ont., Canada 

M. E. Knox 
43-44 Ave., S. 
Minneapolis, Minn. 

F. W. Albertson 
Room 1111, Munsey Bldg. 
Washington 4, D. C. 

W. C. Freeman, Jr. 
2018 Reed St. 
Williamsport 39, Pa. 

K. G. Jansky 
Bell Telephone Laboratories, 
Inc. 

Box 107 
Red Bank, N. J. 
C. W. Mueller 
RCA Laboratories 
Princeton. N. J. 
H. E. Ellithorn 
417 Parkovash Ave. 
South Bend 17, Ind. 

W. A. Cole 
323 Broadway Ave. 
Winnipeg, Manit., Canada 

MILWAUKEE 

MONTREAL, QUEBEC 
December 11 

NEW YORK 
December 4 

NORTH CAROLINA-VIRGINIA 

OTTAWA, ONTARIO 
November 21 

PHILADELPHIA 
December 5 

PITTSBURGH 
December 9 

PORTLAND 

ROCHESTER 
November 21 

ST. Louis 

SAN DIEGO 
December 3 

SAN FRANCISCO 

SEATTLE 
December 12 

TORONTO, ONTARIO 

TWIN CITIES 

WASHINGTON 
December 9 

WILLIAMSPORT 
December 4 

SUBSECTIONS 
MONMOUTH 

(New York Subsection) 

PRINCETON 
(Philadelphia Subsection) 

SOUTH BEND 
(Chicago Subsection) 
November 21 

WINNIPEG 
(Toronto Subsection) 

Secretary 
E. T. Sherwood 
9157 N. Tennyson Dr. 
Milwaukee, Wis. 

E. S. Watters 
Canadian Broadcasting Corp. 
1440 St. Catherine St., W. 
Montreal 25, Que., Canada 

J. R. Ragazzini 
Columbia University 
New York 27, N. Y. 

J. T. Orth 
4101 Fort Ave. 
Lynchburg, Va. 

W. A. Caton 
132 Faraday St. 
Ottawa, Canada 

A. N. Curtiss 
RCA Victor Division 
Bldg. 8-9 
Camden, N. J. 

C. W. Gilbert 
52 Hathaway Ct. 
Pittsburgh 21, Pa. 

L. C. White 
3236 N.E. 63 Ave. 
Portland 13. Ore. 

K. J. Gardner 
111 East Ave. 
Rochester 4, N. Y. 

N. J. Zehr 
1538 Bradford Ave 
St. Louis 14, Mo. 

Clyde Tirrell 
U. S. Navy Electronics Labo-
ratory 

San Diego 52, Calif. 

Lester Reukema 
2319 Oregon St. 
Berkeley, Calif. 

W. R. Hill 
University of Washington 
Seattle 5, Wash. 

C. J. Bridgland 
Canadian National Telegraph 
347 Bay St. 
Toronto, Ont., Canada 

Paul Thompson 
4602 S. Nicollet 
Minneapolis, Minn. 

G. P. Adair 
Federal Communications 
Commission 

Washington 4, D. C. 

S. R. Bennett 
Sylvania Electric Products, 
Inc. 

Plant No. 1 
Williamsport, Pa. 

A. V. Bedford 
RCA Laboratories 
Princeton, N. J. 
J. E. Willson 
WHOT 
St. Joseph and Monroe Sts. 
South Bend, Ind. 

C. E. Trembley 
Canadian Marconi Co. 
Main Street 
Winnipeg, Manit., Canada 

subsidiary of Press Wireless, Inc., of the 
promotion of Lester N. Hatfield (A'30-M'45) 
to the position of chief engineer, and of 
Stephen Horbach (A'44-M'45) to sales 
manager. 
Mr. Hatfield began his radio and elec-

trical training in 1924, and was for three 
years chief engineer of Washington State 
College station KWSC. For ten years he was 

LESTER N. HATFIELD 

affiliated with the Columbia Broadcasting 
System in New York as a technician and 
engineer and he served two of the war years 
as lieutenant in the Naval Reserve with the 
electronics division of the Bureau of Ships. 
Mr. Hatfield joined the staff of Press Wire-
less in 1945 where he became chief sales 
engineer. 
Mr. Horbach served from 1941 to 1945 

as chief engineer in the Operations Branch, 

STEPHEN HORBACH 

Army Communications Service, Office of the 
Chief Signal Officer, and received a citation 
from Major General Frank E. Stoner 
(SM'45), Chief, Communications Branch of 
the Signal Corps, for the first twenty-four-
hour communications circuits over the North 
Atlantic. He joined the engineering staff of 
Press Wireless in 1945, and is a member of 
the American Institute of Electrical Engi-
neers and the Radio Society of Great 
Britain. 



868 Proceedings of the I.R.E. and Waves and Electrons November 

I.R.E. People 

Louis B. BENDER 

Louis B. BENDER 
Colonel Louis B. Bender (M'23-SNI'43) 

has recently relinquished his duties as super-
visor of engineering production in the radio 
division of the Westinghouse Electric Cor-
poration, Baltimore, Maryland, and has re-
tired to his home in Kansas. He is a graduate 
of Kansas State College, Massachusetts In-
stitute of Technology, and of the Army's 
Command and General Staff School, the 
War College, and the Industrial College. 
Colonel Bender also spent a year in graduate 
study at The Ohio State University. 
He entered the communications field 

with the Western Electric Company in 1904 
and in 1909, he joined the regular Army as 
a second lieutenant and was awarded the 
Distinguished Service Medal for his services 
in World War I. Prior to his retirement from 
the Signal Corps in 1940 to join Westing-
house, he was in administrative direction of 
the Corps' research and development work 
at its laboratories and in its Washington, 
D. C., headquarters for eleven years. During 
World War II, Colonel Bender was recalled 
to active military duty and served as Signal 
Officer,  Second  Service  Command,  at 
Governors Island, New York. 

MEADE BRUNET 
Announcement has been made by Radio 

Corporation of America's president, David 
Sarnoff (A'12-M'14-F'17), of the promotion 
of Meade Brunet (M'33-SM'43) to managing 
director of the RCA International Division 
with headquarters in New York. 
Mr. Brunet graduated from Union Col-

lege, Schenectady, New York. Associated 
with RCA since 1921, he was for five years 
in charge of production and distribution of 
RCA Radiotrons and Radiolas, and later 
was named manager of the Radiola Division. 
In 1930 he was advanced to sales manager, 
subsequently became general manager of the 
engineering products department of the 
RCA Victor Division, Camden, New Jersey, 
and was elected vice-president in charge of 
that department in 1945. 

SUBSCRIPTION PRICES 

Effective with the January, 1947, 
issue of the  PROCEEDINGS OF THE 
I.R.E. AND WAVES AND ELECTRONS, 
the price of individual nonmember 
subscriptions will be $12.00 per year; 
subscriptions from libraries and col-
leges, $9.00 net; subscriptions from 
agencies, $9.00 net. In each case, 
there will be an additional charge of 
$1.00 per year for postage to persons 
and organizations not residing within 
the United States and Canada. 

JOHN M. HOLLYWOOD 

JOHN M. HOLLYWOOD 
In July, 1946, John M. Hollywood 

(J'30-A'32-SM'45) joined the staff of Air-
borne Instruments Laboratory, Inc., Mine-
ola, New York, as a consultant in the elec-
tronic engineering aspects of air navigation 
and traffic control systems development. 
Mr. Hollywood received the B.S. degree 

in communications in 1931 and the M.S. 
degree in electrical engineering in 1932 from 
Massachusetts Institute of Technology. The 
following year, he became associated with 
the Electron Research Laboratories, and in 
1935, he joined the Ken-Rad Tube Corpora-
tion to engage in cathode-ray-tube develop-
ment. 
From 1936 to 1943, Mr. Hollywood per-

formed color-television work for the Col-
umbia Broadcasting System, and in 1943, 
he went to England as a consultant on radio 
and radar countermeasures for the Radio 
Research Laboratory of Harvard University. 
Two years later, he returned to join the 
Naval Research Laboratory, continuing in 
similar work and serving as an electronics 
engineer in the development of special 
devices. 
Recognized for his achievements in the 

field of color television and for his numerous 
articles on the subject, Mr. Hollywood holds 
the patent on a switching device for tele-
vision color mixing. 

HARNER SELVIDGE 

HARNER SELVIDGE 

Harner Selvidge (A'31-M'40-SM'43) has 
recently been appointed director of special 
products development for the Bendix Avia-
tion Corporation, where he will co-ordinate 
activities in the guided-missile and pilotless-
aircraft fields. Two laboratories will be 
under his direction, at Teterboro, New 
Jersey, and North Hollywood, California. 
Dr. Selvidge received his B.S. degree in 

electrical engineering from Massachusetts 
Institute of Technology in 1932 and his 
M.S. degree the following year. In 1937, he 
received the Sc.D. degree from Harvard 
University, He was an instructor in physics 
and communications engineering at Har-
vard's Cruft Laboratory and, later, served 
as associate professor of electrical engineer-
ing at Kansas State College. Formerly con-
sulting engineer for Taylor Tubes, Dr. 
Selvidge was director of research for the 
American Phenolic Corporation for several 
years. During the war he was a member of 
the Applied Physics Laboratory staff of 
Johns Hopkins University, where he worked 
on the proximity fuze and, for two years, 
directed the group assigned to rugged 
vacuum tubes. He was then placed in charge 
of guidance and controls for guided-missile 
projects at the University. 
A member of the American Institute of 

Electrical Engineers and the Society for the 
Promotion of Engineering Education, Dr. 
Selvidge was founder and first chairman of 
the Kansas City Section of The Institute of 
Radio Engineers. At present he is a member 
of the Papers Review Committee of the 
I.R.E. 

HOBART A. BALLOU 

Hobart A. Ballou (A'44) was one of the 
three engineers from the Philco Corporation, 
Philadelphia, Pennsylvania, at Bikini Atoll 
to study the effect of an atomic bomb blast 
on airborne electronic equipment for the 
Navy's Bureau of Aeronautics. Working 
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with the electronic co-ordinating officer, he 
inspected electronics apparatus in the Sara-
toga's aircraft before and after the blasts, 
and he was responsible for setting up and 
operating all television receiving and viewing 
systems on the laboratory ship Avery Island. 
Mr. Ballou is a member of the Bureau of 

Aeronautic's airborne co-ordinating group, 
an organization of civilian and Navy special-
ists which, during the war, was represented 
wherever Navy aircraft were operating, and 
whose members know the construction and 
operation of every piece of Navy airborne 
electronics equipment. 

KARL F. KELLERMAN 

KARL F. KELLERMAN 
Karl F Kellerman (SM'46), recently 

released from active naval duty With the 
rank of commander, has been placed in 
charge of commercial sales and advertising 
by Aircraft Radio Corporation of Boonton, 
New Jersey. 
After receiving a degree in electrical 

engineering from Cornell University in 1929, 
Mr. Kellerman joined the New York Tele-
phone Company where he spent six years in 
commercial engineering and as engineer on 
special communications problems. In 1935, 
he became assistant branch office manager 
for the New York Life Insurance Company 
and was awarded the Chartered Life Under-
writer designation in 1938. At the outbreak 
of war, Mr. Kellerman returned to technical 
engineering work for the Navy Bureau of 
Aeronautics and became head of its elec-
tronics co-ordination section. Responsible 
for the introduction and development of a 
standardized-test-equipment program: the 
practice of preinstallation "systems test" of 
over-all electronic systems for aircraft: and 
for much of the progress on interference re-
duction, he was officially commended by the 
Navy for outstanding performance. 
Mr. Kellerman is a member of the Radio 

Club of America, the Cornell Society of 
Engineers, the Aircraft Owners and Pilots 
Association, Tau Beta Pi, and Eta Kappa 
Nu. 

RODNEY D. CHIPP 
Rodney D. Chipp (A'34—SM'43) has 

recently joined the general engineering de-
partment of the American Broadcasting 
Company, New York City, as radio facilities 
engineer. He will be responsible for radio-
frequency and transmitter facilities for tele-
vision, frequency modulation, standard 
broadcasting, and allied services. 
Mr. Chipp received his education at 

George Washington University and the 
Massachusetts Institute of Technology. He 
was engaged in five-meter amateur work in 
1926, and in shipboard radio operation, and 
operation of WKAV as chief engineer. He 
was employed by the National Broadcasting 
Company when he began his five-year period 
of active duty in the Navy. Assigned as 
radio officer for a division of transports and 
then transferred to the radar-design section 
of the Bureau of Ships, Mr. Chipp was re-
sponsible for the standardization of video 
and trigger levels for Navy radar repeaters 
and the design of shipboard video-distribu-
tion systems. Presently retained by the 
Bureau as a part-time consultant for the 
continuation of this work, he was awarded 
the Commendation Ribbon with a citation 
for his work in radar development. 
The citation reads as follows: "For excel-

lent performance of duty while serving in 
the Bureau of Ships in radar design from 
September, 1941, to October, 1945. Lieu-
tenant Commander Chipp was personally re-
sponsible for much of the development engi-
neering of the early radar equipments in 
the desperate early months of the war, and, 
later, for the splendid design of radar re-
peaters and equipment which were vital 
parts of combat information centers em-
ployed so successfully in the war in the 
Pacific. His valuable service throughout 
World War II was in keeping with the 
highest traditions of the United States 
Naval Service." 
Mr. Chipp is a member of the Veteran 

Wireless Operators Association and an Asso-
ciate Member of the United States Naval 
Institute. 

GEORGE H. TIMMINGS 
George H. Timmings (A'43-SM'45) has 

resigned his position as sales manager of the 
DX Radio Products Company, Chicago, 
Illinois, after an association of eight years. 
Mr. Timmings will serve the radio industry 
in and around Chicago as a manufacturers' 
agent.  , 

GEORGE F. PLATTS 
George F. Platts (A'30—M'39—SM'43) 

has been named general manager of opera-
tions at the McQuay-Norris Manufactur-
ing Company's electric products division. 
Mr. Platts, a Naval commander during the 
war, served as Navy officer in charge of sev-
eral ordnance plants producing VT prox-
imity fuzes. 

SAMUEL SEELY 

Samuel Seely (A'39—SM'45), a member 
of the department of electrical engineering 
staff at the City College of the College of 
the City of New York for ten years, has 
recently been appointed associate professor 
of electronics at the Post Graduate School 
of the United States Naval Academy. 
Co-author of the textbook, "Electronics," 
Dr. Seely was on leave of absence at the 
Radiation Laboratory of the Massachusetts 
Institute of Technology during the past five 
years. He is a member of the Papers Review 
Committee of the Institute of Radio 
Engineers. 

AUGUSTUS J. EAVES 

AUGUSTUS J. EAVES 

Augustus J. Eaves (M'33-SM'43) has 
been appointed director of sales for Finch 
Telecommunications, Inc., Passaic, New 
Jersey, according to a recent announcement 
by Captain W. G. H. Finch (r16-A18-
M'25-SM'43), president of the company. 
Mr. Eaves served as a development engineer 
of communication systems in the Bell Tele-
phone Laboratories, and for the past twenty 
years he has been general communications 
sales engineer for the Graybar Electric 
Company. 

ARTHUR H. LYNCH 

Arthur H. Lynch (SM'43), former editor 
of Radio Broadcast, Radio News, and Science 
and Inventions, has become president of 
Lybig Sales Corporation located in New 
York City. The firm has recently been 
organized to secure national and export sales 
for radio manufacturers. Recognized as the 
former manufacturer of the Lynch resistor 
and as a pioneer of noise-reducing antenna 
systems, Mr. Lynch will continue to serve as 
New York manager of the National Com-
pany, Inc., Malden, Massachusetts, which 
he has represented for the past twenty years. 
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In their totality, the Sections of The Institute of Radio Engineers are the In-
stitute. Since the successful formation and operation of a Section may present 
certain problems, the I.R.E. membership will be assisted by the following edi-
torial, based on successful experience, from the Chairman of the Cedar Rapids, 
Iowa, Section.—The Editor. 

New Sections of I.R.E. 
THEODORE A. HUNTER 

Since the Cedar Rapids Section of The Institute of Radio Engineers is one of the newer addi-
tions to the growing I.R.E. family, a few words about the problems involved in starting a new 
Section or Subsection might be in order. 
The first problem to enter the mind of the group attempting to start a new Section is that of 

the probable number of people interested in such an organization. Section 45 of the Section 
Manual states: "A Section shall have a minimum of 25 Fellows, Senior Members, Members, and 
Associates." A listing of those already members in any area may be obtained either from Head-
quarters or from your governing Section Secretary. Count those already members in this area. 
From this number you can estimate in a rough manner the number to be counted on for mem-
bership after several years of operation. The ratio as ascertained from several other new chapters 
is about two and one-half to five to one. 
The reason for this is quite obvious. There are a number of engineers who feel that the $10.00 

fee is not a good investment when the PROCEEDINGS OF THE I.R.E. AND WAVES AND ELECTRONS 
may be read at the public library. Whether this is a proper view is not within the scope of this 
discussion, but the fact remains that a local Section does enhance this value to where the $10.00 
dues are assuredly justified and will become available. Hence, the above increase in membership 
with the organization of local activity. 
The second problem to come to the organization is that of proper membership gradation. The 

Cedar Rapids Section had only two people of Member grade from which to select the first 
Chairman. It follows that many new members were placed in the wrong grade because of the 
lack of the proper sponsorship. This imposes increased effort on Headquarters in making trans-
fers later as well as inducing members to make these transfers. Some method should be worked 
out so that those organizing the Section do have the proper number of sponsors for the various 
grades involved. No solution is presented for this, but it should be recognized and dealt with in 
co-operation with Headquarters according to the rules and regulations. 
The third problem is that of financing the start of a new Section. As it is now, a new Section 

fails to obtain financial aid from Headquarters for some time after it starts. A proposal was 
made through our Regional Meeting at Chicago that Headquarters advance one year's funds to 
new Sections at the time of organization. It is hoped this suggestion will be followed. If not, 
several methods are available. First, a "pass-the-hat" collection yields rather good returns, pro-
vided the first contributor advances a reasonably good contribution so that the rest will follow. 
Second, possibly some local electronics manufacturer is willing to advance, say, $100.00 to the 
Section in order that it be able to start functioning. There is a certain satisfaction in making a 
new organization financially successful in its undertaking. 
.The fourth problem is that of the area serving the Section. Many of the Sections serve areas 

which are beyond the normal sphere of influence. It seems logical that there are many commu-
nities where new Sections or Subsections may be started and present areas reclassified by 
Headquarters, in order for the Institute better to serve its membership and prospective mem-
bership. A letter either to the local Section Chairman or Headquarters should provide a satis-
factory division of Section territory for a new Section. 
In conclusion, may I, as the Chairman of one of the newer Sections, state that the present 

trend in membership is such that some new sections should be started by a group of "eager 
beavers." The social fellowship and technical information thereby obtained greatly increases 
the value of the I.R.E. to its membership. 
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Glenn H. Browning 
Chairman, Boston Section 

Glenn H. Browning was born in Solon, Iowa, on March 9, 1897. 
He was awarded with highest honors the degree of Bachelor of Arts 
at Cornell College, Mt. Vernon, Iowa, in 1921. He taught classes in 
electricity and wireless at Camp Taylor in 1918-1919 and later did 
graduate work at Harvard (1921-1922). He was a Research Fellow in 
Electrical Engineering at Harvard in 1923-1924. 
In conjunction with F. H. Drake. Mr. Browning developed a 

tuned-radio-frequency transformer which was incorporated in a 
circuit later known as the Browning-Drake circuit. He became presi-
dent of the Browning-Drake Corporation in 1926, and he has acted 
in a consultant's capacity to several radio companies. Since 1938, 
he has been president of Browning Laboratories. Inc. During 
World War II, he developed a sensitive electronic-alarm system 
which was widely used by the services. He is the author of numerous 
technical and semitechnical articles in radio magazines and peri-
odicals. 
Mr. Browning joined The Institute of Radio Engineers as an 

Associate in 1924. transferred to Member grade in 1928, and to 
Senior Member in 1943. He is a member of Phi Beta Kappa and 
the American Institute of Electrical Engineers. 

William H. Radford 
Vice-Chairman Boston Section 
William H. Radford was born on May 20. 1909, in Philadelphia. 

Pennsylvania. He received the degree of Bachelor of Science in elec-
trical engineering in 1931 from Drexel Institute and in the following 
year was awarded the degree of Master of Science at the Massa-
chusetts Institute of Technology. As research assistant in electrical 
engineering (1932-1939) he was engaged in work at Round Hill, 
where a program of studies of light penetration and of methods for 
local dissipation of fog was being carried out. After one year as as-
sistant professor of Electrical Engineering at Massachusetts Institute 
of Technology, Professor Radford was promoted in 1944 to associate 
professor of Electrical Communications. Since 1941 he has been in-
timately associated with the M.I.T. Radar School, and in 1944 he 
became associate director of the Radar School. 
Professor Radford has been a consultant on radio-communication 

facilities and industrial electronic-control systems since 1935 and 
has acted in the capacity of section member and consultant to the 
National Defense Research Council from 1940 to 1943. 
He joined the Institute of Radio Engineers as an Associate in 

1941 and transferred to Senior Member grade in 1945. He is also an 
Associate of the American Institute of Electrical Engineers and a 
member of Sigma Xi and Tau Beta Pi. 



872 Proceedings of the I.R.E. and Waves and Electrons November 

Technical Co-ordination on an International Basis 
in Communication and Allied Fields* 

E. M. DELORAINEL FELLOW, I.R.E 

yr HE NEW YORK Section of The In-
stitute of Radio Engineers has heard 
many valuable papers on technical 

subjects, but there have been only a few on 
a problem which is of importance, namely, 
the degree of international co-ordination in 
communication and related systems that is 
desirable or beneficial to all concerned. 
The first question which comes to mind is 

whether there is a real need for any appreci-
able effort in this type of co-ordination; 
whether, in fact, the problems do not re-
solve themselves in the course of time with-
out special steps being taken. In the case of 
communication by wire or cable, one might 
assume that it is sufficient to specify the 
transfer conditions at the junction between 
two systems. The other characteristics of 
the system might be considered of secondary 
importance. 
In the case of radio transmission, the 

problem might be considered as even 
simpler. The characteristics of the transmis-
sion medium are fixed for all concerned and 
both ends must necessarily match the 
transmission medium. Consequently there 
is no real problem for interworking. 
Such a superficial approach does not 

correspond to facts, and the past has taught 
us several lessons in this connection. It has 
been found in practice that unless agreement 
is reached, and at the proper time, on a large 
number of points, the international com-
munication system will not function effi-
ciently or economically. A few examples will 
illustrate this. 
Long-distance communication by wire 

or cable is being handled more and more by 
means of carrier systems, either over pairs 
or coaxial cables. The individual voice bands 
are transposed to occupy a series of positions 
in the frequency spectrum. The character-
istics of the voice bands and the manner in 
which they are transposed must be specified 
in great detail if two systems are to inter-
work. 
A long-distance telephone conversation is 

preceded, accompanied, or followed by a 
series of signals; they have to do with the 
selection of the wanted subscriber, the selec-
tion of the toll line, the ringing of the sub-
scriber, the metering of the call on the basis 
of time and distance, and in some cases with 
the operation of the automatic toll-ticket 
printer, etc. If, at the time these various 
signals were introduced and the methods 
for their transmission selected, a broad plan 
had been made for interconnection of large 
networks on an international basis, it is 
almost certain that the importance of using 
only one or very few methods would have 
been fully appreciated. As no such plan was 
made, simply because it was not appreciated 
then that the problem would arise, a great 

• Decimal classification : R060.0riginalmanuscript 
received by the Institute July, 30. 1946. Presented, 
New York Section. New York. N. Y., June 5. 1946. 

t President,  International  Telecommunication 
Laboratories, Inc., New York. N. Y. 

many systems have been introduced with 
resultant complications. 
The problems involved in interworking 

become more important and more pressing 
as the complexity of the networks and the 
number of countries involved increases. The 
introduction of a multiplicity of uncorrelated 
systems can affect the system to a point 
where the automatic operation of a large 
network, involving many countries, such as 
the European network at present, and prob-
ably the western hemisphere network in the 
future, may become very difficult. One can 
say, at least, that the lack of broad planning 
at the early stages later involves an ap-
preciable amount of additional investment 
in interworking equipment, and some addi-
tional operating costs. 
The  radio communication  situation 

parallels, to a large extent, the wire and 
cable network situation. As a matter of 
fact, in many cases the radio operating 
method follows the same pattern as the 
methods introduced first on wires and cables, 
bringing, at the same time, all the com-
plexities already indicated. The general in-
troduction of printers on radio circuits is an 
example involving co-ordination especially 
when the service is not terminal-to-terminal, 
but envisages interconnecting any two sub-
scribers on an international basis. 
The general introduction of single side-

band multichannel international telephone 
circuits involves problems which are closely 
parallel to those already mentioned in the 
case of carrier telephone systems on wire or 
cable. 
In the not-too-distant future, the de-

velopment of long-distance beamed multi-
channel ultra-high-frequency telephone cir-
cuits with relays will also involve a high de-
gree of international co-ordination, if these 
systems are to extend over several countries. 
It is not only essential in these problems 

to recognize the necessity of technical agree-
ments, but it is also equally important to 
make plans for the probable communication 
networks of the world, far enough ahead, to 
recognize those elements which require inter-
national agreement. 
Some may point out that in many cases 

the information available is not sufficient to 
allow making such plans with the required 
degree of accuracy. While this point must 
be conceded, it is also true that broad plans 
of this nature help substantially in visualiz-
ing future problems. 
An interesting example taken from the 

past is that of the signals, and their methods 
of transmission, associated with telephone or 
telegraph communication, particularly in 
Europe. Apparently, when the various sig-
nals were chosen by the numerous parties 
interested for selection, ringing, metering, 
supervision, ticket printing, releasing, and 
the like, the problems were considered 
essentially on a regional basis. It was not 
realized soon enough that when all networks 

would have to exchange many of these 
signals, the lack of co-ordination at the early 
stages would raise problems almost impos-
sible to solve without adding much equip-
ment for translating signals and insuring 
interworking conditions. 
What happened in Europe is likely to 

happen in the world in the future as the scale 
of distances rapidly decreases, particularly 
with the introduction of fast air travel. 
Large regions of the world are without 

adequate communication facilities and de-
velopment of these facilities on a regional 
basis would later reproduce on a larger scale 
what happened in prewar Europe, for in-
stance. The air traffic extending over all the 
world will create new exchanges of goods 
and commodities and thereby will call for 
additional communication facilities, fol-
lowing generally the pattern of the airways 
themselves. In consequence, plans of the 
probable world communication network in 
the less-developed countries of the world in 
relation to air transport appear to be very 
timely. 
Let us consider now, methods which are 

capable of dealing with the problems just 
described. 
Conferences were called and agreements 

were reached on certain communication 
matters before World War I, especially in 
relation to safety of life at sea. It was not, 
however, until after World War I that, due 
to a recognition of the great expansion of 
communication which was going to take 
place, the principal international committees 
were created dealing first with telphony, 
then telgraphy, and radio. 
These steps were in a large part the di-

rect result of the presidential address of 
Sir Frank Gill to the Institution of Electrical 
Engineers in London in 1922. His proposals 
for international co-ordination in com-
munication received a quick response and 
the Comite Consultatif International pour 
La Telephonie a Grande Distance (CCIF) 
was formed and did exceedingly good work 
during the period between the two wars. 
The pattern set by this first committee was 
followed to a large extent in the creation of 
two other committees for telegraph and 
radio, known respectively as Comite Con-
sultatif International Telegraphique (CCIT) 
and Comite Consultatif International Radio 
(CCI R). 
These committees are, of course, a group-

ing of the operating agencies. They appoint 
technical commissions which study the 
problems listed by the committee. These 
commissions are permanent. They include 
operating, manufacturing, and laboratory 
experts, and they issue information and 
recommendations on the problems sub-
mitted. The recommendations are adopted 
or rejected by plenary assemblies of the 
operating agencies. These assemblies take 
place at intervals of one or two years. The 
recommendations when adopted are issued 
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as international recommendations. They are 
widely distributed, and it is a fact that the 
operating authorities almost invariably 
specify when procuring equipments that all 
materials delivered will have to meet the 
CCI recommendations. 
The real difficulties encountered at these 

meetings are not generally of a technical 
nature, but more often are due to the fact 
that a group of nationals may be reluctant 
to give up some temporary advantage for a 
general benefit or subordinate any portion of 
the sovereign rights of their country to 
matters of international character. Sir Frank 
Gill, who since the creation of these com-
mittees has consistently been active in these 
matters, expresses himself in a recent letter 
as follows: 
"I think an illustration of this difficulty 

of sovereignty may even lie in the sphere of 
economics. It is conceivable that each of 
several different countries might find it 
economical to employ somewhat different 
systems of communication such that the 
whole would not give satisfactory results 
when put together. They must, therefore, 
find a compromise in economics to get the 
technical solution required by means of the 
best joint economics they can devise. In 
other words, the engineers must in such cases 
cease to think of themselves as working for 
any particular nation, they must work for 
the whole group. 
"I think it is along this line that the 

CCIF, CCIT, and probably the CCIR 
(though I am not so familiar with the latter) 
have done good work. They have faced the 
difficult subject of international standard-
ization by concentrating on the essential 
clauses in specifications and they have not 
attempted to standardize rigidly any piece 
of apparatus. In the absence of any powers 
to compel nations to adopt their advice, 
they have worked in a very splendid manner 
along the lines of goodwill and although very 
much remains to be done, they have made 
very great progress in international (tele-
phone) communication." 
In spite of the shortcomings which we 

have stated, a large degree of order was 
introduced in Europe and in the world, pre-
war, due to the work of these organizations. 
The last war unfortunately partly destroyed 
this order through the introduction, princi-
pally by the Germans, of many non-CCI sys-
tems during the war period. 
Experience was accumulated prewar on 

these very important matters. Consideration 
should now be given to the situation before 
us to see whether most questions requiring 
international agreements in our particular 
field are already solved, or have reached a 
stage where no further progress in stand-
ardization can be made, or whether there is 
at this stage, a possibility of great develop-
ment requiring, in turn, that many steps be 
taken at the present time to prevent con-
fusion in the future. 

The latter appears to be the case and re-
sults from the many new aspects connected 
with the development of communication 
with mobile and air transport. This example 
of air navigation can be translated to an 
extent also in terms of telephone communica-
tion with cars, trucks, busses, or railroad 
cars. This latter new facility does not in-
volve problems by far as complicated as 
aviation, but it does call also for a large de-
gree of co-ordination. A person interested 
in telephoning from his car might be sur-
prised to find, in ten years, that he must buy 
or rent a multiplicity of equipments or 
adaptors to maintain contacts with the tele-
phone network even over a limited area in 
the United States, not to speak of the dif-
ficulties he might run into if he attempts to 
cross the borders. 
H. M. Pease, Chairman of the Board of 

International Standard Electric Corpora-
tion and a veteran in international com-
munication, says in a memorandum: "I be-
lieve that the main communication arteries 
in future decades will follow the air routes 
and that the planning engineer can play an 
important part in bringing about stand-
ardization of systems and apparatus used by 
the various operating agencies throughout 
the world." 
It is my opinion, after some study of the 

problem, that the questions of ground com-
munication along the airways, for airways 
operation or for public use, communication 
with aircraft, weather reporting, air naviga-
tion, airport traffic control, and instrument 
approach are all interrelated. 
These methods cannot be selected on a 

national basis either, as airplanes already 
travel from country to country and will do so 
more and more as time goes on. In conse-
quence, the problems must be considered on 
a world basis. This requires an elaboration 
and study of typical world plans of air traffic. 
These plans cannot be accurate at this stage, 
but they will surely help to visualize the 
problems to be solved. 
These problems when clearly understood 

and listed must be studied by the ap-
propriate technical commissions including 
operating, manufacturing, and research 
people. These technical commissions should 
operate very much in the same manner al-
ready found so useful in the CCI commit-
tees. They would issue their recommenda-
tions to be approved by an assembly of 
operating agencies and these recommenda-
tions would in all probability become the 
basis of future procurement by all airlines. 
If this is not done, our effort will be in 

vain; air transport will be developed on the 
basis of a multiplicity of systems and 
methods involving as an immediate conse-
quence a multiplicity of types of equipment, 
both on the ground and in the airplane. This 
will cause extra investment, extra load, un-
necessary expenses, and a slowing down of 
the development in the whole field. 

Imagine for a moment the complexities 
which will inevitably result from a lack of 
agreement in the assignment of radio 
channels or in the transmission characteris-
tics of the numerous services already men-
tioned. Imagine, for instance, airports on the 
north Atlantic lanes, or in South America, 
or in Africa handling traffic of airlines of 
ten different nationalities, each differently 
equipped and utilizing different characteris-
tics for their long-range and short-range 
communication for navigation, radio altim-
eters, distance indicators, apparatus for 
anticollision or the equivalent, for airport 
approach, instrument landing, or weather 
reporting. It makes a rather discouraging 
picture by its very complexity and one 
realizes that the problems involved in 
handling such traffic would be almost im-
possible to solve. 
It is clear, in consequence, that plans 

must be developed, agreed to and followed, 
at least in our particular field, to permit 
orderly development of air transport. 
International organizations already exist 

for making this study and preparing such 
plans. The most important bodies are the 
International Air Transport Association, 
working principally in terms of require-
ments, and the Provisional International 
Civil Aviation Organization, which already 
has issued some general international recom-
mendations. It is possible however that the 
importance of the task has not been recog-
nized except by those directly involved, and 
we may encounter all the difficulties set forth 
by Sir Frank Gill in the above quotation. 
The various technical societies, such as 

The Institute of Radio Engineers, can help 
in stressing the importance of technical 
agreements in these fields. 
The objection one can raise to forward 

planning and standardization is that it 
presumes knowing the solution to many 
technical problems yet to be solved. Also, 
that the advantages of standardization are 
partly balanced by its tendency to retard 
technical progress. There is, of course, some 
truth in both points. A broad plan, how-
ever, can be prepared usefully, even with 
the present knowledge, or in some cases an 
extension of this knowledge into the im-
mediate probable future. Such plans must 
not be crystallized but must change as new 
technical information becomes available. 
Regarding the second objection, it is neces-
sary to introduce a large amount of free 
wheeling between development and opera-
tion, permitting development to proceed 
while the operating standard remains un-
changed for periods. 
The engineers, in general, and those of 

this Institute in particular, have to play 
their part in the development of world plans 
in communication and allied systems to 
bring about the full benefits which can be 
derived from the technical progress resulting 
in large part from their own labors. 
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The American Standards Association  Our 
Colleague in Standardization* 
WILLIAM H. CREWt, SENIOR MEMBER, I.R.E. 

THE American Standards Association is a federa-
tion of technical societies, trade associations, and 

  departments of the Federal Government. Its pur-
pose is to promote engineering progress and economy in 
industrial production and processes through standardi-
zation of definitions, specifications, ratings, and methods 
of test affecting industrial equipment, manufacturing 
practices, consumer's goods, and the like. The Insti-
tute of Radio Engineers, as one of the sponsoring groups, 
has played an active role in the affairs of the Associa-
tion; and now anticipates an even closer participation 
in matters of over-all policy and standardization in the 
field of radio and electronics. It is believed, therefore, 
that readers of the PROCEEDINGS OF THE I.R.E. AND 
WAVES AND ELECTRONS will be interested in a brief de-
scription of the ASA, its organization and functions, and 
the nature of I.R.E. collaboration in its work. 
To the layman, the idea of "standardization" some-

times connotes an unpleasant form of regimentation to 
be resisted by an antidote which he is wont to call 
"rugged individualism." To the engineer, however, it is 
well known what part industrial standards have played 
in abstracting the greatest yield from human industrial 
effort, thereby freeing man from the shackles of needless 
duplication, confusion, and waste. By way of example, 
consider the few remaining vestiges of dual and diverse 
telephone services in certain communities. These re-
mind us of what might be the situation in this country 
had there not been the standardization in telephone 
equipment and operation, accomplished through the 
unifying influence of the American Telephone and Tele-
graph Company. Were it it not for this unification, we 
would find business offices and homes equipped with two 
or more telephone sets, each covering a mutually ex-
clusive list of subscribers. Today, standardization per-
mits the ready interconnection of substantially all 
telephone systems, under whatever ownership. 
The need for standardization in certain fields is well 

recognized by industry. But how, and by whom the 
standards are to be established is a matter worthy of 
thought. Any idea that standardization is a function to 
be exercised solely by a single agency dangerously con-
travenes the spirit of democracy. Such concentration 
of standardization authority in any one group would 
deprive that group of the advantages of the knowledge 
and experience of various other groups. Standards 
reached in such fashion would fail to win the willing 
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support and broad adoption, on a voluntary basis, of 
standards arrived at by an assembly of representatives 
of all those having a major interest in the standards in 
question. 

The American Standards Association is founded upon 
the principle that the best body to establish standards 
is one composed of representatives of all interested 
parties, and that the best standards are those which 
most nearly reflect the mature judgment of such inter-
ested parties. Usually the government is, and quite 
properly so, an interested party; but seldom is it the 
sole party with interests in a standard. The ASA is 
therefore, a federation of national associations and gov-
ernment departments organized to provide the machin-
ery whereby technical societies, industries, labor, 
consumer, and government can collaborate in the estab-
lishment of mutually satisfactory national standards. 
The ASA also undertakes to further American co-opera-
tion in international standardization. 
In brief, then, the function of the Association is 

three-fold: to provide an organization through which 
standards may be established, to provide stimulation of 
standardization work, and to provide information on 
standards. It is important to realize, however, that in 
so functioning the Association does not of itself specify 
standards, but rather sets up machinery and equitable 
democratic procedure whereby committees of inter-
ested parties may seek the consensus as to desirable 
standards. The ASA is the interpreter, not the ad-
ministrator, of public interest. 
The fields of activity of the Association cover, in 

general, engineering practices, safety codes, and con-
sumer goods. In these fields its committees are con-
cerned with such matters as dimensional standards, 
specifications for materials and test methods, definitions 
of terms, industrial safety and health codes, and stand-
ards of consumer goods sold in retail trades. During the 
recent war it provided an emergency procedure for 
handling promptly standardization requirements in the 
war effort. 
The organization known as the ASA consists of a 

number of federated groups, classified as follows: 
Member Bodies: Typical among these are the Ameri-

can Institute of Electrical Engineers, Institute of Radio 
Engineers, Radio Manufacturers Association, Associa-
tion of American Railroads, National Safety Council, 
United States Department of Commerce, and the like. 
Associate Members: For example, the American 

Home Economics Association, the American Welding 
Society, the National Elevator Manufacturing In-
dustry, and so on. 
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Company Members: There are some 2000 of these 
companies, representing all kinds of manufacture, opera-
tions, and maintenance. 
Individual Members: At present, there are but a dozen 

of so enrolled in this class of membership. 
Although the ultimate authority for operations 

within the Association resides in the Member Bodies, 
the management of affairs is carried on by the Board of 
Directors and the Standards Council. The Board is con-
cerned primarily with matters of general policy, ad-
ministration, and fiscal affairs, whereas the Council has 
jurisdiction over the machinery whereby standards are 
developed and is charged with the approval of standards 
on behalf of the Association. Both the Board and the 
Council draw their members from the Member Bodies 
There has recently been formed an executive Com-

mittee, under the chairmanship of Howard Coonley, 
to assist and advise the Board, particularly in regard 
to meeting the enlarged scope of responsibilities to 
which the Association is now committed. Chief among 
these new responsibilities is the standardization of con-
sumer goods in the retail market.' 
The actual technical and investigational work in de-

veloping standards is done by specially appointed 
"Sectional Committees," which are responsible to the 
Standards Council. The correlating committees recom-
mend projects, define their scope, and supervise the 
formulation of standards. It is on these levels that the 
standards committees of the various professional 
societies enter the picture, and are given full oppor-
tunity to collaborate in the establishment of industrial 
and commercial standards. 
One of the objects of the American Standards Associa-

tion is: "To provide systematic means by which 
organizations concerned with standardization work may 
co-operate in establishing American Standards.... " 
It is in this connection that The Institute of Radio 
Engineers has a primary interest; for among the aims 
set forth in the I.R.E. Constitution are: " . . . the ad-
vancement of the theory and practice of radio, and 
allied branches of engineering . . . , their application to 
human needs, . . . . " In line with these aims, the I.R.E. 
is actively concerned with standardization in all fields 
embraced by the theory, practice, and application of 
radio. 

I Howard Coonley, "Standards and free enterprise," Industrial 
Standardization, vol. 17, pp. 71-73; April, 1946. 

The I.R.E. and its members have representation in 
the American Standards Association at various levels. 
In the first place, the I.R.E. is one of the Member 
Bodies and as such is represented on the Standards 
Council by Alfred N. Goldsmith, with Raymond F. 
Guy as alternate. Frederick R. Lack is vice-president 
of the ASA and a member of its Board of Directors and 
of the Executive Committee. On the Electrical Stand-
ards Committee, the I.R.E. is represented by Hubert M. 
Turner and Harold P. Westman as alternate. The 
standards project in which the Institute maintains a 
primary interest and of which it is the sponsor is 
designated: "C 16; Radio." Of this, Dr. Goldsmith has 
been chairman and Mr. Westman secretary; and 
Messrs. Haraden Pratt, Goldsmith, and L. E. Whitte-
more represent the I.R.E. The Institute likewise has 
representation on numerous other projects; such, for 
example, as: "C 18; Dry Cells and Batteries" (H. M. 
Turner); "C 63; Radio and Electrical Coordination" 
(C. M. Jansky, Jr., J. V. L. Hogan, L. E. Whittemore); 
"Z 32; Graphical Symbols and Abbreviations for Use 
on Drawings" (Austin Bailey). 
It will be of interest to members of the I.R.E. to know 

that the ASA maintains at 70 East 45th Street, New 
York City, a library containing some 25,000 standards 
with related books and material, for use of its members. 
Also, the Association has local representatives in eleven 
cities throughout the United States who can provide 
information regarding ASA activities and standards 
and who have files of Industrial Standardization, a 
monthly publication of the Association. The names 
and addresses of these local representatives may be 
found in the ASA Year Book or may be obtained from 
the ASA headquarters at 70 East 45th Street, New 
York 17, N. Y. 
As the track goes, so go the many trains coursing over 

the rails and bearing myriads of passengers, each bent 
upon his respective mission. So it is with the many 
professional societies and companies which comprise 
the membership of the American Standards Associa-
tion, each having a special purpose in its being, but 
guided to its destination over the well-founded and 
substantial roadbed of the ASA. The Institute of Radio 
Engineers holds in admiration the accomplishments of 
the Association and may well be proud of its own role, 
past and present, in the constructive activities of the 
American Standards Association. 
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Some Developments in Infrared Communications 
Components  . 

• JOHN M . FLUKEt AND NOEL E. PORTERt 

Summary—This paper describes briefly some of the recent ad-
vances made in the performance of components utilized in com-
munications by infrared radiation. The components described in-
clude radiators consisting of infrared sources of several varieties 
and their associated filters. A brief description is also given of power-
supply equipment for these radiators. Receivers of infrared energy 
including phosphors, image tubes, and photocells, with typical circuits 
with which they are used, are also discussed. 

INTRODUCTION 

rii HE MILITARY reasons for the application of 
light-wave communications are based almost 
solely on the need for higher security in the 

transmission of intelligence. Light waves offer very 
definite line-of-sight transmission with none of the skip, 
bending, or other weaknesses in security experienced in 
communications by radio frequencies. 
The devices to be described are all used in the near-

infrared portion of the light spectrum; i.e., wavelengths 
between 0.8 and 1.2 microns. This band has sub-
stantially the same quality of transmission as the visible-
light position of the spectrum. Atmospheric conditions 
of poor visibility, therefore, effect increased attenuation 
of near-infrared energy. 
Much of the effort expended on developing light-wave 

communications has been devoted to increasing the 
sensitivity of the receiving components and increasing 
the output of the radiators so as to extend the useful 
range. The purpose of this paper is to present a general 
description of the light-wave-communication com-
ponents and their characteristics. It is further desired 
to emphasize that only brief descriptions will be given 
since it is expected that more exhaustive technical 
details of the components will be reported by those 
directly responsible for the work. 
For simplicity, this paper is divided into two sec-

tions—infrared radiators and infrared receivers, one or 
more of each being required to effect light-wave com-
munications. 

INFRARED RADIATORS 

Output requirements of radiators can be calculated 
from the following relation: 

MR' 
CF = 

TR 

where CP = the candle power of the radiator 
M= the sensitivity of the receiver in nautical-

mile candles 
R =the range in nautical miles 
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T= the atmospheric transmission per mile ex-
pressed as a fraction (e.g., 0.6 is a normal 
average value of this factor). 

A study of this equation reveals that increasingly 
larger candle powers are required for ranges equivalent 
to normal horizon distances. In order that radiators 
may be of reasonable size, it is extremely important 
that the sensitivity of receivers be as high as possible, 
in order that M be of low numerical value. This factor 
is the only one not fixed by conditions of a given appli-
cation. Unless receivers are sufficiently sensitive, it will 
be found that there is little or no possibility of even 
hoping to obtain sufficient radiator output to effect 
transmission of intelligence over the most modest range. 
Further, in actual applications it will be found desir-
able to use values of T as low as 0.4 or lower, in order 
to provide for satisfactory reception over a reasonable 
range of atmospheric conditions. These conditions then 
fix quite definitely the requirements that radiators for 
a given application must meet. 
For convenience the following discussion of radiators 

is divided into two sections—sources, which generally 
emit energy over a wide band of the spectrum including 
the visible portion; and filters, which render the emitted 
energy invisible to the unaided eye. In addition, power 
supplies for certain types of radiators will be described 
briefly. 

Infrared Sources 

The simplest source of light-wave energy is the 
familiar electric lamp. This type of source has been 
widely used with coded intelligence transmitted by' 
keying the lamp circuit. The spectral emission of a 
typical lamp is given in Fig. 1. Since it is desired to 
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Fig. 1—Spectral energy distribution of tungsten filament 
at 3000 degrees Kelvin. 

blank out all the energy below 0.8 micron, and further, 
since most receiving elements with which this type of 
source is generally used are not sensitive to energy 
above 1.2 microns, the over-all efficiency of such a 
source for the intended purpose is not very high. 
The principal disadvantage to this type of source, 
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however, is not efficiency, but its inherent slow speed of 
response. The incandescent and nigrescent time curves 
for a typical lamp are given in Fig. 2. The relatively 
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Fig. 2—Incandescent and nigrescent time curves for 
tungsten lamp. 

long time required to reach full brilliancy and to ex-
tinguish limits Morse code speeds to about 8 words per 
minute. A scheme developed to reduce incandescent 
time is shown in Fig. 3. The circuit provides a high-
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Fig. 3—Saturable-reactor circuit to reduce lamp 
incandescent time. 
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voltage start which effectively reduces incandescent 
time. However, in most communication systems em-
ploying the simple lamp source, characteristics of the 
receivers themselves also limit code speed so that about 
12 words per minute is the maximum that can be ob-
tained in the simpler types of systems. 
A mechanical method for increasing code speeds with 

lamp types of sources has been considered, this develop-
ment evolving around a high-speed shutter. A compari-
son of shutter speed with incandescent and nigrescent 
time can be observed by comparing Figs. 2 and 4. 
While this is considered a well-designed shutter from a 
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Fig. 4—Characteristics of high-speed shutter. 
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speed standpoint, the requirements of ruggedness, re-
sistance to shock, vibration, and weathering, and con-
tinuous operation under adverse conditions present 
complex design problems not yet fully solved. 

Usually the type of radiator employing incandescent 
lamps is used with the converter tube in an image-form-
ing type of receiver. The radiator is keyed in Morse 
code and the receiver "sees" the code by visual presenta-
tion in which the converter tube receives infrared 
energy and performs electronically its conversion to 
visible light. A further description of this tube is given 
later. Many configurations of the lamp-type radiator 
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Fig. 5—Spectral response of caesium-vapor lamp. 

have been used in service. Sources giving all-round 
coverage may consist of a lamp, a filter, and a Fresnel 
lens. Directional radiators either employ separate re-
flectors or the sealed-beam lamp construction. It is be-
lieved of interest at this point to add that the rigid 
high shock and vibration requirements of naval-equip-
ment specifications have led to much development and 
improvement in rugged and shockproof lamps. 
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Fig. 6—Modulation characteristics of the caesium lamp. 

In receivers employing photocells, effective operation 
requires that the light source be modulated so that 
alternating-current amplifiers can be used with the 
photocells. The lamp source above can be chopper-
modulated by a rotating slotted cylinder to produce 
satisfactory results, but the limitations in code speed re-
main, of course, since keying of the lamp filament is still 
required. Further reduction of lamp response time can 
be effected by decreasing the mass of the filament. Such 
a source has been developed employing a lamp very 
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similar to the commercial type S6, 6-watt pilot lamp. 
Because of the very fine filament in a 220-volt lamp of 
this type and its consequent low thermal mass, it will 
furnish a modulated light output on the order of 30 per 
cent when directly excited by low-frequency alternating 
currents. The use of half-wave rectification or special 
wave shapes provides a further increase in the modu-
lated-light output. To obtain sufficient intensity from 
such a small unit source, practical applications use 
many lamps in parallel with a trough-type reflector. 
Code speeds up to the limit of most receiver capabilities 
are readily obtained. 

PERGENT TRANS
MISSION 

WAVELENGTH IN MICRONS 

Fig. 7—Spectral transmission of glass filter. 

The ideal answer to the source problem would be a 
selective radiator that could be tuned to emit energy 
only over a narrow band in the desired portion of the 
spectrum. For the near-infrared portion of the spectrum 
the best practical realization of this goal has been 
effected through the development of the caesium-vapor 
lamp. Caesium emits radiations in two principal bands 
just beyond the visible, 0.8521 and 0.8944 micron respec-
tively. The construction of this lamp is similar to that 
of the sodium-vapor lamp in that it utilizes an inner 
bulb in a vacuum flask. A spectral response curve of a 
typical caesium lamp is shown in Fig. 5. The lamp is 
readily modulated up to 90 per cent with low distortion 
out to the higher audio frequencies, as illustrated in Fig. 
6. Light molulation is approximately 90 per cent of 
current modulation. This source provides the desired 
flux with a fairly wide optical field of view, thus making 
it useful as a radiator in a voice-modulated communica-
tion system. The efficiency of this radiator is compara-
tively high, since its output in the infrared is about five 
times that of the tungsten source for the same input 
power. For similar reasons, the operating-temperature 
requirements and denseness of filters for this source are 
much less than those for the incandescent-lamp radiator, 
which further provides greater infrared output per watt. 

Modulating and attendant control circuits for this lamp 
are briefly described later. 
The concentrated-arc lamp, flash lamps, and gas-

discharge tubes have been the subjects of continued 
effort and research to provide improved sources for all 
types of light-wave-communication systems. Still other 
effort has involved methods of accomplishing both 
mechanical and electrical modulation, stabilization, 
scanning, automatic call-up, automatic alignment, and 
other techniques similar to those employed in radio 
apparatus. 

Infrared Filters 

The first requirement for a suitable filter for these 
applications is visual security or cutoff of the visible 
energy. This factor is determined to a great extent by 
the application for which the equipment is designed, but 
generally a high degree of visual security is essential. 
Fundamental design parameters include response char-
acteristics of the source, the human eye, and the receiv-
ing element. The problem of obtaining efficiency is not 
simplified by the relatively narrow band betwcen the 
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Fig. 8—Spectral-transmission characteristics 
of plastic filter. 

peak in response for many receiving elements and the 
eye's response near the infrared. Some well-known infra-
red filters such as Wratten 87 have many desirable char-
acteristics with relatively high efficiency, but lack dura-
bility and are unusable for most naval applications of 
infrared radiators. It is important that filters possess 
the ability to withstand the many severe operating 
requirements, such as high impact shock, gun-blast pres-
sures, high temperature, and weathering, always neces-
sary to naval equipment. 
Glass has been found satisfactory in the development 

of a rugged, high-operating-temperature filter for use 
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with the incandescent-lamp source. The spectral trans-
mission characteristics of such a filter are shown in Fig. 
7. The lower operating temperature and more infrared-
energy-selective sources, such as those employing the 
S-6 lamps and caesium lamp, allow the use of more 
efficient filters of plastic materials. The attenuation 
characteristics of a plastic type of filter developed for 
this purpose are given by Fig. 8. It will be observed 
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The basic circuits involved in the starting, operation, 
and modulation of the caesium lamp are considered of 
interest. This lamp, like the familiar sodium-vapor 
lamp, must be started after a warm-up period and it 
must be supplied with a high-voltage discharge to 
initiate ionization of the caesium vapor. After starting, 
the arc is maintained and stabilized by a direct-current 
bias. This is usually accomplished by applying direct 
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F.g. 9—Schematic circuit for power supply for S-6 lamp radiator. 

that this filter passes an apprec ably greater percentage 
of the energy longer in wavelength than 0.8 microns than 
the glass filter for the same visual security. However, it 
will not withstand as high an operating temperature. 
The development of filters for naval infrared equip-

ment is a problem of much complexity in that the rigid 
physical operating requirements limit the incorporation 
of otherwise desirable response characteristics. 

Radiator Power Supplies 
The circuit of Fig. 9 is a simplified schematic of the 

power supply used with the radiator utilizing the S-6 
lamps described heretofore. This system delivers a 
pulsed wave by electronic means from a 3-phase power 
source. An approximation of the output wave is shown 
in Fig. 10. As is conventional in polyphase rectifiers, 
the transformers feeding the main thyratrons are pro-
vided with double secondaries connected to balance out 
direct-current components. The three smaller thyratrons 
(type 2050) form the trigger-pulse generator and supply 
pulses at three times the supply frequency to the trigger 
tube. By adjustment of the circuit constants, the main 
rectifier tubes can be caused to fire at integral and frac-
tional multiples of the supply frequency to provide 
various frequencies and wave shapes of output pulses. 
As a matter of interest, waves at various points in the 
circuit are shown in Fig. 10. The small rectifier supplies 
direct voltage for operating the trigger tube. Actual 
equipment utilizing this principle includes a number of 
refinements to control and limit output power, to 
simplify calibration of the output, to suppress inter-
ference, and to provide over-all stability. 

current to the lamp through a ballast resistor. A satis-
factory method of modulating the arc is accomplished 
through the application of modulating voltage directly 
across the arc. Since the impedance of the arc is very 
low, in the order of a few ohms, this is effected through 
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Fig. 10—Typical wave forms in special power supply of Fig. 9 

the modulator output transformer and a large series 
capacitor. Since damage may result to the lamp if it is 
started too quickly, a fairly long time delay on starting 
is imposed. Accordingly, during stand-by, the lamp is 
operated at a reduced direct-current bias. When the 
lamp is being utilized for voice communication, the low 
frequencies are purposely attenuated to prevent ex-
tinguishing the arc at high modulation levels. The 



880 Proceedings of the I.R.E. and Waves and Electrons  November 

various basic circuit requirements for the above opera-
tions are shown in the simplified schematic of Fig. 11. 
Closing switch 1 energizes the circuit. After the required 
delay for lamp warm-up, switch 2 is closed, which ap-
plies high voltage for starting the arc. When the arc is 
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Fig. 11—Starting and modulating simplified circuit 
for caesium lamp. 

established, switch 3 is closed, applying the direct 
voltags, and at the same time switch 2 is opened to 
remove the starting transformer from the circuit. Switch 
4 may now be closed to effect modulation. Switch 5 is 
for stand-by operation and increases the ballast for 
stand-by to effect operation at reduced voltage and 
maintain ionization of the tube. 

INFRARED RECEIVERS 

Image-Forming Receivers 

Image-forming infrared receivers or viewing tubes arc 
principally of two types, the electron image tube and 
the phosphor-button receiver. The function of these 
types of receivers is essentially to convert infrared 
energy to visible light and, through an appropriate 
optical system, provide a picture presentation to the 
observer. The simpler of these is the phosphor-button 
type in which the energy conversion is accomplished by 
phosphorescent materials composed of inorganic earth 
salts which exhibit the property of afterglow or phos-
phorescence when excited by light energy or by alpha 
particles from radioactive materials. After sufficient 
excitation, these phosphors continue to glow for several 
hours with a gradually diminishing brightness. Infrared 
radiations falling on the surface stimulate the phosphor 
and thereby increase the brightness. Removal of the 
infrared radiation returns the phosphor to substantially 
its normal state of afterglow for the intensities and 
durations of infrared radiation normally encountered 
in signaling. A phosphor having a suitable time constant 
of response and degeneration makes possible the receiv-
ing of a coded signal of infrared energy. Charging the 
phosphor before use can be accomplished in a number 
of ways depending upon the type of phosphor used, such 
as subjecting the button to the light from a small lamp, 
exposure to daylight, or activation by the close prox-
imity of a radioactive material. All three of these 

methods have been used. A simple sketch of a phosphor-
button type of receiver is shown in Fig. 12. Much effort 
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Fig. 12—Phosphor-button-type receiver. 

and research have been expended in the development of 
this type of instrument. Improvements in the order of 
1000 to 1 over first equipments have been realized. 
The phosphor-button type of receiver is well adapted 

for coded infrared communication because of its rela-
tively short degeneration time, its simplicity, and small 

size. However, where better resolution for viewing or 
higher sensitivity is required, the electron image tube 
is more satisfactory. A sketch of a typical electron 
image tube is shown in Fig. 13. The tube consists of an 
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Fig. 13—Schematic arrangement of 1P25 electron image tube. 

evacuated glass envelope, a face plate whose inner sur-
face is coated with a caesium-and-silver compound to 
form a cathode, accelerating and focusing anodes, a 
Willemite screen, and a hemispherical lens. The cathode 
is sensitive to radiations from 0.3 to 1.2 microns with a 
broad peak at 0.8 micron The screen emission peaks at 
0.525 micron, which is well suited to a dark-adapted eye. , 
A schematic electrical circuit of the image tube is 

shown in Fig. 14. A potential of approximately 4000 
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Fig. 14—Schematic c'rcuit of the electron-image-tube 
and portable power supply. 

volts is applied across the tube, with various values ap-
plied to the anodes through a voltage-dividing resistor. 
Electrical focusing is achieved by adjustment of a 
potentiometer. The instrument is provided with a small, 
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light-weight power supply fed from dry cells. Actual 
weight of the power supply, including the batteries, 
vibrator transformer, rectifier, and filter, is less than 2 
pounds. 
Both conventional and Schmidt-type optics have 

been employed in production equipments, using both 
glass and plastics as lens materials. The phosphor-but-

•  ton-type receiver requires an erecting and ocular lens 
in the eye piece. Erection is accomplished within the 
1P25 tube so that, for the electron image receiver, an 
ocular alone suffices. 

Photocell Receivers 

While the image-forming type of receiver is well 
adapted to a simple manually operated communication 
system, systems operating from a central control panel 
similar to radio methods require a suitable receiving 
head with auxiliary equipment, such as scanning and 
stabilizing devices. The heart of this receiver head is a 
highly sensitive thallous-sulfide photocell whose success-
ful development on a production basis has been one of 
the principal contributing factors in performance to 
justify the practical application of this type of equip-
ment. The sensitivity of this cell is far greater than 
that of formerly available commercial photocells, and 
the response is peaked in the infrared as shown in Fig. 
15. This cell, known as the TF cell, is a photoconductive 
type of high internal impedance (up to several megohms 
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Fig. 15—Spectral response of typical thallous-sulfide cell. 

and varying with ambient temperature). For its opera-
tion a polarizing voltage is required. Limits of sensi-
tivity are established by the noise generated in the cell 
itself. Application of the cell in obtaining maximum 
sensitivity involves the minimizing of noise generated 
in the tubes and components of first amplifier stages. 
Frequency response of the cell is shown in Fig. 16. 
While the response appears to be far better at the low-
frequency end, the over-all sensitivity of circuits em-
ploying the cell remains somewhat constant over a 
reasonable range because of noise considerations, pro-
vided a constant bandwidth is maintained. 

One disadvantage to the TF cell is its lack of sensi-
tivity for daylight use. Better day-and-night operating 
characteristics and faster response are provided in cells 
of the photomultiplier, wide-area-cathode photoemis-
sive, and other photoconductive types. Much effort is 
being expended in the direction of obtaining higher 
sensitivity, higher frequency response, improved stabil-
ity characteristics, and increased ruggedness. 
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Fig. 16—Frequency response of TF cell. 

4000 

Photocell Amplifier Circuits 

The many complicated problems in the design of in-
frared communication equipment for naval use include 
such items as the desired range under various condi-
tions of atmospheric transmission, limits of size and 
weight for receiving heads and radiators to be mounted 
topside, operation under conditions of shock and vibra-
tion, and limits in allowable optical field of view as 
determined by such factors as stabilization for roll and 
pitch, rate of scan, alignment methods, and other perti-
nent factors. These problems generally make it neces-
sary to design for maximum available sensitivity in the 
photocell receiver, and accordingly the associated 
amplifier circuits have been the subject of much atten-
tion. As was stated before, sensitivity in the high-
impedance TF cell is limited by noise, which is in the 
order of a few microvolts, so that for maximum sensi-
tivity noise generated in the tubes and components of 
the first stage must be held to a minimum. High-
impedance inputs at very low noise level dictate that 
preamplifiers be located directly with the cell. In one 
case, the first tube is mounted back to back with the 
cell socket. 
The TF-cell amplifier circuit for equipment designed 

to receive low-frequency-modulated light is shown in 
Fig. 17. In this circuit, direct current is used for the 
heaters of all stages. The polarizing voltage is applied 
to the cell through a low-noise-level load resistor of 
about 5 megohms. This circuit has a noise level referred 
to the grid of the first stage of between  and 3 micro-
volts, which is capable of being maintained under 
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Fig. 17—Amplifier circuit for code-communication receiver using TF cell. 

production-line assembly methods. The first three stages 
form the preamplifier. Selectivity is effected in the first 
stage of the main amplifier by a parallel-T feedback 
bridge. This stage also acts as a pentode limiter and is 
designed so that it saturates with a signal equivalent to 
approximately 3 times minimum detectable signal (ap-
proximately 15 microvolts at first stage) on the photo-
cell. The purpose of limiting is to prevent blocking the 
receiver from the receiving ship's own radiator when 
transmitting, and to increase code speeds at high signal 
levels by effectively limiting the time constant of the 
selectivity network. 

After this selective limiter stage, the low-frequency 
signal is fed to the signal-presentation system, which 
includes a keying stage that effectively keys a 1000-
cycle-per-second local phase-shift oscillator, so that, 
when finally amplified by a power stage, the low-
frequency code pulses appear as a 1000-cycle tone, which 
is more pleasing to the ear and a frequency to which 
the ear is more responsive. Visual presentation is also 
provided by a neon lamp. 

Obtaining very low noise level with freedom from 
microphonics under conditions of vibration has limited 
the choice of a suitable tube for the first amplifier stage 
to a few types. The 6J7, 6SJ7, 9002, and lighthouse 
types have been used, but in most cases careful selec-
tion is necessary to obtain tubes suitable for this applica-
tion. There is a distinct necessity for work to be under-
taken to make available a suitable tube for this applica-
tion which would have a low noise level, low micro-
phonics, and a rugged construction to meet the rigid 
needs for high-gain amplifiers in a number of naval 
applications. 

An input circuit used with the TF cell for a voice-
modulated system is shown in Fig. 18. This circuit has 

the same low noise level as the circuit of Fig. 17, but 
offers the advantages of higher input impedance for, 
the cell at audio frequencies and allows the use of. 
alternating current on tube heaters. Because of the large 
feedback factor in this circuit its gain is slightly less 
than unity, so that the circuit is equivalent to a cathode 
follower and offers a very high input impedance to the 
cell; but being connected in conventional amplifier 
fashion it allows the cathode to be grounded, which 
is necessary for alternating-current operation of the 
heaters. 
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Fig. 18—Input circuit for TF cell. 
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A Wide-Band Directional Coupler for Wave Guide* 
H. C. EARLYt, ASSOCIATE, I.R.E. 

Summary—The frequency range over which most types of direc-
tional couplers will operate is rather limited. This is especially true 
of wave-guide couplers, since the impedance of the guide changes 
with frequency. A new type of coupler is described which uses a small 
loop that responds to both the electric and the magnetic fields. 
When used in conjunction with a special section of ridge wave guide, 
it is possible to obtain excellent directional characteristics over a 
two-to-one frequency range. 

INTRODUCTION 

W HEN electrical measurements are to be made at 
microwave frequencies, it is often desirable to 
employ a directional coupler. This device is at-

tached to a wave guide or a coaxial line and will re-
'spond to either the forward wave or the reflected wave. 
Since radio-frequency transmission lines in general are 
not "flat" and have a standing wave which is caused by 
reflections, a directional "pickup" has a number of 
advantages in various applications. 
1. One advantage is that its response is independent 

of its position with respect to the maxima and minima 
of the standing wave in the guide, and it is possible to 
measure power without having to locate maximum and 
minimum readings by means of a sliding probe. 
2. It is useful as an indicator when adjusting the im-

pedance of a load to match a radio-frequency transmis-
sion line. If the coupler is oriented to respond only to 

* Decimal classification: R118 X R142.3. Original manuscript re-
ceived by the Institute, March 7, 1946. The work reported in this 
paper was done at the Radio Research Laboratory of Harvard Uni-
versity, under contract with the Office of Scientific Research and 
'Development, National Defense Research Committee, Division 15. 

f University of Michigan, Ann Arbor, Mich. 

the reflected power, then it is easy to "tune" the load 
until the reflection is a minimum. 
3. When a transmission line is carrying "pulsed" or 

modulated power, a directional coupler is used in mak-
ing spectrum measurements. A simple capacitance 
probe is usually not suitable for this purpose because of 
the standing wave. For certain side-band frequencies 
the probe will be at a standing-wave maximum while 
for other side-band frequencies it will be at a minimum, 
so that it does not furnish a true sample of the radio-
frequency spectrum which is being transmitted. The 
directional coupler does not have this limitation. 
Several types of couplers of this sort which have 

excellent directional properties have been developed. 
The main limitation is the frequency range over which 
they will operate. This is especially true for wave-guide 
couplers. One type of coupler which has proved very 
satisfactory from a bandwidth standpoint is shown in 
Fig. 1(a). It consists of a small loop, the ends of which 
are connected to two 50-ohm lossy cables. If correct de-
sign relations are maintained, the power in lossy cable A 
will be proportional to the power in the forward wave in 
the guide or coaxial line, while the power in lossy cable B 
will be proportional to the power in the reflected wave. 
For large sizes of wave-guide, this coupler is especially 
advantageous since it occupies a relatively small space. 

PRINCIPLE OF OPERATION 

A rough idea of the operating principle can be ob-
tained from Fig. 1(b). An electromagnetic wave in the 
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guide will generate currents in the cables A and B be-
cause (1) the loop acts as a capacitance probe and re-
sponds to the passing electric field, and (2) the time-
changing magnetic field of the passing wave links the 
loop and generates a voltage. 

A 

FORWARD 

POWER 

and are in series as far as this circuit is concerned. The 
impedance in the circuit is chiefly resistive and the 
current will be nearly in phase with the generator volt-
age or nearly 90 degrees ahead of ,the, voltage in the 
wave guide. The angle a is caused by the self-inductance 

FLECTED 

PosEll 

(a)  (b) 
Fig. I (a) —Position of coupling loop with respect to wave guide. (b)—Instantaneous directions of the currents 

in the loop caused by a passing wave. 

The instantaneous direction of the current due to the 
electric field is the same at both ends of the loop while 
the current in cable A due to the magnetic field is 
opposite in direction to that in cable B (Fig. 2). For the 
"forward wave" in the guide these currents will tend to 
cancel in cable B and to add in cable A, while for the 
reflected wave there will be currents that cancel ix& 
and add in B. 
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Fig. 2—Equivalent circuit for currents due to 
magnetic field in wave guide. 

PHASE RELATIONS 

The phase relations are not quite so simple as the 
above discussion would indicate. When a traveling wave 
passes the loop the maxima of the E and H fields both 
occur at the same instant, but the fact that the voltage 
due to dH/dt is 90 degrees out of phase with the voltage 
due to the E field would seem to prevent effective 
cancellation. The vector diagram, however, will show 
that this is not the case. 
Since this is a linear system, the two voltage sources 

and their equivalent circuits can each be considered 
separately and then the two can be superposed to find 
the resulting effect. 
Fig. 2 is an equivalent circuit and vector diagram 

fur the currents due to the H field. The circuit contains 
a generator having a voltage proportional to the dH/dt 
and an internal impedance XL which is due to the self-
inductance of the loop. The resistances R. and Rb repre-
sent the characteristic impedances of the two cables 

of the loop. The dotted vector I b indicates that the 
currents induced in the two cables will be of opposite 
directions. 
Fig. 3 shows the corresponding equivalent circuit for 

the electric field. The generator in this circuit has a 
voltage proportional to the electric field in the guide. 
CI represents the capacitance between the loop and the 
opposite wall of the guide; G, that between the loop 

ICI>, Its >> I 

Fig. 3—Equivalent circuit for currents due to electric 
field in wave guide. 

and the adjacent wall. In this circuit the two re-
sistances R. and Rb are in parallel. Since the impedance 
due to CI is very much higher than the other im-
pedances in the circuit, the current L' will be very 
close to 90 degrees ahead of the generator voltage. The 
angle a' between /4,' and L' is caused by the shunting 
effect of the capacitance G. 
From these two vector diagrams it can be seen that 

the currents in R. due to the two generators will either be 
in phase or else 180 degrees out of phase. The same is 
true for Rb. For a wave traveling in a given direction 
there will be cancellation in one of the cables if the 
vectors are equal and opposite. These relative magni-
tudes can be adjusted by changing the area or shape of 
the loop or by. adjusting the width of the conductor 
from which the loop is made. Then the angles a and a' 
can be made equal by adjusting the value of G. 
For satisfactory directional properties the following 

relations must be maintained: 
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(1) The loop dimensions must be small compared to 
a quarter wavelength. 
(2) The ends of the loop must each be terminated 

in a pure resistance (such as 15 decibels of lossy cable). 
(3) The loop must be small enough so that the 

reactance due to its self-inductance is small compared 
to the characteristic impedance of the cables. 
(4) The geometry of the loop must be such that the 

current caused by the magnetic field in the guide or 
coaxial line has the proper phase and magnitude with re-
spect to the current caused by the electric field. 

FREQUENCY SENSITIVITY 

For wide-band operation of this directional coupler 
the ratio of the electric to magnetic fields in the wave 
guide must remain substantially constant. When the 
coupler is used with ordinary rectangular wave guide, 
the variation of guide impedance with frequency is the 
limiting factor as far as bandwidth is concerned. Fig. 4 
is a curve showing how the guide impedance changes as 
the frequency is varied. Z.0, is the guide impedance at 
infinite frequency and f is the cut-off frequency of the 
guide. In the ordinary range of operation of rectangular 
wave guide the ratio f/f, varies from perhaps 2 to 1.1 
and the wave impedance varies by a factor of 2, so that 
a directional coupler is limited in bandwidth. 
One way to overcome this limitation is to install the 

coupler in a short section of guide having a greater 
width than the regular guide, and connected to the 
regular-size guide by tapered sections. Then the ratio 
f/f, will be increased and the impedance variation over 
the desired frequency range will be decreased. However, 
this system is physically awkward, and there is likely 

The vector relations given in Figs. 2 and 3 are not 
sensitive to frequency changes. In Fig. 2, the angle 
a = arc tan (01LAR.-1-Rb)) and in Fig. 3, the angle 
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Fig. 4—Variation of guide impedance with respect to cut-off fre-
quency. Ridge wave guide reduces this variation by moving the 
desired frequency range to the flat portion of this curve. 

a' =arc tan ((R/2)(0C2), so that both angles increase with 
frequency at the same rate. If the angles a and a' are 
equal at one frequency, they will still be equal at other 
frequencies. The requirement that Xci be very large 
compared to the parallel resistance of the two cables is 
easy to meet, since 'Cc, is of the order of 3000 ohms and 
the resistance of R. and R b in parallel is 25 ohms. 
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Fig. 5—Section of ridge wave guide. Both ends of ridge are tapered in such a manner 
as to minimize reflections. 

to be trouble from other modes in the extra-wide sec-
tion of guide. 
A better method is to use a section of ridge wave 

guide as shown in Fig. 5. If the ridge is properly tapered 
at each end, it will not cause appreciable reflections in 
the guide. At the center of this ridge section the cut-off 
wavelength can be made three or four times the normal 
value without trouble from the TE20 made, and if the 
probe is placed at this point, the directional properties 
will be very satisfactory over a wide frequency range. 
The probe does not need to be centered with respect to 
the width of the guide, but can be moved toward the 
edge to keep it clear of the ridge. 

As far as the magnitudes of the vectors are concerned, 
the currents due to both the E and H generators in-
crease directly with frequency, so the directional prop-
erties are maintained while the response for a given field 
strength increases. For many purposes this latter type 
of frequency sensitivity is not objectionable, but if 
required, the attenuation of the cables can be made 
to compensate for the change in probe response. This has 
been discussed in another paper.i3 

I H. C. Early, "A wideband wattmeter for wave guide," PROC. 
I.R.E. vol. 34, pp. 803-807; October, 1946. 

2 Information regarding the design of ridge wave guide is given in 
a paper by Seymour Cohn entitled "Properties of ridge wave guide," 
accepted for publication in the PROCEEDINGS OF THE I.R.E. 
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LOW-FREQUENCY MODEL 

The first coupler of this type was developed for use 
as a part of a direct-reading wattmeter for frequencies 
of about 500 megacycles where the wave guide had a 
cross section of 6 by 15 inches. The semicircular loop 
had a 3/8-inch radius and was made from brass strip 
5/16-inch wide and 1/32-inch thick. It was supported 
by two type-N chassis connectors as shown in Fig. 6. 
The added capacitance C2 is also shown in this drawing. 
A 15-decibel length of 50-ohm RG21/U cable was used 
for terminating each end of the loop. 

TYPE N CHASSIS CONNECTOR 

Fig. 6—Coupler for use in 6-inch by 15-inch wave guide. 

MODEL FOR 3000 MEGACYCLES 

This is shown in Fig. 7. It was used in connection 
with a 1i-inch by 3-inch wave guide and the directional 
properties were excellent over the entire single-mode 
range of this guide. It was found that the type-N fittings 
could not be used in this model since there were certain 
frequencies at which they introduced substantial reflec-
tions. The cables are not detachable from the probe as-
sembly and the loop is soldered to the ends of the center 
conductors, so that there is no discontinuity in the 
cable dielectric or the diameter of the inner or outer 
conductors. The offset of 0.080 inch on the bottom 
surface of the probe assembly corresponds to the wall 
thickness of the wave guide, so that the assembly can 
be installed on the wave guide without introducing 
any unnecessary irregularities on the inside surface of 
the guide. The ends of the strap from which the loop is 
built are bent so that they increase the capacitance C2 
between the loop and the surrounding metal surface. 

This model was used as part of a calibrated watt-
meter. At these frequencies ordinary types of solid 
dielectric cable had a very erratic attenuation, especially 
when bent or moved. A type of RG21/U cable is manu-

RO-21/0 'LOOP. CARE 

WALL OF WAVE 01110F 

Fig. 7—Coupler for use in 14-inch by 3-inch wave guide. 

factured in which the inside surface of the copper 
braid is silver plated. This cable is much better in this 
respect, and is therefore to be preferred if a calibration is 
required. 
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Periodic Variations of Pitch in Sound 
Reproduction by Phonographs* 

ULRICH R. FURSTt, MEMBER, I.R.E. 

Surgmary—Causes of recurrent variations of pitch frequently en-
countered in the reproduction of phonograph records, commonly 
called "wow," are discussed. Considerations for the design of an in-
strument to measure the magnitude of these variations are given, 
minimum requirements and limitations of the design of such equip-
ment are presented, and an instrument for use with 78-revolutions-
per-minute turntables built to meet these requirements is described. 

INTRODUCTION 

FOR MANY years phonograph records have been 
by far the most popular means of recording music 
and speech. Extensive efforts have been made by 

manufacturers of recording and reproducing equipment 
to render the reproduction as natural as possible. 
In addition to the requirements of other reproducing 

or communication equipment as far as volume distor-
tion, harmonic distortion, power-line hum, etc., are con-
cerned, it is also necessary that all intelligence be repro-
duced at the original frequency. Although a slight shift 
of all frequencies can be tolerated as long as each fre-
quency is changed by the same factor, it is important 
that the frequency ratios of all reproduced sounds are 
not disturbed and that the frequencies themselves do 
not vary during the time of reproduction. In other 
words, any frequency (or phase) modulation of the 
recorded signals due to the process of recording and re-
producing should be avoided. In this paper, those causes 
of such modulation due to imperfections of the design 
of the turntable mechanism only will be discussed. 
In addition to this frequency or phase modulation, 

amplitude modulation of the signal might be caused also 
by variations of the frequency response of the pickup 
over the range of these frequency variations, if the fre-
quency characteristic of the reproducing pickup is not 
flat. This effect makes the occurrence of these disturb-
ances even more objectionable to the listener, but it will 
be disregarded in this paper. 
This described variation of frequency is commonly 

called "wow," and a number of papers have been pub-
lished which discuss this subject.'-6 A generally ac-

" Decimal classification: 621.385.971. Original manuscript re-
ceived by the Institute, January 15, 1946; revised manuscript 
received, March 4, 1946. 
t Russell Electric Company, Chicago, Ill. 
1 E. G. Shower and R. Biddulph, "Differential pitch sensitivity 

of the ear," Jour. Acous. Soc. Amer., vol. 3, part 1, pp. 275-287; 
October, 1931. 

2 T. E. Shea, W. A. MacNair, and V. Subrizi, "Flutter in sound 
records," Jour. Soc. Mot. Pic. Eng., vol. 25, pp. 403-415; November, 
1935. 
s R. R. Scoville, "A portable flutter-measuring instrument," Jour. 

Soc. Mot. Pic. Eng., vol. 25, pp. 416 422; November, 1935. 
' E. W. Kellog and A. R. Morgan, Jour. Acous. Soc. Amer. vol. 7, 

p. 271; April, 1936. 
6 W. J. Albersheim and D. MacKenzie, "Analysis of sound-film 

devices," Jour. Soc. Mot. Pic. Eng., vol. 37, pp. 452-479; November, 
1941. 
• H. E. Roys, "The measurement of transcription-turntable speed 

variation," PROC. I.R.E., vol. 31, pp. 52-56; February, 1943. 

cepted definition of "wow" is given in an earlier issue of 
this publication.' 

CAUSES OF WOW 

The causes of wow discussed in this paper can be 
classified into three groups: those originating in the 
turntable itself, those originating in the driving motor, 
and those originating in the driving mechanism neces-
sary to transfer the motion of the motor to the turn-
table. In the first group, most variations of pitch can be 
traced to at least one of the following causes: 
The turntable might be tilted from its correct position 

normal to the axis of rotation, or it might be warped, 
or its rim might be eccentric, oval, or irregular in shape. 
The latter cases are serious only when the turntable is 
rim-driven. It can be seen easily that an eccentricity 
of the rim-driven turntable produces variations of its 
angular speed, and these variations of speed produce 
phase or frequency modulation. The modulating fre-
quency in this case equals the rotating speed of the 
turntable. Similarly, an oval rim-driven turntable will 
cause a modulating frequency of twice that of the turn-
table, and this can be generalized even further for other 
irregular shapes. These conditions can be treated by 
simple mathematics, and the results of such calculations 
are given in the appendix of this paper. 
If the turntable is tilted from its normal position, the 

apparent angular speed of that point of the turntable 
on which the needle of the tone arm rests varies, because 
the normal distance of this point from the axis of rota-
tion changes due to the inclination of the turntable. 
This variation in apparent speed also produces fre-
quency modulation of the reproduced signal at twice 
the rotating speed of the turntable. In addition to this 
effect, it should be noted also that the needle point of 
the tone arm follows the up-and-down motion of the 
tilted turntable. The distance of the needle point from 
the tone-arm pivot is fixed, and, therefore, the needle 
point moves along a circle with its center in the pivot, 
rather than along a straight line parallel to the axis of 
the turntable. This causes a tangential motion of the 
needle point relative to the turntable. It can be seen 
easily that this relative motion produces phase modula-
tion of the reproduced signal at a frequency of twice the 
speed of the turntable. This phase modulation adds to 
the variation of pitch described before, because these 
two effects are in quadrature. Obviously, the amount of 
this phase modulation depends also on the length of the 
tone arm and decreases with an increase of its length. 
A similar effect takes place when a relative motion be-
tween the center of the turntable and the pivot of the 

7 H. A. Chinn, "Glossary of disk-recording terms," PROC. I.R.E., 
vol. 33, pp. 760-763; November, 1945. 
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tone arm exists. This occurs, for instance, on certain 
inexpensive phonographs when one of these elements, or 
both, are shock-mounted. In practice, the last men-
tioned causes produce considerably less wow than the 
irregularities of the turntable rim. 
Another factor which might influence the wow output 

of a phonograph turntable is the mechanical unbalance 
of the turntable itself. Even if the turntable is centered 
on its shaft and its plane is exactly normal to the axis of 
rotation, irregularities can be produced by the unbal-
anced forces if the center of gravity of the turntable is 
not in the axis of rotation. The effect of this unbalance 
depends very much on the design of the turntable bear-
ings and is especially pronounced if the bearings are 
loose. This might, for instance, happen after an extended 
period of operation when the bearing surfaces are worn. 
The rigidity of the piece supporting the bearing also 
has an influence on the irregularities caused by unbal-
ance. It is not possible to calculate this influence under 
general assumptions because of the differences of the de-
tails in the design on different turntables. The amount 
of unbalance which can be tolerated, therefore, has to be 
determined separately in each case. 
The above-described causes can be remedied only by 

proper design and suitable manufacturing methods. 
There is no possibility of reducing the influence of the 
speed variations of the turntable itself on the reproduced 
signals. Fortunately, this is not the case with the irregu-
larities produced by the turntable motor and by the 
drive connection between motor and turntable. It is 
customary to provide some resilient member as a por-
tion of this drive. This resilient member, together with 
the mass and the inertia of the turntable, acts as a me-
chanical low-pass filter, and its cut-off frequency can be 
chosen so low that it is considerably lower than the low-
est wow frequency, e.g., the frequency of the turntable 
rotation. The cut-off frequency of this filter is deter-
mined by the compliance of this resilient member and 
the moment of inertia of the turntable. The moment 
of inertia can be easily calculated from the dimensions 
of the turntable; the compliance of the resilient coupling 
link can be found best by experiment in most cases. 
Due to this filter action, the influence of other wow-

producing factors is much smaller than the irregularities 
of the turntable itself. In the driving motor an electrical 
or mechanical unbalance of the rotor, or eccentricity of 
the motor shaft, or of the driving pulley on this shaft, 
might produce a modulating frequency equal to the fre-
quency of rotation of the motor. This frequency is ap-
proximately equal to the line frequency if a two-pole 
induction motor is used, and approximately equal to 
one half the line frequency with a four-pole induction 
motor. These causes of wow can be eliminated by careful 
design and manufacture of the motor. 
The influence of the third group of irregularities, those 

originating in the driving mechanism which transfers 
the motion of the motor to the turntable, depends, of 
course, on its design. If gears are used to reduce the 
speed of the motor to the turntable speed, the frequency 

of rotation of intermediate gears might be one of the 
modulating frequencies; others are related to the num-
ber of teeth of each gear, their multiples, fractions, sums, 
and differences. Usually, only a few of these combina-
tions are predominant over the rest, and in many cases 
their frequency is high enough to be damped out by the 
fly-wheel effect of the turntable. 
Another possible source of disturbances is ball bear-

ings, where the frequency of disturbance might be re-
lated to the frequency of the shaft through the number 
of balls. 
If the turntable is rim-driven through an idler wheel 

which transmits the motion by friction between the mo-
tor pulley and the idler wheel on one side, and the idler 
wheel and the turntable rim on the other side, the fre-
quency of rotation of the idler wheel might be one of the 
modulating frequencies, also. This is especially true if 
the idler wheel is eccentric, or if its circumference is 
irregular, or if the plane of the wheel is not parallel to 
the plane of the turntable. This design is used in most 
phonographs for home use, and it is customary to place 
a rubber tire around the idler wheel. Also, the afore-
mentioned effects can occur if the elastic properties of 
the rubber tire vary along its surface, or if there are 
"bumps" on certain spots of the circumference. 
It should be noted that all the disturbances under dis-

cussion are periodic but not strictly sinusoidal, but they 
can always be resolved into a Fourier series in which the 
fundamental frequency predominates. 

THE WOW FACTOR 

The general considerations above raise the question 
as to how wow actually can be determined. But any 
quantity must first be defined before it can be measured, 
since the results of the measurement otherwise would be 
meaningless. From the equations given in the appendix, 
it seems to be most practical and simple to express the 
amount of wow present in a particular signal by its 
peak-frequency excursion given as a fraction or per-
centage of the average frequency. This definition would 
have the additional advantage that peak-reading in-
struments can usually be built more easily than those 
measuring average or root-mean-square values. On the 
other hand, for practical reasons it would be desirable 
to express wow in quantities of its "nuisance value," i.e., 
frequency fluctuations which sound equally objection-
able to the average listener should be characterized by 
the same value of wow. Unfortunately, the physiological 
properties of the human ear do not seem to follow the 
desired simple relations, and additional research would 
be needed to produce a better definition of wow which 
also meets the physiological requirements. Shower and 
Biddulphi and Albersheim and MacKenzie5 show that 
not only the amount of frequency deviation but also the 
frequency and rate of change of this frequency deviation, 
as well as the frequency and the level of the signal which 
is subjected to wow, have a bearing on this "nuisance 
value." Some authors propose to use a root-mean-square 
value of the frequency fluctuation rather than the peak 
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value to characterize the amount of wow, but this opin-
ion seems to be based on theoretical speculations rather 
than on experimental results. For these reasons, it is 
suggested that the peak value of the frequency varia-
tions be used, and a coefficient which may be called the 
"wow factor" shall be defined as the value of peak-fre-
quency deviation expressed as a percentage of the aver-
age frequency of the signal. 

Fig. 1—Front view of the wow meter. 

REQUIREMENTS FOR A WOW METER 

An instrument which is capable of measuring this 
wow factor without tedious computations should fulfill 
the following requirements: 
1. It should produce a direct reading of the peak-

frequency deviation, preferably directly in terms of per 
cent of the average frequency. 
2. Its reading should not be affected by amplitude 

variations of a signal containing wow. 
3. It should allow the use of an easily available signal 

source (for instance, a standard 1000-cycle test record 
for phonographs) and its range of operation should ac-
commodate possible variations of the average rotating 
speed of the turntable. 
4. It should have a "flat" response curve for all wow 

• frequencies, i.e., modulating frequencies which are of 
interest. This means that, for domestic phonograph turn-

PULSE 
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MULTI-
VIBR. 
V2 

POWER 
AMPL. 
V3  V4 

FREQ. 
DISCR. 
V5 a V6 

AVERAGE 
FREQUENCY 

Fig. 2—Block diagram of the wow meter. 

per minute, the low-frequency range ought to be ex-
tended below  cycle per second in a similar manner. 
5. It is desirable that the relation between the value 

of the wow factor and the meter indication be linear by 
nature to facilitate calibration of the instrument. This 
is important, as it is rather cumbersome to produce sig-
nals containing exactly known amounts of wow for the 
calibration of a nonlinear instrument. 

DESIGN OF A WOW METER 

An instrument designed to measure wow of phono-
graph turntables operating at 78 revolutions per min-
ute and which meets these requirements is shown in 
Fig. 1. A block diagram is shown in Fig. 2. 
Because the problem of measuring wow is essentially 

that of detecting the amount of frequency modulation 
of a low-frequency carrier, the obvious thought was to 
use the well-known limiter and frequency-discriminator 
circuits of frequency-modulation radio receivers. Ac-
tually, an instrument using one of these circuits has 
been described by Miner.8 Unfortunately, all of these 
discriminators require tuned circuits, and the fact that a 
"carrier" of only 1 kilocycle is used makes it difficult to 
design them. To obtain the Q necessary for a satisfactory 
frequency response, iron-core inductors or transformers 
must be used whose inductance varies with the current. 
In addition, fixed capacitors are needed because no vari-
able capacitors are available with a sufficiently high ca-
pacitance. Due to these two facts, it is not easy to tune 
these circuits to the desired frequency and to maintain 
this tuning adjustment. For this reason, a different sys-
tem of frequency discrimination has been sought. It is 
described in detail in a later section of this paper. 
An amplitude-limiting circuit is necessary to maintain 

the indication of the instrument independent of the 
amplitude of the input signal. A synchronized oscilla-
tor with fixed amplitude was found to offer greater ad-
vantages when a multivibrator is used than clipper 
circuits or a sufficient amount of automatic volume con-
trol. It can be easily synchronized by a single low fre-
quency and produces a constant output voltage. The 
fact that its output is a square wave and not sinusoidal 
is an advantage for the discriminator circuit used. 

L. P 
FILTER 
V7 

STABIL. 
AMPL. 
V8 a V9 

tables which operate at 78 revolutions per minute, the 
frequency-response curve must be flat from less than 1.3 
to at least 60 cycles per second. In this range the phase 
shift should be zero or, at least, proportional to the fre-
quency, because peak readings are greatly affected by 
any phase shift of higher-frequency components. For 
commercial turntables with a speed of 33} revolutions 

BUFFER 
AMPL. 
V 10 

PEAK 
RECT IF. 
VII 

% WOW 

The output of this discriminator circuit contains the 
modulated and modulating frequencies, and a low-pass 
filter has to be used to suppress the former. The voltage 
produced by the modulating frequency is measured by a 
peak-reading vacuum-tube voltmeter consisting of a 

C. R. Miner, "Wow meter." Gen. Elec. Rev., vol. 47, pp. 31-34; 
April, 1944. 
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stabilized amplifier, a conventional rectifier, and a meter. 
Fig. 3 shows the circuit diagram of the instrument. 
As may be seen from this diagram, the signal generated 
in the pickup of the phonograph is applied to the input 
terminals of an amplifier stage (V1) which is overloaded 
under normal conditions to produce a flat-top output. 
A differentiating circuit consisting of capacitor C3 and 

resistor R5 produces a fairly sharp pulse from this flat-
top signal, and this pulse in turn is used to synchronize 
a conventional multivibrator (172) at the same fre-
quency. Amplification of the output of this multivibra-
tor by a stage of power amplification (V3 and V4) was 

V 3 

The current due to each pulse equals the product of 
the voltage of the square wave produced by the power 
amplifier and of the capacitance of its capacitor, and 
the average current through the diodes is, therefore, 
proportional to the number of pulses and, thus, to the 
instantaneous frequency of the input signal. This cur-
rent flows through a voltage divider consisting of re-
sistors R21, R24, R20, R27, R26, and R25, and the voltage 
across this voltage divider is, of course, also propor-
tional to the instantaneous frequency. The average cur-
rent is proportional to the average frequency of the in-
put signal, and a highly damped meter measuring this 

SE 

Fig. 3—Circuit diagram of the wow meter. 

necessary to produce a signal of sufficient current in the 
discriminator circuit. For reasons described later, an 
advantage was seen in using push-pull amplifiers 
throughout. The square-wave output of this power 
amplifier is applied to two capacitors (Cu and Cm) 
which charge and discharge each through a pair of 
diodes (175 and 17,). These four diodes are connected so 
that each capacitor charges through one and discharges 
through the other one of its associated diodes. Due to 
the push-pull excitation, one of these capacitors charges 
while the other one discharges, and vice versa. The two 
charging and also the two discharging diodes are con-
nected in parallel, and each capacitor causes one current 
pulse per cycle of the input signal to flow through each 
of its associated diodes. Due to this parallel combina-
tion, and the push-pull signal, two pulses per cycle flow 
through the charging and also through the discharging 
diodes. This doubling of the signal frequency aids in 
filtering it from the other lower frequencies. Actually, 
this is a regular full-wave bridge-rectifier circuit, and 
the discharging current of one capacitor is the charging 
current of the other one at the same time. 

ye 

-"--$PILOT 

current could be calibrated in terms of cycles per second. 
An electrolytic capacitor of 1000 microfarads (CH) pro-
duces sufficient damping. 
Obviously, if the average value of this voltage is pro-

portional to the average frequency of the input signal, 
and the variations of this voltage are proportional in the 
same manner to the variations in frequency caused by 
wow, we can express these voltage variations as a per-
centage of the average voltage. Thus, we are able to 
measure the wow present in the input signal. This can 
be easily done by reducing the voltage of the square 
wave, and, therefore, the current through the diodes and 
the voltage divider, until a suitably shunted meter 
measuring its average value reads, for instance, full 
scale. To obtain this, a variable resistor (R17) is con-
nected in series with the power-amplifier tubes V3 and 
174. An increase of this resistance reduces the voltage 
applied to these tubes and, therefore, also reduces the 
peak voltage of the square-wave signal produced in this 
stage. With the switch S2 in-the "CAL" (calibrate) posi-
tion, the meter is connected across a portion of the above 
described voltage divider, and the shunt consisting of 



1946 Furst: Periodic Variations of Pitch  891 

resistors R22 and R2, can be adjusted to the desired value 
to compensate for commercial tolerances of components 
in other parts of the instrument. This will be described 
later. This discriminator circuit is essentially a fre-
quency meter similar to the one described by Hunt.9 
The following signal components will be present be-

tween the points A and B of the voltage divider (see 
Fig. 3): a constant voltage proportional to the average 
current flowing through the diodes; low-frequency com-
ponents caused by the variations of frequency of the 
original signal due to wow; and a group of frequencies of 
approximately twice the signal frequency, consisting of 
the frequency-doubled modulation products originally 
present in the signal containing wow. (These frequencies 
appear as pulses, and, therefore, also contain a large 
percentage of their harmonics.) The constant voltage is 
proportional to the average signal frequency, and the 
low-frequency components are proportional to the varia-
tions of the signal frequency. Therefore, their ratio 
equals the desired wow factor. The third group of fre-
quencies is not wanted for the measurement of wow and 
must be suppressed by a low-pass filter before the ampli-
tude of the low-frequency components can be deter-
mined. For this purpose, a balanced two-stage resist-
ance-capacitance filter was used, consisting of the voltage 
divider, the resistors R29 and R31, and the capacitors 
C14, C15, C16, and C17. 
It was found necessary to connect a buffer amplifier 

to the output of this filter, and a twin triode (V7) was 
used for this purpose connected as a double cathode 
follower. The output of this buffer stage is amplified by 
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a push-pull high-gain amplifier (tubes V8 and V9), which 
is stabilized by feedback developed across the unby-
passed cathode resistors. Due to the push-pull arrange-
ment, a common screen series resistor could be em-
ployed which does not require any by-pass capacitor. 
This is a great advantage at low frequencies. At the 
same time, the tendency to "motor boat" is reduced and 
some in-phase feed-back is produced which aids in bat-

' F. V. Hunt, "A direct-reading frequency meter suitable for high-
speed recording," Rev. Sci. Instr., vol. 6, pp. 43-46; February, 1935, 

ancing the output of the amplifier." The output of this 
amplifier was applied to another buffer amplifier (V10), 
which is also connected as a double cathode follower. 
This was necessary to produce a signal at the low-imped-
ance level needed for the peak-voltmeter rectifier tube 
(VII). (A low-impedance level is required to obtain suffi-
cient current in the indicating meter.) 
Some difficulties were encountered in the design of 

this amplifier because of the low frequency at which it has 
to operate. High-grade oil capacitors of 12-microfarad 
capacitance were selected for the coupling capacitors 
C12 and C20. The high-frequency response of the ampli-
fier was further limited by the shunt capacitors C21 and 
C22. The over-all frequency-response curve between the 
points A and B on the voltage divider and the push-pull 
output of the amplifier measured at the cathodes of V10 
is shown in Fig. 4; this diagram shows that the unwanted 
frequencies near 2000 cycles are sufficiently attenuated, 
and that the response is "flat" up to approximately 60 
cycles. This meets the requirements. 
It was necessary to use electrolytic capacitors of 40 

microfarads to couple the final rectifier to the stabilized 
amplifier, and considerable trouble was encountered due 
to leakage of these capacitors. This leakage produced 
excessive drift of the zero reading of the final meter. 
Fortunately, this drift was very slow and could be com-
pensated during short periods by a bucking voltage de-
veloped across a portion of R44; this resistor was ad-
justed so that the voltage drop across it was equal to 
the voltage drop developed across the rectifier load re-
sistors R43 and R48 by the leakage currents. This adjust-
ment also compensated for the contact potential de-
veloped in the diodes. To permit proper adjustment of 
R44, a third position of the meter-selector switch S2 was 
provided and marked "zero." In this position the con-
denser C18, which is normally parallel with the meter, is 
discharged through R30 and disconnected from the meter 
circuit, so that the zero adjustment can be accomplished 
in a relatively short time. 
Attempts were made to eliminate these large coupling 

capacitors by direct coupling, but without success. It 
was found that the circuit complications necessary to 
balance out the drift of the operating point of the tubes 
usually encountered in direct-coupled amplifiers were 
not worth the advantage of eliminating the 12-micro-
farad capacitors (C19 and C2o), as they did not cause 
much trouble. Unfortunately, no direct coupling was 
possible to eliminate the electrolytic capacitors C23 and 
C24 because they not only serve as coupling capacitors, 
but are also an integral part of the peak voltmeter. 
Their capacitance is determined by the time constant 
fixed by the low-frequency response of this voltmeter 
and by the resistance parallel to the rectifier (R43 and 
Ku) whose current is fixed in turn by the range of the 
indicating meter. It was because a direct indication of 
the wow factor was desired that capacitors of so high a 
capacitance were needed. 

10 F. F. Offner, "Push-pull resistance coupled amplifiers," Rev. 
Sci. Instr., vol. 8, p. 20; January, 1937. 
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Because the final amplifier has a constant gain, there 
exists a definite relation between the current through the 
voltage divider and the current developed by the output 
rectifier. The amplitude of the low-frequency compo-
nents present between points A and B, which produce, 
say, full-scale deflection of the meter measuring the 
output current, expressed as a percentage of the current 
through the voltage divider, is also fixed. It is, therefore, 
only necessary to adjust the gain of this amplifier to 
obtain the desired full-scale reading. In practice it has 
been found simpler to add an adjustable meter shunt 
consisting of resistors R22 and R22 to produce full-scale 
reading of the meter in the "CAL" position, with a cur-
rent through the voltage divider somewhat larger than 
calculated. This allows the use of components with com-
mercial tolerances in the feedback amplifier. This meter 
shunt has to be readjusted only when tubes or other 
components of the amplifier are replaced. Because the 
wow factor is exactly proportional to the output current 
of the peak voltmeter, this adjustment may be made at 
one point of the scale only; a source of signals containing 
a known amount of wow is needed, and the meter shunt 
(Rn) is adjusted until the meter reads this known 
amount of wow after the instrument is calibrated for the 
average frequency of the signal. This average frequency 
need not be known. 
The instrument is used in the following manner: 
After a warming-up period, a phonograph pickup is 

connected to the input terminals. A standard 1000-cycle 
record is placed on the turntable and well centered, so 
that a minimum of wow is produced by the record itself. 
Test records with worn center holes should not be used. 
The selector switch S2 below the meter on the front 

panel (Fig. 1) is then set into the "CAL" position and 
the "calibrate" control adjusted until the meter reads full 
scale. Due to the long time constant of the meter and 
its parallel capacitor Cu, ten to fifteen seconds are re-
quired to make this adjustment. The selector switch is 
then set to the "ZERO" position and the "zero" control 
adjusted until the meter needle stays at zero. This, too, 
requires ten to twenty seconds. The selector switch can 
then be set to the "USE" position, and after the switching 
surge dies down, the steady deflection of the needle will 
indicate the wow factor. In the particular instrument 
described a full-scale value of 5 per cent wow was se-
lected, and with some care readings can be duplicated 
within 0.1 per cent wow. It is unfortunate that the time 
constant of the instrument has to be that long, but this 
cannot easily be avoided, due to the low frequencies of 
wow. Despite this disadvantage, the instrument proved 
very valuable for checking the amount of wow present 
in phonographs and turntable assemblies. 
Although this instrument was designed for phono-

graphs with a speed of 78 revolutions per minute, there 
is no reason why a similar instrument for 331-revolu-
tions-per-minute turntables could not be built, except 
that the difficulties encountered in the design of the 
amplifier and peak voltmeter would be increased due to 
the necessary extension of the low-frequency response. 

. APPENDIX 
Symbols 

In the following paragraphs a distinction is made be-
tween the quantities derived from the low-frequency 
motion of the turntable and those derived from the high-
frequency recorded signal. The first group of values has 
been designated by lower-case letters, and the second 
one by capitals. The following symbols are used with 
this understanding: 

a„ =eccentricity or other measure of geometrical irregu-
larity of turntable, subscript indicating sections of 
appendix 

c =constant peripheral velocity of rim-driven turntable 
f =instantaneous frequency of turntable rotation 
fo =average frequency of turntable rotation 
go, ho, • • • = average frequencies of wow-producing dis-
turbances, other than turntable rotation 

n = order of term in Fourier series, also number of ir-
regularities per revolution of turntable 

r = variable distance between irregular rim of turntable 
and its center of rotation 

t = time co-ordinate 
v = variable angular velocity of rotating turntable 
= phase angle in Fourier series for argument fo (see 
above), subscript indicating order of term 

fl= angle explained by Fig. 8 
0,1, 7„, • • • = phase angles in Fourier series for argu-
ments go, ho, • • • (see above) 

0 = angular co-ordinate of turntable with irregular rim 
also tilt-angle of tilted turntable 

47= instantaneous phase angle of turntable rotation 
A„= Fourier coefficients expressing frequency f of rota-
tion of turntable, subscript indicating order of term 
C„, • • • =like A„, but for series with arguments 

go, ho, • • • , respectively (see above) 
E = signal voltage at terminals of pickup in general case 
E„= likeE, but subscripts indicating sections of appendix 
F= instantaneous frequency of signal 
Fo =average frequency of signal 
F= peak value of difference between F and Fo 
N = number of cycles of signal per revolution of turn-
table 

R=average (nominal) radius of turntable 
T =length of tone arm 
W„ =wow factor, subscripts indicating harmonic caus-
ing it or sections of appendix 

cl:•= Instantaneous phase angle of signal. 

First, let us consider the irregular motion of the turn-
table due to irregularities in the turntable itself, without 
investigating their actual causes for the time being. If 
we call the frequency with which the turntable rotates f, 
we can set up the following equation: 

f(t)  fo [1 ± E A. cos (2rnfot  «.)].  (1) 

By multiplying with 27r and integrating equation (1), 
we obtain the total angle  through which the turntable 
has rotated up to the time t: 



1946 Furst: Periodic Variations of Pitch  893 

2irfot E A„/n • sin (21rnfot a„).  (2) 

In the two equations, the first terms on the right side 
express the frequency of the turntable or the angle 
through which it would have moved, respectively, if no 
irregularities were present, and the second terms express 
these irregularities. Only periodical variations are con-
sidered whose period equals one average rotation of the 
turntable. This assumption enables us to express these 
variations in a Fourier series, where A, means the am-
plitude and a9 the phase of each individual harmonic. 
(For convenience, we will start our considerations at 
such a time that ao equals zero.) 
If we assume that N cycles of our signal are recorded 

on the record per revolution, we obtain the frequency F 
of our reproduced signal 

F(t) = Nf = Nfo[l  E „ cos (27rfont + an)] 

= Fo [i + E A. cos (27rnfoi + and •  (3) 

If we neglect all disturbances occurring more than 
once per revolution by breaking off our Fourier series 
after the first term, we obtain 

F1 = Fo(1  A1 cos 27rfot).  (3a) 

This equation shows that the maximum frequency 
deviation equals 

API = FoA  (4) 

and we obtain our wow factor WI for this simplified con-
dition 

WI = 
AFL 
— = Al. 
Fo 

(5) 

It is not practical to calculate a wow factor for the 
general case expressed by (3), due to effects of slight 
changes of the phase angles a9 on the peak value of the 
deviation, but additional information might be obtained 
by calculating a wow factor W. due to the nth term of 
(3) 

AF. 
W „ = — = A..  (5a) 

Fo 

These wow factors are independent of turntable and 
signal frequencies. If CO is the total phase angle of the 
signal at the time t, we obtain from (2) 

(1,(t) = Mgt) =27rFot+ E [A „/n]N sin [21rnfol-Fan] 
=27rFot+ E [A 10/(nio)] sin [22-(nfo)t-Faid• (6) 

Then our signal E produced in the pickup will be 
proportional to 

E'—'sin (tit 

= sin [27rFot+ E [.4„FoAnfon sin [27c(nfo)t-l-a.1] . (6a) 

The appearance of the modulating frequency (nfo) in 
the denominator of the second term on the right side of 
(6) indicates that wow can be identified with frequency 
modulation of the reproduced signal similar to such 
modulation in communication applications. This is not 
the case, however, as conditions here are quite different 

from those in communication work; there we produce 
variable modulation of a constant carrier frequency, 
while here we obtain a constant modulation of a variable 
"carrier" frequency, our signal. It should be pointed out 
that we may obtain formally phase modulation or any 
other kind of angular modulation which has no particu-
lar name, if we use a different definition of the coeffi-
cients A. in the Fourier series. Actually, this is of no real 
importance, as the modulation frequencies and their 
amplitudes are fixed by the mechanical and geometrical 
properties of the turntable, and their effects on the sig-
nal do not depend on the names or equations used to de-
scribe them. 
In the same manner, other periodic disturbances can 

be treated, such as those originating at the motor or the 
driving mechanism. We would have to make one addi-
tional Fourier series to (1) and (2) for each source of 

Fig. 5—Eccentric, round turntable. 

disturbances of another basic frequency. We use another 
set of Fourier coefficients B., C., • • • and phase angles 
/3., 7., • • • for each new series, and note that the new 
fundamental frequencies go, ho, • • • are different from 
the frequency of rotation of the turntable Jo. 
A number of simplified conditions will now be treated. 

Although they cannot be realized fully in practice, they 
are of interest because they show how the theoreticar 
calculations can be applied to them. 

1. Eccentric Turntable Rotating in Its Own Plane 

We assume that a distance al exists between the geo-
metrical center of the circular turntable and its axis of 
rotation (see Fig. 5) and that it is driven at a constant pe-
ripheral speed; for instance, by a friction idler wheel 
making contact at the periphery of the turntable. Due 
to the varying distance of this point of contact from the 
axis of rotation, the instantaneous angular speed will 
also vary and will be inversely proportional to this dis-
tance. If we disregard the radial motion of the tone arm 
due to the spiral shape of the groove, the record will 
pass under the needle point of the tone arm with a veloc-
ity which is, in turn, proportional to the angular velocity 
of the turntable itself and, therefore, inversely propor-
tional to the distance of the driven point of the periphery 
and the axis of rotation, provided the record is well 
centered in regard to the axis of rotation (and not in 
regard to the center of the turntable disc). If the pe-
ripheral constant velocity of the turntable is c, its radius 
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R, and its eccentricity al, then the angular velocity of 
the record will be proportional to c/r, the maximum 
velocity to c/(R—a1), and the minimum velocity to 
c/(R-Fa2). Then we can calculate our wow factor W1 as 
follows: 

W1 = AF/F0 
Wm. — Fmin)  Vma .  Vm in 

(Fmax  Fmin)  VIMUL  Vmin 

c/(R — al) — c/(R  al) 

c/(R — ai) c/(R  al) 

= ai/R = W1 (7) 

and the signal produced in the pickup 

Ei sin {2TFot (cal/R)(Fo/fo) sin 22-fot.  (7a) 

The results of our calculations are approximate only, 
because we tacitly assumed that the distance r between 
the periphery of the turntable and its axis of rotation 
varies exactly sinusoidally, which is not really the case. 
Actually, this approximation will furnish us the same 
peak-to-peak deviation of the pitch of the signal. It is, 
therefore, permissible to use this simplified calculation 
and neglect the higher harmonics of this variation. 
It should also be noted that, in practice, the turntable 

is always driven through a resilient member whose com-
pliance, together with the inertia of the turntable itself, 
will tend to reduce the actual variations in angular 
speed or, in other words, impair the constancy of the 
peripheral speed. A wow factor smaller than the one 
calculated should, therefore, be expected in actual meas-
urements. 
Equation (7) also shows that an eccentricity of 0.025 

inch will produce 0.5 per cent wow on a 10-inch turn-
table (R=5 inches). It is not impossible to maintain 
tolerances of considerably less than this amount of ec-
centricity in production. 

2. Oval Turntable Rotating in Its Own Plane 

To investigate the consequences of an oval turntable, 
we will assume that the turntable has the shape illus-
trated in Fig. 6 and is rotated around its center at a con-

-0—  rmin • R-Ot 

Fig. 6—Oval, rim-driven turntable. 

stant peripheral speed c and that the radius of the turn-
table r varies between the values R-I-a2 and R —a2 
sinusoidally as a function of the angle 0 (or, rather, due 
to the double periodicity of this function, of the angle 
20). Then we obtain equations equivalent to (7) and 
(7a) by the same reasoning: 

W2 = AF/F0 

and 
E2 •"%d sin [2wFot  (a2/R)(F0/2/0) sin 2/r(2f0)t]. (8a) 

The same restrictions to the practical application of 
these equations exist which were found before for (7) 
and (7a). 

3. Unround Turntable Rotating in Its Own Plane 

The considerations developed in sections 1 and 2 of 
this appendix can also be applied to other types of ir-
regularities, such as one occurring at three or four or 
more equally spaced points on the circumference of the 
turntable by substituting their linear dimensions in the 
current manner into (7) and the corresponding multiple 
cf tip frequency of rotation of the turntable into (7a), 
as was essentially done in (8) and (8a). In fact, we can 

c/(R — 02) — c/(R  02) 

c/(R — 02) ±  + 02) 

November 

= a2/ R (8) 

<I) 
Fig. 7—Tilted turntable. 

generalize even further by expressing the shape of the 
thrntable in polar co-ordinates as a Fourier series of the 
angle with al/R, a2/R, a3/R, etc., as the Fourier coeffi-
cients and al, as, aa, etc., as the corresponding phase 
angles of this series. The signal E„„ developed in the 
pickup will then be expressed by 

E,  sin {27Fot E (a./R)(Fynfo 
n-1 

• sin [2r(nfo)t  «,,]} . (6b) 

4. Tilted Turntable. 

We assume now that a turntable is tilted so that its 
perpendicular and the axis of rotation include an angle 0 
as shown in Fig. 7, and that the turntable is rotated at 
a constant angular speed. The velocity of a particular 
point on the record surface passing under the point of 
the pickup needle varies, then, proportionally to the 
perpendicular distance of the particular point from the 
axis of rotation; it will reach a minimum value twice per 
revolution of the turntable when the needle is in the 
plane of symmetry of the turntable and its axis of rota-
tion and maximum values after 90 degrees of rotation 
from each minimum position. 
Using again the method which furnished (7) before, 

we first determine the extreme values of the groove 
velocity and find 
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vm,.°"-' R 
and 

R cos 0.  (9) 

These two equations then furnish the following ex-
pression for the wow factor W4': 

1174 = (R — R cos 0)/(R  R cos 0) 
0 

= (1 — cos 0)/(1 + cos 0) = tg2 (10) 

and for the signal voltage E4': 

E4' ̂ sin {2rFot  1g2 — (Fe/210) sin 27r(2/0)1} . (10a) 
2 

This shows that this effect produces wow at a fre-
quency of twice the frequency of rotation of the turn-
table. This deduction assumes that the point of contact 
between the point of the needle and the record grooves 
lies in a vertical plane through the axis of rotation. 
Actually, the needle point is restricted to move on the 
surface of a sphere (or along a circle in a vertical plane 
if the effect of lateral motion of the tone arm is disre-
garded) as shown in Fig. 8, and, therefore, it moves 

Fig. 8—Motion of tone arm caused by tilted turntable. 

back and forth horizontally relative to the record. This 
relative motion causes an apparent lagging and advanc-
ing of the phase angle of the reproduced signal at a fre-
quency of twice the frequency of rotation of the turn-
table and results in true phase modulation of the signal. 
Therefore, a different approach is required. This phase 
modulation is superimposed in quadrature over the 
frequency modulation calculated before, and can be of 
the same magnitude. 
Fig. 8 illustrates the motion of the point of the tone-

arm needle relative to the record when the plane of the 
record includes an angle 0 with a plane normal to the 
axis of rotation. We see immediately that 

h = r • sin 0 = T sin 13  (11) 
or 

and 
sin tl = (r/T) sin 0  (11a) 

= T — T cos 13 = T(1 —  — (r/  sin20).  (12) 

The relative motion of the tone arm over the distance 
AT can be approximated by the peak-to-peak phase ex-
cursion 244" on the turntable, measured in radians: 

2,14,4" =  /r = Tin — V(T/r)2 — sin' 0.  (13) 

This, in turn, corresponds to a peak-to-peak phase 
shift of the signal of 

24" = 2NA474" 

= (Fo/fo)[(T/r) — V(T/r)2— sin' 0] 

or 

A4,4" = (F0/2/0) [( T/r) — \AT M' — sin' 0 j  (14) 

to a phase angle 

= 2 wFot (F0/210) [(Tin) 

— V(T1r)2 — sin20j cos  

and to a signal E4" proportional to 

F:4"  sin 121-Fol (F0/2f0)[(T1r)  (15) 

— V(T/r) 2 — sin20j cos 27(2/0)/ I . (15a) 
By differentiating (15) and dividing by 27r, we obtain 

the instantaneous frequency F4": 

F4" = Fp I 1 — [Tin — V( T/r)2 — sin' 0] sin 21-(2f0t (16) 

and from this equation the wow factor W4": 

W4" = AF4"/F0 = T/r — V(T/r)2 — sin2 0. (17) 

The appearance of the turntable frequency Jo in the 
denominator of (14) and in corresponding places in (15) 
and (15a) does not contradict our statement that we are 
dealing with phase modulation. Rather, it is an acciden-
tal coincidence that the relative motion of the tone arm 
on the record is related to the turntable speed. If we 
would produce a similar relative motion of the tone arm 
by other means at another frequency, this other fre-
quency would only appear as the modulating frequency 
in the argument of the cosine function of (15) and (15a) 
but not in the denominator instead of f0. Thus we ob-
tain, also formally, phase modulation.  • 
From (10) and (17), we could calculate tht total wow 

factor W4: 

W4 = 1/W4'2 + W4112 (18) 
but the resulting formula is too unwieldy for a practical 
use. 
As an example, (10) and (17) will be applied to a turn-

table which is tilted by an angle 0=10 degrees away 
from its normal position. For this case, we obtain from 
(10) 0.76 per cent wow (W4'). If we play a 12-inch record 
on the turntable using a 7-inch tone arm, we obtain from 
(17) for the outside grooves (r =6 inches) 1.3 per cent 
wow, and for the inside grooves (r =2 inches) 0.7 per 
cent wow (W4"). The over-all wow factor will then 
be 1.5 per cent and 1.0 percent, respectively. In practice, 
manufacturing tolerances for the angle 0 can be main-
tained at considerably smaller values than 10 degrees. 
Similar methods can be worked out to calculate wow 

factors due to other irregularities, and the results of 
these calculations can be used to specify manufacturing 
tolerances so that the wow due to each possible cause 
can be kept below the desired levels. 
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The Effect of 0 on Power-Amplifier Efficiency* 
FRANKLIN F. OFFNERt, ASSOCIATE, I.R.E. 

Summary—With class-A operation, loaded-plate-circuit Q does 
not affect plate efficiency. With extreme class-C operation, Q has a 
considerable effect. A Q of 50 is required to keep loss in efficiency 
below 3 per cent. To obtain full benefit from the tank capacitor it 
must be connected directly from plate to cathode. Connecting the plate 
or cathode to a tap on the plate inductance results in lowered efficiency. 

1-1 HE LOADED resistance-reactance ratiol or 
"effective Q" of a power amplifier's plate circuit 
greatly affects its operation. Although an exact 

general analysis would be quite involved, a simple treat-
ment accurately gives the effect of circuit Q in special 
cases and allows an insight into the effect of circuit 
modifications on the operation of power amplifiers not 
explicitly covered by the simple theory. 

It will be shown that, when the plate-current flow is 
not sinusoidal, too low a tank-circuit capacitance will 
cause increased plate dissipation. Furthermore, a num-
ber of circuits commonly used have an effective Q con-
siderably less than would appear from the tank capaci-
tance employed. This results from the plate-to-capacitor 
path having a high impedance at harmonic frequencies. 
The following treatment is especially concerned with 

plate efficiencies. Tank-circuit losses will, therefore, be 
assumed to be very small. Alternatively, the circuit re-
sistances may be considered reflected as part of the 
load resistance. To obtain over-all efficiencies in any 
actual case, the circuit losses must be subtracted from 
the output as calculated below. 
Let us first consider a class-A power amplifier, driven 

at the resonant frequency of the plate-tank circuit. 
Here, the alternating plate current is substantially 
sinusoidal, and thus contains but a single frequency. 
The plate tank will therefore act as a pure resistance 
to the plate current, no matter what the circuit Q. 
That is, in a class-A power amplifier the efficiency is 
independent of the plate-circuit Q. 
Second, we will consider extreme class-C operation. 

Large plate-current pulses are assumed to flow for a 
very small portion of each cycle, so that the angle of 
operation approaches zero, as illustrated in Fig. 1. 
Let Eb = the plate-supply voltage 

Eprnin = the minimum plate voltage 
Ebi =EP— E,,,in = the "useful" plate voltage 
/.„ =average plate current 
f =the frequency of operation 
Sq = //f =charge passing through plate circuit 

per cycle 
P = power output per cycle 
P0= average power input 
P1 = average power input with infinite Q 
P2 = average power output, including effect of Q. 

• Decimal classification: R355.7. Original manuscript received by 
the Institute, February 11, 1946; revised manuscript received, May 9, 
1946. 
t Offner Electronics, Inc., Chicago, Illinois. 
' Considering the load resistance in shunt with the coil and ca-

pacitor, (—R/X. If it were assumed in series with the coil, it would 
be X/R. 

Then, under the assumed operating conditions, and 
neglecting the effect of tank-circuit Q, the fractional 
efficiency effi is given by 

eff, = E61/E6 (1) 

24, 

Fig. 1—Plate-current pulses in extreme class-C operation. 

which approaches unity as E„„,in approaches zero.‘The 
dynamics of the circuit action will be as follows (Fig. 2): 
the plate current flows for such a short time that all the 

Fig. 2—Plate circuit of class-C amplifier. 

charge Sq passing through the plate circuit every cycle 
will flow into the tank capacitor C before any charge 
has flowed out through the tank inductance L and load 
resistance RL. Thus, the maximum charge qi will reside 
on the capacitor at the end of each charging period, and 
qi = CEbt. 
During the remainder of the cycle, current will flow 

from plate 1 of C (Fig. 2), through L and RL to plate 2 
of C, and thence back through L and RL to plate 1, 
thus completing the cycle. The final charge q2 on the 
capacitor must for equilibrium conditions be less than 
qi by Sq. The charge on, and potential across, C is illus-
trated in Fig. 3. Now the power stored by a capacitor is 
q2/2C, and p, the power output per cycle, must be the 
difference between the power stored on the capacitor 
at the end and beginning of plate-current flow. Then 

P = (412 — q22)/2C 

= [qi' — (qi — Sq)1/2C 

(20q — 5q2)/2C 

(2CEbil,ll — 1,2/ f2)/2C. 
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The average power output P2 is then 

P2 = fp --- Ebirp — 42/2C/.  (2) 

The plate power input P. is equal to Eb, and the 
output, neglecting the effect of finite circuit Q, would, by 
(1), be 

Pi = /pEbeffi = Ebi/„.  (3) 

The fractional loss in efficiency deff, due to finite tank-
circuit Q, is, from (2) and (3), 

oeff = (P1 — P2)/Pi = I,2/2CfIpEbi = 1,I2CfEbi. (4) 

Equation (4)- allows the calculation of loss in effi-
ciency resulting from the finite size of the tank capacitor, 
for the value of useful plate voltage and plate current. 
This may be put in terms of the effective Q. From the 
dynamics of the class-C amplifier, 

P1 = E1,2/2R. 

Comparing with (3) 

4/Ebi = 1/2RL. 

Putting this in (4) gives 

Seff = 1/4RLCf. 

The effective Q is 

Q = RL/X. = 2rRLCf 

so that 
öeff = T/2Q.  (5) 

Thus, in the special case of an amplifier working at 
negligible angle of plate-current flow, the loaded-plate-
circuit Q must be greater than about 50 if loss in plate 

0 E 

Fig. 3—Charge and potential on the plate capacitor. 

efficiency due to the smallness of the tank capacitor is 
to be kept below about 3 per cent. 
Some interesting general conclusions may be drawn 

from the above analysis. First, the power loss from 
insufficient effective Q is due to a change in the effective 
plate voltage during the time of plate-current flow, 
resulting in increased plate dissipation. This also indi-
cates that, in calculating the effective Q, only the 
capacitance in essentially purely capacitive plate-
cathode paths is to be considered. For, if appreciable 
self-inductance is present, the back electromotive force 
due to the sudden plate-current surges will prevent 

appreciable current flow in such a path during the brief 
period of current flow. Thus, all the circuits shown in 
Fig. 4 are inefficient; in (a), (b), and (c) the effective 

Fig. 4—Circuits in which full use is not made of tank capacitance. 

capacitance approaches just the tube output capaci-
tance, while in (d) only the upper half of the tank 
capacitor is to be considered in calculating the Q. 
In the push-pull circuit of Fig. 5, each tube works 

into but half of the tank capacitor. But the plate cur-
rent per tube is only half of the total plate current, so 
we may apply (2), (4), and (5) if by C we understand 
the capacitance of one capacitor section, and by I„ the 
plate current per tube. 
In conclusion, we may note that the angle of plate-

current flow has a great effect on the necessary loaded-
circuit Q, the latter varying from approximately 50 to 
zero as the former varies from zero to 360 degrees. The 
calculation of efficiency at intermediate angles of plate-
current flow and finite Q is considerably more difficult. 

Fig. 5—Push-pull amplifier in which full use is 
made of tank capacitor. 

However, the above simplified analysis both gives the 
actual efficiency in the two extreme cases and indicates 
circuit precautions to avoid needless losses. It should 
also be born in mind that, in general, tank-circuit losses 
increase as the tank capacitance increases. As shown 
above, the plate efficiencies of the class-C amplifier in-
creases with the capacitance. Thus, a compromise 
value of capacitance will give best over-all efficiency. 
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A Practical Calculator for Directional Antenna Systems* 
HOMER A. RAY, JR•t, ASSOCIATE, I.R.E. 

Summary—Herein is described a calculator that will aid the 
engineer in finding two- and three-element antenna arrays to meet 
his speciftc need. It can be constructed in a small pocket size for field 
estimation in adjusting arrays or in the form of a large instrument 
for precise calculations in design work. 
The operation of the machine in calculating ground-wave and 

sky-wave patterns is described, based on the radiation distribution 
of the various-height towers. 
The procedure is continued through the determination of the 

actual field strength to be expected from the array at any point, as 
well as the root-mean-square field strength of the system. 
The main idea is to proceed from the problem to the answer by 

the most direct method, while considering all the parameters. 

THE OBJECT of this paper is to provide the 
broadcast engineer with a design for a two- and 
three-element antenna-pattern calculator that he 

can make himself and which is capable of high accuracy. 
The calculator was conceived both to meet the needs of 
the design engineer and to aid in the adjustment and 
operation of directional antennas by the field engineer. 
The design of most three-element arrays involves a 

trial-and-error method which is most discouraging be-
cause of the large amount of calculating that must be 
done. The device to be described calculates both the 
ground-plane pattern and sky-wave patterns of two-and 
three-element arrays, and there is shown a method of 
arriving at the root-mean-square field strength of those 
arrays by graphic integration and comparison with the 
distribution of a single tower. 
Complicated layouts have been eliminated and the 

mechanical construction lends itself to every-day hand 
tools. The machine has been divided into two parts, as 
is shown in Fig. 1. The first operation on the large scale 
at the left gives the amount and direction of the rotation 
of the field vectors at a distant point P while circum-
scribing the towers. This quantity is then added to the 
original phase angle of the relative loop currents of the 
towers on the smaller scale, and the vector sum of all 
the fields is read as a qualitative value. 
Since the various functions are seen and handled in-

dividually on this calculator, it provides a perceptible 
conception of the parameters and a means for varying 
them to produce the desired results. 
The calculator solves the equation 

E f =  I ±  I R21 02 + 11/2 cos 0  

+ /R3/03 ± 03 cos (0 ± ll) (1) 

which is the polar form for the horizontal field, where 
/=the current in the tower T1 
R2 = the ratio of the current in T2 with respect to T1 
Rs = the ratio of the current in T3 with respect to T1 
cki = the phase angle of the current in T2 with respect 

to T1 
* Decimal classification: R0713XR221. Original manuscript re-

ceived by the Institute, January 7,1946; revised manuscript received, 
March 13, 1946. 
t Station KIRO, Seattle, Washington. 

Os= the phase angle of the current in T3 with respect 
to T1 

= the angular spacing of T2 from T1 
4/3= the angular spacing of T3 from T1 
0= the azimuth angle measured from the line TiT2 

with Ti as the origin 
9= the angle made by the lines TIT° and Ti T2 

E f = the relative effective field. 
A plot of E f on polar paper for the various angles of 0 
will yield the familiar ground-plane pattern of the array. 
The larger circular scale with the arms Tg and T3 

solves the th cos 8 of T2, and the l's cos (0-141) of 7.3. 
These angles are then added to the phase angles 02 and 
03, respectively, on the smaller scales to the right, which 
consist of three vectors. The line between the centers 
of the circles represents VI from T1 and is the refer-
ence vector of unity length and zero phase. The vectors 
V2 and Vs are the ratio arms of those circles. The above 
equation indicates a vector summation, and the sum of 
these vectors is E f. ' 

Two drawings are required, and these are cemented to 
a base board. The large drawing is about ten inches in 
diameter with a protractor laid off around its circum-
ference, clockwise. The inner circle is scaled off vertically 
from the line running through the center. Forty equal 
divisions are stepped off above and below this line to 
the edge of the circle. The scale applied to these divi-
sions reads up from zero at the center to 200 degrees at 
the top, and down from 360 at the center to 160 degrees 
at the bottom. This scale may have greater or less range, 
or a number of scales may be included on it by the use 
of colored ink. Its range depends on the largest spacing 
usually encountered; 200 degrees will cover most cases. 
The two overlapping protractor scales have the same 

radii, the lower being scaled counterclockwise with zero 
degrees at the bottom on the line through the centers. 
The upper is scaled counterclockwise with zero degrees 
at the top on this line through the centers. The centers 
of these circles are spaced a distance equal to their radii. 
A smaller circle has been drawn inside the main circle 
for ease in laying down a protractor scale, but the outer 
one has the radius equal to the spacing of the centers 
and is the one referred to when drawing the ratio scales, 
as follows. With dividers, step off twenty divisions from 
the center along the vertical radius of the upper circle. 
This is then calibrated from zero at the center to 1.0 
at the top in 0.05 steps. The same is done in the lower 
circle, but at the 300-degree radius so as not to be con-
fused with the summation scale which is drawn next. 
Mark these two scales "ratio." 
The last scale (summation scale) is one of equally 

spaced arcs with their center at the center of the upper 
circle. The spacing of these arcs is the same as for the 

Solution of mechanical operation is in Appendix I. 
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scales just laid down (twenty divisions to the length of 
a radius). 
The scale is in 0.05 steps from the center of the upper 

circle, as zero, to 1.0 at the arc running through the 
center of the lower circle and continuing down to 2.0 at 
the bottom edge of the lower circle. 
Two celluloid arms are mounted at the center of each 

circle so that they rotate freely but have high friction 
between themselves. This allows an angle to be set be-
tween them which will be retained when rotating them. 
A practical method of mounting is to drill the arms for 
a snug fit on a rubber grommet, which holds both togeth-
er, and screw them down with a flat-head screw so that 
the taper of the head centers them, should there be any 
play between the screw and grommet. Longitudinal lines 

Fig. 1—The antenna field-pattern calculator. The left side computes the phase rotation and the right side 
computes the vector sum of the field-strength components around a directional array. 

are scribed on all the arms running through the mount-
ing centers. One of the large arms is 7'2, and an arrow is 
added, as shown, to designate it as the index for the 
azimuth angle. One of the small arms on each circle may 
be the pointer arm and need have its longitudinal line 
only at its tip for reading protractor scales. 
The two large arms and one each of the small arms 

have cross-hair sliders on them which are simply made 
by laminating celluloid strips of the same thickness as 
the arms. They need not run true or hold perpendicular, 
but must hold a point where they cross the longitudinal 
line. The machine is now complete and ready to be set 
up for a typical array. 

Setting Up the Machine 
Fig. 2 shows a typical three-tower array, which will be 

used as an example. The tower with the largest current 

is chosen as Ti and either of the other two may be T2 

or T3. The current in T1 is taken as unity and the current 
in the others is expressed as a decimal of this current. 
The phase angle of the T1 current is taken as zero and 
the other current phases are in relation to it, using posi-
tive angles. A lagging angle may be changed to a leading 
one by subtracting it from 360 degrees. 
Place the T2 arm at zero azimuth and set the cross-

hair slider to indicate the spacing of T2 from T1 on the 
scale under the arm (130 degrees). Holding the T2 arm 
at zero, move the Tg arm to the angle 13, the bearing of 
Ts from the index line of the array. This angle must be 
measured counterclockwise from the line of zero azi-
muth on the array, which in this case is 240 degrees. 
Letting the T2 arm rotate with it, turn the Tg arm to 

zero azimuth and slide the cross hair to indicate the 
spacing of Tg from T1 on the scale (80 degrees). 
Set the small arms with the sliders, which will be 

called the ratio arms, over the scales marked "ratio," 
and move the sliders to indicate the ratios of the cur-
rents in their respective towers. V2 will be set at 0.5 
and Vg will be set at 0.7. Next, the pointer arm of Vg 

is set at zero and held there while the ratio arm is moved 
around the protractor scale to the angle which indicates 
the phase angle of the current in T2 (270 degrees). The 
Vg pointer is likewise held at zero degrees and its ratio 
arm rotated to indicate the phase in T3 (90 degrees). 

Operating the Machine 

Set the arrow on the 7'2 arm to the azimuth angle de-
sired. Then set the pointer arm of V2 to the angle read 
under the cross hair of the T2 slider. Likewise, set the 



900 Proceedings of the I .K.E. and Waves and Electrons  Nove m IPer 

pointer arm of V3 to the angle read under the cross hairs 
of the T3 slider. The value of E f is now the distance be-
tween the cross hairs of the V2 and V3 arms. This may 
be carried directly over to plotting paper with a pair of 
dividers, or measured with a convenient scale. 
When only two towers are being considered the 7'2 

and V2 arms are the only ones used, and the relative field 
strength is read directly on the scale under the V2 cross 
hairs. 

Sky- Wave Patterns 

It becomes apparent from Fig. 2, which shows a plan 
of the three-tower array being considered, that the field 

Fig. 2—A typical three-element array, where R2=0.5, R3=0.7. 
4.2=270 degrees, Os -= 90 degrees, .P2=130 degrees, 01=80 degrees. 
and /3=240 degrees. 

strength of this array, when looking directly down on it 
from a zenith angle of zero degrees, is the vector sum of 
the fields of the three towers using their relative original 
phase angles and the current in the respective towers 
only. Their spacings and positions in the field have no 
effect on the phase angle of the field vectors received or 
the sum of them. The above assumes that each tower 
has a point of radiation and that all these points lie on 
a horizontal plane. This can be assumed for practical 
considerations if all the towers are identical. In an array 
having all the towers in line and neglecting for the 
moment the vertical radiation characteristics of a single 
tower, summing up the field directly above the array 
and broadside to the array on the ground plane gives 
identical results. And procession from the line of the 
towers on the ground plane to broadside will give a plot 
of the sky-wave-field values for the azimuth angle in 
line with the towers, modified by the vertical radiation 
characteristics of the individual towers themselves. If 

all are identical towers, a factor may be applied to the 
sum of the fields. 
To convert any array to an in-line array for a particu-

lar sky-wave pattern, consider the dotted lines in Fig. 3. 
T2 and T3 are moved over onto the line through T1 hav-
ing the azimuth angle for which the sky-wave pattern 
is .desired (in this case, 330 degrees). They are moved 
perpendicular to this line and, therefore, assume a new 
spacing from T1. The value of this new spacing is simply 
the value that was carried from the large circle to the 

smaller ones when computing the ground-plane field at 
azimuth angle. 
On the machine, it amounts to the following. Set the 

index to the azimuth angle for which the sky-wave pat-
tern is desired. Read the values under the cross hairs of 
both T2 and T3. In this case, T2 gives 112 degrees and T3 
gives 289 degrees. Now swing the arms in line with each 
other and reset the sliders, respectively, to this new 
value. Either or both arms may point to zero or 180 de-
grees, depending on what the value is (T2 will point to 
zero and T3 to 180 degrees). Consider the index arrow 
to be pointing to zero degrees elevation and proceed 
clockwise or counterclockwise through 90 degrees, carry-
ing the values from the T2 and T3 arms to the smaller 
circles for summation as in computing the ground-plane 
pattern. By plotting through 180 degrees you will be 
passing over the top of the array and down the other 
side to the ground plane again, thus giving the values 
for the opposite radial, also, with a single setup. These 
values must be multiplied by a factor f(v) to get the 
true relative field strength at these elevation angles. 

0°. 

TI 

,OTs 

Fig. 3—The array of Fig. 2 with theoretical changes for computing 
the sky-wave pattern for the azimuth angle 330 degrees. 

The radiation pattern of a single tower' is propor-
tional to 

cos (G sin 7) — cos G 
El = K 

cos 7 
(2) 

where 7 is the elevation angle and G is the tower height. 
When 7 is zero, the ground-plane radiation becomes 

E2 = K(1 — cos G).  (3) 

By expressing the vertical radiation field as a decimal of 
the ground-plane radiation field, that is, dividing the 
former by the latter, we obtain 

El cos (G sin 7) — cos G 
f(v) =  (4) 

E2 COS 7(1 — cos G) 

(The values of f(v) have been plotted in Fig. 4 for a num-
ber of tower heights.) 



1946 Ray: Directional-Antenna Calculator  901 

Evaluating the Pattern 

The ground-plane pattern as drawn by the machine 
is simply the shape of the radiation from an array, and 
needs to have its various radii (that is, its size) scaled 
in millivolts per meter. The root-mean-square field 
strength of a pattern on the ground plane is described 
as that radius which is the root-mean-square of all the 
radii in the pattern. It can also be described as the radius 
of that circle which .has the same area as the pattern. 

10 

a 

V) 5 

4 

00.  
0  W.  MP  40°  30.  GO° 

ELVATION  ANGLE 

Fig. 4—A plot of f(v) for modifying the values from the calculator 
to allow for antenna height in computing sky-wave patterns. 

TO. BO° 90. 

The above definitions show two methods of plotting the 
root-mean-square of the pattern over the pattern itself. 
A sufficient number of radii can be measured in inches 
or some convenient scale and a circle then drawn over 
the pattern having as its radius the root-mean-square 
of the selected radii of the pattern, or the area of the 
pattern can be measured in square inches with a 
planimeter or other means and a circle drawn over 
the pattern having the same area. It is the radius of 
this circle or the root-mean-square value of the pattern 
which we are going to evaluate in millivolts per meter. 
The following procedure is used2: Draw the sky-wave 

patterns for every ten degrees azimuth around the array. 
There will be thirty-six patterns in all. In the same man-
ner that the root-mean-square value of the ground-plane 
pattern was found, find the root-mean-square value for 
each of the elevation angles, from ten degrees through 
80 degrees. There will be no radiation on the eleva-
tion angle of 90 degrees in tower arrays. This can be 
done, for instance at the elevation angle of 10 degrees, 
by taking the radius of each individual sky-wave pat-
tern at the elevation of 10 degrees and finding their 
root-mean-square, or by finding the radius of that circle 
that has the same area as the pattern that would be 
drawn if these radii were plotted on polar paper as was 
the ground-plane pattern. 
We now have eight root-mean-square radii, along with 

the ground-plane root-mean-square radius, with which 
we can plot a new sky-wave pattern which would be the 
average sky-wave pattern for the array. But rather than 

2 H. E. Gihring and G. H. Brown, "General considerations of 
tower antennas for broadcast use," PROC. I.R.E., vol. 23, pp. 311-
357; April, 1935. A slightly different handling of the same procedute 
is given by. F. E. Terman, "The Radio Engineers' Handbook," 
McGraw-Hill Book Company, New York, N. 'Y., page 782. 

plot this we must first multiply each root-mean-square 
radius by N/a)-i-o, where 0 is the elevation angle for 
that particular radius. For instance, the ten-degree root-
mean-square radius is multiplied by -VC—ns- TO degrees, 
etc. 
We plot these, and the result is shown as Fo(v) VC7Tosi 

in Fig. 5. The reason for  being introduced is that, 
swinging a root-mean-square radius that is at an 
angle above the ground plane about the vertical axis, 
will describe a cone whose surface area is not a function 

Fig. 5—The average sky-wave patterns of a quarter-wave antenna 
F8(V) and an array of antennas Fe( V) multiplied by Vcos e, 
giving the power distribution. 

of the length of the radius alone but also the elevation 
angle. By multiplying each radius by the square root of 
its elevation angle, the area described by this new radius 
will be solely dependent upon the length of the first 
radius alone and will be proportional to the power radi-
ated at this elevation angle all around the array. In 
fact, the area A0 under the curve Fo( V) of Fig. 5 is pro-
portional to the total power radiated by the whole array. 
And Ro (the base of the curve) represents the root-mean-
square value of the ground-plane pattern in relation to 
the area or power being radiated. Suppose we had an-
other pattern with the same area which we knew was 
radiating 1 kilowatt of power, and knew also that at a 
distance of one mile the root-mean-square ground-plane 
field strength was 189.6 millivolts per meter. We would 
then consider the pattern under question as radiating 
1 kilowatt of power and its radiation in millivolts per 
meter at one mile would be directly proportional to the 
ratio of its base (in inches) to the base of the known 
pattern. 
For a practical example, in Fig. 5 is plotted the curve 

F.( Vh ar 77.. The F(V) is the radiation pattern of a 
single, uniform-cross-section vertical tower a quarter-
wavelength high. This pattern can be plotted directly 
from the values given in Fig. 4 on the curve 90 degrees. 
Multiplying these values by cos 0 and plotting in polar 
fortn gives the curve F.( V) V-CiTsB of Fig. 5. A the-
oretically perfect quarter-wave antenna over a per-
fect earth gives 196 millivolts per meter at one mile for 
one kilowatt of radiated power; or, for practical consid-
erations, 189.6 millivolts if a two-ohm loss is assumed to 
represent the losses usually encountered in a practical 
installation. Thus we have the known antenna, whose 
area is taken to represent 1 kilowatt and whose base 
dimension R. represents 189.6 millivolts per meter at one 
mile. In a geometrical figure, the lineal dimensions vary 
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directly as the square root of the area; therefore, in 
making the volumes equal and directly comparing the 
bases of the two patterns, we have the proportions 

Fo Ro 
(5) 

189.6  R.  V AO 

where Fo is the field strength at one mile for 1 kilowatt, 
in millivolts per meter, of the unknown array Fo( V); 
Ro is the base dimension of the unknown array (in 
inches); and R, is the base dimension of the quarter-
wave antenna (in inches). A O is the area in square inches 
of the pattern of the unknown array, and A. is the area 
in square inches of the pattern of the quarter-wave an-
tenna. Rearranging (5) we have 

VT. R 0 
F0 =  X  X  189.6. 

R.  VA ° 

N/A 1/R,, for a quarter-wave antenna, is found to be 
0.5615 by measuring in Fig. 5. Therefore, the field 
strength in millivolts per meter at one mile for one kilo-
watt of power in the unknown array is 

Ro 
Fo = 106.3    

VA 0 

This Fo is the value of the root-mean-square field 
strength as defined in the first paragraph, under the 
heading "Evaluating the Pattern." By putting dimen-
sions on the radius of this circle, which is laid down over 
the pattern itself, we have a yardstick whereby to 
measure the various radii of the whole pattern in milli-
volts per meter. The pattern then shows the millivolts 
per meter to be expected in the various directions from 
the array at a distance of one mile with no attenuation 
of the signal by the ground over which it travels, 
or what has been more commonly termed "inverse dis-
tance," meaning the signal falls off inversely propor-
tional to the distance traveled due to its dissemination 
into space and the presence of a perfect earth. The ac-
tual signal at a mile and farther over various soils can 
be determined through the use of the set of charts which 
is a part of the Federal Communications Commission's 
"Standards of Good Engineering Practice," showing 
ground-wave field intensity versus distance. These are 
plotted over the range of the broadcast band and the 
extremes in soil conductivity. 

(6) 

(7) 

APPENDIX 

The mechanical solution of the calculator is shown in 
Fig. 6. The values of A and B are the quantities given 
by the arms T2 and T3, respectively. 
A and B at all positions of the arm T2 are given as 

A = 4,2 cos 0 

B =4,3 cos (0 + )9) 

where f3 is the angle between the arms. The angles A and 
B are added to 02 and 02, respectively, through the use 
of the pointer arms by removing them from zero to these 

values of A and B (see Fig. 7). The ratio arms are /R2 
and /R2 and now stand at the proper angles for vector 
summation. I is the vector of unity length and zero 
phase and is represented by the distance between the 
pilots of /R2 and /R2. 

Ti 

Fig. 6—Mechanical proof of the values given by the large arms 7'.2 
and T. on the calculator. See appendix. 

Thus, all the parts of the equation E f have been con-
sidered and properly handled. 

V, PONTER 

vt POINTER 

Fig. 7—Mechanical proof of the values given by the small arms V2 

and V• on the calculator. See appendix. 

CONCLUSION 

The calculator has been found to be a welcome aid in 
locating and adjusting nulls and loops in proposed an-
tennas. The machine readily shows what parameters 
should be changed and in what direction to produce the 
desired results. Its accuracy depends upon the accuracy 
of the face layouts and the play in the pivots. If the 
machine is constructed on a large scale, its accuracy can 
be made to approach calculated values to a high degree. 
Through the use of mechanical means for integrating 

the distribution of the radiation, as described, it is found 
that the accuracy of the results is quite sufficient for 
practical use, where the errors resulting from the exact 
determination of current distribution on the towers, the 
losses in the ground system under the array, the coup-
ling equipment, and the instruments used for measuring 
the field are of a much higher order than will be intro-
duced by a mechanical means of determining areas if 
care is used. 
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Magnetron Cathodes* 
MARTIN A. POMERANTZt 

Summary—The multicavity magnetron imposes exceedingly 
severe requirements upon its cathode. Spectacularly high electron 
emissions have been observed under pulsed conditions. Cathode 
parameters are obtained by interpreting, in terms of the emission 
equations, data secured using rectangular microsecond pulses. Emis-
sion densities exceeding 50 amperes per square centimeter, limited 
only by sparking, have been attained, and several forms of current-
versus-voltage characteristic may be identified. Sparking may be 
precipitated by phenomena originating either in the cathode or 
anode. Two competing mechanisms for cathode-initiated sparking 

have been established experimentally. The resistance of the oxide 
coating results in a pulse-temperature rise during the flow of high 
currents. Resistance values of 1 to 100 ohm-centimeters squared, de-
duced from measurements of this effect, agree with those obtained 
in experiments performed with cathodes having probes embedded 
within the coating. The secondary emission of oxide-coated cathodes 
varies with temperature in an exponential manner from approxi-
mately 4 to 7 at room temperature to 103 at 850 degrees centigrade 
for a cathode activated to the optimum. Magnetrons have been 
operated solely by secondary emission as a consequence of the back-
bombardment of the cathode. Measurements have revealed that 3 
to 20 per cent of the output power may be dissipated in this manner. 
Correlations have been established between magnetron performance 
and cathode emission. The high-current-mode boundary depends upon 
the available thermionic emission. Undesired emission from certain 
regions of the cathode may introduce losses. The 1:fe span of cathodes 
in magnetrons generally has been short, and all of the requirements 
for satisfactory magnetron cathodes have not been completely ful-
filled by conventional types. A new type, the sinthor cathode, obviates 
the fundamental limitations inherent in prior varieties. 

I. INTRODUCTION 

ECENT developments in the field of electron 
emission have proved to be almost as spectacular 
as those relating to the principle of the multi-

cavity magnetron. During the period immediately pre-
ceding the discovery of this new source of high-power 
centimeter radiation, research and development of 
thermionic emitting cathodes were not pursued as ex-
tensively as during earlier decades. The nature of 
previous applications has been such that factors other 
than the cathode (e.g., grid and anode design considera-
tions) frequently have imposed the ultimate limita-
tion upon transmitting-tube performance. Conditions of 
space-charge limitation generally prevail in receiving-
tube operation, in which case emissions from oxide-
coated cathodes of several hundred milliamperes per 
square centimeter are adequate. The techniques for the 
preparation of cathodes satisfying these requirements 
heretofore have been available. 
However, the advent of the multicavity magnetron 

has, perforce, necessitated a revision of the cathode art. 
The cathode in this type of tube generally has become 

Decimal classification: R339.2. Original manuscript received by 
the Institute, January 14, 1946; revised manuscript received, April 8, 
1946. Presented, 1946 Winter Technical Meeting, New York, N. Y., 
January 25, 1946. This paper is based on work done for the Office of 
Scientific Research and Development under Contract No. OEMsr-
358 with the Franklin Institute of the State of Pennsylvania. 
t Bartol Research Foundation of the Franklin Institute of the 

State of Pennsylvania, Swarthmore, Pa. 

recognized as the limiting factor, and the requirements 
are increasing in severity as a consequence of the 
inevitable demands for operation at higher power levels. 
To appreciate the magnitude of the problem, one has 
only to realize that peak powers of megawatts are de-
manded of a structure of physical dimensions compatible 
with the generation of oscillations in the centimeter-
wave band. 

II. GENERAL MULTICAVITY MAGNETRON PRINCIPLE 

Although it is not the purpose of this paper to 
present a detailed discussion regarding magnetron 
operation, a brief description is essential to an under-
standing of the role played by the cathode. Fig. 1 is a 
photograph of a typical magnetron having an indirectly 
heated oxide-coated cathode. (Photographs of actual 
cathodes are shown in Fig. 11). The anode A is a 
cylindrical copper block containing a central cylindrical 

Fig. 1—Cutaway photograph of a cavity magnetron, showing 
indirectly heated cathode. 
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cavity and a number of radial vanes. L is the output 
loop, whereas H represents two circular disks of metal 
at the ends of the cathode. The purpose of these shields 
or "hats" is, essentially, to prevent electrons from 
entering the end space. 

The magnetron is placed between the poles of a 
magnet so that the magnetic field is parallel to the 
axis of the cathode, and short pulses of high negative 
voltage are applied to the cathode from a "modulator," 
the anode being grounded. Electrons emitted thermi-
onically by the cathode are accelerated toward the 
anode during the duration of the square-top voltage 
pulse, and are acted upon by the magnetic field. 

Under conditions which have been treated in detail 
elsewhere, oscillations will occur. This results in a gain 
of energy by some electrons, loss by others, and a back-
bombardment of the cathode by electrons which may 
have acquired very high energies. 

Even the earliest standard multicavity magnetrons 
were operated consistently at peak anode currents cor-
responding to emission densities of from 5 to 10 amperes 
per square centimeter, a value approximately 10 to 20 
times as large as that generally quoted for oxide-coated 
cathodes prior to the advent of the multicavity mag-
netron. It was natural to assume that these currents 
were obtained solely by secondary emission, as a con-
sequence of a multiplicative or cascade process re-
sembling a chain reaction. It appeared plausible that 
the available thermionic emission could initiate oscilla-
tions, during which back-bombarding electrons would 
produce secondaries, the current building up in this 
manner at the beginning of each pulse by virtue of a 
secondary yield exceeding unity in a period short com-
pared with the pulse duration. It seemed inconceivable 
that currents of this magnitude might be accounted 
for by purely thermionic emission, despite the fact that 
earlier investigations of the decay of emission from 
oxide-coated cathodes' .2 had supported the expectation 
that somewhat higher emissions might become manifest 
in short pulses. The state of mind then prevalent is 
best exemplified by the reaction of early investigators 
to the results of an obvious experiment in which the 
high-voltage pulses were applied to a magnetron with 
zero external magnetic field. In the light of previous 
knowledge, there was a general predisposition to pre-
fer what appeared then to be a more conservative 
hypothesis that the emission of many amperes per 
square centimeter appearing under these conditions was 
not of thermionic origin, but rather was attributable to 
some peculiar mode of oscillation arising even with the 
magnet removed. It remained for observations in simple 
diode structures to provide unambiguous evidence that 
extremely high emission densities are, in fact, available 
from thermionic cathodes for very short periods of time. 

J. A. Becker, "Phenomena in oxide-coated filaments," Phys. 
Rev., vol. 34, pp. 1323-1352; November, 1939. 

2 J. P. Blewett, "Time changes in emission from oxide-coated 
cathodes," Phys. Rev., vol. 55, pp. 713-718; April, 1939. 

III. TECHNIQUES OF PULSED-EMISSION MEASUREMENTS 

The measurements of the fundamental thermionic-
emission parameters of magnetron cathodes have been 
performed under a variety of conditions, both in mag-
netrons with zero applied magnetic field and in standard 
test diodes, several examples of which are shown in 
Fig. 2. Peak emissions are measured in a system 
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Fig. 2—Typical test diodes utilized in investigations of thermionic-
emission properties of magnetron cathodes. 

equipped with a "modulator," which is an apparatus 
arranged to produce rectangular microsecond pulses at 
various recurrence frequencies. Trigger circuits operat-
ing at rates as low as one pulse per second or as high as 
4000 pulses per second have been utilized. The current 
measurement is observed by means of a synchroscope 
as the voltage drop across a noninductive viewing re-
sistor, whereas the voltage is measured either with a 
capacitor divider or a resistor divider. The circuit is 
represented schematically in Fig. 3. 
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Fig. 3—Arrangement for obtaining pulsed emission data. The direct-
current power supply is not used in general, but has a special 
purpose described in Section V. 

The current versus voltage data thus obtained may 
be interpreted in terms of several well-known equations, 
namely the Richardson equation, the Langmuir-Childs 
three-halves-power equation, and the Schottky equa-
tion, which is applicable when the potential gradient at 
the cathode is not zero. 
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Various pertinent characteristics of a cathode become 
immediately evident from an examination of the cur-
rent-versus-voltage data plotted on two-thirds-power 
paper. The three-halves-power law indicates that the 
space-charge-limited characteristic follows a straight 
line when plotted in this manner. Furthermore, the 
theoretical slope in the Langmuir-Childs equation may 
be computed by an evaluation of the constants, de-
pendent upon tube geometry, for comparison with the 
experimental results. 

IV. PULSED THERMIONIC-EMISSION CHARACTERISTICS 
OF OXIDE-COATED CATHODES 

Fig. 4 is a typical diagram of the current versus 
voltage characteristics of a standard cathode processed 
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Fig. 4—Pulsed current-versus-voltage characteristics plotted on two-
thirds-power scale. The curves obtained at various stages during 
the life of the cathode are all carried to sparking. 

under laboratory conditions. Space-charge-limited emis-
sions of 50 amperes per square centimeter have been 
consistently obtained when the procedures are carefully 
controlled. The maximum emission attainable is limited 
by the occurrence of sparking, a phenomenon which will 
be discussed in detail in a subsequent section. 
Several prime types of current-versus-voltage char-

acteristics are observed: 
(1) Space-charge-limited emission, up to the point 

at which sparking imposes the ultimate limitation (see 
Fig. 6); 
(2) Normal Schottky effect, in which the experi-

mental points follow the Schottky equation after de-
parture from space-charge limitation (see Fig. 4); 
(3) Anomalous Schottky effect, in which the Ps' 

versus V curve has an inflection point in the Schottky 
region (see Fig. 4). 
Among other forms of pulsed characteristics which 

have been observed is that in which the slope in the 
Schottky region is zero. In this case the emission curve 
may follow the space-charge line in the normal manner, 

and then show an almost complete saturation. It is 
evident that the presence of gas would be evidenced by 
large and random fluctuations in the experimental 
curves or by systematic departures above the space-
charge line. Characteristics of type (1) are very diffi-
cult to obtain in magnetrons, but are observed in care-
fully prepared test diodes. 
Several useful parameters have been selected for at-

tempts at correlations between oscillating and diode 
measurements in magnetrons. These will not be con-
sidered in detail, although one example will be pre-
sented in a subsequent section. 

V. SPARKING OF MAGNETRON CATHODES 

An important limitation to the ultimate performance 
available with magnetrons is imposed by the phe-
nomenon of sparking. The term spark, as used in this 
connection, designates an explosive discharge pre-
cipitated by gas or vapor released from cathode or 
anode. During a spark the electrical resistance of the 
tube drops practically to zero, and a very bright spot 
appears on the cathode. In the case of conventional 
oxide-coated cathodes, small bits of coating material 
may be expelled from the cathode surface, and sparking 
may produce a very deleterious effect. 
W. E. Ramsey" has conducted an extensive series of 

investigations into this general problem and has cor-
related his own and other results to provide an adequate 
account of various mechanisms which may be re-
sponsible for sparking phenomena. Several independent 
triggering devices may be involved, although the subse-
quent development of a spark is independent of the 
origin. A cathode spark denotes one initiated at the 
cathode, whereas an anode spark has a similar origin at 
the anode. Only the two recognized types of cathode-
initiated sparks will be considered here, although it 
must be emphasized that all potential processes com-
plete, and, particularly when the pulse length exceeds 
the microsecond range, the anode effects may predom-
inate. Cathode sparking, generally more important 
with microsecond pulses, appears when either (1) the 
current density from any point of the cathode exceeds 
a certain critical value; or (2) the field at any point of 
the cathode surface exceeds a certain critical value. The 
critical values involved here vary with tube parameters 
and with time. 
Several experiments have established that the trigger 

mechanism of sparking may lie totally within the 
cathode. It has been observed' that the space-charge-
limited sparking current varies as a function of cathode 
temperature, as is shown in Fig. 5. Inasmuch as all 
of the sparks in this instance occurred with the field at 
the surface of the cathode equal to zero, these sparks 
are not field-dependent, but are of type (1). 
Fig. 6. contains the results of an interesting phe-

nomenon discovered in a related series of experiments,' 

3 W. E. Ramsey, W. E. Danforth, and M. A. Pomerantz, "Spark-
ing phenomena in high vacuum thermionic vacuum tubes,' Jour. 
Frank. Inst. (to be published). 
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the increase in the critical sparking current as a conse-
quence of simultaneously drawing a direct current dur-
ing pulsed measurements. The circuit arrangement for 
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Fig. 5—Curves showing effect of cathode temperature (hence ca thode 
resistance) upon maximum sparking-limited emission. 

these experiments is shown in Fig. 3. It is seen that the 
emission at a cathode temperature of 850 degrees centi-
grade runs space-charge-limited to above 150 amperes 
per square centimeter and that sparking has been ad-
vanced from about 45 amperes per square centimeter 
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Fig. 6—Curve demonstrating the increase in space-charge-limited 
emission at sparking, produced by simultaneously drawing direct-
current emission during the measurements. 

with no direct current to the aforementioned spectacu-
larly high value with a direct-current component of 1 
ampere per square centimeter. 
Experiments described in the following section con-

cerning cathode-coating resistance have indicated (a) 
that the effect of the direct current is to diminish the 
resistance of the cathode, and (b) that the cathode re-
sistance decreases as the temperature is raised. The 
aforementioned results are consistent with the hy-
pothesis that a cathode spark follows a burst of gas or 

vapor produced by a dielectric breakdown in the 
cathode coating or interface arising from the presence of 
a field due to the IR drop. These fields are actually of 
sufficient magnitude to produce such an effect. Dan-
forth' has found that the internal cathode field at which 
sparking occurs remains relatively constant as other 
parameters are varied. 
The existence of sparking of type (2) has been estab-

lished by the Radiation Laboratory Cathode Research 
Groups and by Ramsey, in experiments employing 
special techniques, as well as by Danforth in earlier 
work. This type of sparking by definition occurs only 
in the emission-limited state. Conditions for its occur-
rence must be such that the critical field is attained 
without exceeding the critical sparking current (type 
(1)) for the temperature involved. In practice, field 
sparking occurs late in the life of an oxide-coated cath-
ode, but may occur at any time with cathodes of poor 
emitting capacity, as Ramsey has demonstrated. Fields 
of the order of magnitude of 100,000 volts per centi-
meter generally produce the effect, which is independent 
of temperature over a considerable range. 
Even with microsecond pulses, under certain condi-

tions encountered in actual magnetron operation, the 
types of sparking attributable to the anode may predom-
inate. The exceedingly high values of radio-frequency 
fields which may be attained create a complicated 
situation, as does the concentration during oscillations 
of extremely intense localized bombardment on regions 
which are not accessible for degassing during tube 
processing. 

VI. CATHODE RESISTANCE AND 
PULSE TEMPERATURE RISE 

A cathode in a diode undergoing no back-bombard-
ment manifests a temperature increase when high 
pulsed currents are emitted. This increase in tempera-
ture depends upon the peak current, the duty cycle, and 
the state of the cathode. Presumably, the pulse tem-
perature rise is attributable to the PR dissipation 
within the cathode during the flow of the peak current I. 
The average power dissipated within the cathode in this 
manner is represented by the expression 

P = I2Rvr (1) 

where v is the repetition frequency and r  is the pulse 
width. Of course, the cooling due to the emission Idwr 
must be subtracted from this value. The net tempera-
ture rise may amount to almost 200 degrees centigrade 
at peak emission currents of 30 amperes per square 
centimeter with one-microsecond pulses occurring at 
the rate of 1000 per second. Values of R may vary within 
the range 1 to 100 ohm-centimeters squared. Danforth' 
has investigated the dependence of cathode resistance 
upon various conditions by a method involving the 

4 W . E. Danforth, "Cathode coating resistance as measured by 
embedded probes," to be published. 

6 E. A. Coomes, J. G. Buck, A. S. Eisenstein, and A. Fineman, 
"Cathodes for pulsed magnetrons, Part II," National Defense Re-
search Council Report 14-683, January 31, 1945. 
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measurement of potentials of probes embedded within 
the coating. The results may be summarized as follows: 
(a) The absolute values of resistance are in the same 

range as those obtained by a calorimetric technique at 
the Radiation Laboratory.' 
(b) The resistance versus pulsed-current curves at 

different temperatures show maxima. 
(c) A suggestive correlation can be drawn between 

resistance and sparking current, especially when com-
paring the behavior of BaO-coated cathodes with Sr0-
coated cathodes. 
(d) The absolute magnitude of probe voltage at 

sparking is consistent with the dielectric-breakdown 
hypothesis of cathode-initiated sparking. 
(e) The variation of resistance with temperature de-

pends upon temperature in the manner previously ob-
served by others. 
A typical set of data are presented in Fig. 7. In this 

instance the coating resistance is negligible compared 
with that appearing at the interface between the coat-
ing and the nickel sleeve. 
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Fig. 7—Cathode resistance versus peak emission current at two tem-
peratures, as measured between the nickel sleeve and two probes 
embedded at different levels in the coating. In this instance, the 
coating resistance is negligible compared with that of the inter-
face between coating and base metal (R1 and R2 are practically 
equal). 

VII. SECONDARY ELECTRON EMISSION—COLD CATHODES 

Because of the importance of secondary electron 
emission in the operation of the magnetron, an exten-
sive series of investigations has been performed in this 
field.' Various factors affecting the yield (5= number of 
secondary electrons emitted per incident primary elec-
tron) such as the dependence upon primary voltage, 
cathode temperature, etc., have been studied. Special 
tubes, designated SE tubes, have been utilized for 
measuring the secondary-emission characteristics of 
various types of magnetron cathodes. Yield versus 
energy data reveal values of b of 4 to 7 at room tempera-
ture, with a more or less flat maximum at approxi-
mately 1000 volts primary energy. Fig. 8 contains typi-
cal curves obtained at various cathode temperatures. 
It has been observed that the yield increases with 
temperature in an exponential manner, confirming 
earlier results of Morgulis and Nagorsky7 on oxide-
coated cathodes. Our results have disclosed that the 

g M. A. Pomerantz, "Secondary electron emission from oxide-
coated cathodes," Phys. Rev., vol. 70; July, 1946: Jour. Frank. Inst., 
vol. 241, pp. 415-433; June, 1946; vol. 242, pp. 41-61; July, 1946. 

7 N. Morgulis and A. Nagorsky, "Secondary electron emission 
from oxide-coated cathodes," Tech. Phys. U.S.S.R., vol. 5, pp. 848-
/453; December, 1938. 

yields may exceed 100 at 850 degrees centigrade for 
laboratory-processed cathodes. Furthermore, it has been 
demonstrated that the secondary emission depends upon 
the degree of activation and increases with enhance-
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Fig. 8—Secondary electron yield ö versus primary energy at 
different cathode temperatures. 
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ment of the thermionic emissivity. However, even 
extremely poor cathodes inferior to production stand-
ards probably have yields exceeding 10. 
Short-time effects, such as growth or decay of sec-

ondary current after the onset of primary bombardment 
or persistence after the cessation of bombardment, have 
not been observed by us, and values of yield obtained 
by pulsed methods are in accord with those obtained 
under direct-current conditions. 
Various investigators, originally including Oliphant in 

England and later McNall," have operated magnetrons 
solely by secondary electron emission. Fig. 9 indicates 
several alternative arrangements for accomplishing this. 
In all cases, it is necessary to provide an auxiliary 
source of primary electrons for initiating the oscilla-
tions. This has generally been referred to as the auxiliary 
emitter or pilot electrode. It has been established that 
pilot currents amounting to only a small fraction of the 

(a)  (b)  (c) 
Fig. 9—Cold-cathode types utilized in magnetrons operated primar-
ily by secondary emission. 
(a) An oxide coating is applied to a hat, which is heated by a fila-

ment wire as indicated. 
(b) A loop of tungsten wire, which functions as the pilot emitter, 

is utilized. 
(c) A pilot cathode is adjacent to the surface of the secondary 

emitting cathode. 

anode current in the oscillating state suffice. We have 
utilized the cathode illustrated in Fig. 9(c) using an 
ordinary oxide-coated cathode as the secondary emit-
ting electrode. Emissions of milliamperes from the pilot 

8 J. W . McNall, "An investigation of peak electron emissions 
from various cathode materials," thesis, Massachusetts Institute of 
Technology, May 18,1942. 
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permitted the attainment of anode currents of 10 
amperes in the tube type studied. Similar results have 
been obtained using other secondary-emission cathodes, 
such as silver-magnesium alloy, oxidized nickel, etc. 
However, cold cathodes have not yet been adapted to 
production tubes. 

VIII. BACK-BOMBARDMENT IN MAGNETRON CATHODES 

As has been previously stated, in operation a fraction 
of the electrons which leave the cathode may return 
with a finite velocity, thereby increasing the cathode 
temperature. This may result in the attainment of 
excessively high cathode temperatures. Back-bombard-
ment in magnetrons has been studied by Balls and 
Megaw in England, and by Danforth.° Under actual 
operating conditions, cathode-temperature rises of 
hundreds of degrees may occur. Experimental results 
have established that the back-bombardment power 
may range from 3 to 20 per cent of the output power 
under various extreme conditions of operation. Both 
the loading and the locus of the operating point on the 
performance chart affect this quantity. By an analysis 
which utilized experimental measurements of the sec-
ondary yield from oxide cathodes (see preceding sec-
tion) and the number and energy of back-bombarding 
electrons, Danforth was able to compute the yield with 
which a particular 10-centimeter-band magnetron can 
operate by secondary emission alone at various points 
on the performance chart. 

IX. CORRELATION BETWEEN MAGNETRON 

PERFORMANCE AND THERMIONIC EMISSION 

Various attempts to correlate thermionic emission 
characteristics with magnetron performance have been 
made. It has been observed particularly by the Cathode 
Research Group of the Radiation Laboratory'° that 
prominent limitations in magnetron performance appear 
to depend upon the cathode even after geometrical de-
sign problems on a tube have been completed. These 
limitations occur as instabilities in performance, gen-
erally classified into two types: (a) sparking, and 
(b) other flicker effects which are a certain type of 
frequency instability and of which moding and poor 
spectrum are the most apparent. Steps were taken 
toward determining the correlations between the per-
formance phenomena and cathode quality as deter-
mined from the diode characteristics of magnetrons. 
However, several factors render it extremely difficult to 
attain such correlations, perhaps the most important 
being that it has been necessary to compare data ob-
tained with a number of different tubes in which slight 
geometrical differences could of course be extremely im-
portant. 
Only one such correlation will be considered here for 

illustrative purposes. J. G. Bucki° originally concluded 

• W. E. Danforth, C. D. Prater, and D. L. Goldwater, "Back-
bombardmen t of magnetron cathodes," National Defense Research 
Committee Report 14-309, August 25, 1944. 

10  E. A. Coomes, J. G. Buck, and A. Fineman, "Cathodes for 
pulsed magnetrons, Part I," National Defense Research Committee 
Report 14-609, August 30, 1944. 

from data obtained with a number of tubes that the 
high-current-mode boundary and other types of flicker 
in a magnetron are dependent upon the primary emis-
sion available from a cathode at the time oscillation 
starts near the beginning of the pulse. Utilizing a new 
type of thoria cathode," it has been possible recently to 
obtain a complete set of such data with a single tube. 
An essential feature of this cathode is that the thermi-
onic emission can be controlled over wide limits merely 
by varying the temperature, an advantage which is 
rendered possible by the stability of the emission char-
acteristics. The observation made at the Radiation 
Laboratory that there is good evidence for the existence 
of a minimum of primary emission below which stable 
operation cannot be expected at the selected operating 
point has been very unambiguously confirmed, as is 
seen in Fig. 10. It has also been verified that the mini-
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Fig. 10—Curves of maximum magnetron current before moding ver-
sus maximum space-charge-limited emission (MSCLE), obtained 
with a single tube containing thoria cathode. Type 4J32 (HK7). 
Test conditions: 400 pulses per second, 0.9 microsecond. 
The maximum space-charge-limited emission was varied by 

changing the cathode-heater power. The precise shape of the 
curve is modified somewhat by back-bombardment, but the cor-
rection is relatively small because back-bombardment power is 
low compared with heater power. 
It should be noted that the maximum space-charge-limited 

emission is considerably lower than the peak oscillating currents. 

mum thermionic emission necessary for a given anode 
current in the oscillating state depends markedly upon 
pulse shape; hence, the characteristics of the modulator, 
pulse transformer, or any despiking network utilized 
are determining factors. 
Apropos of the topic with which this section has 

been concerned, the problem of hat emission should be 
cited. Under certain circumstances, emission from the 
uncoated portions of the cathode structure may ad-
versely affect the operation of the magnetron, introduc-
ing losses, certain types of instability, and other pecu-
liarities of behavior. In analogy with ordinary grid 
emission, the difficulty arises as a consequence of the 
evaporation of coating material onto the hats, which 
may attain emitting temperature. Furthermore, the 
hats may be subjected to back-bombardment during 
oscillations. The situation has been alleviated by coat-
ing the susceptible members with poisoning agents 
capable of inhibiting emission. 

II M. A. Pomerantz, "The sinthor cathode—a new electron-
emitting structure," Jour. Appl. Phys. (to be published). 
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X. LIFE OF MAGNETRON CATHODES 

Owing to the extremely drastic conditions to which 
magnetrons are subjected in operation, the useful life is 
considerably shorter than in the case of cathodes in 
standard radio tubes. Considerable' effort has been 
concentrated upon extending the life which, in some 
cases, may be too short for dependable service in prac-
tical applications. Certain magnetrons may survive 
only 50 hours or less. Even the most widely used and 
well-developed types are rated at less than 1000 hours, 
which falls far short of the life of 10,000 or 20,000 hours 
sometimes realized with commercial tubes. The short 
life spans of cathodes in magnetrons is understandable 
from a consideration of the requirements summarized in 
the following section. 
A typical life history of an oxide-coated cathode 

operating under pulsed conditions in a diode is seen in 
Fig. 4. It is significant that no unambiguous correla-
tions between pulsed and direct-current properties 
exist. Whereas it might be stated that efficient pulsed 
emitters are also good direct-current cathodes, the 
converse is not necessarily true. For example, good 
oxide cathodes operating at 400 milliamperes per square 
centimeter direct current have shown a tendency to 
gain during the first 500 hours of life, while the pulsed 
emission slumped steadily from an initial value of about 
50 to less than 20 amperes per square centimeter at the 
end of this period." 

XI. REQUIREMENTS OF MAGNETRON CATHODES 

Having discussed the various conditions encountered 
by magnetron cathodes, it is now possible to summarize 
those features which are essential for successful use: 
(1) Ability to provide high electron-emission densities 

either by thermionic emission, by secondary emission, 
or by a combination of both processes, for long periods 
of time. 
(2) Satisfactory sparking properties; i.e., freedom 

from sparking under standard operating conditions. 
(3) The ability to withstand violent punishment ac-

corded by sparking, bombardment, and other destruc-
tive phenomena. 

(4) Relative stability. 
(5) The ability to operate at temperatures higher 

than the rated operating temperature, and to dissipate 
high back-bombardment power. 
(6) Freedom from decay, particularly in cases where 

it is desired to extend the pulse length. 
As a rough estimate, it may be stated that a cathode 

designed for a 3-centimeter-band magnetron should be 
capable of supplying about 30 amperes per square 
centimeter peak space-charge-limited current for duty 
cycles as high as a few tenths of one per cent; for 10-
centimeter-band magnetrons the figure for current 
density may be lowered to about 10 amperes per square 
centimeter, while this figure must be increased to 
about 90 for magnetrons operating in the 1-centimeter 
band. 

Not all of the above requirements have thus far been 
satisfied, either with the various standard types of 
cathode or with ingenious modifications thereof. Three 
forms of coated cathodes have been utilized most ex-
tensively thus far. The plain, uncombined oxide-coated 
cathode consists of a carefully prepared nickel sleeve 
coated with a mixture of alkaline earth carbonates in 
a binder, and processed in a prescribed manner. Im-
provement in stability and life has been attained by use 
of the screen cathode, constructed by applying an un-
combined carbonate coating to a nickel mesh in intimate 
contact with the cathode sleeve. The metallized cathode 
developed by Moore contains fine nickel powder initially 
added to the uncombined coating. Fig. 11 illustrates 
several typical magnetron cathodes. 
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Fig. 11—Representative magnetron cathodes, including 
screen and ordinary varieties. 

Some attempts have been made to utilize tungsten, 
thoriated-tungsten, or other filamentary cathodes wound 
in helical form, but these possess obvious disadvantages. 
Japanese radar was seriously handicapped as a conse-
quence of their choice of tungsten filaments, probably 
dictated by difficulties encountered in the production of 
satisfactory oxide-coated cathodes. The cathode situa-
tion is particularly serious for continuous-wave mag-
netrons, or even for tubes operating on longer pulse 
lengths. 
In view of the aforementioned considerations, effort 

has been directed toward the development of a cathode" 
.differing radically from existing types. The resulting new 
type of cathode, which appears satisfactorily to fulfill all 
of the aforementioned requirements, comprises essen-
tially a self-supporting fired or sintered body of thorium 
oxide heated in any one of various manners. It has been 
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designated as the "sinthor” cathode, and promises to 
find wide applications both in magnetrons and in other 
tube types. 
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velopments included the development and 
application of complete lines of power and 
control devices constructed to Navy class-
HI shock requirements, which were also 
established by this group. 
Commander Fluke is a member of the 

American Institute of Electrical Engineers 
and of Tau Beta Pi. 

Noel E. Porter was born in Los Angeles, 
California on March 30, 1913. He received 
the A.B. degree at Stanford University in 
1935. For the ensuing few years after gradua-
tion he was associated in the air-conditioning 
industry, specializing in automatic-control 
devices. In 1943 he entered the Naval Re-
serve and was attached to the Bureau of 
Ships, Washington, D. C., engaged in a re-
search, development, and procurement pro-
gram for special electronic equipments. 
Mr. Porter is now with the engineering 

staff of the Hewlett Packard Company, 
electronic instrument manufacturers, at Palo 
Alto, California. 

NOEL E. PORTER 

Martin A. Pomerantz was born on 
December 17, 1916, at New York City. He 
received the A.B. degree from Syracuse 
University in 1937, and the M.S. degree in 
ph) sics from the University of Pennsylvania 
in 1938. 
He joined the staff of the Bartol Research 

Foundation as research assistant in 1938. 
In 1941, Mr. Pomerantz was promoted to 
Research Fellow and has been serving in 
that capacity to the present time. His 
principal fields of activity include cosmic 
radiation and various emission studies and 
cathode problems. 

FRANKLIN F. OFFNER 

Franklin F. Offner (A'41) was born at 
Chicago, Illinois, on April 8, 1911. He re-
ceived his B. Chem. degree from Cornell 
University in 1933; his M.S. degree from 
California Institute of Technology in 1934; 
and his Ph.D. in biophysics from the Uni-
versity of Chicago in 1938. From 1935 to 
1938, he was research assistant at the Uni-
versity of Chicago. From 1939 to the pres-
ent date he has been president and chief 
engineer of Offner Electronics, Inc. He is a 
member of Sigma Xi. 

Homer A. Ray, Jr. (A'45) was born at 
Canton, Ohio, on February 25, 1917. He 
studied electrical engineering at Kent Col-
lege and the University of Cincinnati. In 
1939 he was employed as transmitter super-
visor of Station WHBC. He held a first-class 
rating in the United States Naval Communi-
cations Reserve before the war, and at the 
outbreak of the war joined the engineering 
staff of the Crosley Corporation at Mason, 
Ohio, the location of WLW,VV8X0, the ex-
perimental 500,000-watt transmitter, and 
the two international broadcast transmitters, 
WLWO and WLWK. In 1944 he became 
chief engineer of WHBC, and since 1945 has 
been chief engineer of KIRO, Seattle, Wash-
ington. 

For biography and photograph of H. C. 
Earl", see the October issue of the PROCEED-
INGS OF THE I.R.E. AND WAVES AND ELEC-
TRONS 

ULRICH R. FURST 

Ulrich R. Furst (A'42—M'44) was born 
on January 18, 1913 in Vienna, Austria, and 
received his M.S. and Ph.D. degrees at the 
Chicago Institute of Technology in 1935 
and 1938, respectively, after working as a 
research assistant in the X-Ray Laboratory 
of this college for two years. From 1938 to 
1940 he was associated with Keystone Man-
ufacturing Company, where he designed 
photoelecti ic equipment. He also worked for 
the Rehtron Corporation in the same field, 
and in 1942 was employed by Offner Elec-
tronics, Inc., as a development engineer. 
There he worked on electromedical instru-
ments, vibration-measuring equipment, and 
confidential war projects. In 1943 he joined 
the staff of Russell Electric Company and 
became chief electronic engineer in 1944. 
He was responsible for design and construc-
tion of electronic test and measuring equip-
ment and was in charge of the electronic and 
acoustic laboratory. Since early in 1946, he 
has been engaged in his own company, Furst 
Electronics. 
Dr. Furst is a member of the Acoustical 

Society of America and of the American In-
stitute of Electrical Engineers. 

• 

HOMER A. RAY, JR. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.131  2791 
Reflection and Refraction of Non-Sta-

tionary Elastic Waves—Gogoladze.  (See 
2862 and 2864.) 

534.131  2792 
On Rayleigh Boundary Waves—Gogo-

ladze. (See 2863.) 

534.231  2793 
The Sound Field of Moving Sound 

Sources—M. F. Shirokov. (Compt. Rend. 
Acad. Sci. (U.R.S.S.), vol. 49, pp. 494-
496; December 10, 1945. In English.) An 
attempt to find "a new solution of the dif-
ferential equations of acoustics with sources 
moving in the medium." 

534.321.9  2794 
On Method in Supersonic Absorption 

Measurements—E. J. Pumper.  (Comp. 
Rend. Acad. Sci. (U.R.S.S.), vol. 49, pp. 
558-560; December 20, 1945. In English.) A 
new method of measurement is described in 
which an acoustic tone-modulated trans-
mitter of supersonic radiation  (quartz 
crystal) is used with a microphone membrane 
as receiver. The microphone output con-
tains a modulation-frequency component, 
of amplitude proportional to the square of 
the intensity of the incident supersonic 
wave, which gives a measure of the absorp-
tion in the liquid or gas interposed between 
transmitter and receiver. 

534.43:621.395.61  2795 
Improved Modulated-Oscillator [Gramo-

phone] Pickup—H. Kalmus. (Electronics, 
vol. 19, pp. 182-186; July, 1946.) Improved 
version of the pickup circuit described in 
1154 of May (Kalmus). Audio output is in-
creased by 15 to 20 decibels, noise is re-
duced in the same ratio, and microphonics 
are reduced by 6 decibels. 

534.43:621.395.61:621.396.619.018.41 2796 
Simplified Frequency Modulation [Ap-

plied to Gramophone Pickup]—Bruck. (See 
2853.) 

534.7:621.395.645  2797 
Anditory Perception—J. D. Goodell and 

B. M. H. Michel. (Electronics, vol. 19, pp. 
142-148; July, 1946.) An inverse volume-
expansion circuit for automatic tone control 
is described. It compensates for changes in 
the response of the ear at different intensity 
levels. Factors affecting the design and use 
of various audio-frequency connecting cir-
cuits are discussed in relation to the subjec-
tive effect of the results. 

534.76  2798 
The Formation of Stereophonic Images— 

K. de Boer. (Philips Tech. Rev., vol. 8, pp. 
51-56; February, 1946.) General discussion, 
with particular reference to the conditions 
under which sound must be recorded for 
stereophonic effects. 

534.862+621.397  2799 
S.M.P.E. [Society of Motion Picture 

Engineers] Spring Technical Conference 
[New York, N. Y., May, 19461.—(See 3087.) 

621.317.79 : 621.395.82 : 621.395.645  2800 
Intermodulation Testing [of Audio-Fre-

quency Amplifiers)—Hilliard. (See 2978.) 

621.395.613.32  2801 
Microphones: Part 4—S. W. Amos and 

F. C. Brooker. (Electronic Eng., vol. 18, pp. 
255-258; August, 1946.) An account of 

the theory and construction of the ribbon 
velocity-type microphone and of its per-
formance compared with other types. Polar 
diagrams and response curves are given. 
Special British Broadcasting Corporation— 
Marconi velocity types and combined pres-
sure and velocity microphones are also de-
scribed in detail. Conclusion of series; for 
previous parts, see 2458 of September and 
back references. 

621.395.623.8  2802 
Beachmaster Announcing Equipment— 

L. Vieth. (Bell Lab. Rec., vol. 24, pp. 261-
263; July, 1946.) A general account. See 
also 532 of March (Duffield). 

621.395.625  2803 
Recording and Broadcasting of Prepara-

tions for Bikini Atom-Bomb Test—A. A. 
Kees. (Communications, vol. 26, pp. 11-
13; July, 1946.) Outline of methods used to 
overcome technical difficulties of sound 
recording in aircraft and under difficult 
climatic conditions. 

621.395.625.3  2804 
Signal and Noise Levels in Magnetic 

Tape Recording—D. E. Wooldridge. (Trans. 
A.1.E.E. (Elec. Eng. June, 1946), vol. 65, 
pp. 343-352; June, 1946.) Statistical varia-
tions in net flux entering the pole pieces, due 
to finite size of magnetic domains in the 
tape material, is the only source of noise 
completely explainable. Detailed considera-
tion is given to hysteresis processes in the 
erase-record-reproduce cycle. The magnitude 
of overload signal is predicted in terms of 
the coercive force of the tape material and 
the reluctance of the magnetic circuit. A 
combination of a new vicalloy tape, the 
superposed high-frequency method of record-
ing, and a new unit design results in high 
quality recording from 100 to 8000 cycles 
with a useful volume range of more than 50 
decibels. 

621.395.625.6  2805 
Preliminary Sound Recording Tests with 

Variable-Area Dye Tracks—R. 0. Drew and 
S. W. Johnson. (Jour. Soc. Mot. Pic. Eng., 
vol. 46, pp. 387-404; May, 1946.) Measure-
ments on frequency response, noise, and dis-
tortion, with photocells having various spec-
tral response curves. 

621.395.625.6: 621.383  2806 
Behavior of a New Blue-Sensitive Photo-

tube [for Black-and-White or Colour Film 
Tracks] in Theater Sound Equipment—J. 
D. Phyfe. (Jour. Soc. Mot. Pic. Eng., vol. 
46, pp. 405-408; May, 1946.) 

621.395.625.6:621.383  2807 
A Phototebe for Dye Image [Colour 

Film] Sound Track—Glover and Moore. 
(See 3076.) 

AERIALS AND TRANSMISSION LINES 

621.315.1.056.1  2808 
Tension in Hanging Wires—G. Hook-
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ham. (Engineering, (London), vol. 161, p. 
460; May 17, 1946.) Geometrical construc-
tion for tensions at the ends of fairly taut 
wires with known sag. 

621.315.21.029.5/.6  2809 
Design Data and Characteristics of High-

Frequency Cables: Parts 1 and 2—K. Zim-
mermann. (Radio, vol. 30, pp. 13-15 and 
20-34; May and June, 1946.) Cables for 
centimeter wavelengths require rigid me-
chanical and electrical specifications. Design 
data for obtaining a suitable characteristic 
impedance and attenuation with the re-
quired strength and flexibility are given for 
the following types: (1) coaxial cable with 
stranded inner conductor and low-loss di-
electric; (2) coaxial cable, air-spaced by 
means of a spiral of polythene; (3) high-
impedance cable having a spiral inner con-
ductor; (4) dual coaxial for a high degree of 
balance; (5) screened twin cable; and (6) 
twin unscreened. The second part discusses 
causes of attenuation, the power rating, and 
typical design problems. 

621.315.21.029.6:621.317.3  2810 
Measurement of Velocity of Propaga-

tion in Cable—Kramer and Stolte. (See 
2977.) 

621.315.212.1.017  2811 
Currant Rating of Single-Core Paper-

Insulated Power Cables—C. C. Barnes. 
(Elec. Commun., vol. 23, pp. 70-95; March, 
1946.) An outline of a method for com-
puting the ratings. The effect of sheath 
losses, skin effect, proximity effect, and di-
electric loss are discussed in detail. Current 
rating for special cases of cables in water, 
air, and ducts, and for particular types of 
cables are calculated and tabulated. 

621.315.221 :669.45  2812 
[Chemical] Analysis of Cable Sheathing 

Alloys—Hamilton. (See 2947.) 

621.315.229  2813 
Jacketing Materials for High-Frequency 

Transmission Lines—Warner. (See 2929.) 

621.319.7:621.392  2814 
Some Applications of Field Plotting— 

E. 0. Willoughby. (Jour. I.E.E. (London), 
part III, vol. 93, pp. 275-293; July, 1946.) 
"By the process of field-plotting in the cross-
section of a uniform transmission line, an 
orthogonal  field pattern  of curvilinear 
squares satisfying the boundary conditions 
is obtained. If N. is a number of voltage 
steps and Nf the number of electrostatic 
flux lines in this field plot, the character-
istic impedance is given by 

Z=377(N./Ni) VIA-7; 

where µ is the permeability, and e is the 
permittivity. 
"Application to coupling and screening 

are also considered. 
"The use of models in an electrolytic 

tank for capacitance determination from field 
plots or direct measurement is discussed, 
and an axially symmetrical three-dimen-
sional field is plotted. Mention is made of 
the relaxation process and rubber-sheet 
methods of field-plotting." 

621.392+621.316.35.011.3  2815 
Formulas for the Inductance of Coaxial 

Busses Comprised of Square Tubular Con-
ductors—H. P. Messinger and T. J. Hig-
gins. (Trans. A.I.E.E. (Elec. Eng., June, 
1946), vol. 65, pp. 328-336; June, 1946.) 

621.392+621.396.11  2816 
Propagation of Electromagnetic Waves 

Along a Single Wire—Vladimirski. (See 
3008.) 

621.392  2817 
Characteristic Impedance of Balanced 

Lines—P. J. Sutro (Electronics, vol. 19, p. 
150; July, 1946.) Three equations for the 
Zo of a balanced two-wire transmission 
line with cylindrical shield are compared, 
and expressions given for the errors in each 
equation. 

621.392  2818 
Anomalous Attenuation in Waveguides 

—J. Kemp. (Wireless Eng., vol. 23, pp. 211-
216; August, 1946.) "The puzzling phe-
nomenon of decreasing attenuation constant 
with increasing frequency, which occurs in a 
few isolated instances, is here elucidated by 
treating the guides concerned as limiting 
cases of a guide of more general shape, in 
the interior of which the waves display the 
normal properties characteristic of waves in 
guides generally. The equations of the elec-
tromagnetic field, cut-off frequency, and 
attenuation constant describing the isolated 
cases are then, in like manner, deduced as 
limiting cases from those appropriate to a 
guide of general shape. The isolated cases 
thus lose their character of isolation and as-
sume that of straightforward limits instead. 
According to the point of view developed in 
the paper, these limiting cases imply an 
electromagnetic field which extends to 
infinity along one of the transverse co-
ordinates but, being wrapped around the 
axis of the guide, the field is constrained to 
exist in finite space where it continues to 
display the properties characteristic of a 
field of infinite extent." 

621.392:621.396.67  2819 
Aerial-to-Line Couplings—Burgess. (See 

2835.) 

621.392.43  2820 
Transmission Lines as Impedance Trans-

formers—L. R. Quarles. (Communications, 
vol. 26, pp. 20-38; July, 1946.) The solu-
tion of typical problems involving the 
quarter-wave line and open- and shorted-
stubmatching. The use of the circle diagram 
is explained. The last of a series; for previous 
parts see 2478 and 2480 of September. 

621.396.67  2821 
Aerials—"Cathode Ray" (Wireless World, 

vol. 52, pp. 223-225: July, 1946.) Elemen-
tary theory of radiation from current ele-
ments. 

621.396.67  2822 
The Radiation Field of an Unbalanced 

Dipole—W. Kelvin. (PRoc. I.R.E. AND 
W AVES AND ELECTRONS, vol. 34, pp. 440-
444; July, 1946.) A method for obtaining 
the magnitude of the electric field in the 
distant zone of a symmetrical dipole with 
unequal branch currents is described. The 
result involves two functions of the vertical 
angle, plots of which are given for four 
values of h, the half-length of the dipole. 

Curves of the distant-zone electric field are 
given for values of h and of k, the ratio of 
the branch currents at the driving points. 
Experimental field patterns are plotted for 
several dipole lengths. 

621.396.67  2823 
Slotted Tubular Antenna for 88 to 108 

Mc—C. R. Jones. (Communications, vol. 26, 
pp. 36-39; July, 1946.) Short technical de-
scription of an aerial design by A. Alford for 
horizontal polarization. 

621.396.67  2824 
The New Antenna Types and Their Ap-

plications—A. G. Kandoian. (Elec. Com-
mun., vol. 23, pp. 27-34; March, 1946.) 
Reprint of 1180 of May. 

621.396.67:538.56  2825 
On the Excitation of Vibrators in An-

tennae—M. A. Leontovich and M. L. 
Levin. (Bull. Acad. Sci. (U.R.S.S.), set% 
phys., vol. 8, no. 3, pp. 156-163; 1944. In 
Russian.) Complete paper of which an 
English summary was abstracted in 2618 of 
1945. 

621.396.67:621.397.6  2826 
CBS Tele Antenna—O. J. Sather. (Elec. 

Ind., vol. 5, pp. 68-69; July, 1946.) Design 
and constructional details of a folded dipole 
video radiator for operation at 51.25 mega-
cycles. A heater is provided for removing 
ice. 

621.396.677  2827 
An Inexpensive 3-Element [Rotating] 

Beam [Antenna] for 28 Mc—C. E. Nichols. 
(QST, vol. 30, pp. 27-31, 126; August, 1946.) 
Constructional details. 

CIRCUITS 

621.3.011.2  2828 
Impedance Calculations—H. Horwood. 

(Elec. Rev., (London), vol. 138, pp. 846-
847; May 31, 1946.) Graphical method for 
impedances in parallel. 

621.3.012.3  2829 
System of Graphing Capacities and In-

ductances—A. S. Runciman. (Elec. Eng., 
vol. 65, p. 300; June, 1946.) 

621.3.012.3  2830 
Nomograph Construction: Part 1, Nomo-

graph for Current, Voltage and Resistance— 
F. Shunaman. (Radio Craft, vol. 17, pp. 
609, 633; June, 1946.) 

621.314.2.029.5:621.396.619.018.41  2831 
The Theory and Design of Intermediate-

Frequency Transformers for Frequency-
Modulated Signals—H. A. Ross. (A .W.A. 
Tech. Rev., vol. 6, pp. 447-471; March, 
1946.) The design criteria are shown to be 
(a) the amount of amplitude modulation 
introduced into the frequency-modulation 
signal by the selective circuits, and (b) the 
linearity of the phase-angle versus frequency 
characteristic of the secondary current. 
Maximum linearity is obtained when the 
transformers are critically coupled. The 
characteristic remains almost linear with a 
small degree of over-coupling, and the de-
sign of over-coupled transformers is dis-
cussed. Design charts are given for critically 
coupled transformers. The power relations 
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in a frequency modulated signal which 
has been subjected to transmission through 
selective circuits are also discussed. 

621.316.578.1  2832 
One Tube —One  Relay Multi-Time 

Circuits—V. Wouk. (Elec. Ind., vol. 5, pp. 
48-52, 98; July, 19460 A single thyratron is 
used to perform multiple timing opera-
tions by the addition of resistance-capaci-
tance combinations to the grid and anode 
circuits. A typical single or repeating two-
interval timer provides interval ranges from 
0.05 second to 3 minutes and 0.07 second to 
10 seconds. Details are given of multiple-
interval timers. 

621.385:621.396.822  2833 
Fluctuations in Electrometer Triode 

Circuits—A van der Ziel. (Physica, (Eind-
hoven), vol. 9, pp. 177-192; February 1942. 
In English.) "The influence of fluctuations 
on the accuracy of measurement of small 
currents by an electrometer triode is in-
vestigated theoretically and the results 
compared with earlier theoretical and ex-
perimental work. Only two sources of fluc-
tuations are important, thermal noise in the 
input circuit, and the shot effect of the 
grid current. The mean-square error is 
calculated for three methods of measure-
ment: first, when the final deflection of the 
galvanometer in the anode circuit is read 
once, second, when the deflection is averaged 
over a long time, and third, when the input 
circuit resistance R, is usually high (1014O) 
and the increase of deflection in a given time 
is observed. It is found that in the latter 
case the [root)-mean-square error is only 
about 2.10-18  amperes." 

621.392  2834 
On Approximate Integration of van der 

Pol's Equation—V. V. Kazakevich. (Comp& 
Rend. Acad. Sci. (U.R.S.S.), vol. 49, pp. 
414-417; November 30, 1945. In English.) 
Mathematical note on a method of ap-
proximate investigation of nonlinear sys-
tems. The method enables the process of 
establishment, the form, and the period, to 
be determined, and "is easy to modify for 
application to nonoscillatory systems." 

621.392:621.396.67  2835 
Aerial-to-Line Couplings—R. E. Burgess. 

(Wireless Eng., vol. 23, pp. 217-221; 
August, 1946.) "In the present paper two 
systems are considered:—(a) the constant-
resistance network, and (b) the cathode 
follower. The overall loss in signal/noise 
ratio for these systems is compared with 
that which occurs for direct connection of 
the aerial to the line. The loss which occurs 
at the receiving end of the line is likely to 
be smaller and more constant with coupling 
networks at the sending end which match to 
the line than for direct connection. 
"Criteria are derived to show in what 

conditions each of the systems is preferable 
and these are expressed in terms of the line 
attenuation al and the ratio of the aerial 
reactance to the characteristic impedance of 
the line; i.e., IX I/Ro. It is found that when 
IX I/Ro is less than about unity, direct 
connection is best unless the line attenuation 
is very large, in which case the constant-
resistance network may have an advantage. 

is greater than about 3, the 
clafthiodX ie  ell fO   follower is generally best, its 
superiority being the greater the larger the 
line attenuation. The conclusions of the 
analysis are considered to be valid for fre-
quencies up to about 30 megacycles, assum-
ing the aerial to be substantially reactive 
over the range concerned. 
"A numerical example for a typical case 

of a capacitive aerial operating over a wide 
range of frequency is given." 

621.392.41.015.3:517.512.4  2836 
On Transients in Homogeneous Ladder 

Networks of Finite Length—W. Nijenhuis. 
(Physica, (Eindhoven), vol. 9, pp. 817-
831; September, 1942. In English.) The 
problem considered is that of the voltage 
and current distribution in a finite homo-
geneous ladder network of n T-sections with 
lumped constants, resulting from the ap-
plication of an impulse voltage at the input 
end, the network being short circuited at the 
other end. It is shown that solutions may 
be obtained in two different forms, closely 
analogous to the two solutions for the vibra-
tion of a stretched string, due respectively to 
d'Alembert and Euler and to Bernoulli. A 
brief historical account is given of the 
stretched-string problem, and the electrical 
problem is then solved in general terms by 
the use of the Laplace transformation. 
The case of a low-pass filter is discussed 

in detail and the solution developed in its 
two forms, one consisting of a series of 
Bessel functions and corresponding to the 
d'Alembert-Euler solution, and the other a 
series of sine or cosine terms corresponding 
to the Bernoulli form. Comparison of these 
two forms gives an approximate Bessel 
function expansion in terms of a sine and 
cosine series. The approximation becomes 
progressively closer as the number of sec-
tions in the filter is increased. 
A second case considered is that of a 

resistance-capacitance ladder network for 
which the same differential equation applies 
as for the problem of diffusion. In this case 
equating the alternative forms of solution 
gives an expansion for Bessel functions with 
imaginary argument in terms of a sine and 
cosine series. 

621.392.43  2837 
Graphical Solution of Matching Prob-

lems—G. Glinski. (Elec. lad., vol. 5, pp. 
64-65; August, 1946.) Description of a 
simple design method, using circle diagrams, 
for matching with L, T, or r networks. 

621.392.43  2838 
Transmission  Lines  as  Impedance 

Transformers—Quarles. (See 2820.) 

621.392.5  2839 
Differentiating Circuit—( Wireless World, 

vol. 52, pp. 231-232; July, 1946.) Determi-
nation of suitable component values for a 
differentiating circuit with an exponential 
input-voltage waveform. Curves are given 
showing output waveform as a function of 
component values. See also 3843 of 1945 
(Ohman). 

621.392.52  2840 
Theory and Application of Parallel-T 

Resistance-Capacitance  Frequency-Selec-
tive Networks—L. Stanton (PRoc. I.R.E. 

AND W AVES AND ELECTRONS, vol. 34, pp. 
447-456; July, 1946.) A general treatment 
of the network including an account of its 
advantages and limitations, and dealing 
with its theory and applications. A single 
7-circuit is derived by means of star-delta 
transformations, and expressions are ob-
tained for the network transmission and its 
phase shift at any frequency. Design con-
siderations such as component tolerances 
and the effect of loading the network are 
discussed, and three examples, adjustable 
for resonant frequency and zero transmis-
sion, are given. A single-stage negative-
feedback circuit is described to illustrate 
the application of the network. 

621.394.3971.645  2841 
Amplifier-Gain Formulas and Measure-. 

ments—S. J. Haefner. (PRoc. I.R.E. AND 
WAVES AND ELECTRONS, vol. 34, pp. 500-
505; July, 1946.) Precise mathematical 
meanings are given to the usual definitions 
of amplifier gain. A practical method for 
measuring the insertion gain of a voltage 
amplifier is proposed, and the results on an 
actual amplifier are compared with those 
obtained from the usual definitions. It is 
concluded that "the gain of an amplifier" is 
meaningless unless the method of measure-
ment is stated, and that the method used 
should have regard to the actual applica-
tion of the amplifier. 

621.394/.397).645.34  2842 
Nyquist Diagrams for a Thompson Sys-

tem with Two Degrees of Freedom and Their 
Physical Interpretation—K.  Teodorchik. 
(Cons fu. Rend. Acad. Sci. (U.R.S.S.), vol. 
49, pp. 259-262; November 10, 1945. In 
English.) A mathematical paper in which 
Nyquist's stability criterion is considered 
for linear and nonlinear regeneration cir-
cuits. "In a nonlinear system both the 
amplification ccefficient µ and the phase 
angle 1,G are variable not merely with the 
frequency p, put also with the output ampli-
tude uo. Therefore, a nonlinear system is 
characterized by a family of Nyquist dia-
grams depending on a single parameter u. 
rather than by one diagram." See also 567 
of March (Leonhard). 

621.394/.3971.822+621.392.6  2843 
Suppression of Spontaneous Fluctuations 

in Amplifiers and Receivers for Electrical 
Communication and for Measuring De-
vices—M. J. 0. Strutt and A. van der Ziel. 
(Physica, (Eindhoven), vol. 9, pp. 513-
527; June, 1942. In English.) From a general 
analysis of the signal-to-noise ratio of a linear 
4-terminal network with linear feedback it is 
concluded that the ratio is unaffected by 
such feedback whether positive or negative. 
An equivalent circuit is derived for an 
amplifier with feedback and the optimum 
signal-to-noise ratio for an amplifier with-
out feedback is calculated. The use of a 
suitable cathode-lead inductance to pro-
duce a "noiseless" input damping resistance 
for adjustment of bandwidth is described. 
Means of securing feedback of suitable sign 
in an amplifier to give a constant input 
impedance over a given frequency range are 
mentioned. 
The use of a high grid resistance in an 

electrometer triode with feedback to give 
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the required frequency characteristic en-
ables enhanced accuracy, of measurement to 
be obtained; similarly, the thermal fluctua-
tions in a galvanometer may be reduced. 
The paper was noted in 2088 of 1943. 

621.394/.397].822 +621.392.6  2844 
Suppression of Spontaneous Fluctua-

tions in 2n-Terminal Amplifiers and Net-
works—A. van der Ziel and M. J. 0. Strutt. 
(Physica, (Eindhoven), vol. 9, pp. 528-538; 
June, 1942. In English.) This paper extends 
the earlier work (see 2843 above) on the re-
duction of fluctuations in amplifiers to the 
case of 2n poles. In Section 2 the application 
of feedback of either sign on linear 6-poles 
is considered, and expressions are derived 
for the noise and signal voltages at the 
various outputs. Section 3 gives the theorem: 
the noise-to-signal ratio at every output can 
be reduced by feedback to the smallest value 
which exists at any output without feed-
back. Section 4 is concerned with the effect 
of various correlations between the fluctua-
tions at the output on the optimum condi-
tion obtainable with feedback. In Section 
5 examples are given. Section 6 deals with 
the linear 8-pole and with the application 
of feedback to reduce the noise-to-signal 
ratio. Section 7 contains the extension of 
these results to linear 2n poles. 
The paper was noted in 2089 of 1943. 

621.395.645  2845 
Three-Channel Amplifier: a 15-Watt 

Unit with Individual Control of Each Chan-
nel—M. Contassot. (Radio Craft, vol. 17, 
pp. 607, 642; June, 1946.) 

621.395.645:621.385.5  2846 
Dynamic Characteristics of Pentodes— 

S. J. Haefner. (Communications, vol. 26, 
pp. 14-19; July, 1946.) Graphical analysis 
of their use in designing high-signal-level 
resistance-coupled amplifiers. 

621.396.61  2847 
Resonant Cavities—L. J. Giacoletto. 

(Elec. Ind., vol. 5, pp. 60-62; August, 1946.) 
Curves and data for the design of resonant 
cylindrical cavities. 

621.396.61.029.58  2848 
Variable Frequency Exciter Unit—G. M. 

King. (R.S.G.B. Bull., vol. 22, pp. 10-11; 
July, 1946.) The circuit uses a Franklin type 
of oscillator tuning over the range 3.5 to 3.8 
megacycles, coupled through two buffer 
stages to an output stage which doubles or 
trebles the frequency. Frequency stability 
is comparable with that of a crystal-con-
trolled oscillator. 

621.396.611  2849 
A Mechanical Model Analogous to an 

Oscillatory Electrical Circuit—Blake. (See 
3160.) 

621.396.615  2850 
Notes on the Stability of LC Oscillators— 

N. Lea. (Jour. I.E.E. (London), part III, 
vol. 93, pp. 294-295; July, 1946.) Discus-
sion of 569 of March. 

621.396[.619 +.621.53 +.8  2851 
The  Calculation of Intermodulation 

Products by Means of a Difference Table—.1 

A. Bloch. (Jour. I.E.E. (London), part I, 
vol. 93, p. 326; July, 1946.) Abstract of 2163 
of August. 

621.396[.619 +.621.53 +.8  2852 
Modulation Products—A Bloch. (Wire-

less Eng., vol. 23, pp. 227-230; August 
1946.) "Tables and formulas for the calcula-
tion of modulation products from valve char-
acteristics are given which are similar to 
those customarily used for the determina-
tion of the amplitude of harmonics from a 
series of equidistant ordinates. The deriva-
tion of the method is also described." 

621.396.619.018.41 :534.43 :621.395.61 2853 
Simplified Frequency Modulation—G. 

G. Bruck. (PRoc. I.R.E. AND WAVES AND 
ELECTRONS, vol. 34, p. 458; July, 1946.) 
Description of a circuit using a double triode 
as oscillator, amplifier, and discriminator, 
and having controlled negative feedback, 
which can be used as a frequency-modula-
tion gramophone-pickup circuit controlled 
by variation of capacitance to the needle. 

621.396.622.72  2854 
Oscillation Hysteresis in Grid Detec-

tors—E. E. Zepler. (Wireless Eng., vol. 
23, pp. 222-227; August, 1946.) "The condi-
tions under which grid-leak detectors em-
ploying variable regeneration may exhibit 
oscillation  hysteresis are  discussed.  A 
theory covering the principal effects re-
sponsible for hysteresis is given, together 
with its experimental verification. Various 
measures against oscillation hysteresis are 
recommended." 

621.396.645.029.63  2855 
Power Amplifiers with Disk-Seal Tubes 

—H. W. Jamieson and J. R. Whinnery. 
(Psoc. I.R.E. AND WAVES AND ELECTROVS, 
vol. 34, pp. 483-489; July, 1946.) Experi-
mental data are given for frequencies be-
tween 200 and 3000 megacycles. In the 
200-megacycle region they agree well with 
class-C calculations us'ng static character-
istics. Amplifiers for 1000 megacycles are 
described, and factors limiting the per-
formance at 3000 megacycles are discussed. 
Power gains up to 4 or 5 times and power 
outputs up to 17 watts have been obtained 
at 3000 megacycles. Transit-time effects 
such as the back heating of the cathode by 
returned electrons may contribute to the 
poor performance at high frequencies. 

621.396.662  2856 
The Design of Band-Spread Tuned 

Circuits for Broadcast Receivers—D. H. 
Hughes. (Jour. 1.E.E. (London), part I, 
vol. 93, pp. 317-318; July, 1946.) Long ab-
stract of 1803 of July. 

621.397.64  2857 
H.  F.  Wideband  Amplifler—(Radio 

Craft, vol. 17, p. 645; June, 1946.) Sylvania 
intermediate-frequency chassis for television 
us:ng 6AK5 tubes, center frequency 60 
megacycles, bandwidth 9 megacycles. 

539.16.08+621.318.572  2858 
Electron and Nuclear Counters. [Book 

Reviewl—Korff. (See 3081.) 

621.396.61  2859 
Theorie des Oscillateurs. [Book Re-

viewl—Y. Rocard. France, 1941, 223 pp. 
(Wireless Eng., vol. 23, p. 233; August, 
1946.) "This book can be heartily recom-
mended to anyone seriously interested in 
the subject of oscillations." 

GENERAL PHYSICS 

523.755:539.1  2860 
Possibility of Emission of a Very Hard 

Radiation from the Solar Corona.—J. S. 
Shklovsky. (Nature, (London), vol. 157, 
p. 840; June 22, 1946.) 

530.145  2861 
An Attempt to Formulate a Divergence-

Free Quantum Mechanics of Fields—G. 
Rayski. (Nature, (London), vol. 157, p. 873; 
June 29, 1946.) 

534.131  2862 
Reflection and Refraction of Non-Sta-

tionary  Elastic  Waves—V.  Gogoladze. 
(Corn pt. Rend. Acad. Sci. (U.R.S.S.) vol. 
49, pp. 322-325; November 20, 1945. In 
English.) "The present paper and [2863 and 
2864 below] . . . ccntain a full treatment of 
the elastic wave reflection and refraction 
problem for arbitrary elastic media that are 
in contact along a plane. Also a theory of 
Rayleigh boundary waves developed.' 

534.131  2863 
On  Rayleigh  Boundary  Waves—V. 

Gogoladze.  (Corn p1.  Rend.  Acad.  Sci. 
(U.R.S.S.), vol. 49, pp. 400-403; November 
30, 1945. In English.) A short mathematical 
paper on the spectrum of free vibrations of 
two different solid elastic media meeting 
along a plane. The necessary and sufficient 
condition for the existence of Rayleigh's 
boundary wave is established. 

534.131  2864 
General Formulae for the Refiexion and 

Refraction of Non-Stationary Elastic Waves 
—V. Gogcladze. (Corn Pt. Rend. Acad. Sci. 
(U.R.S.S.), vol. 49, pp. 479-481; December 
10, 1945. In English.) Elastic disturbances 
may be considered as an aggregate of longi-
tudinal and transverse waves reflected and 
refracted through real and complex angles in 
the plane of separation between elastic 
media, consequently, as an aggregate of 
homogeneous and nonhomogeneous plane 
waves. General formulas for these waves are 
given. The horizontal component of energy 
flow in the nonhomogeneous waves has a 
constant direction, while the vertical com-
ponent "may thange its sign with time and 
at different points." See also 2862 above. 

535.234  2865 
Planck's Radiation Formula—D. G. 

Kendall: H. Dingle. ( Nature, (London), vol. 
157, p. 737; July 1, 1946.) Demonstration 
by Kendall that Planck's radiation formula 
is not a unique solution of the general inte-
gral equation considered by Dingle ( Nature, 
(London), vol. 157, p. 515; April 20, 1946) 
and reply by Dingle. 

535.313.2.08  2866 
Screen-Line Tests of Paraboloidal Re-

flectors—D. H. Hamsher. (Jour. Opt. Soc. 
Amer., vol. 36, pp. 291-295; May, 1946.) 
Theoretical and practical considerations of 
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testing optical reflectors by photographing 
by reflection an illuminated screen bearing 
ruled lines. 

535.43  2867 
Modified Rayleigh Scattering in a Liquid 

—D. H. Rank. (Jour. Opt. Soc. Amer., vol. 
36, pp. 299-301; May, 1946.) Experimental 
investigation of the phenomenon of scattered 
light of modified frequency predicted by 
Brillouin. The X3650 and X4358 mercury 
lines were used, and scattering from benzene 
gave wavelength shifts in close agreement 
with the theoretical values. 

535.434  2868 
On the Theory of the Light Field in a 

Scattering Medium—A. Gershun. (Compt. 
Rend. Acad. Sci. (U.R.S.S.) vol. 49, pp. 556-
557; December 20, 1945. In English.) In a 
turbid medium where the illumination is 
due to scattered light, the relative distribu-
tion of intensity may be considered uniform 
in all directions. This leads naturally to the 
exponential law of attenuation of light with 
increasing depth. 
In sea water the attenuation of daylight 

with increasing depth is determined almost 
completely by the true absorption. 

535.61-15:536.45:546.3  2869 
Infra-Red Emissivity of Metals at High 

Temperatures—D. J. Price. (Nature, (Lon-
don), vol. 157, p. 765; June 8, 1946.) Meas-
ured between 1000 degrees and 1500 degrees 
centigrade in a specially designed furnace. 

537.523.4  2870 
Incomplete Breakdown: a Cathode De-

ionization Effect—F. L. Jones. (Nature, 
(London), vol. 157, p. 480; April 13, 1946.) 
The "stepped" nature of the voltage change 
observed across a spark gap using very clean 
electrodes is discussed. Introduction of fine 
dust particles of certain oxides on the cath-
ode destroys the "stepped" phenomenon 
and permits full breakdown of spark-gap 
insulation. It is concluded that, for complete 
breakdown, continuous electron emission 
at or near the cathode is required during 
the whole breakdown process and not 
merely in the initial stages. 

537.525:538.551.25  2871 
Characteristic Electric Oscillations of a 

Low Pressure Mercury Arc—B. L. Granov-
sky and L. N. Bykhovskaya. (Compt. Rend. 
Acad. Sci. (U.R.S.S.) vol. 49, pp. 339-342; 
November 20, 1945. In English.) Short ac-
count of experiments on oscillations in the 
frequency range 10° to 10° cycles in a circuit 
"consisting only of a constant electromotive 
force, ohmic resistance, and discharge gap." 
In these experiments the discharge gap was 
a mercury arc and the existence of four dif-
ferent types of oscillation was established, 
(a) irregular deviations of the voltage from 
its normal value in the case of a freely mov-
ing cathode spot, (b) irregular oscillations at 
higher frequencies in the case of an anchored 
cathode spot, (c) regular oscillations in the 
low radio-frequency range (104 to 106 cycles, 
and (d) regular oscillations in the range of 
sound frequencies (3000 to 300 cycles and 
lower). See also 2872 below. 

537.525:538.551.25  2872 
The Generation of High-Power Electric 

Oscillations by a Low Pressure Discharge— 
B. L. Granovsky and T. A. Suetin. (Compt. 
Rend. Acad. Sci. (U.R.S.S.) vol. 49, pp. 
410-413; November 30, 1945. In English.) 
Brief summary of results of a study of the 
generation of oscillations by gas-discharge 
tubes having a perforated diaphragm or a 
narrow neck dividing the anode from the 
cathode regions (such tubes are here given 
the name "stenotrones"). The form of these 
oscillations depends on temperature, pres-
sure, shape of tube, nature and density of 
gas discharge and upon the external circuit. 
Frequencies of 15 to 100 kilocycles and use-
ful oscillatory powers up to 1 kilowatt were 
obtained. See also 2871 above. 

537.533.72+621.385.833  2873 
Focusing of Electrons in Two Dimen-

sions by an Inhomogeneous Magnetic Field 
—K. Siegbahn and N. Svartholm. (Nature, 
(London), vol. 157, pp. 872-873; June 29, 
1946.) Description of a method combining 
several of the useful properties of the semi-
circular and lens methods of focusing p rays. 

537.533.72 + 621.385.833  2874 
Optical Characteristics of a Two-Cylin-

der Electrostatic Lens—Goddard.  (See 
2998.) 

537.533.72 +621.385.833  2875 
A Note on the Petzval Field Curvature 

in Electron-Optical Systems -Goddard. (See 
2999.) 

537.564  2876 
Stepped Ionization of Hydrogen by 

Electronic Imnact—B. Yavorsky. (Compt. 
Rend. Acad. Sci. (U.R.S.S.). vol. 49, pp. 
250-253; November 10, 1945. In English.) 
Short mathematical paper on a method of 
computing the cross-section for ionization of 
the hydrogen atom. 

537.591.5  2877 
Mesotron Intensity as a Function of Alti-

tude—P. S. Gill. (Nature, (London), vol. 
157, p. 691; May 25, 1946.) A slight hump 
(maximum) occurs in the intensity versus 
pressure curve at 500 millibars. 

538.1  2878 
On Certain Non-Linear Phenomena Re-

sulting from the Superposition of Mutually 
Perpendicular Magnetic Fields—G.  S. 
Gorelik. (Bull. Acad. Sci. (U.R.S.S.), ger. 
phys., vol. 8, no. 4, pp. 172-188; 1944. In 
Russian.) Complete paper, of which an 
English summary was abstracted in 3073 of 
1945. 

538.11  2879 
The Unit-Pole Definition of Magnetic 

Field Strength—G.W.O.H. (Wireless Eng., 
vol. 23, pp. 207-210; August, 1946.) The 
problem of reconciling this definition with 
the fact that H is not a directly measurable 
quantity is discussed for media of perme-
ability other than unity. 

538.31  2880 
On the Parametric Vibrations of an Iron 

Body' in an Alternating Magnetic Field— 
S. M. Rytoff. (Bull. Acad. Sci. (U.R.S.S.), 

see. phys., vol. 8, no. 3, pp. 150-155; 1944.) 
In Russian.) Complete paper, of which an 
English summary was noted in 3074 of 1945. 
For another Russian version see 2546 of 
September. 

538.56:530.12:531.51  2881 
Radiation of Gravitational Waves by 

Electromagnetic Waves—L. M. Brekhov-
skich. (Compt. Rend. Acad. Sci. (U.R.S.S.), 
vol. 49, pp. 482-485; December 10, 1945. In 
English.) The decrease in flux of electro-
magnetic energy due to gravitational radia-
tion for a spherical electromagnetic wave is 
calculated for Einstein's cylindrical world 
and for a spherically istropic world, and is 
found to be unobservable. 

539.153:538.221  2882 
Collective Electron Assemblies in a 

Metal with Overlapping Energy Bands: 
Part 1, General Theory; Part 2, The Occur-
rence of Ferromagnetism—W. Band. (Proc. 
Comb. Phil. Soc., vol. 42, part 2, pp. 139-
144 and 144-155; June, 1946.) In part 1 it is 
shown that, in a metal with overlapping 
energy bands, one of which is nearly full and 
the other nearly empty, there exists a critical 
temperature below which spontaneous mag-
netization will be present. In part 2 it is 
shown that this concept is useful in system-
atizing the Curie-point data not only for 
pure ferromagnetic elements but also for the 
ferromagnetic alloys. 

541.135 :537(.226+.228.2  2883 
On the Dielectric Property and Electro-

striction of Solutions of Electrolytes—O. K. 
Davtjan.  (Compt.  Rend.  Acad.  Sci. 
(U.R.S.S.), vol. 49, pp. 575-577; December 
20, 1945. In English.) A theoretical paper 
which establishes 'that the change in 
the dielectric constant of a polar liquid 
consequent upon the dissolution of an 
electrolyte is proportional to its elec-
trostriction." 
A formula is derived expressing the rela-

tion between the dielectric constant and con-
centration of an electrolyte. Satisfactory 
agreement with experimental data is found. 

621.317.4:621.318.2  2884 
The Magnetic Potentiometer Study of 

Permanent Magnets—Bates. (See 2939.) 

621.384  2885 
On Resonance Phenomena Associated 

with the Movement of a Relativistic Particle 
in the Cyclotron—A. Andronov and G. 
Gorelik.(Compt. Rend. Acad. Sci. (U.R.S.S.), 
vol. 49, pp. 640-642; December 30, 1945. In 
English.) A theoretical analysis of the varia-
tion of energy of a charged particle with the 
intensity of magnetic field in a cyclotron. A 
resemblance to the curve of ferro-resonance 
is pointed out. 

537 +5381(075)  2886 
Electricity and Magnetism for Students. 

[Book Reviewl—S. R. Humby. John Mur-
ray, London, second edition 1945, 6s. 6d. 
(Nature, (London), vol. 157, p. 714; June I, 
1946.) " . . . Covers all the essential work 
for higher school certificate and university 
scholarship examinations, and treats the 
difficulties of electrostatic theory excep-
tionally well." 
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GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.165 :523.746'1946.01/.02'  2887 
Cosmic Rays and the Great Sunspot 

Group of January 29-Febuary 12, 1946— 
A. Duperior and M. McCaig. (Nature, 
(London), vol. 157, P. 477; April 13, 1946.) 
Large variations in intensity of cosmic rays 
were observed during the passage of a large 
sunspot group, a large decrease in intensity 
coinciding with the peak of the associated 
magnetic storm. 

523.7  2888 
Magnetism of the Sun—K. Mital. (Sc. 

Culture, vol. 11, pp. 671-677; June, 1946.) 
A discussion of present-day knowledge and 
theoretical explanations of observed aspects 
of the sun's magnetic field. The field and 
polarity associated with sunspots, and con-
vection currents in the sun itself are dis-
cussed. The relation of the general magnetic 
field to that of a uniformly magnetized 
sphere is examined. 

523.72  2889 
Cause Radio Disturbances—(Sci. News 

Lett., Washington, vol. 49, p. 245; April 20, 
1946.) Clouds of electrically charged gases 
reaching the earth from the sun were dis-
covered by a pulse ranging method during 
recent magnetic-ionospheric storms. 

523.746  2890 
The Magnetic Field of the Sun Spots— 

L. E. Gurevich and A. I. Lebedinsky. 
(Comp. Rend. Acad. Sci. (U.R.S.S.), vol. 49, 
pp. 92-94; October 20, 1945.) Explanation 
of the magnetic field observed in sunspots 
in terms of the flow of ionized gas towards 
the axis of the spot. The gas, crossing the 
initial (weak) field of the sun has currents 
induced in it, resulting in an enhanced 
magnetic field along the axis of the spot. The 
field builds up slowly in a time comparable 
with the life of the spot. 

523.746:621.396.11:551.51.053.5  2891 
Sunspots and Radio Communication— 

(See 3015.) 

523.78:551.51.053.5  2892 
Solar Eclipses and Radio Investigations 

of the Ionosphere—Va. L. Arpert and B. N. 
Gorozhankin. (Bull. Acad. Sci. (U.R.S.S.), 
set-. phys., vol. 8, no. 2, pp. 85-108; 1944. 
In Russian.) Complete paper, of which an 
English summary was abstracted in 2521 
of 1945. 

523.78"1945.07.09":551.51.053.5 :621.396.11 
2893 

On the Results of Radio-Observations 
during the Solar Eclipse (Corouscular and 
Ultra-Violet) of July 9, 1945—Va. L. Al'oert 
and B. N. Gorozhankin. (Compt. Rend. 
Acad. Sci. (U.R.S.S.), vol. 49, pp. 254-258; 
November 10, 1945. In English.) Brief ac-
count of equivalent height and azimuth 
measurements on 3.8 megacycles and 6 
megacycles over a sender-receiver distance of 
37 kilometers. The azimuth observations 
showed  marked  variations during  the 
eclipse period, and it is suggested that these 
were due to bending of the F2 layer during 
the optical eclipse. The results in general 
confirm the view that solar ultra-violet light 
governs E-layer ionization and "that the 

corpuscular radiation of the sun is not the 
agent determining the fundamental state of 
ionization of any of the regions of the iono-
sphere and that its action is purely per-
turbative in nature .. . [However,l from 
the results of our experiments it may be con-
cluded that the corpuscular radiation of 
the sun, in particular for particles with 
velocities of the order of 500 kilometers, 
affects the ionosphere." 

525.24:523.7  2894 
Persistent Solar Rotation Period of 

26.875 Days and Solar-Diurnal Variation in 
Terrestrial Magnetism—J. Olsen. ( Nature, 
(London), vol. 157, p. 621; May 11, 1946.) 
Observations of the solar-diurnal variation 
in the horizontal force of the terrestrial 
magnetic field at Godhavn, Greenland, 
covering the years 1926 to 1940 establish a 
definite periodicity of 26.875 days. The ef-
fect vanishes in winter and has not been ob-
served south of the auroral zone. Probable 
explanations are discussed. 

550.37:621.315.28  2895 
Earth Currents in Short Submarine 

Cables—D. W. Cherry and A. T. Stovold. 
( Nature, (London), vol. 157, p. 766; June 8, 
1946.) Tests on submarine cables between 
Great Britain and the Continent earthed at 
the far shore show that voltages between 
cable and earth vary with the same periodic-
ity as the tides. 

550.38  2896 
On the Origin of Terrestrial Magnetism 

—J. Frenkel. (Corn pt. Rend. Acad. Sci. 
(U.R.S.S.), vol. 49, pp. 98-101; October 20, 
1945. In English.) An hypothesis to expla;n 
the existence and magnitude of the earth's 
magnetic field is given in terms of convec-
tion currents set up in the core of the earth, 
which is assumed to he of molten metal of 
relatively low viscosity. These convection 
currents in the presence of a weak "adven-
titious" field give rise to a more powerful 
magnetic field by a process of "self-excita-
tion." The theory gives results which are 
high by a factor of 10 or even more com-
pared with the observed values, but it is 
pointed out that the theory is incomplete 
and does not take account of many possibly 
important factors. See also 2890 above. 

551.51.053.5:550.38  2897 
On Currents in the Ionosphere which 

Cause Variations in the Earth's Magnetic 
Field—I. E. Tamm. (Bull. Acad. Sci. 
(U.R.S.S.), sr. phys., vol. 8, no. 2, pp. 30-
41; 1944. In Russian.) Complete paper, of 
which an En;Tlish summary was abstracted 
in 2523 of 1945. 

551.51.053.5:550.38  2898 
Two Anomalies in the Ionophere — 

E. V. Appleton. ( Nature, (London), vol. 157, 
p. 691: May 25, 1946.) Ionization in the F2 
layer is not symmetrical with respect to 
either geographic latitude or geographic 
longitude. Geomagnetic influences in the F2 

layer are suggested by the symmetry which 
obtains when magnetic dip is used in place 
of geogranhic latitude as a basis of com-
parison with F2 ionization. 

551.51.053.5:621.396.11  2899 
Ionosphere Storm Effects in the E 

Layer—T. W. Bennington. (Nature (Lon-
don), vol. 157, pp. 477-478; April 13, 1946.) 
During the course of, or just prior to, an 
ionospheric storm, a low-pitched "rumble" 
is heard from high-power transmitting sta-
tions within the skip zone. From the nature 
of the signals it is concluded that they are 
due to variations in the ionic clouds in the E 
layer, and that these clouds are affected by 
the corpuscular radiation from the sun which 
causes the ionospheric storm. 

551.51.053.5:621.396.11  2900 
Maximum Values of Radio Field Inten-

sity on Vertical Reflection from the Iono-
sphere, and an Evaluation of the Cot fficient 
of Reflection—Kessenikh. (See 3014.) 

551.51.053.5:621.396.11  2901 
On the Refractive Index of an Ionized 

Gas (Ionosphere)—V. L. Ginsburg. (Bull. 
Acad. Sci. (U.R.S.S.), set-. phys., vol. 8, no, 
2, pp. 76-84; 1944. In Russian.) Complete 
paper, of which an English summary was 
abstracted in 2517 of 1945. 

551.51.053.5:621.396.91 
Ionosphere  Measuring 

Sulzer. (See 2983.) 

2902 
Equipment-

551.57:621.396.82:629.135  2903 
Flight Research on Precipitation Static— 

Cleveland. (See 3038). 

551.594.5:535.33  2904 
The Auroral Spectrum—S. K. Mitra. 

( Nature, (I.ondon), vol. 157, p. 692; May 25, 
1946.) The spectra of the aurora and of the 
luminescent night sky are compared with 
those of atmospheric gases in a discharge 
tube. In the tube the glass walls absorb the 
products of bombardment, but in the upper 
atmosphere these persist and cause radiation 
by interaction. Differences between the 
auroral and night-sky spectra are due to 
higher collision frequency at the level of the 
aurora. 

LOCATION AND AIDS TO 
NAVIGATION 

519.2  2905 
The General Case of Locating a Point 

on a Plane by Three Angle Measurements— 
Yudin. (See 2959.) 

621.3(43) 
German  Industrial 

2927.) 

2906 
Techniques—(See 

621.396.9  2907 
The Military Application of Radar— 

E. G. Bowen. (Proc. I. R.E. (Australia), vol. 
7, pp. 4-10; May, 1946.) Lecture giving a 
popular description and the history of de-
velopment of radar for ground, ship, and air-
craft use. For report of previous lecture see 
1854 of July. 

621.396.9  2908 
Rotary Wave Radar—W. van B. Rob-

erts. (Electronics, vol. 19, pp. 130-133; July, 
1946.) A general description of a continuous-
wave radar system using circularly polar-
ized waves. The system has advantages in 
low-power applications requiring minimum 
weight and bulk. 
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621.396.9  2909 
Aircraft Radar—V. Zeluff. (Sc. Amer., 

vol. 174, pp. 204-206; May, 1946.) A brief 
general description of teleran, ground con-
trol approach, lanac, and loran. 

621.396.9  2910 
Demonstration of a Marine Radar St - 

(Engineer (London), vol. 181, pp. 583-584; 
June 28, 1946.) Primarily for short-range 
navigation, and complying with British 
Ministry of Transport specification. The set, 
now in quantity production, consists of 
scanner, console with receiver, and plan-
position indicator display, transmitter, and 
motor generator set with control board. 
The wavelength of the set is in the 3-centi-
meter band, and the peak power is 50 kilo-
watts. Manual control of scanning is pro-

- vided for, and an automatic warning unit is 
fitted, giving audible warning of the presence 
of an object in any direction within range 
limits 3000 to 6000 yards. 

621.396.932  2911 
Radio Aids to Marine Navigation— 

(Engineer (London), vol. 181, pp. 425-427; 
May 10, 1946.) A brief description of direc-
tion-finding systems and the shipborne 
radar installed on H.M.S. Fleetwood for a 
trial blind run in the Solent. • 

621.396.932/.9331.24  2912 
Consol—J. E. Clegg. (Wireless World, 

vol. 52, pp. 233-235; July, 1946.) A descrip-
tion of a long-range radio navigational aid. 
Seventy-four beams are produced by three 
aerials on a two-mile baseline, the field being 
divided into areas of "dot" and "dash" mod-
ulation. The equisignal beams are rotated 
through about 10 degrees per minute, and 
the time at which the beam passes through 
the receiving station (measured in terms of 
the number of dots and dashes received since 
the last marking signal, a continuous tone) 
indicates the bearing from the transmitter. 
Maps and charts are provided at the receiv-
ing station for the interpretation of bearings. 
The operational frequency range is 260 

to 420 kilocycles, the reliable range 1000 
miles over sea and 600 miles over land, by 
day, with an accuracy of about 0.3 degree. 
At night the range is increased and the ac-
curacy reduced to 1 to 3 degrees, depending 
on the sector. Ambiguities on bearing are 
normally easy to resolve by the use of other 
available data. 

621.396.933.2  2913 
Evaluation of Night Errors in Aircraft 

Direction Finding, 150-1500 Kilocycles— 
H. Busignies. (Eke. Commun., vol. 23, pp. 
42-62; March, 1946.) Description of a meth-
od by which a pilot can determine the ac-
curacy of night bearings obtained by aircraft 
radio compass and the effect of the aircraft's 
passing through fields resulting from reflec-
tions from the E layer or from mountains. 
Night error on the ground and at altitude is 
discussed, considering the simultaneous 
presence of the direct wave, sky wave, and 
sky wave reflected from the ground. All 
cases of polarization are examined briefly to 
indicate the numerous effects which may be 
encountered and a number of rules are given 
for direction finding at night over land and 

sea, with diagrammatic maps showing safe 
and unsafe areas of operation. 

621.396.933.2  2914 
Discussion on "A New Type of Automatic 

Radio Direction Finder"—C. C. Pine and 
H. Busignies. (PRoc. I.R.E. AND W AVES 

AND ELECTRONS, vol. 34, p. 457; July, 1946.) 
Discussion of 3543 of 1945, referring to 
earlier patents issued to Busignies, with 
reply by Pine. 

621.396.933.23  2915 
Microwave Approach and Landing Sys-

tem—W. T. Spicer. (Elec. Ind., vol. 5, pp. 
52-57; August, 1946.) Description of equip-
ment for the blind landing of aircraft that 
carry only voice communication apparatus. 
It consists of two microwave radar sets: 
(a) search system on 3000 megacycles that 
gives a polar radar map of 30 miles radius and 
(b) precision system on 10,000 megacycles 
that covers a sector 20 degrees in azimuth 
and 7 degrees in elevation over the runway, 
with 10 miles range, and gives azimuth, ele-
vation, and range indications. The ground 
observer gives verbal instructions to the air-
craft. , 

621.396.9  2916 
Radar—Radiolocation Simply Explained. 

[Book Reviewi—R. W. Hallows. Chapman 
and Hall, London, 140 pp., 59 figures, 7s. 
6d. (Elec. Rev. (London), vol. 138, p. 848; 
May 31, 1946.) " . . . not highly technical, 
but contains a clear exposition of the basic 
principles of the subject." 

621.396.9  2917 
Radar for Merchant Shins. [Book Re-

viewl—H. M. Stationery Office, 1946, 9d. 
(Electrician, vol. 136, p. 1508; June 14, 
1946.) Includes a specification suitable for 
adoption by manufacturers. 

MATERIALS AND SUBSIDIARY 
TECHNI QUES 

531.788.1  2918 
A Knudsen Absolute Manometer—S. E. 

Williams. (Jour. Sci. Instr., vol. 23, pp. 144-
146; July, 1946.) Describes a new design. 
The gauge is capable of absolute measure-
ment of pressures between 10-4 millimeters 
and 10-4 millimeters of mercury. 

531.788.6  2919 
Thermocouple Vacuum Gage—H. Rob-

inson and M. C. Flanagan. (Gen. Eke. Rev., 
vol. 49, pp. 42-44; May, 1946.) Description 
of the arrangement and performance of a 
direct-reading gauge for the 1 to 200 micron 
range. 

531.788.7  2920 
Application of the Ion Gage in High 

Vacuum Measurement—H. E. Van Valken-
burg. (Gen. Elec. Rev., vol. 49, pp. 38-42; 
June, 1946.) An electronic control panel has 
been developed for use with the ionization 
gauges to give continuous and stable oper-
ation over the range 10-4 to 10-8  millimeters 
of mercury. Details are given of the stabiliz-
ing and protective circuits used and practi-
cal operation is discussed. 

535.215:546.3  2921 
Photoelectric Properties of Metals in a 

Finely Divided State—L. J. Reimert. (Jour. 
Opt. Soc. Amer., vol. 36, pp. 278-283; May, 

1946.) Investigation of black surfaces (pro-
duced by distillation at a pressure of several 
millimeters of mercury) of Cd, Zn, Sb, over 
the wavelength range 0.24 to 0A4µ and of 
Na from 0.40,6 at 0.96µ. The dependence of 
the photoelectric output and the threshold 
on the nature of the surfaces is discussed. 

535.37  2922 
The Effect of Wave-Length Distribution 

on the Brightness of Phosphors—R. T. 
Ellickson. (Jour. Opt. Soc. Amer., vol. 36, 
pp. 261-264; May, 1946.) A simple graphical 
method is given for estimating the visual 
efficiency of the emitted light from a phos-
phor with an emission curve that can be rep-
resented by a Gauss error function. 

535.37  2923 
Light Sum of Phosphors under Thermal 

and Infra-Red Stimulation—R. T. Ellickson. 
(Jour. Opt. Soc. Amer., vol. 36, pp. 264-269; 
May, 1946.) Measurements show that the 
ratio of the light sums obtained by infra-red 
irradiation or by heating the phosphor can 
vary from 1 to 30 according to the phos-
phor. This effect should be taken into ac-
count in using glow curves to determine the 
electron trap distributions in phosphors. 

538.213 :546.74 :538.56.029.64  2924 
Magnetic Permeability of Nickel in the 

Region of Centimetre Waves—I. Simon. 
(Nature, (London), vol. 157, p. 735; June 1, 
1946.) µ decreases from 7.7 at X=20 centi-
meters to 1.2 at X=3.2 centimeters as 
measured on films 1000-2000 angstroms 
thick. The static permeability was found to 
decrease from 22 for 2300 angstroms thick-
ness to unity at zero thickness. 

546.32.85 +546.39.851:537.228.1  2925 
ADP and KDP Crystals—W. P. Mason. 

(Bell Lab. Rec., vol. 24, pp. 257-260; July, 
1946.) Piezoelectric crystals of ammonium 
dihydrogen phosphate containing no water 
of crystallization are recommended for use 
as a substitute for Rochelle salt. The iso-
morphous salt potassium dihydrogen phos-
phate has similar properties, and the crystal 
structure is discussed. Sc also 1260 of May 
(Mason). 

549.6:661.312.1:66.083.4  2926 
Action of Water and Potassium Solutions 

under Pressure on Various Kinds of Silica— 
J. Wyart. (Compt. Rend. Acad. Sci. (Paris), 
vol. 220, pp. 830-832; June 4, 1945.) A brief 
account of a study of the crystalline forms 
appearing as a result of the action of water 
and of 0.01 mol KOH on fused silica. 

621.3(43)  2927 
German Industrial Techniques—(Elec-

ironies, vol. 19, pp. 200-206; July, 1946.) 
Notes on a number of developments con-
nected with wired wireless; deposition of 
metallic films, radar, and ceramics. 

621.3.017f.143 +.39  2928 
Several After-Effect Phenomena and 

Related Losses in Alternating Fields—J. L. 
Snoek and F. K. du Pre. (Philips Tech. 
Rev., vol. 8, pp. 57-64; February, 1946.) A 
survey of the causes and effects of the 
phenomena in dielectrics and ferromagnetic 
materials, 
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621.315.229  2929 
Jacketing Materials for High-Frequency 

Transmission Lines—A. J. Warner. (Elec. 
Commun., vol. 23, pp. 63-69; March, 1946.) 
The relative merits of a number of plastics 
and other materials are discussed. Test pro-
cedures are also outlined. See also 631 of 
March (Warner). 

621.315.3  2930 
Methods of Removing the Insulating 

Film from Formex Wire—E. J. Flynn and 
G. W. Young. (Gen. Elec. Rev., vol. 49, pp. 
8-15; June, 1946.) Tests on various types of 
solvent give the following results: aqueous 
solutions of salts and alkalis are ineffective; 
liquid organic mixtures with ammonium 
hydroxide, formic acid solutions, and cerfain 
acid pastes are rapid and do not cause cor-
rosion, but need care in handling; immersion 
in certain molten compounds, glass or 
solder is extremely rapid; of these 50-50 
lead-tin solder at a temperature just over 
500 degrees centigrade has proved most 
generally useful. Data and necessary pre-
cautions are stated for all the methods in-
vestigated. 

621.315.61 :546.287  2931 
New Electrical Materials—I. (Electri-

cian, vol. 137, pp. 383-386; August 9, 1946.) 
Notes on organo-silicon compounds, includ-
ing silicones. 

621.315.61:621.396  2932 
New Dielectric and Insulating Materials 

in Radio Engineering —(Engineer (London), 
vol. 181, pp. 519-520; June 7, 1946.) Re-
port of the Institution of Electrical Engineers 
discussion on new radio-frequency insulat-
ing materials,  particularly hydrocarbon 
plastics and ceramics. Disadvantages of the 
hydrocarbons are their widely varying me-
chanical properties and their low tempera-
ture-resistance. Progress is being made in 
overcoming these deficiencies. Magnesium 
silicate derivatives are used in ceramics, and 
a closer study of titanium dioxide has yielded 
better capacitor dielectrics. Titanates of the 
alkaline earth metals offer scope for de-
velopment. For another account see Elec-
trician, vol. 136, pp. 1519-1520; June 7, 
1946. 

621.315.611  2933 
The Formation of Ionized Water Films 

on Dielectrics under Conditions of High 
Humidity—R. F. Field. (Jour. Appi. Phys., 
vol. 17, pp. 318-325; May, 1946.) "When a 
dielectric is placed in an atmosphere of 100 
per cent relative humidity, an ionized film 
of water forms, whose conductivity at the 
end of one minute is within a factor of ten 
of its equilibrium value, which is usually 
attained within an hour. This equilibrium 
conductivity ranges from essentially zero for 
certain hydrocarbon waxes, silicone resins 
and silicone-treated glass to 100 micromhos 
for ordinary glass and quartz. The ionized 
water film also produces interfacial polar-
ization at its interface with the dielectric, 
which produces a marked increase in both 
capacitance and dissipation factor at audio 
frequencies. This polarization builds up in 
the same manner as the conductivity. Its 
relaxation frequency appears to be in the 
audio range." 

621.315.613.1  2934 
Physical Properties of Mica—(Nature, 

(London), vol. 157, pp. 849-850; June 22, 
1946.) Survey of American work leading to 
the conclusion that none of the species of 
mica has fixed and reproducible physical 
properties, since these are largely dependent 
on heat treatment, presence of impurities, 
and other factors. Main reference is to work 
of Hidnert and Dickson (see 1559 of June). 

621.315.613.8.011.5:546.431.824  2935 
Dielectric Constant of Barium Titanate 

as a Function of Strength of an Alternating 
Field—B. M. Will and I. M. Goldman. 
(Compt. Rend. Acad. Sci. (U.R.S.S.), vol. 
49, pp. 177-180; October 30, 1945. In Eng-
lish.) An experimental study has established 
that below a critical temperature (about 80 
degrees centigrade) the dielectric constant 
varies with the applied electric field. The 
effect is not due to the production of 
ionization in the air enclosed in any pores in 
the material, but is due to a change in the 
physical properties of the substance. The 
critical temperature, which depends some-
what on the annealing process, corresponds 
to the temperature at which the dielectric 
constant reaches a maximum. It is suggested 
that below the critical temperature the 
substance is pyroelectric. An abrupt varia-
tion in the specific heat of the substance at 
about 125 degrees centigrade has also been 
observed. 

621.315.616  2936 
Synthetic Rubbers and Plastics: Xl. 

(Part II) Water and the High Polymer— 
F. T. White. (Distrib. Elec., vol. 19, pp. 143-
145; July, 1946.) Further discussion of fac-
tors affecting the water affinity of high 
polymers, with examples of behavior for 
several types of molecular structure. For 
part 1 of section XI see 1560 of June. To be 
continued. 

621.315.616.029.64  2937 
Dielectric Behavior of 'Polythene' at 

Very High Frequencies—J. G. Powles and 
W. G. Oakes. (Nature, (London), vol. 157, 
pp. 840-841; June 22, 1946.) The power fac-
tor decreases for wavelengths below 10 
centimeters; polythene may be used with 
confidence as a low loss dielectric at 1-centi-
meter wavelength. A graph shows measure-
ments of power factor versus frequency over 
the range 106 to 2.10" cycles. 

621.315.616.9:536.41  2938 
Thermal Expansion and Second-Order 

Transition Effects in High Polymers: Part 3 
—Time Effects—R. S. Spencer and R. F. 
Boyer. (Jour. Appi. Phys., vol. 17, pp. 398-
404; May, 1946.) The apparent second-
order transition in polystyrene is shown to 
be a rate-effect. 
"At ordinary rates of heating below the 

apparent transition temperature, or at more 
rapid rates near and above the transition 
temperature, polystyrene exhibits a cubical 
thermal expansion coefficient of about 2.7 
X10-6 per degree centigrade, and this value 
is not dependent on the heating rate as long 
as it is rapid enough. This fact suggests that 
two mechanisms operate in the thermal ex-
pansion of polystyrene, at markedly differ-
ent rates, one resulting in almost instan-
taneous expansion, even at room tempera-

ture, and the other being strongly tempera-
ture dependent and contributing to the ex-
pansion under normal rates of hearing only 
at higher temperatures." 
For previous parts see 3605 of 1944 and 

350 of February. 

621.317.4:621.318.2  2939 
The Magnetic Potentiometer Study of 

Permanent Magnets—L. F. Bates. (Phil. 
Mag., vol. 36, pp. 297-318; May, 1945.) 

621.357.7 : [621.882.2/.3  2940 
Clearance Between Nut and Screw Prior 

to Plating—J. Bradshaw. (Electronic Eng., 
vol. 18, p. 259; August, 1946.) The basis for 
calculations, with mnemonics and a table of 
values for B.A. and Whitworth threads. 

621.357.7:669.55.6  2941 
Electrodeposition of Tin-Zinc Alloys— 

R. M. Angles. (Engineering (London), vol. 
161, p. 427; May 3, 1946.) Composition of 
the electrolyte, and precautions in applica-
tion. Reference is made to an article by 
Angles and Kerr (2599 of September). 

621.396.6:551.5:629.135  2942 
The Effects of Atmospheric Conditions 

on Aircraft Radio Equipment—Honnor. 
(See 3144.) 

621.791.3  2943 
Soft Solders—L. G. Earle. (Metal Ind., 

(London), vol. 66, pp. 308-311 and 322-
325; May 18, and 25, 1945.) Determination 
of jointing capacity by the Kollagraph. 

621.791.3:669.65.4  2944 
An Engineering Approach to Soldering 

with Tin-Lead Alloys: Part 1—A. Z. Mam-
ple. (Metals and Alloys, vol. 21, pp. 702-707; 
March, 1945.) 

621.793  2945 
Metal Coatings on Ceramics—E. Rosen-

thal. (Electronic Eng., vol. 18, pp. 241-242, 
262; August, 1946.) A review of methods 
used, with special reference to the advan-
tages of the method of firing on a paint con-
sisting of a mixture of precious-metal oxides 
(which reduce on heating) with a ceramic 
flux. See also 2613 of September (Wein). 

668.31(213)  2946 
Fortified Glues—(Sci. Amer., vol. 174, 

p. 203; May, 1946.) Resistant to tropical 
conditions. 

669.45:621.315.221  2947 
[Chemical] Analysis of Cable Sheathing 

Alloys—G. M. Hamilton. ( Nature, (London), 
vol. 157, p. 875; June 29, 1946.) A method 
of dissolving lead alloy (sheathing) contain-
ing up to 2 per cent tin, 0.8 per cent anti-
mony and 0.25 per cent cadmium, with a 
solution of 30 per cent hydrogen peroxide 
and glacial acetic acid. 

679.5  2048 
Development of Industrial Plastics— 

(S. Afr. Eng., vol. 57, pp. 132-133; June, 
1946.) A history of the development of 
plastics with brief notes on the properties of 
some of the more recent melamine resins. 

679.8.053  249 
A Simple Saw for Hard Materials [Quartz 

etc.]—W. A. Wooster. (Jour. Sci. in sir., vol. 
23, p. 131; June, 1946.) 
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539.23  2950 
Thin Films and Surfaces. [Book Re-

viewl—W. Lewis. English University Press, 
LondJn, 70 pp., 15s. (Jour. Sci. Instr., vol. 
23, p. 163; July, 1946.) 

621.396.611.21:549.514.1  2951 
Quartz Cristals. [Book Review]—R. A. 

Heising (Editor). D. Van Nostrand, New 
York, 563 pp., $6.50. (Elec. Ind., vol. 5, pp. 
110, 112; July, 1946.) Seventeen chapters by 
members of the Bell Telephone Labora-
tories. " . .. complete to the point of being 
exhaustive ... a valuable compendium of 
quartz crystal information." 

679.5:621.3  2952 
Plastics for Electrical and Radio Engi-

neers. [Book Reviewj—W. J. Tucker and 
R. S. Roberts. Technical Press, Kingston, 
Surrey, 12s. (Engineering (London), vol. 
161, p. 482; May 24, 1946.) Written with 
"informed judgment" and a "wide knowl-
edge of the requirements of electronic equip-
ment." A very favorable review. See also 
1896 of July. 

MATHEMATICS 

517.512.4:621.392.41.015.3  2953 
On Transients in Homogeneous Ladder 

Networks of Finite Length—W. Nijenhuis. 
(Physica (Eindhoven), vol. 9, pp. 817-831; 
September, 1942. In English.) See 2836 
above. Contains a sine-series expansion for 
Bessel functions. 

517.9  2954 
On the Stability of Systems of Differen-

tial Equations—R. Bellman. (Proc. Nat. 
Acad. Sc., (Washington), vol. 32, pp. 190-
193; June, 1946.) 

518.5  2955 
Slide-Disk Calculator—G. S. Merrill. 

(Gen. Elec. Rev., vol. 49, pp. 30-33; June, 
1946.) The most efficient measure of the 
dispersion of a set of measurements is given 
by the root-mean-square deviation from the 
arithmetic mean. The calculator, based on 
the theorem of Pythagoras. affords a quick 
and simple means of obtaining this result. 
See also 2956 below. 

518.5  2956 
A Circular Slide Rule—J. R. Dempster. 

(Science, vol. 103, p. 488; April 19, 1946.) 
For root-mean-square operations. See also 
2616 of September (Mowell), and 2955 
above. 

518.5:517.512.2  2957 
A Machine for the  Summation of 

Fourier Series—G. Hagg and T. Laurent. 
(Jour. Sci. Instr., vol. 23, pp. 155-158; 
July, 1946.) Principally for Fourier synthe-
sis in X-ray crystallography. 

518.5 :621.38  2958 
Super Electronic Computing Machine— 

Burks. (See 2995.) 

519.2  2959 
The General Case of Locating a Point 

on a Plane by Three Angle Measurements. 
— M. I. Yud;n. (Compt. Rend. Acad. Sci. 
(U.R.S.S.), vol. 49, pp. 472-475; December 
10, 1945. In English.) An extension of the 
author's paper (Bull. Acad. Sci. ( U.R.S.S.), 

set-. geogr. et geophys., vol. 8, nos. 2-3, p. 
96 on; 1944. In Russian.) to the case where 
the errors in angular measurement are not 
independent. Formulas are given which de-
termine the position of the most probable 
point and the accuracy achieved. Aero-
dynamical and aural direction-finding ap-
plications are mentioned. 

519.251.8  2960 
Linear 'Curves of Best Fit'—A. E. W. 

Austen and H. Pelzer. (Nature, (London), 
vol. 157, pp. 693-694; May 25, 1946.) Ap-
plicable when both parameters are subject 
to errors of measurement. 

621.392  2961 
On Approximate Integration of van der 

Pol's Equation—Kazakevich. (See 2834.) 

621.395.4  2962 
The Probability Distributions of Sinu-

soidal Oscillations Combined in Random 
Phase—M. Slack. (Jour. I.E.E. (London) 
part 1, vol. 93, p. 278; June, 1946.) Abstract 
of 1908 of July. 

MEASUREMENTS AND TEST 
GEAR 

621.317.3.029.63/.64  2963 
Radio Measurements in the Decimetre 

and Centimetre Wavebands—R. J. Clayton, 
J. E. Houldin, H. R. L. Lamont, and W. E. 
Willshaw. (Jour. I.E.E. (London), part I, 
vol. :3, pp. 279-282; June, 1946.) Long ab-
stract of 1914 of July. 

621.317.32:621.3.015.33  2964 
The Influence of Irradiation on the 

Measurement of Impulse Voltages with 
Sphere-Gaps—J. M. Meek. (Jour. I.R.E. 
(London), part 1, vol. 93, pp. 318-319; 
July, 1946.) Long abstract of 2624 of Sep-
tember. 

621.317.35  2965 
Non-Inductive Wave Analyser Circuits 

of Constant Q—H. G. Yates. (Engineer 
(London), vol. 181, pp. 515-516; June 7, 
1946.) Vibration problems in engineering re-
quire a wave analyser to track the com-
ponent vibrations to their sources, and use is 
made of amplifier and resistance-capacity 
feedback bridge. Various modifications of 
this arrangement are dealt with briefly. 

621.317.35  2966 
Complex Waveforms—H. Moss. (Elec-

tronic Eng., vol. 18, pp. 243-250; August, 
1946.) The general method of harmonic 
analysis is discussed, and Fourier expansions 
for a large number of waveforms are tabu-
lated. Notes are given on the production of 
certain of these waveforms. Conclusion of 
series; for previous parts see 2244 of August 
and back references. 

621.317.361 +621.396.611.21  2967 
Duplex Crystals—(Elec. lad., vol. 5, pp. 

63, 97; August, 1946.) See 1582 of June 
(Lane). 

621.317.42  2968 
A New Type of Magnetometer :Oersted-

Meter;—I. L. Berstein. (Bull. Acad. Sci. 
(U. R.S.S.). sir. phys., vol. 8, no. 4, pp. 189-
193 1944. In Russian.) Complete paper, of 
which an English summary was abstracted 
in 2733 of 1945. 

621.317.42  2969 
Fluxmeter Method of Measurement— 

H. A. Miller. (Electrician, vol. 136, pp. 1577-
1579; June 14, 1946.) The theory of the 
Grassot fluxmeter and the effect of a shunt-
ing resistance. 

621.317.7:621.396.61  2970 
Auxiliary Apparatus at the Amateur Sta-

tion—W. H. Allen. (R.S.G.B. Bull., vol. 22, 
pp. 20-22; August, 1946.) Practical informa-
tion on the construction of simple test equip-
ment including absorption and heterodyne 
frequency meters, monitor, and artificial 
aerial. 

621.317.725:621.385  2971 
Historic Firsts: Vacuum-Tube Voltmeter 

—(Bell Lab. Rec., vol. 24, pp. 270, 274; 
July, 1946.) 

621.317.727  2972 
Direct  Current  Potentiometers—S. 

Holmqvist. (Ericsson Rev., vol. 23, no. 1, 
pp. 35-37; 1946.) Description of a new 
potentiometer in which accuracy of meas-
urement is not affected by switch transition 
resistance. A modification is described for 
use in the measurement of two potential 
differences or currents. 

621.317.76  2973 
A Standard of Frequency and Its Ap-

plications—C. F. Booth and F. J. M. Laver. 
(Jour. 1.E.E. (London), part III, vol. 93, 
pp. 223-241; July, 1946.) An historical 
survey of the development of frequency 
standards, an analysis of the factors affecting 
their design, and a description of British 
Post Office apparatus giving frequencies 
known to ±1 X10-8 . This apparatus con-
sists of one fork-controlled oscillator and 
four groups of three quartz oscillators (one 
group of AT-cut  1000-kilocycle plates, 
three of GT-cut 100-kilocycle plates with 
various types of mounting). The oscillator 
outputs are selected to control frequency-
dividers which reduce the frequency to 1 
kilocycle for driving phonic-wheel clocks, 
the errors of which are measured by com-
parison with Rugby (GBR) time signals, 
determined by astronomical observation. 
Three of the twelve quartz oscillators are 
calibrated directly in terms of time and the 
remainder are compared with them. 
Details are given of the crystal holders, 

oscillator circuits, temperature-control ar-
rangements, and methods of intercompari-
son of the various oscillator frequencies. 

621.317.761  2974 
A Heterodyne Frequency Meter with 

Built-In Crystal Calibrator—A. A. Jones. 
(R.S.G.B. Bull., vol. 22, pp. 18-19; August, 
1946.)  A calibrated  variable-frequency 
oscillator feeds a mixer stage followed by 
an audio-frequency amplifier. The variable-
frequency oscillator has ranges 125 to 250 
kilocycles and 1 to 2 megacycles enabling 
frequencies in the range 125 kilocycles to 20 
megacycles to be measured by heterodyning 
the signal of unknown frequency against 
harmonics of the variable-frequency oscil-
lator. A 1-megacycle crystal oscillator gives 
selected check points at which the frequency 
calibration of the variable-frequency oscil-
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lator can be corrected by a trimming capaci-
tor. Reading accuracy 1 part in 5000. 

621.317.761:621.396.712  2975 
Measuring and Monitoring Broadcast 

Frequencies—L. S. Cole. (Electronics, vol. 
19, pp. 110-111; July, 1946.) A harmonic of 
a multivibrator controlled by a signal re-
ceived from the monitored station is beat 
against the signal from a standard-frequency 
transmission, and the frequency of the beat 
note is measured. The circuit of the multi-
vibrator unit is given. 

621.317.761.029.4  2976 
Electronic Frequency Meter for L.F. — 

W. A. Roberts. (Electronic Eng., vol. 18, pp. 
238-240; August, 1946.) The signal of un-
known frequency is applied to two high-
gain-pentode limiting stages, giving substan-
tially square-wave output. Pulses obtained 
by differentiating are applied to a tube held 
at cut-off. The resulting anode current 
varies linearly with the frequency of the 
pulses, and a meter in the anode circuit is 
directly calibrated in frequency. Ranges, 0 to 
2 kilocycles, 0 to 4 kilocycles, and 0 to 8 
kilocycles; the reading is substantially inde-
pendent of signal waveform and amplitude. 
Circuit details are given. 

621.317.79:621.315.21.029.6  2977 
Measurement of Velocity of Propagation 

in Cable—B. Kramer and F. Stolte. (Elec-
tronics, vol. 19, pp. 128-129; July, 1946.) A 
variable-frequency oscillator (95 to 105 
megacycles) is loosely coupled to a parallel-
tuned circuit in parallel with a tube volt-
meter. The tuning of the oscillator is 
ganged with that of the coupled circuit so 
that the circuit resonates with the oscillator 
at all frequencies. A sample of cable of fixed 
length (150 centimeters for polythene di-
electric) known to be t-wavelength at about 
100 megacycles is connected in series with 
the coupled circuit, throwing the circuit off 
tune with the oscillator except at the fre-
quency at which the cable is I-wavelength 
long. The tuning is adjusted until the volt-
meter gives a maximum reading, and the 
mean velocity in the cable, deduced from 
v...Xf, is read from the directly calibrated 
tuning control. Estimated accuracy, 2 per 
cent. 

621.317.79:621.395.82:621.395.645  2978 
Intermodulati on  Testing  [of Audio-

Frequency  Amplifieral—J.  K.  Hilliard. 
(Electronics, vol. 19, pp. 123-127; July, 
1946.) The principle of the method is the 
same as that given in 2641 of September 
(Pickering). The equipment is described with 
block diagrams. The results of tests on typi-
cal amplifiers are shown by graphs which il-
lustrate the reduction of intermodulation 
with various improvements of amplifier 
design. 

621.317.79:621.396.619  2979 
A Percent [Amplitude] Modulation Me-

ter—R. P. Turner. (Radio News, vol. 35, 
pp. 43, 121; May, 1946.) Constructional de-
tails of a direct-reading alternating-current 
mains-operated instrument. 

621.317.79:621.397.62  2980 
A Television Signal Generator: Part 3— 

R.F. Circuits and Monitors—R. G. Hib-

berd. (Electronic Eng., vol. 18, pp. 251-253; 
August, 1946.) Detailed circuit of 45-mega-
cycle vision generator. The signal from a 
7.5-megacycle crystal oscillator is frequency-
multiplied to 45 megacycles and link-
coupled to a push-pull suppressor-grid-
modulated output stage. Five output sockets 
are provided, suitably isolated and matched 
to 100-ohm cable, and a monitor stage is 
incorporated in the output. A similar unit is 
used for the sound channel. Picturc and 
waveform monitors are described for check-
ing output quality and for rapid fault loca-
tion. Conclusion of series; for previous parts 
see 2255 of August and 2646 of September. 

621.318.5.083  2981 
Induction Relay Testing—C. G. Rum-

sam. (Elec. Rev. (London), vol. 138, pp. 
841-843; May 31, 1946.) Necessity for suita-
ble precautions in test equipment when ac-
curate timing checks of the relay are re-
quired. 

621.385.3:621.396.822  2982 
Fluctuations in Electrometer Triode Cir-

cuits—van der Ziel (See 2833.) 

621.396.91:551.51.053.5  2983 
Ionosphere  Measuring  Equipment— 

P. G. Sulzer. (Electronics, vol. 19, pp. 137-
141; July, 1946.) Description, with circuit 
diagrams, of an equipment that sweeps the 
range 1 to 20 megacycles in 30 seconds. The 
transmitted frequency is obtained as the 
beat between a 30-megacycle pulsed oscil-
lator and a variable 31- to 50-megacycle os-
cillator. The difference-frequency signal is 
amplified by an untuned wideband amplifier. 
The returning signal is beat with the 31- to 
50-megacycle signal to give 30 megacycles 
before passing to a sensitive receiver. 

621.317  2984 
Alternating Current Measurements at 

Audio and Radio Frequencies. [Book Re-
view]—D. Owen. Methuen, London, second 
edition, 120 pp., 5s. (Wireless Eng., vol. 23, 
p. 233; August, 1946.) 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

537.228.1 :612.087  2985 
A Piezo-Electric  Unit for  General 

Physiological Recording—J. L. Malcolm. 
(Jour. Sci. Instr., vol. 23, pp. 146-148; 
July, 1946.) Uses X- or AT-cut quartz 
crystal. 

537.591 :[621.317.39.083.7+621.396.9 2986 
New Cosmic Ray Radiosonde Tech-

niques—S. A. Korff and B. Hamermesh. 
(Jour. Frank. Inst., vol. 241, pp. 355-368; 
May, 1946.) The measuring instrument, 
weighing 119 pounds, is raised by a cluster 
of seventy balloons. It consists of a neutron 
counter (ionization chamber) with three 
shields which are placed over the counter in 
sequence. Impulses from the counter are 
made to cause momentary cessation of a 
2000-cycle note modulating a very-high-
frequency transmitter of conventional de-
sign. Barometric indications of balloon 
height, and the beginning of each cycle of 
shield changes, are signaled by coded inter-
ruptions of the modulation. The ground 
equipment comprises a standard receiver 

and pen recorder. The equipment and the 
flight technique are described. For previous 
work see 29 of 1942 (Clarke and Korff). 

539.16.08:614.84  2987 
Electronic Fire and Flame Detector— 

P. B. Weisz. (Electronics, vol. 19, pp. 106-
109; July, 1946.) Detects flames, sparks, and 
arcs by the use of a Geiger-Muller counter 
tube sensitive to ultraviolet light of wave-
length shorter than 3000 angstroms. The 
device is not sensitive to daylight or to light 
from glass-enclosed sources. The tube and 
associated circuits are described. The device 
is triggered, e.g., by a match struck 60 feet 
away. 

551.501 +621.396.91+621.317.39.083.7 2988 
Recent Advances in Meteorological 

Methods—N. K. Johnson. (Nature, (Lon-
don), vol. 157, pp. 247-250; March 2, 1946.) 
Early developments included the German 
radio buoy, and the determination of the 
position of storms by atmospherici. Upper 
winds are measured by means of balloons, 
carrying radio transmitters to enable their 
track to be plotted by direction-finling 
technique, or carrying only reflectors for 
detection by radar. Radiosonde balloons 
are used to obtain information on the tem-
perature, pressure and humidity of the upper 
air. Reference is also made to observations 
taken in aircraft, and to the use of high-
velocity shells for exploration of the strato-
sphere. 

578.088.7:621.317.755  2989 
Double-Beam C.R. Tube in Biological 

Research—Bullock. (See 3072.) 

621.317.39:620.172.222  2990 
Electric Strain Gauges—A. B. White. 

(Elec. Rev. (London), vol. 139, pp. 175-176; 
August 2, 1946.) Description of the prin-
ciples of operation of the resistance strain 
gauge. Use of cathode-ray tube technique 
for recording varying strains is outlined. 

621.317.39:621.753.3  2991 
Electronic Comparator Gage—W. H. 

Hayman. (Electronics, vol. 19, pp. 134-
136; July, 1946.) Description, with circuit 
diagrams, of a device for converting the 
movement of the contact point of a mechan-
ical gauge into a change of inductance in a 
radio-frequency circuit, giving an electrical 
indication. At its most sensitive setting the 
device gives readings to about 10 inch. Re-
lays can be operated when measurements 
fall outside prescribed limits. 

621.365[.5 +.92  2992 
Radio-Frequency  Heating—L.  Hart-

shorn. ( Nature, (London), vol. 157, pp. 607-
610; May II, 1946.) Substance of Royal 
Institution lecture. A nontechnical descrip-
tion of the underlying principles of dielec-
tric and induction hearing, and some exam-
ples of their applications. 

621.365.5  2993 
Induction Heating of Long Cylindrical 

Charges—H. F. Storm. (Trans. A.I.E.E. 
(Elec. Eng., June, 1946), vol. 65, pp. 369-
377; June, 1946.) Further development of 
formulas deduced in previous paper (981 of 
1945) to include any radius of charge, and 
any depth of penetration, the generated 
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heat being expressed in terms of a rapidly 
converging series. The analysis is applied to 
the case where the charge is subdivided into 
a number of cylindrical rods, and the opti-
mum radius of rod for maximum inductor 
efficiency is deduced. 

621.365.92  2994 
Problems in the Design of High-Fre-

quency Heating Equipment—W. M. Rob-
erds. (PRoc. I.R.E. AND WAVES AND ELEC-
TRONS, vol. 34, pp. 489-500; July, 1946.) 
Discussion of the required coupling circuits. 
A simple analysis of a transformer-coupled 
circuit is given, and the advantages of close 
and loose coupling compared. A generator 
can be made more versatile if low-impedance 
tank circuits and loose coupling are em-
ployed. 

621.38:518.5  2995 
Super Electronic Computing Machine— 

A. W. Burke. (Elec. lnd., vol. 5, pp. 62-67, 
96; July, 1946.) A description of the elec-
tronic numerical integrator and computer 
(Eniac) with diagrams of some of the cir-
cuits. See also 1928 of July. 

621.38:665.54  2996 
Electronic Uses in Petroleum Refining— 

(Elec. Ind., vol. 5, pp. 58, 106; July, 1946.) 
Electronic devices prove useful in catalytic 
petroleum processes where rapid and ac-
curate means of following changes in com-
plex chemical mixtures are necessary. 

621.384  2997 
Application of Pulse Technique to the 

Acceleration of Elementary Particles—E. 
G. Bowen, 0. 0. Pulley, and J. S. Gooden. 
(Nature, (London), vol. 157, p. 840; June 
22, 1946.) May provide a cheap tool for 
studies in nuclear physics. 

621.385.833 +537.533.72  2998 
Optical Characteristics of a Two-Cylinder 

Electrostatic Lens—L. S. Goddard. (Proc. 
Camb. Phil. Soc., vol. 42, part 2, pp. 106-
126; June, 1946.) "Explicit formulas are 
obtained for the focal lengths and the posi-
tions of the principal planes. These formulas 
involve the two parameters which com-
pletely specify the lens, namely, the voltage 
ratio Cf and the gap with e (the separation 
of the cylinders) .. . Use of the method in 
conjunction with the relaxation method 
for determining electrostatic field distribu-
tions means that electrostatic electron 
optical systems of axial symmetry may be 
designed to a large extent in the office 
instead of in the laboratory." 

621.385.833 +537.533.72  2999 
A Note on the Petzval Field Curvature 

in Electron-Optical Systems—L. S. God-
dard. (Proc. Camb. Phil. Soc., vol. 42, part 2, 
pp. 127-131; June, 1946.) The work of 
Glaser (2205 of 1941) is applied to obtain 
exact expressions for the Petzval field curva-
ture in the case of both magnetic and elec-
trostatic electron lenses. See also Klemperer 
and Wright (2483 of 1939) for similar work 
on a two-cylinder electrostatic lens. 

778:537.533.8:621.386.1  3000 
Secondary Electron Photography—J. E. 

Roberts. (Nature, (London), vol. 157, pp. 
695-696; May 25, 1946.) Irradiation of 
printed matter with high-voltage X-rays 

gives a positive image due to secondary 
emission of electrons from metallic ink 
particles. 

621.38:6  3001 
Electronics in Industry. [Book Reviewl— 

G. M. Chute. McGraw-Hill Book Co., 
New York, 1946, 461 pp., $5.00. (Elec. 
lnd., vol. 5, p. 112; August, 1946.) "... pre-
pared for instrumentation men and operat-
ing technicians in industry. .. . " 

PROPAGATION OF WAVES 

07(94):621.396.11  3002 
Radio Propagation Bulletin: Council for 

Scientific and Industrial Research—(Jour. 
Inst. Eng. (Australia), vol. 18, p. 61; March, 
1946.) Notice of new Australian publica-
tion. 

551.51.053.5 :523.789945.07.09" : 621.396.11 
3003 

On the Results of Radio-Observa-
tions During the Solar Eclipse (Corpuscular 
and Ultra-Violet) of July 9, 1945—Al'pert 
and Gorozhankin. (See 2893.) 

551.51.053.5:523.78  3004 
Solar Eclipses and Radio Investigations 

of the Ionosphere—Al'pert and Gorozhankin 
(See 2892.) 

551.51.053.5:621.396.11  3005 
Ionosphere Storm Effects in the E Layer 

—Bennington. (See 2899.) 

551.51.053.5:621.396.11  3006 
On the Refractive Index of an Ionized 

Gas (Ionosphere)—Ginsburg. (See 2901.) 

551.51.053.5:621.396.11  3007 
Absorption of Radio Waves in the 

Ionosphere—Va. L. Al'pert and V. L. 
Ginsburg. (Bull. Acad. Sci. (U.R.S.S.), ser. 
phys., vol. 8, no. 2, pp. 42-67; 1944. In 
Russian.) Complete paper, of which an 
English summary was abstracted in 2514 of 
1945. 

621.396.11 +621.392  3008 
Propagation of Electromagnetic Waves 

Along a Single Wire—V. V. Valdimirski. 
(Bull. Acad. Sci. (U.R.S.S.), ser. phys., vol. 
8, no. 3, pp. 139-149; 1944. In Russian.) 
Complete paper, of which an English sum-
mary was abstracted in 2533 of 1945. 

621.396.11  3009 
On a Certain Method of Solving Prob-

lems of Propagation of Electromagnetic 
Waves Along the Surface of the Earth— 
M. Leontovich. (Bull. Acad. Sci. (U.R.S.S.), 
set.. phys., vol. 8, no. 1, pp. 16-22; 1944. In 
Russian.) Complete paper, of which an 
English summary was abstracted in 2532 of 
1945. 

621.396.11  3010 
The Propagation of Radio Waves Along 

a Real Surface—E. L. Feinberg. (Bull. 
Acad. Sci. (U.R.S.S.), set-. phys., vol. 8, 
no. 3, pp. 109-131; 1944. In Russian.) 
For an English version see 2529 of 1945. (In 
the second line of 2529 of 1945 "homo-
geneous" should read "inhomogeneous.") 

621.396.11  3011 
On the Effective Path of Radio Waves 

Along the Ground—E. L. Feinberg. (Bull. 

Acad. Sci. (U.R.S.S.), ser. phys., vol. 8, no. 
3, pp. 132-138; 1944. In Russian.) For 
English version see 1962 of July. 

621.396.11  3012 
On the Theory of the Propagation of 

Radio Waves Along a Real Surface—E. L. 
Feinberg. (Bull. Acad. Sci. (U.R.S.S.), str. 
phys., vol. 8, no. 4, pp. 200-209; 1944. In 
Russian.) Complete paper, of which an Eng-
lish summary was abstracted in 2531 of 
1945. 

621.396.11:551.5  3013 
Radio Meteorology: Influence of the 

Atmosphere on the Propagation of Ultra-
Short Radio Waves—(Nature, (London), 
vol. 157, pp. 860-862; June 29, 1946.) 
Summary of the proceedings of a joint con-
ference of the Royal Meteorological Society 
and the Physical Society. 
Appleton quoted instances of radar 

ranges beyond the geometrical horizon and 
showed that radio vision around the earth 
is possible when the lapse rate of atmos-
pheric refractive index is greater than 
0.15 X10-4 per meter. The most favorable 
combination for producing such an atmos-
phere is a temperature inversion asso-
ciated with a lapse of water vapor pressure. 
Sheppard "discussed the physical proc-

esses determining the vertical gradients of 
temperature and humidity in the bottom 
kilometer of the atmosphere." 
Smith-Rose stated that there were indi-

cations that a simple theory was adequate 
to explain the observed fields of 9-centi-
meter and 3-centimeter waves over land 
and sea except for low-level links, and 
Booker discussed the duct process at these 
low levels. 
Ryde stated that attenuation and back-

scattering of centimeter waves (X>2 centi-
meter) due to water droplets (diameter d 
of order 10µ) is proportional to di. For 
drizzle and rain scattering follows Ray-
leigh's law [a(d-X)4]. Attenuations of 3-
centimeter waves up to 1 decibel per 
kilometer in Britain and 6 decibels per 
kilometer in the tropics are deduced. See 
also 1972 (Robertson and King) and 1973 
(Mueller) of July. 

621.396.11:551.51.053.5  3014 
Maximum Values of Radio Field In-

tensity on Vertical Reflection from the 
Ionosphere, and an Evaluation of the 
Coefficient of Reflection—V. N. Kessenikh. 
(Bull. Acad. Sci. (U.R.S.S.), set-. phys., 
vol. 8, no. 2, pp. 68-75; 1944. In Russian.) 
Complete paper, of which an English sum-
mary was abstracted in 2522 of 1945. 

621.396.11 :551.51.053.5 :523.746  3015 
Sunspots and Radio Communication— 

(Jour. Frank. Inst., vol. 241, no. 5, pp. 369-
371; May, 1946.) The occurrence between 
January 29, and February 11, 1946, of one of 
the largest sunspot groups ever recorded was 
the cause of severe disturbances to radio 
propagation. Bright eruptions associated 
with the group gave rise to a number of 
sudden "fade-outs" varying in length from 
a few minutes to several hours. These are 
believed to be due to increased ionization 
in the D region of the ionosphere with re-
sulting increase in absorption. The central 
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meridian passage of the main spot was fol-
lowed 24 hours later by severe magnetic 
and ionospheric storms associated with 
auroral  displays.  High-frequency  radio 
communication,  particularly across the 
North Atlantic, was considerably interfered 
with due to depression of F2 layer critical 
frequencies and increased absorption. 

621.396.11 :551.51.053.5"1946.07"  3016 
Short-Wave Conditions: Expectations 

for July—T. W. Bennington. (Wireless 
World, vol. 52, p. 222; July, 1946.) 

621.396.11.029.63/.64  3017 
Propagation of Short Radio Waves—E. 

C. S. Magar. (S. Afr. Eng., vol. 57, p. 131; 
June, 1946.) Extracts from a paper read 
at the radiolocation convention of the 
Institution of Electrical Engineers. For 
other accounts see 2576 of September and 
back reference. 

621.396.67  3018 
The Radiation Field of an Unbalenced 

Dipole—Kelvin. (See 2822.) 

RECEPTION 

621.394/3971.822 +621.392.6  3019 
Suppression of Spontaneous Fluctua-

tions in Amplifiers and Receivers for Elec-
trical Communication and for Measuring 
Devices—Strutt and van der Ziel. (See 
2843.) 

621.394/.397).822 +621.392.6  3020 
Suppression of Spontaneous Fluctua-

tions in 2n-Terminal Amplifiers and Net-
works—van der Ziel and Strutt. (See 2844.) 

621.394/.3971.822  3021 
Fluctuations of Electric Current—D. A. 

Bell. (Jour. I.E.E. (London), part I, vol. 
93, p. 275; June, 1946.) Long abstract of 
1038 of April. 

621.396.61/.62  3022 
"Portarig" Ham Station—Scott. (See 

3098.) 

621.396.61/.621.029.5:629.135  3023 
A General-Purpose Radio-Communica-

tion Equipment for Military Aircraft—W. 
W. Honnor and J. P. Blom. (A. W.A. Tech. 
Rev., vol. 6, pp. 505-518; March, 1946.) 
Provides for transmission over frequency 
ranges 140 to 500 kilocycles and 2 to 20 
megacycles with crystal control over parts 
of the high-frequency range, and reception 
over the whole range 140 to 20,000 kilo-
cycles. Operation on continuous wave, 
modulated continuous wave, and telephony 
is provided for, and direction-finding and 
homing systems are incorporated. For more 
details of the receiver see 3032 below. 

621.396.615:621.396.662  3024 
Permeability-Tuned Oscillators—Hunter. 

(See 3103.) 

621.396.619  3025 
F.M.-LM. Conversion at U.H.F.—W. 

van Roberts. (Elec. Ind., vol. 5, p. 82; 
July,  1946.)  The frequency-modulation 
signal is passed through a wave guide 
slightly above the cut-off diameter. The 
attenuation in the pipe increases rapidly 
with increase in frequency, so that the 
emerging wave is amplitude-modulated. 

Summary of United States patent 2,393,-
414. 

621.396.621+534.43  3026 
A New Radiogramophone--Svenskradio 

1467—C. Fredin (Ericsson Rev., vol. 23, 
no. 1, pp. 44-47; 1946.) Specification and 
circuit diagram. 

621.396.621  3027 
Radio Data Sheet 336. (Radio Craft, 

vol. 17, p. 615; June, 1946.) Data for Bel-
mont radio model 6D111, series A. 

621.396.621  3028 
Sobell Type 615 [Broadcast Receiver1— 

(Wireless World, vol. 52, pp. 226-227; July, 
1946.) Test report and circuit diagram. 

621.396.621  3029 
Ex-R.A.F. Communication Receiver— 

"Ex-Signals." (Wireless World, vol. 52, 
pp. 212-216; July, 1946.) Description of 
Royal Air Force receiver type R.1155, 
with practical details for converting it to 
civilian needs, including elimination of direc-
tion-finding circuit, construction of a power 
pack, and provision for loudspeaker opera-
tion. Circuit diagrams and component 
values of the receiver are included. 

621.396.621  3030 
An Amateur-Band Eight-Tube Receiver 

—B. Goodman. (QST, vol. 30, pp. 13-18; 
August, 1946.) Constructional details of a 
communication-type  receiver  with  fre-
quency ranges limited to the amateur bands. 

621.396.621:621.396.828  3031 
[Methods of] Reducing Hum Levels [in 

Mains Receiversl—J. King. (Radio Craft, 
vol. 17, pp. 619, 648; June, 1946.) 

621.396.621.029.5:629.135  3032 
A General-Purpose Communication Re-

ceiver for Military Aircraft—J. B. Rudd 
and T. R. W. Bushby. (A. W.A. Tech. Rev., 
vol. 6, pp. 519-527; March, 1946.) A more 
detailed description of the receiver section of 
the equipment described in 3023 above, with 
a schematic diagram. 

621.396.621.029.5:629.135  3033 
A Ten-Channel Aircraft Receiver—J. B. 

Rudd. (A. W.A. Tech. Rev., vol. 6, pp. 489-
504; March, 1946.) A superheterodyne for 
either local or remote control on any one of 
ten crystal-controlled frequencies from 200 
to 13,000 kilocycles. Alternatively a manu-
ally tuned range covers 200 to 400 kilo-
cycles. A cathode-follower input circuit is 
used, and the beat oscillator may be re-
motely controlled. 

621.396.621.029[.58+.62  3034 
F.M. and A.M. Receiver for Comparison 

Tests—W. F. Frankart. (Electronics, vol. 
19, p. 168; July, 1946.) Brief description 
and circuit diagram. Tuning range 15 to 
170 megacycles, sensitivity 2 microvolts. 
The performance was improved by the use 
of germanium-crystal diodes. 

621.396.622  3035 
Applying A.M.D. [Audio-Modulated De-

tection] to the Communications Receiver— 
D. A. Griffin and L. C. Waller. (QST, vol. 
30, pp. 56-61, 136; August, 1946.) Con-
structional details of an adapter for a com-

munication receiver comprising an audio 
oscillator, squaring amplifier, selective ampli-
fier, and a power supply. For a discussion of 
the merits of the system see 2694 of Sep-
tember (same authors). 

621.396.622.72  3036 
Oscillation Hysteresis in Grid De-

tectors—Zepler. (See 2854.) 

621.396.682:621.396.621  3037 
A.C./D.C. Voltage Dropping—W.T.C. 

(Wireless World, vol. 52, pp. 236-237; July, 
1946.) The use of a series resistor for re-
ducing the mains voltage applied to an 
alternating-current or direct-current series-
heater receiver is unsatisfactory  with 
alternating-current mains. The rectifier con-
ducts only at the peaks of the positive hall-
cycles and causes additional voltage drop at 
those periods. Adjustment of the dropping 
resistor to give correct effective heater cur-
rent, therefore, gives too low a voltage for 
the high-voltage supply. Two alternative 
schemes for overcoming this difficulty are 
suggested. 

621.396.82:551.57: 629.135  3038 
Plight Research on Precipitation Static— 

E. L. Cleveland. (Elec. Ind., vol. 5, pp. 66-
69, 94; August, 1946.) A general account of 
the causes, effects, and remedies. See also 
1991, 1992, 1993 of July and 2322, 2323, and 
2344 of August (United States Army-Navy 
precipitation-static project). 

621.397.823  3039 
Tele[vision] Interference: Parts 1 and 2 

—Goldsmith. (See 3097.) 

621.396/.3971.62  3040 
Radio Receiver Design. Part 2: Audio-

Frequency Amplifiers, Television and Fre-
quency-Modulated Receiver Design. [Book 
Reviewi—K. R. Sturley. Chapman and 
Hall, London, 1945, 480 pp., 28s. (Nature, 
(London), vol. 157, p. 751; June 8, 1946.) 
This volume, with its companion Part 1, 
"forms a most useful work of reference for 
the radio engineer and designer." For other 
reviews, see 414 of February and 728 of 
March. 

STATION AND COMMUNICATION 
SYSTEMS 

621.394/.396]"1846/1946"  3041 
Developments in Teletechnics 1846-

1946: Tele-Signalling—T. Ericsson. (Erics-
son Rev., vol. 23, no. 2, pp. 150-160; 1946.) 

621.394/.395 ] "1846/1946 "  3042 
Developments in Teletechnics 1846-

1946: Telegraphy and Telephony—N. He-
den (Ericsson Rev., vol. 23, no. 2, pp. 122-
149; 1946.) Survey from Swedish firm of L. 
M. Ericsson. 

621.395.44: [621.315.052.63 +621.398  3043 
New Carrier-Frequency Systems for 

Telephony and Remote Metering and Con-
trol on Power Lines—S. Rhode. (Ericsson 
Rev., vol. 23, no. 1, pp. 2-34; 1946.) A cis-
cussion of the fundamentals of carrier-fre-
quency transmission over power lines lead-
ing up to a description of the Ericsson equip-
ment giving telephone, teleprinter, remote 
metering, and control-signal facilities. 
Single-sideband working is used with 
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carrier frequencies in the band 50 to 150 
kilocycles; different frequencies are used 
for receiving and transmitting telephony, 
and for the remote metering and control 
channels. The modulation and demodulation 
processes involved are explained.  The 
terminal equipment protective devices, and 
auxiliary equipment are described. 
A telephone-channel range of 300 to 400 

kilometers on a 220-kilovolt line is obtained 
without repeaters. 

621.395.44  3044 
Three-Channel Carrier Telephone Sys-

tem for Open-Wire Lines—T.  Bohlin. 
(Ericsson Rev., vol. 23, no. la, pp. 50-70; 
1946.) A detailed description of a modern 
system for carrier-telephone communica-
tions. For distances up to 500 kilometers 
only terminal equipment is required, but 
for long distances up to several thousand 
kilometers intermediate repeaters are in-
serted. Each channel uses a frequency band 
of 300 to 2700 cycles and transmission and 
reception occupy the whole range from 6 
kilocycles to 30 kilocycles, different fre-
quencies being used in different directions. 
Attenuation curves are given, and the effect 
of wet and dry weather indicated. 

621.395.64  3045 
Rural Line Repeater with Negative 

Feedback—J. Ljungberg. (Ericsson Rev., 
vol. 23, no. la, pp. 71-74; 1946.) The 
equipment consists of 2-wire repeaters 
which can be connected to the mains, and 
is suitable for use where a normal repeater 
station is not warranted. 

621.395.823  3046 
Practical Aspects of Telephone Inter-

ference Arising from Power Systems—P. 
B. Frost and E. F. H. Gould. (Jour. I.E.E. 
(London), part I, vol. 93, pp. 255-274; 
June, 1946.) Experimental paper divided 
into six sections: (1) electromagnetic induc-
tion at fundamental frequency; good agree-
ment between calculated and measured 
values of induced voltage usually obtains; 
(2) interference at audio frequencies, mainly 
from faulty power lines due to induction of 
harmonic components; (3) multiple earthing 
of high-voltage systems, (4) multiple earth-
ing of low-voltage systems; (5) apparatus de-
velopments: gas-discharge tubes, noise-
eliminating filters, improved psophometer; 
and (6) rise of earth potential, damage pro-
duced near faults in power systems. 

621.3961846/1946"  3047 
Developments in Teletechnics 1846-

1946:Radio-Technics—T. Overgaard. (Erics-
son Rev., vol. 23, no. 2, pp. 161-174; 1946.) 
Survey from Swedish firm of L. M. Ericsson. 

621.396.13  3048 
A Preview of the Western Union System 

of Radio Beam Telegraphy: Part 1—J. Z. 
Millar. (Jour. Frank. Inst., vol. 241, pp. 
397-413; June, 1946.) Includes a history of 
the electric telegraph, with brief descrip-
tions of the teleprinter, multiplex, and fac-
simile equipment, and of carrier telegraphy 
using •frequency modulation for wire-line 
operation. A general description is given of 
the projected system of radio-beam teleg-
raphy which will eventually replace all line 
telegraph facilities and provide channels for 
relaying television. The experimental equip-

ment at present in use operates at 4000 mega-
cycles and microwave techniques developed 
in the last few years are incorporated. 
Propagation tests in four frequency bands 
are also being carried out. 

621.396.13:621.396.97  3049 
Multiplex Broadcasting—D. D. Grieg. 

(Elec. Commun., vol. 23, pp. 19-26; March, 
1946.) Proposals for broadcasting multiple 
programs over the widest area by means 
of a ultra-high-frequency relay network us-
ing a multiplex system. The system offers 
great economy of relay equipment. Methods 
of multiplexing are reviewed, and pulse-
time methods are shown to be preferable. 

621.396.6.029.58  3050 
Practical Break-In Operation—W. H. 

Allen. (R.S.G.B. Bull., vol. 22, pp. 7-9; 
July, 1946.) Intervals in transmission may 
be used for replies or repetition requests 
from the receiving end. Practical require-
ments and circuits are described. 

621.396.61.029.64  3051 
Our Best DX-800 Feetl—A. H. Shar-

baugh and R. L. Watters. (QST, vol. 30, 
pp. 19-22, 24; August, 1946.) Description of 
apparatus used to obtain two-way tele-
phone communication over a range of 800 
feet at a frequency of 21,900 megacycles. 
Transmitter and receiver used the same 
oscillator, a General Electric Z-668 reflex 
velocity-modulated tube. The power radi-
ated was less than 10 milliwatts. 

621.396.619.018.41  3052 
Frequency Modulation—T. J. Weijers. 

(Philips Tech. Rev., vol. 8, pp. 42-50; 
February, 1946.) General description of 
methods of modulating radio-frequency 
waves, with a detailed treatment of fre-
quency modulation. The main character-
istics necessary for frequency-modulation 
transmitters and receivers are discussed, 
and a section is added on nonquasi-sta-
tionary phenomena in networks. 

621.396.619.16  3053 
Pulse-Time Modulation—J. Zwislocki-

Moscicki. (Elec. 1d., vol. 5, p. 80; July, 
1946.) Illustrated summary of a paper in 
Bull. Schweiz. Elektrotech. Ver., July 25, 
and August 22,1945. A frequency-modulated 
beat note of about 50 kilocycles is obtained 
between a steady oscillation and a fre-
quency-modulated oscillation of about 1 
megacycle. The beat signal is formed into 
pulses and used  to key a high-frequency (in 
this case 30-megacycle) transmitter. In the 
receiver, the pulses control the frequency of 
a dynatron square-wave generator from 
which a signal is passed to a discriminator. 
Calculations of the effect of a disturbing 
signal are given in the original paper. 

621.396.619.16  3054 
Pulse Modulation—E. Fitch: E. R. 

Kretzmer. (Wireless Eng., vol. 23, pp. 231-
233; August, 1946.) Two letters discussing 
183 of January (Roberts and Simmonds) 
and 1676 of June (Shepherd). Formulas 
more exact than those given in 183 are de-
duced for phase-modulated and duration-
modulated pulses. See also 2707 of Septem-
ber (Roberts and Simmonds). 

621.396.712.004.5  3055 
Preventive Maintenance for Broadcast 

Stations: Part 2—C. H. Singer. (Com-
munications, vol. 26, pp. 28, 55: July, 1946.) 
Discussion of the purpose, handling, and 
packing of maintenance tools, including 
wrenches, drills, etc. For part 1 see 2709 of 
September. To be continued. 

621.397+534.862  3056 
S.M.P.E. [Society of Motion Picture 

Engineers] Spring Technical Conference 
[New York, May, 19461.—(See 3087.) 

629.135:621.396.82:551.57  3057 
Flight Research on Precipitation Static— 

Cleveland. (See 3038.) 

SUBSIDIARY APPARATUS 

537.531  3058 
A Simple X-Ray Spectrometer—R. S. 

Rivling and H. P. Rooksby. (Jour. Sci. 
Instr., vol. 23, pp. 148-150; July, 1946.) 
Built of Meccano parts and sufficiently 
accurate for the determination of crystal 
axes. 

551.57:518.3  3059 
Measurement of Atmospheric Humidity 

—E. C. Woods. (Distrib. Elec., vol. 19, pp. 
152-153; July, 1946.) A nomogram for the 
direct indication of relative humidity from 
wet and dry bulb temperatures. 

621-712  3060 
Low Temperatures at Low Cost—H. N. 

Brown. (Jour. Frank. Inst., vol. 240 pp. 
487-495; December, 1945.) Design details 
of a temperature test chamber for small 
electronic components. Preheated to 100 de-
grees centigrade, it is cooled steadily at 2/3 
degree centigrade per minute to —60 de-
grees centigrade by gases circulated over 
solid carbon dioxide. Means of controlling 
the cooling rate are described, and introduc-
tion of moisture is guarded against. Other 
applications of the equipment should be 
possible. 

621.3.066.6:629.1-272  3061 
Electrical Contact Springs—(Jour. 1.E.E. 

(London), part III, vol. 93, p. 242; July, 
1946). Discussion before the Institute of Elec-
trical Engineers opened by L. B. Hunt and 
H. G. Taylor. For previous work see 2786 
and 2787 of 1945. 

621.314.2.017  3062 
Thermal Characteristics of Transform-

ers: Part 2—V. M. Montsinger. (Gen. Eke. 
Rev., vol. 49, pp. 31-40; May, 1946.) 
Methods of calculating temperature rise in 
windings and in cooling media are applied 
to transformer problems. The effects of 
shape and surface color and of wind and 
altitude on heat dissipation are discussed. 
For part 1 see 2015 of July. To be con-
tinued. 

621.314.2.029.5:621.396.619.018.41  3063 
The Theory and Design of Intermediate-

Frequency Transformers for Frequency-
Modulated Signals—Ross. (See 2831.) 

621.314.5  3064 
Exciter-Regulator for Aircraft Alter-

nators—F. T. Hadley, A. W. Forsberg and 
0. Krauer. (Electronics, vol. 19, pp. 120-
122; July, 1946.) A description of a system 
of self-excitation of an alternating-current 
generator using an electronic exciter con-
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trolled by a voltage regulator. Circuit 
diagrams and performance are given for 
two equipments: a 3-phase constant-fre-
quency main supply, and a single-phase 
variable-frequency auxiliary supply. 

621.314.632.029.62 :[546.28+546.289  3065 
Crystal Rectifiers—Stephens. (See 3108.) 

621.315.21.029.4/.6]:536.4  3066 
The Power Rating (Thermal) of Radio-

Frequency Cables—R. L. Mildner. (Jour. 
I.E.E. (London), part III, vol. 93, pp. 296-
304; July, 1946.) "The principles used in 
calculating the temperature rise in cables 
which are required to transmit radio-fre-
quency power are considered. The theoretical 
attenuation characteristics and power rat-
ings of a number of standard radio-fre-
quency cables are set down in graphical 
form for a wide range of operating frequen-
cies. The ratings are based on a maximum 
temperature rise of 30 degrees centigrade, in 
an ambient of 55 degrees centigrade, estab-
lished in a matched line for the steady-state 
condition. The use of suitable "rating fac-
tors" for other operating conditions is pro-
posed. The effect of much operating condi-
tions as the presence of standing waves and 
the effect of end cooling are briefly con-
sidered in relation to the rating of the 
cables." 

621.315.668.2  3067 
Steel Towers for Transmission Lines— 

P. J. Ryle. (Nature, (London), vol. 157, 
p. 881; June 29, 1946.) Formula for above-
ground weight in terms of overall height 
and overturning moment. Summary of an 
Institution of Electrical Engineers paper. 

621.316.578.1  3068 
Variable Timing up to Thirty Seconds— 

D. G. Haines. (Electronics, vol. 19, pp. 154-
158; July, 1946.) Short description, with 
circuit diagram, of an equipment primarily 
for controlling  photographic exposures. 
Minimum time 0.5 second. 

621.316.722.078.3  3069 
Voltage Stabilization—W. Easton. (Elec. 

Rev., (London), vol. 138, pp. 1003-1015; 
June 28, 1946.) A stabilizer is described 
giving a stability of better than 1 in 1000 
when connected to a 440-volt 3-phase direct-
current supply subject to a 12 per cent 
variation of voltage. 

621.316.74:621.396.611.21  3070 
Oven for Airborne Piezoelectric Crystals 

—S. Eaton. (Elec. Commun., vol. 23, p. 41; 
March, 1946.) A small unit on a standard 
11-pin base for maintaining crystals at a 
temperature of 75 ±1 degrees centigrade 
over the range of ambient temperature 
-40 degrees to +70 degrees centigrade, 
with a variation of less than 0.3 degree 
centigrade for a constant ambient tempera-
ture. 

621.317  3071 
Exhibition of British Scientific Instru-

ments in Sweden—(Jour. Sci. Instr., vol. 
23, pp. 137-138; July, 1946.) 

621.317.755:578.088.7  3072 
Double-Beam C.R. Tube in Biological 

Research—T. H. Bullock. (Electronics, vol. 
19, pp. 103-105; July, 1946.) Instructions 
for modifying the DuMont 247 oscilloscope 

to take the 5SP double-beam tube, with an 
account of some of the resulting facilities. 

621.317.755.087.5:620.172.222  3073 
A Six-Channel Electronic Recorder— 

M. Scott. (Electronic Eng., vol. 18, pp. 233-
235, 261; August, 1946.) Description of a 
6-cathode-ray-tube oscillograph giving si-
multaneous records photographed by a 
single camera unit on 120-millimeter paper 
moving at 0.5 to 1000 inches per second. 
Each tube has an alterating-current-direct-
current amplifier (0 to 10 kilocycles), monitor 
tube, and a calibration and time marking 
unit controlled by a 1-kilocycle fork oscil-
lator. Primarily designed for strain-gauge 
bridge measurements; built-in balancing 
units allow 48 channels to be switched in 
batches of 6 without rebalancing the bridge. 

621.385.833  3074 
Electron  Microscope  of  the  State 

Optical Institute—W. N. Werzner. (Bull. 
Acad. Sci. (U.R.S.S.), ser. phys., vol. 8, no. 
5, pp. 232-234; 1944. In Russian.) Descrip-
tion of the microscope and its lenses, with 
examples of the magnification produced. 
See also 2302 of 1945. English summary 
noted in 1948 of July. 

621.386.1  •  3075 
X-Ray Tubes with Rotating Anode 

("Rotalix" Tubes)—J. A. van der Tuuk. 
(Philips Tech. Rev., vol. 8, pp. 33-41; 
February, 1946.) The latest tubes are de-
scribed, and various problems connected 
with the rotating anode are discussed. 

621.395.625.6:621.383  3076 
A Phototube for Dye Image [Colour Film] 

Sound Track—A. M. Glover and A. R. 
Moore. (Jour. Soc. Mot. Pict. Eng., vol. 46, 
pp. 379-386; May, 1946.) 

621.395.625.6:621.383  3077 
Behavior of a New Blue-Sensitive Photo-

tube [for Black-and-White or Colour Film 
Tracks] in Theater Sound Equipment— 
Phyfe. (See 2806.) 

621.396.62+621.317.35  3078 
Alarm System for Panoramic Receivers 

— W. A. Anderson (Electronics, vol. 19, 
pp. 92-95; July, 1946.) A motor-driven 
commutator divides each sweep period of the 
panoramic display into 40 equal parts and 
supplies a direct voltage with an inde-
pendently controlled amplitude during each 
part. The output from this device is added 
to the receiver output and adjusted to 
cancel the cathode-ray deflections produced 
by the received signals. Deflections pro-
duced by reception of a new signal or by 
drift of the frequency of a signal previously 
neutralized triggers an alarm circuit. Other 
applications of the device (e.g., for coded 
transmission and network analysis) are 
mentioned. 

621.396.682.029.4/.6  3079 
R. F. Power Supplies—M. Rhita. (Radio 

Craft, vol. 17, pp. 616, 647; June, 1946.) A 
300-kilocycle oscillator with an air-cored 
transformer and rectifier produces 10 kilo-
volts for cathode-ray tube operation. 

771.35  3080 
A Classification of Photographic Lens 

Types—R. Kingslake. (Jour. Opt. Soc. 
Amer., vol. 36, pp. 251-255; May, 1946.) 

The classification, based on the number of 
components in the lens, has been used in 
the Eastman Kodak Company for several 
years. 

539.16.08+621.318.572  3081 
Electron and Nuclear Counters. [Book 

Review]—S. A. Korff. D. Van Nostrand, 
New York, 212 pp., $3.00. (Elec. lnd., vol. 
5, p. 112; July, 1946.) Deals with the action 
and construction of counter tubes and 
auxiliary electronic circuits. " ... an ex-
tensive and scholarly summary.... " 

621.327.3/.4  3082 
Electric Discharge Lumps. [Book Re-

viewl—H. Cotton. Chapman and Hall, 
London, 435 pp., 216 figures, 36s. (Elec. 
Rev., (London), vol. 139, p. 26; July 5, 
1946.) " ... gives a most valuable account 
of the whole subject.... " 

TELEVISION AND 
PHOTOTELEGRAPHY 

621.32:621.397.5  3083 
An Appraisal of Illuminants for Tele-

vision Studio Lighting—R. E. Farnham. 
(Jour. Soc. Mot. Pict. Eng., vol. 46, pp. 
431-440; June, 1946.) Discussion of re-
quired spectral sensitivity and illumination 
levels, and description of suitable sources. 

621.325:621.397.5  3084 
Carbon Arcs for Motion Picture and 

Television Studio Lighting—F. T. Bowditch, 
M. R. Null, and R. J. Zavesky. (Jour. Soc. 
Mot. Pict. Eng. vol. 46, pp. 441-453; June, 
1946.) Discussion of photometric and spec-
tral energy distribution of carbon arc sources 
and their future use in television. 

621.383.8  3085 
The Image Orthicon—A Sensitive Tele-

vision Pickup Tube—A.  Rose,  P. K. 
Weimer, and H. B. Law. (PRoc. I.R.E. AND 
WAVES AND ELECTRONS, vol. 34, pp. 424-
432; July, 1946.) A detailed account of the 
tube described more briefly in 1376 of May. 
For application see 2374 of August (Kell 
and Sziklai). 

621.396.615.17:621.397.645  3086 
Electromagnetic Deflection: Television 

Line Scanning Amplifier—W. T. Cocking. 
(Wireless World, vol. 52, pp. 217-222; 
July, 1946.) Discussion of circuit technique 
using a pentode or tetrode tube, transformer-
coupled to the deflector coil in a television 
line-scanning amplifier. Detailed analysis is 
given of the equivalent circuit of a typical 
amplifier. A linear scan may be obtained, 
using standard silicon-steel transformer 
cores, from a saw-toothed input which is 
rounded at the beginning and end of the 
fly-back, thus eliminating very high com-
ponent frequencies. It is generally assumed 
that the circuit should be critically damped 
to avoid oscillations causing nonlinearity at 
the start of the scan, but by slightly under-
damping, the effective capacitance across 
the primary circuit can be charged, by the 
oversewing, to the correct tube to suit the 
start of the scan. Details of a practical cir-
cuit and its adjustment for correct opera-
tion are given. 

621.397 +534.862  3087 
S.M.P.E. [Society of Motion Picture 



926 Proceedings of the I.R.E. and Waves and Electrons November 

Engineers] Spring Technical Conference 
[New York, May 1946)—(Electronics, vol. 
19, pp. 188, 198; July, 1946.) An account of 
the proceedings, including abstracts of the 
following papers: "Modernization Desired 
in Studio Equipment," by L. L. Ryder; 
"Theater Television," by L. B. Isaac, 
"Unified Approach to Film [Television] 
Pickup Tubes, and the Eye," by A. Rose; 
"Color Television," by P. C. Goldmark; 
"Factors Governing Frequency Response 
[in Film Sound Recording]," by M. Ret-
tinger and K. Singer; and "Theater Servic-
ing Test Equipment," by E. Stanko and 
P. V. Smith. 

621.397:621.396.931  3088 
Facsimile to Moving Train via V.H.F. — 

(Electronics, vol. 19, pp. 168, 178; July, 
1946.) General description, with block dia-
grams. 

621.397.26  3089 
The B.B.C. Television Waveform— 

(Jour. Telev. Soc., vol. 4, p. 196; December, 
1945.) See also 2368 of August. 

621.397.26  3090 
Strato-Television—C. E. Nobles. (Jour. 

Telev. Soc. vol. 4, pp. 200-203; December, 
1945.) An account of the Westinghouse 
proposals. See also 3970 of 1945 and 2370 
of August. 

621.397.26  3091 
A Method of Transmitting Sound on 

the Vision Carrier of a Television System 
—D. I. Lawson, A. V. Lord, and S. R. 
Kharbanda (Jour. I.E.E. (London), part 
III, vol. 93, pp. 251-274; July, 1946.) 
"The paper describes a television system in 
which sound pulses having a constant height 
and variable width are inserted in the line 
synchronizing periods. It is claimed that 
this method of transmission leads to a 
simplified receiver and that the program 
quality is better in the presence of severe 
interference. Other advantages are that the 
frequency bandwidth for transmission is 
reduced; the method of receiving sound 
ensures automatic volume control; the sound 
pulses provide a fixed reference level for 
automatic volume control on the vision 
channel; mutual interference between vision 
and sound often present on two-channel 
reception is avoided; reduced transmission 
bandwidth simplifies the design of the re-
ceiving antenna; mutual coupling between 
the vision and sound antennas at the trans-
mitter is avoided; and the installation and 
maintenance costs of the sound trans-
mitter are saved. 
"The frequency range of the system oper-

ated in conjunction with the pre-war British 
transmission would be limited to 5 kilo-
cycles." 
For earlier, less detailed accounts see 

459 of February and back references. See 
also 1382 of May (Fredendall, Schlesinger 
and Schroeder). 

621.397.5  3092 
Studio Technique in Television—D. C. 

Birkinshaw and D. R. Campbell. (Jour. 
I.E.E. (London), part III, vol. 93, pp. 293-
294; July, 1946.) Discussion of Institution 
of Electrical Engineers paper. See 3961 of 
1945 and 781 of March. 

621.397.5  3093 
Informal Meeting [of the Television 

Society] and Exhibition—(Jour. Telev. Soc., 
vol. 4, pp. 197-199; December, 1945.) 
Descriptions of some of the items exhibited. 

621.397.6:621.396.67  3094 
C.B.S. Tele Antenna—Sather. (See 2826.) 

621.397.62:621.317.79  3095 
A Television Signal Generator: Part 3— 

R. F. Circuits and Monitors—Hibberd. (See 
2980.) 

621.397.64  3096 
[Frequency Compensation in] Video 

Amplification—J. McQuay. (Radio Craft, 
vol. 17, pp. 613, 655; June, 1946.) 

621.397.823  3097 
Tele[vision] Interference: Parts 1 and 

2—T. T. Goldsmith. (Elec. Ind., vol. 5, 
pp. 60-61, 108, and 73-75, 96; July and 
August, 1946.) A general analysis of signal 
sources which may affect both picture and 
sound reception quality, with (part 2) 
specific recommendations for engineering 
changes that can be made to effect improve-
ment. 

TRANSMISSION 
621.396.61/.62  3098 
"Portarig" Ham Station—R. F. Scott. 

(Radio Craft, vol. 17, pp. 611, 650; June 
1946.) A transmitter-receiver with crystal 
control for mains or 6-volt battery opera-
tion. 

621.396.61  3099 
Frequency Meters as Master Oscillators 

—E. H. Conklin. (QST, vol. 30, pp. 34, 132; 
August, 1946.) Description of an amplifier 
for boosting the output of a frequency 
meter (United States Service type) so that 
it may be used to control the frequency of 
a transmitter. The accuracy of frequency 
control was found to be about 100 cycles per 
megacycle under severe changes of tempera-
ture and humidity. 

621.396.61/.621.029.5 :629.135  3100 
A General-Purpose Radio-Communica-

tion Equipment for Military Aircraft— 
Honnor and Blom. (See 3023.) 

621.396.61.029.5:629.135  3101 
A Communication Transmitter for Civil 

Aircraft—J. G. Downes. (A. W.A. Tech. 
Rev., vol. 6, pp. 473-488; March, 1946.) The 
oscillator uses crystals for 2.5 to 13 mega-
cycles and tuned circuits for 300 to 510 kilo-
cycles. It drives a power amplifier (output 
40 watts) which is anode-modulated by an 
audio amplifier to provide telephony, con-
tinuous-wave telegraphy and modulated 
continuous-wave telegraphy. Frequency se-
lection is accomplished by means of a tur-
ret switch driven by an electric motor 
through gearing and a geneva movement. 

621.396.615  3102 
Raising the Efficiency of the V.H.F. 

Linear Oscillator—G. D. Perkins and H. G. 
Burnett. (QST, vol. 30, pp. 48-52; August, 
1946.) A description of practical details for 
the frequency range 140 to 250 megacycles. 

621.396.615:621.396.662  3103 
Permeability-Tuned Oscillators—T. A. 

Hunter. (QST, vol. 30, pp. 42-46; August, 

1946.) A comparison between variable 
permeability and capacitance-tuned oscil-
lators shows (a) the range of permeability 
tuning is restricted to about 3 to 1 com-
pared with 4 to 1 for capacitance tuning; 
(b) less frequency drift occurs with perme-
ability-tuned oscillators during warming-up 
time, as the total tuning capacitance may 
be made larger than for capacitance-tuned 
oscillators with the same frequency range; 
(c) temperature compensation may be ap-
plied to both types of oscillator; and (d) 
the permeability-tuned oscillator is superior 
to the other in frequency stability when 
subjected to mechanical vibration. 

621.396.619.018.41  3104 
F.M. Carrier Stabilization: Part 2— 

Western Electric, Westinghouse, R.C.A. 
Circuits—I. Queen. (Radio Craft, vol. 17, 
pp. 605, 637; June, 1946.) For part 1 See 
2765 of September. 

621.396.619.018.41:621.396.66  3105 
Direct F.M. Frequency-Control Meth-

ods—N. Marchand. (Communications, vol. 
26, pp. 30-35; July, 1946.) Discussion of 
three methods for stabilizing the center fre-
quency of a frequency-modulation trans-
mitter which uses a direct system of modula-
tion. Basic circuits for each of the methods 
are presented and analyzed. Part 7 of a 
series. For previous parts, see 2767 of 
September and back references. 

621.396.712  3106 
Canada's New Short Wave Transmitters 

—H. B. Seabrook and F. R. Quance. (Elec. 
lad., vol. 5, pp. 72-74, 105; July, 1946.) 
Engineering details. See also 193 of January 
(Smith) and 744 of March (Cahoon). 

VACUUM TUBES AND THERMIONICS 

621.3.032.216:537.533.8  3107 
Secondary  Electron  Emission  from 

Oxide-Coated Cathodes: Part 1—M. A. 
Pomerantz. (Jour. Frank. Inst., vol. 241, pp. 
415-433; June, 1946.) An investigation of 
factors affecting the yield of secondary elec-
trons under both continuous and pulsed 
bombardment. The variations of yield and 
energy distribution with primary voltage 
and with temperature have been de-
termined, and these and other phenomena 
are discussed in the light of the present 
state of the theory 

621.314.632.029.62 : [546.28 +546.289  3108 
Crystal Rectifiers—W. E. Stephens. 

(Electronics, vol. 19, pp. 112-119; July, 
1946.) A description of the mechanical con-
struction and performance of germanium 
and silicon rectifiers developed for frequency 
conversion and signal detection at micro-
wavelengths. The preparation and elec-
trical properties of the materials are de-
scribed. Noise, stability, and the depend-
ence of the properties on temperature are 
considered, and properties of 22 types of 
rectifier with assigned type-numbers are 
tabulated. See also 1728 of June (Cornelius). 

621.385  3109 
Total Emission Damping with Space-

charge-limited Cathodes—C. N. Smyth. 
(Nature, (London), vol. 157, p. 841; June 
22, 1946.) Electrical damping at very-high-
radio frequencies may be due to emission 
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from the cathode surface which returned to 
the cathode after a time comparable with 
the high-frequency period. The effect could 
be reduced by cooling the cathode and was 
not detectable at low frequencies. Such 
damping behaves as a source of noise with 
the general characteristics of 'shot' noise. 

621.385  3110 
Valve Standardization—J. W. Ridge-

way. (Wireless World, vol. 52, pp. 239-240; 
July, 1946.) Report by the chairman of the 
British Valve Manufacturers' Association, 
on progress towards the manufacture of 
tubes having standard working character-
istics. 

621.385:003.6  3111 
Suggested Rules for Symbols in Valve 

Nomenclature—(Electronic Eng., vol. 18, p. 
254; August, 1946.) Extracts from rules 
proposed by the British Valve Manu-
facturers' Association for use in technical 
literature issued by its members. 

621.385.1  3112 
The Effect of Grid-Support Wires on 

Focusing Cathode Emission—Chai Yeh. 
(Pnoc. I.R.E. AND WAVES AND ELECTRONS, 
vol. 34, pp. 444-447; July, 1946.) A con-
formal transformation is applied to a half 
section of a tube system consisting only of 
anode and cathode, with grid-support wires. 
Those parts of the cathode that have a posi-
tive field adjacent due to electrostatic 
charges on the electrodes are thereby de-
termined, enabling the angle of electron 
emission to be found. Curves show the 
variation of this angle with anode and grid 
potentials and with electrode dimensions 
and spacings. 

621.385.16  3113 
The Magnetron—W. E. Willshaw and 

E. C. S. Megaw. (Engineering, (London), 
vol. 161, pp. 361-363; April 19, 1946.) 
Illustrated general description. 

621.385.16.029.64  3114 
Rising Sun Pulsed and C.W. Magnetrons 

—H. G. Shea. (Elec. Ind., vol. 5, pp. 46-50; 
August, 1946.) The construction and per-
formance of cavity magnetrons with alter-
nate small and large cavities are described. 
Oscillations in unwanted modes are sup-
pressed with more efficient operation than 
is obtained with the strapped-anode tech-
nique. Other advantages are (a) larger and 
simpler structure for a given small wave-
length (e.g. 6 millimeter), (b) mode separa-
tion independent of anode-block thickness, 
(c) mode separation persists for a relatively 
large number of cavities (e.g. 38), and (d) 
copper losses are less than with strapped 
anodes. An important disadvantage is zero-
mode contamination of the wanted 7 mode 
for magnetic fields near 12,000/X oersted. 
A continuous-wave magnetrons with a 
tungsten-coil cathode gave 900 watts with 
26 per cent efficiency at 2.6 centimeter 
wavelength. 

621.385.3/.4029.62  3115 
High Power Tubes for V.H.F. Opera-

tion—W. W. Salisbury. (Communications, 
vol. 26, pp. 33, 49; June, 1946.) Survey of 
triodes and tetrodes giving powers above 1 
kilowatt usable at frequencies between 100 
and 220 megacycles. 

621.385.3.029.63:621.397.61  3116 
High-Power U.H.F. Tube—(Radio Craft, 

vol. 17, pp. 608, 640; June, 1946.) The 
6C22 tube anode dissipation 2 kilowatts, 
and its use in the Columbia 490-megacycle 
color-television transmitter. 

621.385.38:621.396.619.16  3117 
Hydrogen Thyratrons—H. Heins. (Elec-

tronics, vol. 19, pp. 96-102; July, 1946.) 
A description of the 4C35 and 5C22 tubes 
developed for use with high-voltage line 
pulse-forming circuits used for modulating 
magnetrons. Hydrogen filling gives the re-
quired low de-ionization time. The special 
construction and properties are discussed in 
relation to the mechanism of the modulator 
circuits. Switching rates up to 5000 per 
second have been obtained with the 5C22 
with 8 kilovolts and 75 ampere peak cur-
rent, and rates over 100,000 per second 
have been obtained with the 4C35 at lower 
voltages and currents. Possible industrial 
applications are mentioned. 

621.385.4  3118 
Space Charge and Electron Deflection 

in Beam Tetrode Theory—S. Rodda. (Jour. 
Telev. Soc., vol. 4, pp. 182-193; December, 
1945. Discussion, pp. 193-195.) Secondary 
emission from the anode is annulled in beam 
tetrodes by a sufficient depression of po-
tential in the screen/anode space, produced 
either by the space charge alone or with the 
aid of auxiliary electrodes. The potential 
distribution in the space is calculated by ex-
tending Gill's analysis for a plane parallel 
system (Phil. Mag., vol. 49, pp. 993-1005; 
1925). The critical current condition in 
which a virtual cathode is formed is found 
to give "knee" voltages (anode voltages at 
which the characteristic abruptly flattens) 
much higher than the observed tubes. The 
assumptions of transverse deflections of the 
electrons at the grid and screen wires and of 
reflection at a finite nonzero potential lead 
to results in fair agreement with experiment. 

621.385.4  3119 
Beam Tetrodes—S. Rodda. (Wireless 

Eng., vol. 23, pp. 202-203; July, 1946.) 
Assuming copious emission of secondary 
electrons with zero velocity, it is shown that 
the space charge due to the secondary elec-
trons plays an important part in producing 
a potential minimum in the screen-anode 
space, when the primary electron flow itself 
is insufficient for the formation of the mini-
mum. Brief note only. 

621.385.4  3120 
The 6AR6 Tube—E. A. Veazie. (Bell 

Lab. Rec., vol. 24, pp. 264-265; July, 1946.) 
Short description of the design and per-
formance of a small beam-tetrode that 
can operate with 20-watt  anode  dis-
sipation and 1300-volt anode voltage. 

621.385.5:621.395.645  3121 
Dynamic Characteristics of Pentodes— 

Haefner. (See 2846.) 

621.385.5:621.395.645  3122 
Reentrant Pentode A.F. Amplifler—R. 

Adler. (Electronics, vol. 19, pp. 123-125; 
June, 1946.) A special pentode operating as 
two triodes in cascade giving gains up to 
500 with a 45-volt plate supply. Control of 
regeneration and design precautions to be 

observed are discussed. The second grid 
forms the anode of the first triode, and the 
third grid and plate form the second triode. 

621.385.832  3123 
The SRP Multiband Tube: An In-

tensifier-Type Cathode-Ray Tube for High-
Voltage Operation—I. E. Lempert and R. 
Feldt. (Pnoc. I.R.E. AND WAVES AND ELEC-
TRONS, vol. 34, pp. 432-440; July, 1946.) 
The performance at frequencies up to 100 
megacycles is improved by increasing the 
trace intensity by means of several cylin-
drical intensifying electrodes introduced 
into the region between the deflecting plates 
and screen. The distortions caused by an 
excessive ratio of intensifier potential to 
second-anode potential are illustrated, and 
the design to enable a ratio of 10 to 1 to be 
used is described. Applications to high-speed 
transient recording and projection are sug-
gested, and the extension of the frequency 
range to 1000 megacycles using coaxial 
connections to the deflecting plates is pro-
posed. 

621.385.832.032.2  3124 
The Electron Gun of the Cathode Ray 

Tube: Part 2—H. Moss. (Jour. Brit. Inst. 
Radio Eng., vol. 6, pp. 99-129; June, 1946.) 
Conclusion of 3534 of 1945. An extended 
practical treatment is given of the factors 
entering into the design of the triode por-
tion of the tube, in which its characteristics 
are related to the electrode voltages and 
geometry. The results of this section are 
summarized in tabular form. Relevant data 
are given for a number of cathode-ray tubes 
in general use, for which the smallness of 
the useful cathode area "demonstrates how 
vital is the fine structure of the emitting 
cathode surface." Discussion included. 

621.386.1  3125 
X-Ray Tubes with Rotating Anode 

("Rotaliz" Tubes)—van der Tuuk. (See 
3075.) 

621.396.822:621.385.2  3126 
"Shot-Effect" in Diodes Under Retard-

ing Field Conditions—R. FtIrth and D. K. 
C. MacDonald. ( Nature, (London), vol. 157, 
p. 841; June 22, 1946.) Experiments were 
carried out with a number of close-space 
diodes over a wide range of current up to a 
limiting current .4, and shot effect was 
measured as under saturated conditions. A 
discrepancy of up to 10 to 1 was found 
between the theoretical and practical values 
of I,. This can be explained by the existence 
of a potential barrier at the anode surface 
which would prevent slower electrons from 
penetrating into the anode. 

621.396.822:621.3853  3127 
Fluctuations in Electrometer Triode 

Circuits—van der Ziel. (See 2833.) 

MISCELLANEOUS 

001.89  3128 
Organization of Scientific and Industrial 

Research—( Nature, (London), vol. 157, pp. 
565-568; May 4, 1946.) An editorial dis-
cussion of recent proposals for organization 
on a national scale, with particular reference 
to the Bush report (see 492 of February) and 
the discussion of it by other authorities. 
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001.89(410)  3129 
Scientific and Industrial Research in 

Great Britain—( Nature,  (London),  vol. 
157, pp. 709-712; June 1, 1946.) An edi-
torial account of the scope, responsibilities, 
and activities of the Department of Scien-
tific and Industrial Research and future 
trends in its research program. 

001.89(410)  3130 
[Scale of Grants to Workers and Stu-

dents for] Scientific and Industrial Research 
in Great Britain —O. F. Brown. (Nature, 
(London), vol. 157, p. 879; June 29, 1946.) 

001.89:6  3131 
Industry and Research—(Engineer, (Lon-

don), vol. 181, pp. 312-314; April 5, 1946; 
and Nature, (London), vol. 157, pp. 684-
686; May 25, 1946.) An account of a con-
ference under the auspices of the Federa-
tion of British Industries. The main speeches 
and discussion covered education and re-
search in large and small firms and in 
government laboratories. 

001.891:629.13  3132 
Aviation and Scientific Research—M. 

Griaule. (Nature, (London), vol. 157, pp. 
848-849; June 22, 1946.) Section formed 
under the auspices of the Congres de l'Avia-
tion Francaise. Research investigations using 
aircraft may be classed under the three 
headings; stratosphere, atmosphere, and 
earth's surface. 

001.891:8-96  3133 
Rationalization of the Literature of 

Scientific Research—( Nature,  (London), 
vol. 157, pp. 745-748; June 8, 1946.) The 
necessity for an organization to deal with 
scientific literature. 

061.5 :621.317.2.027.8  3134 
The New Brown Boveri High-Tension 

Testing Laboratory—W. Wagner. (Brown 
Boveri Rev., vol. 30, pp. 212-217; September 
and October, 1943.) The Installations of the 
New Brown Boveri High-Tension Testing 
Laboratory.—F. Beldi and C. Degoumois. 
(Brown Boveri Rev., pp. 218-221.) Abstracts 
in Rev. gen. Elec., vol. 55, p. 1D.; January, 
1946. 

061.5:621.381.39  3135 
War Years' Review: Part 1—(Elec. Com-

mun., vol. 23, pp. 3-18; March, 1946.) A 
survey of the wartime activities of Stand-
ard Telephones and Cables, Ltd., London 
and Sydney. The first of a series describing 
the wartime work of the International Tele-
phone and Telegraph associates. 

061.5 :621.39  3136 
Telecommunications Research—(Eleciri-

clan, vol. 136, p. 1513; June 7, 1946.) 
Brief report of the achievements of the 
Marconi's Wireless Telegraph Co. in high-
speed  communications and  ionospheric 
work. 

061.6  3137 
The National Physical Laboratory— 

(Engineer (London), vol. 181, pp. 590-591; 
June 28, 1946.) An account of the first 
postwar annual exhibition of work in 
progress. 

061.6:621.3.027.3  3138 
The Parsons Memorial Lecture: "High-

Voltage Research at the National Physical 
Laboratory"—R. Davis. (Jour. 1.E.E. (Lon-
don), part I, vol. 93, pp. 177-186; April, 
1946.) An account of the methods of pro-
ducing and measuring high direct-current 
power-frequency, and surge voltages, and 
the application to the protection of high-
voltage transmission lines and barrage 
balloons. See also 2415 of August. 

347.771  3139 
Patent Law Proposals—(Engineer (Lon-

don), vol. 181, pp. 513-515; June 7, 1946.) 
Recommendations of changes to improve 
the British Patents and Designs Acts. 

5+61:621.396.97  3140 
Science and Radio—( Nature, (London), 

vol. 157, pp. 757-758; June 8, 1946.) A 
conference to consider the contribution of 
the British Broadcasting Corporation to the 
promotion of scientific knowledge. 

5 + 611(437) + (436.9)  3141 
Science in Czechoslovakia and Yugo-

slavia—( Nature, (London), vol. 157, p. 487; 
April 13, 1946.) 

534.1  3142 
Some Notes on Vibration Analysis—R. 

J. Manley. (Jour. Roy. Aeron. Soc., vol. 49, 
pp. 419-426; July, 1945.) An outline of the 
fundamental process of solving vibration 
problems by applying Lagrange's equation 
to a system of idealized inertia, spring, and 
dissipative elements made to represent the 
actual system. The analysis includes an 
account of the concepts of natural modes, 
equilibrium amplitudes, and dynamic magni-
fiers. 

551.5 :629.135 :621.396.6  3143 
The Effects of Atmospheric Conditions 

on Aircraft Radio Equipment—W.  W. 
Honnor. (A. W.A. Tech. Rev., vol. 6, pp. 
529-551; March, 1946.) Describes labora-
tory test chambers for simulating the ranges 
of temperature, pressure and humidity 
likely to occur. Direct-current flash-over 
voltages of cable connectors are given for 
saturated air at 35,000 feet and corona 
voltages at 300 kilocycles are given for a 
large number of materials. A circuit is de-
scribed for the measurement of flash-over 
voltages of sphere-gaps at 2.5 megacycles 
and 19 megacycles and curves show the 
variation of spark-over voltage with alti-
tude for spacings of 0.05 inch to 0.50 inch. 
Results are also given for spark-over volt-
ages of variable capacitors, including a wire 
close to a conducting plane, in air at a pres-
sure of 7 inches of mercury for frequencies up 
to 20 megacycles. 

6(07)  3144 
Science and Education—E. G. Carter. 

(Nature, (London), vol. 157, pp. 344-345; 
March 16, 1946.) An account of a conference 
of the Association of Scientific Workers. 

62.004.11  3145 
Preparation and Use of Specifications— 

G. Reinsmith. (Bull. Amer. Soc. Test. Mat., 
pp. 41-44; March, 1946.) 

62.004.11:519.283  3146 
Use of Statistics in Writing Specifica-

tions—C. Goffman and J. Manuele. (Bull. 

Amer. Soc. Test Mat., pp. 13-17; March 
1946.) 

62.004.11:519.283  3147 
Dollars for Your Thoughts—L. E. Simon. 

(Bull. Amer. Soc. Test Mat., pp. 17-21; 
March, 1946.) An account of the advantage 
of framing specifications on the basis of sta-
tistical methods and quality control care-
fully design to produce the required results. 

621.3.025  3148 
Demonstration Devices—W. K. Allan. 

(Radio Craft, vol. 17, pp. 532, 571; May, 
1946.) Description of mechanical and elec-
trical devices for demonstrating alternating 
current and voltage relationships in circuits. 

621.315.1.056.1  3149 
Tensions in Hanging Wires—Hookham. 

(See 2808.) 

621.381.391(43)  3150 
German Electronic Equipment—( Wire-

less World, vol. 52, pp. 163-164; May, 1946.) 
Account of equipment at the Earls Court 
Exhibition. See also 2438 of August. 

621.396(43)  3151 
Communications in Germany—P. Mertz. 

(Bell Lab., Rec., vol. 24, pp. 271-274; July, 
1946.) The Germans had a broad-band 
cable network for multicarrier telephone and 
television between the principal cities; 
wired wireless was extensively used. In the 
television field, large-screen projectors with 
definition up to 1000 lines were envisaged. 
Much work was being done on photo-sensi-
tive materials. 

621.396.611  3152 
A Mechanical Model Analogous to an 

Oscillatory Electrical Circuit—G. G. Blake. 
(Engineer (London), vol. 181, pp. 535-536; 
June 14, 1946.) The model can be used to 
show variations in the Q of an oscillatory 
circuit or to illustrate resonance between an 
oscillator and a second tuned circuit., 

621.396.621.003.1(4)  3153 
Report on European Radio Industry— 

L. Laden. (Radio News, vol. 35, pp. 25, 114; 
May, 1946.) Report on the European de-
mand for domestic radio and television re-
ceivers, and the capability of the American 
radio industry to supply them. 

001.89  3154 
[British] Industrial Research and Devel-

opment. [Book Reviewl—F. Heath and 
A. L. Hetherington. Faber and Faber, Lon-
don, 1946, 25s. (Engineer (London), vol. 
181, pp. 477-478; .May .24, 1946.) A very 
favorable review. 

016:[621.38/.39  3155 
The Electronic Engineering Master In-

dex. [Book Reviewl—F. A. Petraglia (Edi-
tor). Electronics Research Pub. Co., New 
York, 1945, 317 pp., $17.50. (Electronics, 
vol. 19, pp. 324, 326; May, 1946.) See also 
2108 of July. 

621.396.029.64  3156 
Understanding Microwaves. [Book Re-

view]—V. J. Young. J. F. Rider, New York, 
400 pp., $6.00. (Radio, vol. 30, pp. 45-46; 
May, 1946.) 
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ANDRE W 
DRY AIR 

EQUIPMENT 
for 

pressurizing 
coaxial cable 

lines 

AUTO MATIC DEHYDRATOR 

A compact, completely automatic unit that pressurizes coaxial transmission lines 

with clear., dry air. Starts and stops itself. Maintains steady pressure of 15 pounds. 

A motor driven air compressor feeds air through one of two cylinders containing 

a chemical drying agent where it gives up all moisture and emerges absolutely 

clean and dry. Weighs 40 pounds; 14 inches wide, 14 inches high, 11 inches deep. 

Power consumption, 210 watts, 320 watts during reactivation. 

TYPE 876-B 

Designed over the simple tire pump principle, this all-purpose 
dry air pump has numerous applications. Output of each stroke 
is about 26 cubic inches of free air. Transparent lucite barrel 
holds silica gel. Supplied complete with 7-foot length of hose. 
Height 25V-, inches. Net weight 81/2  pounds. 

Andrew Dry Air Equipment is used in a multitude 

of other applications. Write for further information. 

TYPE 720 

PANEL M OUNTING 

DRY AIR PU MP 

Specially designed for use in equip-
ment requiring a small, built-in source 
of dry air. Only 2 inches in diameter, 
6 inches long. Pressures as high as 
30 pounds are easily generated. Piston 
type compressor drives air through a 
chemical drier. Pump supplies dry air 
with only 7 to 10% relative humidity. 
Additional silica gel refills available 
at reasonable cost. 

API"fbw  

ANDRE W CO. 
363 E. 75th ST., CHICAGO 19, ILLINOIS 

Pioneer Specialists in the Manufacture of a 
Complete Line of Antenna Equipment 

ATLANTA 

'Urban Mobile Radiotelephone Systems,' by 
B. Branch and J. W. Hudson, Southern Bell Tele-

phone and Telegraph Company; August 23, 1946. 

BUENOS AIRES 

'Patent Terminology," by B. Noviks, May 23, 
1946. 

'Magnetic Recording,' by N. C. Cutler, June 
14, 1946. 

BUFFALO-NIAGARA 

'The New Bell System Mobile Radio Tele-

phone,' by Don De Wire, New York Telephone 
Company; September 18, 1946. 

CEDAR RAPIDS 

'High Frequency High Fidelity A. M. Broad• 
casting,' by Sarkes Tarzian, Consulting Engineer; 
September 11, 1946. 

CHICAGO 

'A New Noise Limiter for Communications 

Receivers,' by G. J. C. Andresen, Goodyear Re-
search Laboratories; September 20. 1946. 

'A Fixed Channel Communications Receiver 
with Improved Noise Limiting.' by E. A. Jensen, 
United Air Lines; September 20. 1946. 

CINCINNATI 

'New Methods in the Air Navigation Pro-
gram,' by H. I. Metz, Civil Aeronautics Authority: 
September 17, 1946. 

CLEVELAND 

'Radio Relay Development by Radio Corpora-
tion of America,' by C. W. Hansel!, Radio Corpora-
tion of America; May 16. 1946. 

Election of Officers; May 16, 1946. 

D ALLAS-FT. W ORTH 

'Charting the Course of the I.R.E.,' by F. B. 
Llewellyn. President of the Institute of Radio 
Engineers; September 17, 1946. 

D ETROIT 

'Developments and Trends in  Electronic 
Tubes.' by L. G. Hector, Sonotone Corporation; 
September 20, 1946. 

H OUSTON 

'Charting the Course of the I.R.E.,' by F. B. 
Llewellyn, President of the Institute of Radio 
Engineers; September 16. 1946. 

INDIANAPOLIS 

'A Non-Mathematical Review of Design Con-
siderations and Application Problems of Coaxial 

Transmission Lines,' by C. R. Cox, Andrew Com-
pany; September 27, 1946. 

K ANSAS CITY 
'Recent Developments in Microwave Eleo• 

tronics,• by A. L. Samuel. University of Illinois; 
May 28, 1946. 

Los ANGELES 

'Precision Miniature Tubes for V.H.F. and 

Multivibrators. • by M. H. Brown. Western Electric 
Company. Inc.; July 16. 1946. 

N E W YORK 

'Reflex Oscillators for Radar Systems,' by 

J. 0. McNally and W. G. Shepherd. Bell Telephone 

Laboratories; September 4. 1946. 
'An Internally Neutralized Duplex Power 

Tetrode," by P. T. Smith and H. R. Hegbar. Radio 
Corporation of America Laboratories; September 4, 

1946. 
(Continued on page 364) 
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Playback Time 

15 Minutes Zero 

• 

Directly gear-driven at both 78.26 and 33.33 rpm by a 
synchronous motor, the playing time of recordings made on 
the Presto 14-A corresponds to the original program time 
with split-second accuracy. The only deviation in speed may 
be due to variations in power supply frequency which seldom 

exceed 0.1%. Rotational flutter and background noise from 
mechanical sources are at an absolute minimum. 

The Presto 14-A represents a major advancement in the 
design of recording turntables, having all of the performance 
characteristics demanded by experienced engineers. Illus-

trated below is the new 14-A gear drive. 

WORLD'S LARGEST MANUFACTURER OF INSTANTANEOUS SOUND RECORDING EQUIP MENT & DISCS 

For full specifications of 
the Presto 14-A please 
write Presto Recording 
Corporation, 242 West 
55th Street, New York 
19, N.Y. To insure future 
delivery within a reason-
able time, we suggest 
you place your order on 
our priority list since or-
ders are considerably in 
advance of production. 

RECORDING CORPORATION 
242 WEST 55TH STREET, NEW YORK 19, N. Y 

Walter P. Downs, Ltd., in Canada 
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at ARNOLD THERE IS 
NO CEILI NG ON QUALITY 

We are not satisfied merely to offer you magnets which come 

up to the proposed R.M.A. standards . . . this is our minimum 

requirement. A quality floor below which we refuse to go. 

Nor are we satisfied that ordinary production and inspection 
methods offer you adequate quality protection . . . we individually 

test each Arnold magnet in a loud speaker structure before shipment. 

Another "individual touch" which has contributed to winning 

industry-wide customer acceptance for Arnold magnets is our estab-
lished minimum standard of 4,500,000 BHmax for Alnico V material. 

Over five million Arnold loud speaker magnets of the R.M.A. type 

have been produced since V-J Day under these quality safeguards. 

Continued adherence to them assures you of long-lived, dependable 
product performance. 

In the mass-production of magnets, the Arnold "individual 
touch" does make a difference. Let us give you the whole story. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF A IlEGHENY LUDLUM STEEL CORPORATION 

147 EAST ONTARIO STREET, CHICAGO II, ILLINOIS 

Specialists in the manufacture of ALNICO PERMANENT MAGNETS 

(Continued from page 34A) 

OTTAWA 

'Work of the Canadian Council of the I.R.E. 

Its Past, Present and Future Plans and Plans of 
the Canadian Council of Professional Engineers.' 
by F. S. Howes, Chairman of the Canadian Council 

of the Institute of Radio Engineers; May 16, 1946. 
Election of Officers; May 16, 1946. 

PORTLAND 

'Matters of Current Interest and Importance 
to I.R.E.." by F. B. Llewellyn, President of the 
Institute of Radio Engineers; September 4, 1946. 

'New Frequency Control Circuit for FM 

Broadcasting," by W. U. Dent, Westinghouse Elec-
tric Corporation; September 11, 1946. 

ST. Louts 

'Cascade Phase Shift Modulation for FM 

Transmitters," by S. G. Jones, Raytheon Manufac-
turing Company; September 19, 1946. 

SAN FRANCISCO 

'Future Course of the  by F. B. Llewel-
lyn, President of the Institute of Radio Engineers; 
September 6, 1946. 

"New F. M. Frequency Control Circuit," by 
W. U. Dent. Westinghouse Electric Corporation; 
September 19, 1946. 

W ILLIAMSPORT 

'Wide-Range Double-Heterodyne Spectrum 

Analyzers." by Le Roy Apker, General Electric 
Company; September 4, 1946. 

The following transfers and admissions 
were approved on October 1, 1946: 

Transfer to Senior Member 

Abbott, W. R., Engineering Annex. Iowa State 
College, Ames, Iowa 

Ackerman, E. K., RFD 1, Brooklyn, Station, Cleve-
land 9, Ohio 

Adams, E. L., Miami Valley Broadcasting Corpora-
tion, 45 S. Ludlow St., Dayton 1,0hio 

Barone, S. A.. 298 Rose St., Freeport. N. Y. 
Boese, W. C., 3217 Gunston Rd., Alexandria, Va. 
Chick. A. J., Rm. T-234, Bell Telephone Labora-

tories. Inc., 463 West St., New York 14, 
N. Y. 

Coomes, E. A., Department of Physics, University 
of Notre Dame. Notre Dame. Ind. 

Cumming, L. G., 504 Beacon St., Boston. Mass. 
Emery, W. L., Department of Electrical Engineer-

ing. Iowa State College. Ames, Iowa 
Evans, H. J., 822 Reservoir St., Lancaster, Pa. 
Franklin, L. W., 224 Cleveland Ave., Hasbrouck 

Heights. N. J. 
Garard, E. A., 330 D Ave., Coronado, Calif. 
Goyder, C. W., All India Radio, Broadcasting 

House, Parliament St., New Delhi, India 
Herbert, C., 1541 Mars Ave., Lakewood 7, Ohio 
Hudgins, W. D., 4 Columbia Rd., Arlington 74. 

Mass. 
Jacobus, H. R., 39 Midway Dr., Livingston, N. J. 
Jenks, F. A., 109 Greystone Rd., Rockville Centre, 

N. Y. 
Killian, L. G., 1449 West Fargo Ave.. Chicago 26, 

(Continued on page 38A) 
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Series 20 0 

BUILT IN TWO PARTS 

Two basic parts—a coil assembly 
and a contact assembly —com-

prise this simple, yet versatile relay. 
The coil assembly consists of the coil 
and field piece. The contact assembly 
consists of switch blades, armature, re-
turn spring, and mounting bracket. The 
coil and contact assembly are easily 
aligned by two locator pins on the back 
end of the contact assembly which fit 
into two holes on the coil assembly. 
They are then rigidly held together 
with the two screws and lock washers. 
Assembly takes only a few seconds 
and requires no adjustment on factory 
built units. Series 200 Relay 

A. C. Coil Assemblies available 
for 6 v., 12 v., 24 v., 115 v. 
D. C. Coil Assemblies available 

for 6 v., 12 v., 24 v., 32 v., 110 v. 

Contact Assemblies 
Single pole double 
throw 
Double pole double 
throw 

On Sale at Your nearest jobber  N 0 W 
See it today! .. . this amazing new relay with interchange-
able coils. See how you can operate it on any of nine dif-
ferent a-c or d-c voltages—simply by changing the coil. Ideal 
for experimenters, inventors, engineers. 

T WO CONTACT  NINE COIL 
ASSEMBLIES 

The Series 200 is available with 
a single pole double throw, or a 
double pole double throw contact 
assembly. In addition, a set of 
Series 200 Contact Switch Parts, 
which you can buy separately, 
enables you to build dozens of 
other combinations. Instructions 
in each box. 

ASSE MBLIES 

Four a-c- coils and five d-c coils 
are available. Interchangeability 
of coils enables you to operate 
the Series 200 relay on one volt-
age or current and change it over 
to operate on another type simply 
by changing coils. 

Your jobber has this sensational new relay on sale now. 
Ask him about it. Or write for descriptive bulletin. 

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

A COMPLETE LINE OF RELAYS SERVING AMERICAN INDUSTRY 
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ova 

To date Blaw-Knox has 
furnished more than one 
million feet of Vertical 
Radiators and Antenna 
Towers. They range in 
size from sturdy rooftop 
supports to installations 
towering more than 
1000 feet skyward. 

This unequalled experi-
ence in the design, fab-
rication and erection of 
structures for every 
radio transmitting re-
quirement is available 
at no added cost to you. 

BLAW-KNOX DIVISION 
OF BLAW- KNOX CO MPANY 

2037 Fanners Bank Bldg 
Pitt  rqh. PA 

I 

(Continued from Page 36A) 

Likel, H. C., 209 Clinton Ave., Brooklyn 5, N. Y. 
Manke, A. G., 2217 S. Geddes St., Syracuse 4, N. Y. 
Mayoral, G. A., Development Engineering Depart-

ment, National Broadcasting Co., Radio 
City, New York 20, N. Y. 

Menzer, C. H., WSUI, State University of Iowa. 
'Iowa City, Iowa 

Monroe, R. B., 279 Summit Ave., Mount Vernon, 
N. Y. 

Morton, G. A., 200 Library Place. Princeton, N.J. 
Newhouse. A. B., 2002 -16 St., Rock Island. 
Noller, W. E., Pacific Telephone and Telegraph 

Co., 140 New Montgomery St., San Fran-

cisco 5, Calif. 
Probeck, C.. 914 S. Menard Ave., Chicago 44. 

Pybus, A. W., 10 Kildare, Hawthorn E.3, Victoria 
Australia 

Scheldorf, M. W., 806 Stinard Ave., Syracuse 4, 
N. Y. 

Schutz, H., 25 Thaxter Rd., Newtonville 60. Mass, 
Senf, H. R., Naval Research Laboratory, Washing-

ton 20, D.C. 
Smith, N., Central Radio Propagation Laboratory, 

National Bureau of Standards. Washing-
ton 25, D. C. 

Stewart, W. F., 2730 Second Ave.. S. E., Cedar 
Rapids, Iowa 

Thorn, H. S., 3080 Hull Ave., Bronx 67, N. Y. 
Wang. T. S., 111 Broadway, New York 6. N. Y. 
Ware, L. A., Electrical Engineering Department, 

State University of Iowa. Iowa City. Iowa 
Watts, D. E., Bldg. C., General Electric Co., 

Thompson Road Plant, Syracuse, N. Y. 
Wells, M. M., 3575 W. 129 St., Cleveland 11, Ohio 
Woodward. C. A., Jr., 275 Massachusetts Ave., 

Cambridge 39, Mass. 

Y1'ulfsberg, P. G., Collins Radio Co., Cedar Rapids, 
Iowa 

Admission to Senior Member 

Andrew, G. W.. 305 Oakwood Ave.. Dayton 9, Ohio 
Engleman, C. L., Code 901. Bureau of Ships, Navy 

Department. Washington 25, D. C. 

Gable, A. C., Tube Division-Engineering, General 
Electric Co., Schenectady 5, N. Y. 

Getting, I. A., 127 Winn St., Belmont 78, Mass. 

MacKinnon, K. A., Box 542, Ottawa, Canada 
McClellan, G. B., 49-24 Forest Dr., Douglaston, 

L. I., N. Y. 
Molnar, I., 1033 Van Buren St., Chicago 7, III. 
Moon, R. J., Physics Department, Botany Bldg., 

University of Chicago, Chicago 37. Ill. 
Rowland, H. J., 19 Hamilton Rd., Brookline, Mass. 
Shenk. E. R., Rm. 519, RCA Laboratories. 66 

Broad St., New York 4, N. Y. 

Thomas, G. B., Jr., 5 Ridgeview Ave., New Provi-
dence, N. J. 

Transfer to Member 

Amore, I. C., Box 1266, Bogota, Colombia, South 
America 

Barasch, M. V., 17 Dallas Ave., New Hyde Park. 
L. I., N. Y. 

Becker. H. W., 109 N. Dearborn St.. Chicago 2, III 

Berg. B., Box 556, RFD 7, Akron, Ohio 
Breon, K. H., 1520 Evergreen Rd., Williamsport, 

Pa. 
Brodie, A. H., Federal Communications Commis-

sion, 328 Custom House, San Francisco 26. 

Calif. 
Brown, A. C., 45S W. 23 St., New York 11, N. V. 
Brown, E. W., 432 W. 27 Ave., Gary, Ind. 
Butts, H. H., 22 Bradford Ave., Passaic, N. J. 
Carlson, L. T., W KBB, 505 Main St., Dubuque, 

Iowa 
Coffin, G. C., c/o Montreal Aeradio. Department of 

Transport, Montreal 33, Que., Canada 

(Continued on page 40A) 
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Cut design costs and maintenance expense 

with :ONSTANT VOLTAGE protection 
What happens to YOUR product when 
input voltage varies 10-15% from the 
value specified on your label? 
Commercial line-voltages vary that 

much—and more!  But you will be 
blamed if your product fails to perform 
at its best, regardless of those variations. 
Be on the safe side. Build a SOLA 

Constant Voltage Transformer into your 
equipment and regardless of supply line 
variations as great as ± 15% the volt-

age that reaches your equipment will be 
maintained within ±1 % of the limits 
specified on your label. 
SOLA Constant Voltage Transform-

ers do their job automatically. There 
are no tubes or moving parts—nothing 
that requires manual supervision. 
Standard designs are available in ca-
pacities from 1VA to 15KVA or special 
units can be built to your design speci-
fications and cost limitations. 

SOLA TRANSFOR MERS 
Write for Bulletin  1CCV-102 

Here you'll find the answer 
to a problem that confronts 
every manufacturer and user 
of electrical or electronic 
equipment. 

Transform•rs for: Constant Voltage • Cold Cathode Lighting • Mercury Lamps • Series Lighting • Fluorescent Lighting • X-Ray Equipment • Luminous Tube Signs 
Oil Burner Ignition • Radio • Power • Controls • Signal Systems • etc. SOLA ELECTRIC COMPANY, 2525 Clybourn A  , Chicago 14, Illinois 

Afanufattured in Canada under license by FERRANTI ELECTRIC LI MITED. Toronto 
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An Advertisement about TRANSFORMER DESIGN 
...Directed to those who manufacture electronic equip-

ment that must be MOISTURE PROOF and tor FAILURE PROOF 

HERMETICALLY-SEALED 
TERMINAL CONSTRUCTIO 
is • • • 

/ Permanent Proof Against Moisture 

,* Impervious to Temperature Changes in the Unit or 
c.  Surrounding Air 

Unaffected by Heat Transfer from Soldering of 
Terminal Connections 

4 Cushioned Against Mechanical Shock 

These qualities stem from Chicago Transformer's use of special 
neoprene rubber gaskets in conjunction with ceramic bushings to 
seal and insulate terminals where they extend through the steel 
base covers or drawn steel cases. Under constant pressure, imposed 
by the terminal assembly itself, the gaskets are forced into an 
retained by specially-designed wells in the bushing;. 

By this method, a non-deteriorating, highly resilient seal is o 
tam ed. Its protection of the vital parts of the transformer agains 
moisture and corrosion is equally effective in extreme heat or c 
and against corrosive fumes or liquids. 

As components of Army and Navy electronic apparatus, Hermeti-
cally-Sealed Chicago Transformers gained an outstanding reputa-
tion for durability and dependability under the most severe wartirr 
operating conditions. Today, this same basic design is available to 
manufacturers who are building electronic equipmen  to core 
parable standards of peacetime excellence. 

CHICAGO TRANSFORMER 
DIVISI ON  OF  ESSEX  WIRE  CORP ORATI ON 

3 501  ADDIS ON  STREET  • CHICAG O, 18 

40A Proceedings of the 
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Collins, J. A., RCA Victor Co., Ltd., 1001 Lenoir St.. 
Montreal 30, Que., Canada 

Coolidge. A. W., Jr., 5 Wallace St.. Scotia, N. Y. 
Creveling. R., 6505 Rutgers St., Houston 5, Texas 
Deb& R. J., Apt. 33, 7 Craigie Cir., Cambridge 38, 

Mass. 
Donoghue, J. J., 1915 Santa Rosa Ave., Pasadena 6, 

Calif. 
Dyke, E. L., 317 Hyde Park Ave.. Bellwood, Ill. 
Fathauer, G. H., 5874 College Ave., Indianapolis 5, 

Ind. 
Ffoulkes, C. E., 610 Bryan St.. Jacksonville, Fla. 
Fink, J. G., 711 G Ave. N. W., Cedar Rapids. Iowa 
Friedman. T. B., 2909 Washington Blvd., Celveland 

Heights 18, Ohio 
Glessner, J. M., 3126 Market St.. Oakland 8, Calif. 
Griffith, P. E., 557 Cedar Ave., W. Long Branch, 

N. J. 
Harrison, C. E., 4530A West Papin, St. Louis 10, 

Mo. 
Hartley, S. H., 164 W. 79 St.. New York 24. N. Y. 
Headrick, J. M., 1622 R St., S. E., Washington 20. 

D. C. 
Hendrik& H. J., 308-21 St., N. E., Cedar Rapids, 

Iowa 
Hildenbrand, K., 3534 Lawn Ave., St. Louis 9, 

Mo. 
Holt, G. A., 144 Atlantic Ave.. Long Branch, N. J. 
Hughes, H. K., Pupin Physics Laboratories, Colum-

bia University, New York 27, N. Y. 
Hutchins, W. R., 10 Main St., Fairhaven, Mass. 
Jenkins, H. C.. Apt. J-1..370 Central Ave., Orange. 

N. J. 
Kirdahy, E., 211 Smith St., Brooklyn 2, N. Y. 
Knights, S. F., 2105 Decarie Blvd.. Apt. 12, Mon-

treal 28, Que.. Canada 
Lewis, L. L., WOI, Ames, Iowa 
McAdam, J. C.. Box 295, Point Loma, San Diego 

6, Calif. 
Palmer, J. E., Box 5100, Albuquerque, N. M. 
Parker, J. D., •Kerrera", Broomkaf Rd., Farnham, 

Surrey, England 
Pollock, R. D.. 8 State St.. Schenectady 5, N. Y. 
Pontius, J. C.. 56 Morningside Lane. Williamsville 

21, N. Y. 
Pound, J. P., c/o Barclays Bank Ltd., Chesterton 

Rd.. Cambridge, England 
Pray, E. B.. Box 1021, Lawrence. Mass. 
Rice, S. M., 1902 23 St., S. E.. Apt. 93-B, Washing-

ton 20. D. C. 
RizIt. K. S., Electronics Division, Bureau of Aero-

nautics. Navy Department, Washington 
25. D. C. 

Roberts. F. F., Radio Branch (W41). Research Sta-
tion, London N. W. 2. England 

Rod, R. L., 145 E. 49 St., New York 17, N. Y. 
Steen, W. J., 3041 N. Nagle Ave., Chicago 34, Ill. 
Tremblay, C. E., Rm. 1008, Lindsay Bldg., Winni-

peg, Man., Canada 
Valladares, J. A., 67 Broad St., New York 4, N. Y. 
Wainwright, L. F., Collins Radio Co., Cedar Rapids, 

Iowa 
Wise. H. G., 1705 N. 48 St., East St. Louis, Ill. 
Wybrands, K. R. G. M., rue Greneta 4, Paris 3.. 

France 
Zaskalicky, J. J., 104 Maltby St., Shelton. Conn. 
Zehr, N. J., 1538 Bradford Ave.. St. Louis 14. Mo. 
Zelinger, G., Box 1239, Haifa, Palestine 
Zelle, J., 1227 Addison Rd., Cleveland 3, Ohio 

Admission to Member 

Balton, J. R.. 2122 Beekman Place, Brooklyn 25, 
N. Y. 

Bedard, G. 0., 19 Demond St.. Springfield 7, Mass. 
Boyd, J. C., Airplane and Instruments. Inc., Clear-

field, Pa. 
Bremmer, A. J., 310 Walnut St., East Bound Brook, 

N. J. 
Budd, R. W., 6126 N. Wilbur St., Portland II, Ore. 

(Continued on page 42,4) 
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PICK -UP 

00griegferee/tfAiwere4, 

r- - 

PRE 

AMP 

IF 
REQUIRED 

OTHER CUE INPUTS 

CUEING 

AMPLIFIER 

PROGRAM 

AMPLIFIER 

SPEAKER 

DAVEN ATTENUATORS with Built-in cueing controls 
are now available ... from stock ... 
DAVEN attenuators may now be obtained with a cueing control. Auxiliary switching 

mechanisms are no longer required to cue recordings, transcriptions and remote or 

network programs. 

The control itself will serve to transfer the program material to a separate cueing 

amplifier. Provision is made at the extreme attenuation position  for connecting the 

incoming signal to a cue circuit before "fading in" the signal. As a result, a program 
can be smoothly "brought in" at the right time without the operation of any additional 

switches. A lug on the terminal board is provided for connection to the cueing system. 

The cueing feature may be supplied on any type of Daven attenuator. However, it is 
primarily recommended on those controls used for mixing, which are provided with a 
taper to infinity. For further details write to our Sates Department. 

THE  DAVEN co 

APPLICATIONS 

Broadcast Stations 

Recording Studios for 
Playback 

Wired Music Services 

Sound Film Industry 

Dubbing & Re-recording 
for Sound Effects 

19 1  CE N T R A L  A V E N U E 
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fiaaree 
NYLO N 1-J 
CRYSTAL PICKUP 
CARTRIDGE 

_Improves performance with 
respect to needle life and fre 
quency response. 

—Improves tracking at low 
needle pressure and reduces 
record wear. 

—Employs Nylon Chuck and 
matched, sapphire-tipped, 
knee-action, replaceable Ny-
lon Needle. 

—Assures phonograph manufac-
turer that the quality of repro-
duction remains CONSTANT, 
regardless of needle replace-
ments . . . because the Nylon 
Needle is MATCHED to the car-
tridge and is the only needle 
that can be used with it. 

—Assures phonograph owner of 
unalterable quality of reproduction. 

- MANUFACTURERS and ENGINEERS interested in improving 
the quality of phonograph reproduction and the MAINTE-
NANCE of such quality during the life of the instrument, will 
find such possibilities in the use of Astatic's new Nylon 1-) 
Crystal Cartridge. A descriptive, informative and generously 
illustrated folder, including cartridge specifications, is now 
available. Write for it today. 

Proceedings of the 

(Continued from page 40A) 

Conrad. R. C., Staff-RMS, Treasure Island, San 
Francisco, Calif. 

Cooper. E. H., 257 Marathon Ave.. Dayton 5, Ohio 
Cumming, J. E., 5 Montcalm St., Hull, Que., Can-

ada 

Doran, R. J.. 316 Weaver,St., Xenia, Ohio 
Dwork, L. E., 1852 -64 St., Brooklyn 4, N. Y. 

Eaton, S. B., RFD 1, McMane Ave., Scotch Plains, 
N. J. 

Eckert, L., 13 Garden Dr., Roselle, N. J. 

Edberg. R. A., 633 S. Dodge St.. Iowa City, Iowa 
Erath, L. W., 9904 Colesville Rd., Silver Springs, 

Md. 

Fairchild, J. A., U. S. Naval Academy. Department 

of Ordnance and Gunnery, Annapolis, Md. 
Gamble, J. A., 2310 Andrews Cir., Columbus, Ga. 

Geeslin, J. NV., 1008 North Ave., N. E., Atlanta, Ga. 
Gilbert, E. A., 172 N. Beverick Rd., Lake Hiawatha, 

N. J. 

Gledhill, R. W., 11 Pine Hill Cir., Waltham: Mass. 

Griffin, F. F., 212 Cordova St., Winnipeg, Man., 
Canada 

Halverson, N. D., 4839 Dorchester Ave., Chicago 
15, III. 

Hamilton. %V. H., 608 Berlin Rd., Pittsburgh 21, 
Pa. 

Hansen, H. G., 2105 Birchwood Ave., Chicago 45, 

Henderson, V. L., 397 Glengrove Ave., %V.. Toronto 
12, Ont., Canada 

Hepperle, C. M., 2409 Bever Ave., S. E., Cedar 
Rapids, Iowa 

Hough, R. D., 1109 Green St., Fairmont, W. Va. 
Hubbard, B. F., Apt. 219, Center Court, Dayton 3, 

Ohio 

Hunter, G. T., Postgraduate School, U. S. Naval 

Academy, Annapolis, Md. 
Jackson, T. H.. Jr., 4233 %V. 61 Street, Los Angeles 

43, Calif. 

Keizer, E. 0., 13 Spruce St., Princeton, N. J. 
Kirkpatrick, W. B., 70 Patterson Village Dr., 

Dayton 9, Ohio 

Kofoid, M. J., Westinghouse Research Labora-

tories, Ardmore Blvd., East Pittsburgh, Pa. 
Krueger, R. E., 58 Early St.. Morristown, N.J. 

Kyne, J. T.. 1203 Holly St., N. W., Washington 12, 
D. C. 

Laitinen, M. W., 622 W. 136 St., New York 31, 
N. Y. 

Lambert. J. R., 4321 S. W. 15 St., Miami 32, Fla. 
Laurie, B. A., KNET, Palestine, Texas 

Marique, J., 36. avenue Brunard, Uccle-Brussels. 
Belgium 

Mayo- Wells, W. J., Applied Physics Laboratory, 
Johns Hopkins University. 8621 Georgia 
Ave., Silver Spring, Md. 

McLoud, W. C., 1744 Ivanhoe St., Denver, Colo. 
Miller, R. L., U. S. Naval Academy, Postgraduate 

School, Annapolis, Md. 

Miner, C. R., 185 Washington Pkwy., Stratford, 
Conn. 

Mitchell, R. M., 331 -20 St., N. W., Cedar Rapids. 
Iowa 

Moore, C. C., RFD 4, Elkhart, Ind. 
Morgan, F. B., 722 N. Broadway, Milwaukee 2, Wis. 
Moskowitz, F., 48 Rockwell Ave., Long Branch, 

N. J. 

Mullins, R. M., 2920 Tait Tern, Norfolk 5, Va. 
Myhre, P. K., 3423 E Ave., N. E., Cedar Rapids, 

Iowa 
Nelson, R. B., 111 Jackson Ave., Schenectady 4, 

N. Y. 
Newhard, C. E., 934 N. 30 St., Allentown, Pa. 

Nordlund, R. J., 214 E. Second St., Xenia, Ohio 
Nutting, D. C., 2434 -31 St. W., Seattle 99, Wash. 
Odom, G. R., 409 Seneca Dr.. Syracuse 5, N. Y. 
Pamler, R. G., 886 Second Ave.. Des Plaines, Ill. 
Parent, R. J., Electrical Engineering Department, 

University of Wisconsin, Madison 5, Wis. 

(Continued on page 44A) 

I.R.E. and Waves and Electrons  November, 1946 



now . . 

CAPACITY RANGES 

STYLES MIN. MAX. 

A or K 5 100 MMF 

T 101 221 MMF 

B or L 101 175 MMF 

S 222 460 MMF 

C or M 175 550 MMF 

D 551 895 MMF 

E 896 1390 MMF 

F 1391 1770 MMF 

CHARACTERISTICS 

Temperature Characteristic:  —1400 parts/million/0C 
±210 parts/million/0C 

X:  135 approx. 
Flash Test: 1300 volts D. C. 
Working Voltage: 500 volts D. C. 
Leakage Resistance: Over 10,000 megohms at 1000 
volts D. C. 
Q Factor:  1000 or higher above 30 MMF. Q Factor 
limit below 30 MMF decreases in a straight line to 
500 at 5 MMF. 

. N141\00 
likirPoRTANT NE W SERIES 

of 

. atallii .ems  
•1111. u S say. eve_ 

WITH HIGHER CAPACITIES 

ERIE is now in production on all standard styles of its new series, N1400 Ceramicons, with a temperature 
coefficient of -1400 parts/million/°C. 

The higher negative temperature coefficient permits 
use of smaller capacity condensers as compensators, 
which is often necessary to obtain required tuning 
range in radio receivers. In addition, for general 
purpose applications where temperature compensation 
is not a factor, Erie N1400 Ceramicons offer higher 
capacity ranges without increased physical size. 
The Erie N1400 Ceramicon series has the same 

characteristics as other Erie temperature compensating 
Ceramicons; definite and entirely reproducible temper-
ature coefficient of capacity, high Q factor, and inherent 
stability. Electrical characteristics and capacity ranges 
are given at the left. 

Eleauwee4 Dadithue 

ERIE RESISTOR CORP., ERIE, PA. 
LOND ON,  EN GLAND • TOR ONT O,  CANADA 
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Protection 

for Televis 

ON APRIL 15, 1946, in the John 
Wanamaker store, New York, 

the Allen B. DuMont Laboratories 

opened the world's largest, most mod-
ern television studio, Station W ABD. 

Among the many problems solved 

was that of providing flexible pro-
tection for power and coaxial cables 

running from the master terminal 
box on the studio floor to the various 

mobile camera units. 

Because damage to such cables 

ion Cables 

might ruin a projection, they are en-

closed in 11/2 " I.D. American Flex-

ible Shielding Conduit, Polyvinyl 
covered to specification AN-WM-C-
561A, Type 2. This conduit is suffi-

ciently flexible to bend easily, tough 
enough to withstand bumping by 

camera dollies, and the synthetic cov-

ering prevents marring of the studio 
floors. 

This is a good example of solving 

a difficult conduit hose and tubing 
problem, by combining 

flexible metal tubing 

made from the proper 
alloy, with synthetic cov-

ering provided with the 
required physical and 

electrical characteristics. 

• 

C afe 

MET AL H OSE 

THE AMERICAN BRASS COMPANY 
American Metal Hose Branch 

General O ffices: Waterbury 88, Conn. 

Subsidiary of Anaconda Copper Mining Company 

(Continued from page 42A) 

Parker, T. J., 4476-44 St., San Diego S. Calif. 
Parodi, H. A., 916 Hudson St., Hoboken, N. J. 
Pourciau, L. L., Box 667, Pleasantville, N. Y. 
Reda. M. S., 14 Insha St., Cairo, Egypt 
Redding, J. M., 37 Leinster St., St. John, N. B.. 

Canada 

Reid, G., do Admiralty Gunnery Establishment. 
Teddington, Middlesex, England 

Rodenhouse, E., 4808 Burke Ave., Seattle 3, Wash. 
Rogers, S., 4330 Illinois St., San Diego 4, Calif. 
Rugar, J.. Jr., Box 433, Park City. Utah 
Sachs, A. F.. 24 Elm St., Great Neck, L. I.. N. Y. 
Scheiner, C. J., 124 Luddingron St., Syracuse 6, 

N. Y. 
Schutz, G. C., 1941 Riverside Dr., Dayton 5, Ohio 
Sennert, H. G., 1542 Emmons Ave., Dayton 10, 

Ohio 

Sharpley, J. A., 3405 W. Lisbon Ave., Milwaukee 8, 
Wis. 

Shurtz, D. C., Box 65, Layton. Utah 
Spencer, R. C., 52 Huntington Rd., Arlington 74, 

Mass. 

Steinke. R. R., 2300 N. E.. Halsey St., Portland 12. 
Ore. 

Steinmetz, P. F., 9 Salerno Place, Dayton 4. Ohio 
Stevens, B. J., South Africa Broadcasting Corpora-

tion, Box 4559, Johannesburg, South 
Africa. 

Taggart, S. E., 953 N. Dearborn, Indianapolis 1, 
Ind. 

Thayer, P. H., Jr.. 39 Fairmount Ave., Morristown. 
N. J. 

Tinkham, R. J., 35 W. 33 St., Chicago 16, III. 
Tornovsky, I. M., RCA Victor Co. of China, 356 

Peking Rd., Shanghai, China 
Trussell, A. B.. 191 Waltham St., West Newton, 

Maze. 
Vranicar, E. J., 725 Wilcox St., Joliet. Ill. 
Wainscott, J. M., 110 Armory Ave., Champaign, Ill. 
Waltz, D. M., Box 458M. RFD 15, Indianapolis 

44, Ind. 
Waterman, A., 356 Naubuc Ave., Glastonbury, 

Conn. 
Whipple, G. D.. Marine Sales Department. Sperry 

Gyroscope Co., Manhattan Bridge Plaza, 
Brooklyn 1, N. Y. 

White, J. H., Box 2714, Juneau, Alaska 
Wilson, A. G.. 2 Windmill Dr., Clapham Common, 

London S. W. 4. England 
Windsor, R. B., 147 W. Pierrepont Ave., Ruther-

ford. N. J. 
Wirkler. W. H., 10S -32 St. N. E., Cedar Rapids, 

Iowa 
Wohlwill, H. E., Apparatus Department, Corning 

Glass Works, Corning, N. Y. 
Yieh, T., Rm. SL, 790 Riverside Dr.. New York 32, 

N. Y. 
Zambell, H. G., 1164 S. Kenilworth Ave.. Oak Park, 

Admission to Associate 

Ackerman. W. W., S Bennett St., Freehold, N. J. 
Ahrens, G. W., 2402 P Ave., Galveston, Texas 
Aschbacher, S. J., 75 E. Burton Ave., Dayton 5, 

Ohio 
Ash, W. H.. 528 E. Hardy St., Inglewood. Calif. 
Bacon, J., 264 Broad St., Bloomfield, N.J. 

Bailey, B., APO 26774. do Postmaster. San Fran-
cisco, Calif. 

Barritt, R. C., 1200 Susquehanna Ave.. West 
Pittston, Pa. 

Bartolomei, G. G., Box 403, Bayville, L. I., N. Y. 
Berkey, R. H., 110 E. Market St.. Akron 8, Ohio 
Biggerstaff, W. F.. 3412 NE Maywood Ct.. Portland 

13, Ore. 
Blackburn, F. R.. 4000 S. Figueroa St., Los Angeles 

37. Calif. 
Bourdon, R. G., 30 rue General 5, Brussels 4, Bel-

gium 
(Continued on page 46A) 
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THE 

IVIE SENN 141001.t. IN shoded pole, induction-

type Allionce fon Rotor tor 500 

speeds from   
0 

UP  Porous br  

IC 1050 R•P• M• operotes on 50 or 6 cycles 
ot voltages  to 270,1/ 30th horse power, 

sise A3/4x73/4 incl.es•  owse, oilless-
type sleeve  beor.,-sgs. Open o r fully enclosed 

construction• Arro w,— '3 to 40 at. in• full 
d running torque, depending 00 stock 

length• Exceptionally quiet. For continuous 
or inte  duty• Runs clockwise or loa 

counter clockwise--not reversrble 
rmittent • 

ALLIANCE ?tiosotitoioas— povis. 
O W N1/401ORS in shaded pole induction 
ond split -ptiose reversible resistor types 

(cried from less  114001h ls 

than •p• on up 

to 11201h tt• p• for powering valves, 
switches, controls, driving turntobles, tons, 
record ch,angers ond aulornatic devices• 

MINI ATURE M OTORS TH AT 

M AKE ,E m M OVE! 

Let Alliance Motors take over your action problems! 

Just check the four BIG advantages built into the new 

Model A Alliance Powr-Pakt fan motor: 

SLO WER SPEED 

LO WER CURRENT COST 

QUIETER OPERATION 

SMALLER SIZE 

Results are longer life —less repair—more dependability. 

Other Alliance Powr-Pakt motors rated from less than 

1/400 th horsepower on up to 1/20th horsepower may 

be mass produced like the Model A, to deliver just the 

right amount of power and drive where wanted. Write! 

WHEN YOU DESIGN-KEEP ocionic e 
MOTORS IN MIND 

AL LI A N C E  M A N U F A C T U RI N G  C O M P A N Y 

Proceedings of the I.R.E. and Waves and Electrons  November, 1946 

•  ALLI A N CE,  O HI 



(Continued from page 44A) 

Boyda, M. C.. 3334 Steuben Ave., New York 67. 
N. Y. 

Bozzelli, J. F.. 140 Roseville Ave., Newark 7, N.J. 
Brisebois, L. T.. 4747 Lee Blvd.. Arlington. Va. 
Briskin, H. B., 677 Georgia Ave., Brooklyn 7, N. Y. 
Brock, F. A., 6715 Airline Rd., Dallas 5, Texas 
Brown, J. E., 8843M S. Hoover St., Los Angeles 44. 

Calif. 
Buffum, J. H., 3199 Clay St.. San Francisco, Calif. 
Bulmore, H. E., 70 West Ave., Newfane, N. Y. 
Campbell, H. G.. 233 Lotus Ave.. San Antonio 3. 

Texas 
Clark. J. T., 14 Tesla St., Mattapan 26, Mass. 
Cohen, M. S.. 420 Memorial Dr.. Cambridge 39, 

Mass. 
Coleman, W. E., 17 E. Browning Rd., Collingswood, 

N. J. 
Combs. E. L., 1927 Coast Highway, Santa Barbara, 

Calif. 
Considine, D. P., 47 Washington St., Newton, Mass. 
Corson, B. R., 11 Parsons St.. Newburyport, Mass. 
Daly. J. J.. 84 Dunkirk Rd., Toronto, Ont.. Canada 
Diesenhaus, N., 2238 Cathedral Ave., N. W.. Wash-

ington 9, D. C. 
Dixon, T. K., Jr., 3604 Fannin St., Houston 4, Texas 

Dowdy. Q. B., Box 712, Big Sandy, Tenn. 
Eilers, W., 162 Watauga Ave., Corning, N. Y. 
Feistel, H.. 1737 Cambridge St., Cambridge 39, 

Mass. 
Foley, J. F., 504 Normandy Ave.. Baltimore 29. 

Md. 
Gaiden. E. J., Box 20, Fort Lee. N. J. 
Germain Z., M., Avenida Bilbao 2129. Santiago de 

Chile 
Gilmore. J. P., 209 Post Ave., Lyndhurst, N. J. 
Green, G. G.. Box FAETU, Naval Air Station. 
Whidbey Island, Wash. 

Griesan. G. F., 64 Hommel St.. Valley Stream, 
L. I., N. Y. 

Gunn, K. C. C., 230 Albany St., Cambridge, Mass. 
Gurdus, H. W., 309A, S. Pugh St., State College, 

Pa. 
Hanford. C. E.. 524 Seventh Ave.. Williamsport 30, 

Pa. 
Hanna, R. E., Jr.. 65 Charles St., New York 14, 

N. Y. 
Harrison, D. W., Springrnead, Lyndhurst Ter., 

Hampstead, London N. W. 3, England 
Harvey. R. B.. 77 Brighton Ave., Allston 34, Mass. 
Hays, J. B. Jr., Bell Telephone Laboratories, Rm. 

1E-203. Murray Hill. N.J. 
Hellenthal, A. W., 1604 Hi Point St.. Los Angeles 

35, Calif. 
Higgins, L. N., 832 Rosecrans Ave., San Diego 6, 

Calif. 
Higgs, R. E., 45 Clark Ave., Lynbrook. N. Y. 
Hopper, R. W.. 1750 W. Mulberry, San Antonio. 

Texas 
Johl, M. J., 102-37 -46 Ave., Corona, L. I., N. Y. 

Johnson, C. K., 2803 Quincy, Kansas City 3, Mo. 
Kalakowsky, C. B., 63 Dracut St., Dorchester 24, 

Mass. 
Kampinsky, A., 212 -11 Ave., Belmar, N. J. 

King, S. W., Apt. 203. 3012 S. Halldale Ave.. Los 
Angeles 7, Calif. 

Klein. A. L., Clausiusstr. 48. Zurich 6, Switzerland 
Knight, H. M., 11 Windemere Rd., Dorchester 25, 

Mass. 
Kussmann, A. E., 1645 N. Dayton St.. Chicago 14. 

Ill. 
La Rochelle, J. A., 28 Waterville St., Portland, Me. 
Larsen, L. C.. 105 Allen St., Randolph, Mass. 

Latz, G. J., 327 W. 33 St., Houston 8, Texas 
Levine, H., 28 Sherman Ave., Meriden, Conn. 

Lovan. J. E., 411 Miller St.. Liberty, Mo. 
MacMillan, R. A., 723 S. E. Peacock Lane. Port-

land 15, Ore. 
Marantz, S. A.. 104 Arlington Ave., Brooklyn 7, 

N. Y. 
Marcinko. F. C.. 66 -26 Booth St., Forest Hills, 

N. Y. 

(Continued on page 62A) 
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more important 
than ever before... 

SHERRON TEST EQUIPMENT 
... to help you maintain top engineering standards 
Sherron Test Equipment gives you the assurance that your products will pass 

the most rigid requirements. We are well prepared, by virtue of constant re-

search and extensive laboratory work, to engineer test equipment for every 

type of manufacturing and inspection operation. We design and manufacture 

custom-built equipment to meet individual production problems. Our engi-

neering and designing staff is available for consultation on your problem. 

VACUUM TUBE TEST EQUIPMENT 
RECEIVING, TRANSMITTING & POWER 
Electrical Shorts, Heater, Cathode Leakage, G.M., 
Static Characteristics, Gas Emission, Plate Cut-Off, 
Diode Emission, Grid Currents, Trans Conduct-
ance, Power Output, Amplification. 

CATHODE RAY 8 KINESCOPES 

Voltage Breakdowns, Gas, Focusing, Light Output, 
Spot Size and Position. Beam Current, Line Width, 
Screen Quality and Persistency. 

COAXIAL CABLES 
Production and Laboratory Test Equipment for the 
inspection of Coaxial Cables and other transmis-
sion lines for the following characteristics: 
• Dielectric Strength  • Capacitance 
• Insulation Resistance • Power Factor 
• Characteristic  • Corona 

Impedance 

CONDENSERS & RESISTORS 
Production and Laboratory Test Equipment de-
signed to meet the individual application with an 
accuracy as demanded by requirements. 

• Capacity  • Resistance  • "Q" Measurements 

• Dielectric and Insulation Resistance and Breakdown 

Automatic or manual, these units are 
designed to give accurate results. 

CATHODE RAY 
NULL DETECTOR 

Sherron's new pre-
cision Cathode Ray 
Null Detector is a 
stand-by and * 
"must" for A.C. 
Bridge measurements 
—1000 cycle source 
is included. Unit has 
a gain of 80db at an 
input voltage of 100 
micro volts. 

SHERRON ELECTRONICS CO. 
Electronics  1201 FLUSHING AVE., BROOKLYN 6, N.Y. 

DIVISION OF SHERRON METALLIC CORP. 

For the convenience of West Coast Companies, we are pleased 
to announce the opening of our SAN FRANCISCO Sales Office: 
Mechanics Institute Building, 57 Post Street, San Francisco, Calif. 
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MICROTORQUE POTENTIOMETERS 
for Remote Recording 

Solve remote control and position repeating problems by 
adapting Microtorque Potentiometers to your particular 
needs. Built like a fine watch, Microtorque Potentiometers 

convert mechanical movement into proportional electrical 
voltages without causing excessive drag in sensitive mechan-
ical measuring systems. A simple yoke adaption to the instru-
ment pointer makes these tiny, ultra-low torque units ideal 
for take-offs from low torque indicating instruments. Micro-
torque Potentiometers may also be used as primary control 

elements in bridge type circuits to operate directly recorder 
controllers, recording galvanometers, oscillographs, polarized 
relays, and telemetering circuits. 

a 
FEATURES: 

Vibration-proof 4 to 55 cycles up to 6 G. 
Resistance values 100 to 2500 ohms. 
Higher ranges on request. 
Input torque less than .003 oz. in. 
Power dissipation of 2 watts. 
Linearity % X or better. 
Weight less than 1/4   
Size 1"  11/4 ". 

FULL 

SIZE 

Mont,locrurers  of remote pcessure I ronsm ffiers,  controls, and o,,rolf composses 

AUTOFLIGHT INSTRUMENTS 
A Division of G. M. Gionnini & Co., Inc. 

16 1  E A S T  C A LI F O R NI A  ST R E E T 

PA S A DE N A  5,  C ALI F O R NI A 

lijijI 'I 
51 

* Clarostat Series 43 wire-wound po-

tentiometers and  rheostats are  inter-
changeable  mechanically  (dimensions, 
mountings, shafts, terminals, etc.) with 
composition-element Series 37 Clarostat 
controls. Space-savers. Dependable. Long 
life. Often preferred to larger controls for 

resistance values up to 10,000 ohms linear. 

Bakelite body with protective 
metal cover (shown removed 
in illustration). 

1 to 10,000 ohms. Standard tol-
erance, within 10% plus or 
minus. 

Power rating: 2 watts aver-age. 

Single tap at center can be pro-
vided. Tapers not practical. 
300° mechanical rotation, 280° 
electrical, without switch; 260° 
with switch. 

* For engineering data on this handy 

midget wire-wound control, write for Bul-
letin No. 116. 

CLAROSTAT MFG. CO., Inc. • 285-1 N. 61k St.. Brooklyn, N.Y. 
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* RICHARDSON MEANS a d  IN  PLASTICS 

* PRODUCTION 

... Complete machine shop 
facilities for manufactur-

What's the mystery. ... here 
what comes? Chances are, it's a 

problem in plastics. We get them every day. It 
may involve an insulating part for an electrical application, 

or a non-corrosive part for chemistry. It might turn out 
to be a quieter streetcar bearing, collector rings on a power 

shovel, or thread advancing reels for textile applications. Whatever 
it is ...Richardson versatility will soon have it solved. 

For here you deal with practical people in an old, established 
firm whose sole business is plastics; where diversified 

equipment and adequate research, design 
and engineering personnel have been established 

to provide you with the complete plastics 
service you like ... but seldom find. 

INSUROIC PTeceaose Peadaed 

RICIIARDSON COMPANY 
Sales Headquarters: MELROSE PARK, ILL.  FOUNDED 1858  LOCKLAND, CINCINNATI 15, OHIO 

NEW YO1K 6, 75 WEST STREET  ROCHESTER 4, N. Y., 1031 SIBLEY TOWERS BLDG. 
P -I IL ADELPHIA 40, PA., 3728 NO. BROAD STREET  Sal*, Offices  MILWAUKEE 3, WIS., 743 NO. FOURTH STREET 
CLEVELAND 15, OHIO, 326-7 PLYMOUTH BLDG.  • DETROIT 2, MICH., 6-252 G. M. BLDG.  • ST. LOUIS 12, MO., 5579 PERSHING AVENUE 

Factories. MELROSE PARK, ILL.  • NEW BRUNSWICK, N. J.  • INDIANAPCLIS, IND. 

* RESEARCH 

... a continuous transfor-
mation of possibilities into 
practical ideas in plastics. 

I _ 

* DESIGNING 

... Artistic visualization. 
Creative engineering. 
Practical planning for 
efficient plastics production. 

ing dies, molds and tools. 

* LA MINATING 

...Sheets, rods, tubes. 
Standard NEMA grades; 
over 700 special grades. 

* M OLDING 

... Rubber and bitumi-
nous plastics; and synthetic 
resin plastics... Beetle, 
Bakelite, Durex, etc. 



WANTED.... 
1—RADIATION PHYSICIST 

With background in measurement and detection of 
radiations, and designing of associated instruments. 
Weight of background and interests should be in physi-
cal chemistry. 

2—X-RAY TUBE ENGINEER 

3—TRANSMITTING TUBE ENGINEER 

Must have experience in actual tube design and produc-
tion. 

THESE THREE MEN will have stimulating work, labora-
tory freedom, full security and good salaries. Write in 
complete confidence. Or arrange for an immediate in-
terview. 

AMPEREX ELECTRONIC CORPORATION 

25 Washington Street  Brooklyn 1, New York 

Telephone: MAin 5-2050 

OPPORTUNITIES AT 

*LONG DISTANCE RADIO 

Zenith has some interesting openings for ex-

perienced Senior and Junior radio engineers 

in all branches of home radio receiver design 
and development. Apply to J. E. Brown, Chief 

Engineer, Zenith Radio Corporation, 6001 

West Dickens, Chicago. All applications 
treated in confidence. 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 
The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

PROCEEDINGS of the I.R.E. 
330 West 42nd Street, New York 18, N.Y. 

PHYSICIST-METALLURGIST 

For fundamental development and re-
search in metals used in electron tubes. 
1,Vork requires a high degree of theoretical 
background as well as practical experi-
ence. Location near metropolitan area with 
ample facilities available for extensive re-
search. State complete resume of experi-
ence and background. Box 440. 

ENGINEERS 

Prominent Aircraft Company, Eastern 
United States, needs men with following 
qualifications: Experienced engineers with 
Bachelor's, Master's, Doctor's degrees in 
Electrical Engineering, Physics, Mathe-
matics. At least two years experience in 
design and development of radar and tele-
vision  systems,  automatic  computers, 
servomechanisms, target seekers, etc., re-
quired. Positions open for preliminary and 
detail design, research, and development of 
guided missiles under Army and Navy 
contracts. Starting salary commensurate 
with experience. Address Box 441. 

COIL DEPARTMENT HEAD 

Experienced in set-ups, winding, im-
pregnation and testing home receiver type 
RF and IF coils and chokes, wanted by 
television and radio manufacturer in New 
York area. Give experience and salary ex-
pected. Box 442. 

SOUND-POWERED ENGINEER 

Sound-powered  telephone  engineer 
wanted. Experienced in design of sound-
powered telephone equipment. EE grad-
uate or physicist with minimum 4 years' 
design experience in this field. Up to 
$6000.  Long  established  Connecticut 
manufacturer. Box 439. 

ENGINEERS—TECHNICIANS 

Expanded  guided  missile  research, 
manufacture, and experimentation require 
long term services of a new development 
group in the Electronics Department. Po-
sitions  open  for  graduate  engineers, 
physicists, and experienced technicians. 
Masters and Doctors degrees desirable 
for better positions. Educational back-
ground in mathematical-physics, electron-
ics, aerodynamics preferred. Work will be 
on broad aspects of electronic servo 
mechanism  control  systems.  Salaries 
$2500-$8000, commensurate with ability. 
Location Farmingdale, Long Island. Com-
municate with A. E. Sutton, Pilotless 
Plane Division, Fairchild Engine and 
Airplane Corporation,  184-10 Jamaica 
Avenue, Jamaica 1, N.Y. 

RADIO ENGINEER 

Needed for extensive laboratory devel-
opment work in circuit detailed investiga-

(Continued on page 52A) 
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These 6 features insure 

accuracy and dependability 

in all MC "Precisions." 

VStandard 'tolerance , 110 /Nide Selection Ranges and 

'types 

A / Non-Incluctiv e V  Protection 

- 4 Way 
Hu midity   

V
tow Noise LeV et 

V  post e 11 Connections 

Cs famous "Precisions" —now  av ail-
able on shorter dehvery cycle —offer 
many advantages. Check these typical 
reasons 1RC has long maintained lead-
ership in the manufacture of Precision 
Wire Wound Resistors. 

SHORT DELIVERY CYCLE! 
IRC PRECISION WIRE 

1. Accuracy. IRC offers standard tolerance of ± 1% 
... tolerances as low as .5, .25 and .10% available on 
special order. 

2. Wide Selection Ranges and Types. Select what-
ever range, size or type you need to suit your design. 
IRC Precision Wire Wound Resistors are available in 
ranges from 0.1 ohm to 2.5 megohms. IRC also offers 
a wide selection of sizes and terminal types. 

3. Non-Inductive. The largest possible special alloy 
enamelled wire, wound on winding forms without a 
break in insulation, with adjacent sections in opposite 

oil UR Pf u 

t‘'‘ 

IRC • 

14811111LE ‘t 

INTERNATIONAL 
RESISTANCE CO. 

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

le Canada • International ResiLtanc• Co., Ltd., Toronto, Li  

WOUND RESISTORS 

directions, allows windings of low residual inductance. 
The frequency characteristics of IRC Precision Wire 
Wound Resistors suit them for use at audio and carrier 
frequencies up to 50 KC. 

4. Low Noise Level. Specify IRC Precision Wire 
Wound Resistors for instruments that requite lowest 
possible noise level. 

5. Protection Against Atmospheric Conditions. Non. 
hygroscopic ceramic winding foi.ms are specially impreg-
nated for additional moisture protection and to prevent 
abrasion of enamelled-wire windings. Windings are 
impregnated with special varnish, which improves 
insulation, eliminates breakdowns and shorted turns. 
This impregnating compound hardens with high tem-
peratures instead of softening as is the case with wax 
impregnation found in some wire wound resistors. 
Baked impregnation of windings secures wires rigidly in 
place and gives effective protection from high humidity. 
For further protection, extra insulation coatings are 
applied before and after labeling. 

6. Terminals. To insure positive terminal connections, 
IRC molded contacts are used on Precision Wire 
Wound Resistors. 

Your igc Sales Engineer can quote you definite 
delivery schedules, or address inquiries to Dept. 10K. 
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VACUUM TUBE 
VOLTMETER 

SPECIFICATIONS: 

RANGE: Push button selection of five ranges -1, 3, 10, 
30 and 100 volts ac. or d.c. 

ACCURACY: 2% of full scale. Useable from 50 cycles to 
150 megacycles. 

INDICATION: Linear for d.c. and calibrated to indicate 
r.m.s. values of a sine-wave or 71 % of the peak value 
of a complex wave on a.c. 

POWER SUPPLY: 115 volts, 40-60 cycles —no batteries. 

DIMENSIONS: 4N" wide, 6" high, and 8 1/2 " deep. 

WEIGHT: Approximately six pounds. Immediate Delivery 

MODEL 62 

StandardhfNU Sign I CeneratOoFrs 
FACTURERS 

Pulse Genaer 

be 

S a mqccusu ata ou aeic,,:wr  0 isv Mete rs de: gn e: n e rokisrr: 

FM Stgrns Or 

e"hi n Meters rasesequence 

,,Ve,E,:pamnde,Ft aeeimnaGirec,nasettroit  

UHF Rad 

MEASURE MENTS j CORPORATIoN 
BOONTON  NE W JERSEY 

RADIO FIELD ENGINEERS 
Engineering degree essential 

Must have 10 years experience on installation and operation of 
transmitting and receiving  stations: including central office 
equipment and antenna construction. 

Advise submitting resume of background and experience prior 
to interview. 

MACKAY RADIO & TELEGRAPH CO. 
A Subsidiary of International Telephone & Telegraph Corporation 

67 Broad St., N.Y.C.  Room 2703 

,,,,,99, 99 ,,, 9919,...ii1911:1-11111111111111991,,, 

Worthy of an Engineer's Careful Consideration 

TYPE' 111-A AMPLIFIER 
The 111-A Amplifier consists of two individual 
pre-amplifiers on a single chassis for use in high 
quality speech input equipment. Its compact 
unitized construction saves rack space. Input im-
pedences of 30, 250 and 600 ohms; output 
impedance 600 ohms. It is quiet and has excel-
lent frequency characteristics and ample power 
output with low distortion products. 

• 41. 

The Langevin Co mpany 
IMCOAPO AA AAA 

SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 
NE W YORK  SAN FR ANCISC O  LOS ANGELES 

37 W  •5 SI 23  10S0 Mc,. •  Sr 1  10*0 N  S.. •  5  9 

(Continued front page 50A) 

tion and design of RF components. Must 
have experience in experimental radio or 
allied techniques. Write to: Employment 
Department, The F. W. Sickles Company, 
Chicopee, Mass. Give full particulars as 
to experience, salary desired, etc. 

ASSOCIATE PROFESSOR OF 
ELECTRICAL ENGINEERING 

Man with MS in Electrical Engineering 
with specialization in electronics to take 
charge of Electronics Option. Teaching 
experience required. Industrial or mili-
tary experience desirable. Salary $3200 to 
$3600, for nine month school year, de-
pending on age and experience. Write: 
Department of Electrical Engineering, 
North  Dakota  Agricultural  College, 
Fargo, North Dakota. 

PHYSICIST 

Applied physicist wanted to carry on 
research in government-sponsored pro-
gram. Prefer man with doctorate in elec-
tronic physics and with practical experi-
ence in radio circuits, acoustics, and 
instrument design. Address inquiries to 
the Haskins Laboratories, 305 East 43rd 
Street, New York City. Or phone MU 
5-7956. 

RESEARCH ENGINEERS 
Research engineers and physicists hav-

ing experience in micro-wave and ultra 
high frequency techniques to work at new 
laboratory of well established parent com-
pany. Salaries commensurate with quali-
fications. Suburban location in West-
chester County, N.Y. 30 Miles from New 
York City. All replies treated confiden-
tially. Box 433. 

ELECTRONICS RESEARCH ENGINEER 
OR PH.D. 

Experience in research and development 
of servo mechanisms, calculating devices, 
electronic controls, etc. Project engineer 
required by an established development 
and  manufacturing  company.  Include 
resume of experience and background. 
Address Box 434. 

SALES ENGINEER 

Manufacturer of railway equipment 
seeks young man between 20 and 30 years 
of age. Excellent opportunity for one 
who has some or all of these qualifica-
tions: 
1. Knowledge of electrical engineering, 
especially electronics. 

2. Knowledge of  railroad  operation 
and signaling. 

3. Ability to meet people and make 
friends. 

4. College education. 

Training will be given to cover any 
deficiencies applicant may have. In reply 
state age, education, sales and engineer-
in  e experience and other qualifications. 
Include three references and photograph. 
Box 435. 

ENGINEERS (Electrical or mechanical) 

SP-7 and PI-P5 inclusive. Work in-
volves the development and design of 
small and intricate electro-mechanical in-
tegrating and computing systems. The de-

(Continued on page 54.4) 
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In thousands of plants 
engineers automatically 
turn to Ohmite for rheostats. 
For ifimite rheostats have 
established an enviable reputa-
tion for unfailing perfarmance under adverse operating 
conditions. The Ohmite line of standard rheostats is the 
most extensive available. Six wattage sizes in many re-
sistance values are carried in stock for immediate ship-
ment. Whatever your needs, Ohmite can provide the 
rheostat to meet your exact requirements. 
Write on company letterhead for Catalog and Engineering Many 3 No. 40. 

OH MITE MANUFACTURING CO. 
4862 Flournoy St., Chicago 44, U.S.A. 

RHEOSTATS 

RESISTORS • TAP SWITCHES 
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VALVE  VOLT M E TE R 

An instrument having a universal application for voltage measurements 

where a very high input impedance is required.  It is suitable for use 

from low audio to high radio frequencies, typical applications being the 

measurement of oscillator output voltages, and both input and output 

voltages of audio amplifiers, R.F. amplifiers and filters. 

Features:  0.2 volt to 150 volts in 5 ranges, capacity multipliers 

available to 7500 volts RMS, meter scales directly calibrated, shielded 

probe, voltmeter stabilised with respect to mains variations, self calibrating. 

Other A. W. A. Instruments 

• B.F.O. TYPE A96060 

20 to 20,000 cycles, 40 in. spiral 

scale, incremental frequency dial, 

internal  crystal  calibration  at 

subharmonics of 100 kcs. down to 

2 kcs. Calibration of multiples of 

mains frequency up to 500 cycles. 

Output 1 watt.  Distortion 1%. 

Variety of output impedances. 

• C.R.O. TYPE R6673 

✓ cathode ray valve, fine trace, 
time  base  oscillator  frequency 

continuously  variable  from  30 

cycles to 40 kc., horizontal and 

vertical amplifiers  suitable  for 
audio and low R.F. Portable rack 

mounting and intensity modula-

tion types. 

Amalgamated Wireless (Australasia) Ltd. 
AUSTRALIA'S NATIONAL  WIRELESS ORGANISATION 

47 York Street, Sydney, Arstralia 

. SIGNAL GENERATORS. 

. "Q" METERS. 

. C.R. OSCILLOGRAPHS. 

. HETERODYNE CALIBRATORS.  . WAVEMETERS. 

. A.F. METERS.  • VALVE VOLTMETERS. 

. IMPEDANCE MATCHING EQUIPMENT.  . MULTIVIBRATOH-. 

. BEAT FREQ. OSCILLATORS. 

. OUTPUT METERS. 

. DECADE RESISTANCE BOXES. 

51 
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(Continued from page 52A) 

sign and development of computing ma-
chines, fire control devices, automatic 
pilots, or similar devices represent the 
type and scope of work. 
P-5. Must have background in the de-

sign and development of electronic and 
associated  mechanical  devices,  with 
marked ability in administration and the 
preparation of technical papers and re-
ports. Must have excellent personality. 
Feminine applicants will be carefully 

considered for this position. 
P-3. Must have background in the de-

sign and development of electronic and 
associated  mechanical  devices,  with 
specific experience in laboratory tech-
niques. Administrative experience desir-
able. The Engineer Board, Applied Elec-
tronics Branch, Fort Belvoir, Virginia. 

ENGINEER 

Engineering firm in New York City 
requires two engineers with at least two 
years of design and development experi-
ence on communication equipment. VHF 
background desirable. Write, stating full 
particulars and salary expected. Box 436. 

ENGINEERS 

Junior and senior electrical engineers or 
physicists for general development en-
gineering in television and allied radio and 
electronic fields. Established manufactur-
ing concern located suburban New York 
City. Box #437. 

PHYSICISTS AND ELECTRICAL ENGINEERS 

For vacuum tube research. Apply by 
letter stating qualifications to Director of 
Research, National Union Radio Corpora-
tion, 57 State Street, Newark, New Jersey. 

ELECTRONIC ENGINEERS 

Development and research engineers, 
seniors and juniors, well versed in all 
phases of RF circuits. VHF or Micro-
wave experience desirable. Only top-
notch applicants with engineering degree 
or equivalent background for this type 
of work will be considered. Chicago area 
residents preferred. Top salary, steady 
position, 40-hour week, occasional field 
trips. Appointment by letter only. Give 
background experience, educational and 
employment history. Address letter to 
Research Division, Belmont Radio Cor-
poration, 5921 W. Dickens Ave., Chicago 
39, Illinois. 

News—New Products  
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

New Enterprises 
• • • Eastern Industries, Inc., was formed 
recently to take over the entire business of 
Automatic Signal Company, East Norwalk, 
Conn., and Eastern Engineering Corp., 
New Haven, Conn. 

(Continued on page 60A) 
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The Collins 51H-3 aircraft radio receiver provides 

reliable reception within the range of 1.5 mc to 18.5 
mc. Ten Autotune controlled channels can be preset 

to any ten desired frequencies. Individual channels 
can then be selected by means of a tap switch—the 
Autotune system automatically resets all variable 
tuning controls to the wanted frequency. 
Thorough engineering of every detail has resulted 

in outstanding performance with a minimum of at-

tention. Among its many desirable features, the 

51H-3 has automatic volume control, automatic 
noise limiter, and automatic tuning—the operator 

merely selects the frequency and listens. Remote 
control is inccrporated for operating convenience. 

Self-contained calibrating facilities enable the op-
erator to preset the channels to the precise frequen-

cies desired. No calibration manuals or external 
signals are needed. The overall stability, under the 

wide operating conditions allowed, is within 0.04t,'; 

of any operating frequency. Selectivity and sensi-
tivity are of a very high order. 
All parts are quickly and easily reached. A single 

1 ATR unit cabinet contains the receiver and dyna-

motor power supply.  Overall weight, including 
shockmounts, is 44 pounds. A 26 volt d-c power 

source is required. 
We will be pleased to send you complete details. 

IN RADIO COMMUNICATIONS, IT'S . . . 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

I 1 West 42nd Street, New York 18, N. Y. 458 South Spring Street, Los Angeles 13, California 
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Mounting of Coil 

• Eliminates Wiring... 

• Reduces Tuned Circuit 

Lead Lengths to an 
Absolute  Minimum 

'Radically different" a few years ago, 
B & W Type CX Variable Capacitors with 
their perfect design symmetry are now 
standard in much of the finest transmitting 
equipment coming on the market. 

• 

Unique design resulting from split stator 
and butterfly rotor permits mounting fa-
mous B& W Inductor Coils directly on 
capacitors for an absolute maximum of 
efficiency.  • 

Opposed stator sections provide desirable 
short R-F paths. Butterfly rotor construc-
tion permits grounding rotor at the center 
R-F voltage point with respect to stator. 
Built-in neutralizing capacitors can be 
mounted on end plate. 

• 

Standard types for powers of 500, 750 and 
1,000 watts. Write for B & W Type CX 
Capacitor Catalog 75-C. 

• 

BARKER & 
WILLIAMSON 
Inductor Coil Headquarters 

237 Falrfl•Id Ave., Upper Darby, Pa. 

*  * 

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 
column, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. mem-
bers who are now in the Service or have 
received an honorable discharge within a 
period of one year. Such notices should not 
have more than five lines. They may be 
inserted only after a lapse of one month or 
more following a previous insertion, and 
the maximum number of insertions is 
three per year. The Institute necessarily 
reserves the right to decline any announce-
ment without assignment of reason. 

ENGINEER 

BEE by February 1947. Senior work in 
E.E. completed. Requires two non-electri-
cal subjects for degree now taking in 
evening school. Age 27. Desires start in 
electronics field. Army meterologist. Box 
47W. 

INDUSTRIAL ELECTRONICS 

BSEE Wisconsin, some graduate work 
at Northwestern. Eta Kappa Nu and Tau 
Beta Pi. 2/2 years broadcast station con-
trol engineer, 1 year electronics instructor, 
2/2 years development and production air-
borne radar equipment, 11/2 years in service 
with OSRD new developments division. 
Desires position involving design and de-
velopment of industrial electronics applica-
tions. Will consider foreign service. Box 
48W. 

COMMUNICATIONS ENGINEER 

BS Engineering, Physics, Toronto. Age 
26. 3 years Naval Officer in charge of op-
erating and maintaining all radar equip-
ment aboard cruiser. 1 year field engineer-
ing commercial FM radio. Seeks oppor-
tunity for original work U.S. or Canada in 
electronics. Box 49W. 

ENGINEER 

BSEE, Age 33, married. M.I.T.-Harv-
ard trained electronics-radar officer, SigC, 
desires position of sales engineer or devel-
opment of radar and allied fields. Sales, 
administrative, and manufacturing exper-
ience. Box 50 W. 

ELECTRICAL ENGINEER 

BEE. Industrial experience in electrical 
test planning. Radio and radar experience 
in Army Signal Corps. Interested in Radio 
and Electronics. Age 23. Will work within 
300 miles of New York City. Resume upon 
request. Box 51 W. 

ENGINEER 

BSEE Purdue University and M.I.T. 
trained electronics officer. Age 28, married 
Experience with Naval radar, sonar, and 
loran while serving three years afloat. 
Civilian experience in transformer design 
and with utility. Desires permanent posi-
tion in Midwest. Box 52W. 

(Continued on page 58A) 

MICRO-DIMENSIONAt 
WIRE & RIBBON for 

VACUUM TUBE 

FILAMENTS & GRIDS 

• Many sizes and alloys 

for a range of applications 

such as miniature tubes, 

hearing aid tubes, low-

current-drain battery tubes, 

receiving tubes . 

• Melted and worked to 

'assure maximum uniform-

ity and strength. WIRES 

drawn to .0004  diameter; 

RIBBON rolled to .0001" 

thickness ... 

III  SPECIAL ALLOYS made to meet individual requirements. 
Write for list of stock alloys. 

• Wollaston Process Wire 

dra wn  as  small  as 

.000010 ; made to your 

specifications for diameter 

and resistance. 

.00101111 

SIGMUND COHN & CO. 
44 GOLD ST. A NEW YORK 

SINCE  1 901 

56A Proceedings of the  and Waves and Electrons November, 1946 



PROVED... 

... and IMPROVED 

SELENIUM RECTIFIER 
FROM 10 MICRO AMPERES TO 10,000 AMPERES 

Manufacturers of a broad line of SELENIUM 

Power and Instrument Rectifiers, Photo-Electric 

Cells and allied scientific products. 

Solve your rectification problems with 

SELENIUM. SELENIUM rectifiers are rapidly 

becoming standard in industry. Check these 

outstanding features: 

-V Permanent characteristics. 

-V Adaptability to all types of circuits and loads. 

-V Unlimited life—no moving parts. 

V Immunity to atmospheric changes. 

-V High efficiency per unit weight. 

-V Hermetically sealed assemblies available. 

Y From 1 volt to 50,000 volts RMS. 

-V From 10 micro-amperes to 10,000 amperes. 

-V Economical—No maintenance cost. 

SELENIUM CORPORATION OF AMERICA 
Affiliate of VICKERS,Incorporated 

1719 WEST PICO BOULEVARD  •  LOS ANGELES  15, CALIFORNIA 

Export Division: Frazer & Hansen, 301 Clay Street, Son Francisco 11, Calif. 

In Canada: Canadian Line Materials, Ltd., Toronto 13, Canada 
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TYPE /60 -A 

PATTERSON PHOSPHORS ARE AVAILABLE 

IN A WIDE RANGE OF 

1. Colors 

2. Grain Site 

3. Brilliance 

4. Types of Excitation 

5. Afterglow 

6. Special Blends 

PATTERSON 

PHOSPHORS 

Provide Fine Detail... 

Brilliance... 

in Television Images 

High luminescence with low in-

put energy characterizes PAT-

TERSON PHOSPHORS — for tel-

evision, radar, oscilloscopes and 

other electronic instruments. 

E. I. du Pont de Nemours 8s 

Co. (Inc.), Patterson Screen Di-

vision, Towanda, Pennsylvania. 

LUMINESCENT CHEMICALS 
BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY 

MANY FEATURES IN ONE INSTRUMENT 

METER 

SIMPLIFIED LAYOUT AND SCHEMATIC OF THE 160-A Q-METER 

THE BASIC METHOD OF MEASUREMENT EMPLOYED IN THE 160- A 0-METER 
An R.F. oscillator (E) supplies a heavy current (I) to a low resistance I acid (R),which i 
accurately known. The calibrated voltage across the load resistance (R) is coupled to a 
series circuit consisting of the inductance under test (L ) and a calibrated variable air capac-
itor ( Co) having a vernier section (CI). When this series circuit is tuned to resonance by 
means of capacitor (Co-i-C1), the "O af (L) isindicated directly by the V.T. Voltmeter (V). 
Variations of this method are used to measure inductance, capacitance and r esistance. 
Oscillator Frequency Range:50 kr. to 75 mc. In O ranges. Oscillator Frequency Accuracy: 
*1 %, 50 kc. -50 mc. 0-Measurement Range: Directly calibrated in 0, 20-250. 
Multiplier extends 0 range to 625. Capacitance Range: Main section (C0)30-450 mmf. 
Vernier section (C1)+3 mmf, zero, —3 mmf. 

BOONTO  ADIO 
eyta -i( BOONTON NJ • USA• 

DESIGNERS AND 
MANUFACTURERS OF 

THE Q METER 

OX CHECKER 

FREQUENCY 
MODULATED 

SIGNAL GENERATOR 

BEAT FREQUENCY 
GENERATOR 

AND OTHER 
DIRECT READING 
TEST INSTRUMENTS 

Positions Wanted 

JUNIOR ENGINEER 

BEE, recent graduate N.Y.U. Age 25. 
Desires position in research, development 
and design of servo electronic controls or 
micro-wave research and development. 
New York City or vicinity. Jesse Good-
man, 1695 Hoe Ave., New York 60, N.Y. 

BEGINNING ENGINEER 

BS in EE. Northwestern University. 
Age 21. Desires research, development, or 
production engineering in television. Radar 
Gunnery Officer. W. L. Morrison, 2032 
Highland Ave., Wilmette, Illinois. 

RADIO TECHNICIAN 

Signal Corps Officer. Age 35. Graduate 
RCA, Press Wireless, A.T.&T. courses. 
Five years extensive installation, operation 
and maintenance of high-power stations. 
1st Class Phone License. Will travel. M. G. 
Gerstein, 1304 Grant Ave., New York 56, 
N.Y. 

ELECTRONICS TECHNICIAN 

Three years teaching, total experience 13 
years. Desires opportunity in research lab-
oratory, teaching, FM or television radio 
station work, theater sound maintenance, 
or commercial sound work. Box 53W. 

SALES ENGINEER 

17 years' experience all phases broadcast 
engineering. 4 years AAF as CO com-
munications group, extensive experience 
aeronautical radio and navigational aids. 
Age 36. Desires permanent responsible po-
sition with progressive company. Will con-
sider foreign assignment. Box 34W. 

ELECTRONICS ENGINEER 

MA in physics, MS in communications 
engineering. Three years' experience as 
physicist for U. S. Navy, both as civilian 
and officer. Desires position in electronics 
or physics, environs of New York City or 
Washington, D.C. Age 30. Box 35W. 

ENGINEER 

USNA BS, Harvard MS radio en-
gineering, Commander USN. 13 years' 
naval electrical, engineering, and com-
mand experience. Age 43. Desires execu-
tive or administrative position. Boston, 
Mass. Available October 1946. Box 36W. 

ENGINEER 

BEE, age 24, married. 11/2 years' broad-
cast engineer, NDRC UHF research; two 
years' Signal Corps Officer. Experienced 
in police communications. Prefer Chicago 
area. Available October. Box 37 W. 

ENGINEER 

BS in EE, Vermont 1941, age 29. Radar 
training M.I.T. 4 years' Naval Officer, 
specializing in maintenance and installa-
ton of radar, and radio equipment aboard 
aircraft. Interested in research and de-
velopment. Box 38W. 

BROADCAST CHIEF ENGINEER 

BS in EE, age 28, radar project en-
gineer, Aircraft Radio Laboratory, and 
Radiation Laboratory M.I.T. 50 KW 
broadcast experience. Desires position as 
Chief Engineer or project Engineer. Pre-
fers Midwest or West Box 39W. 

(Continued on page 60A) 
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4,171r WESTON Mutual Conductance 
Tubechecker and Circuit Analyzer 

4 Direct-reading mutual conductance 
tests, and "Good-Bad" indications. 

4 New patented high frequency tube 
testing circuit. 

4 AC-DCvolt-ohm-milliampere ranges. 

4 Tests 4, 5, 6, 7 prong octal, loctal, 
miniature, and acorn tubes.. spare octal 
and miniature sockets. 

4 Hot neon leakage test between any 
two tube elements ... neon short check. 

Weston affS,Olati 

MOREL 758 -TYPE 3 

4 Adjustable plate, screen, grid bias, 
and signal voltages. 

Flexibility in switching simplifies 
testing present and future tubes. 

4 Durable heavy - gauge, light weight 
alumium case. 

Model 798 combines broad utility, rugged-
ness, and dependable accuracy for mainte-
nance of sourd and electronic equipment. 
Detailed bulletin available. Weston Elec-
trical Instrument Corporation, 589 Fre-
linghuysen Avenue, Newark 5, New Jersey. 

'MUM 

.i111 = 
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Model 2425 

Aive 
TR 11S101111 CTll'E 
REIM% 

4ide a-Ask/ 

For the Man Who Takes Pride in His Work 
Micromho (Dynamic mutual con-
ductance) readings and simplified 
testing —are two of the 20 exclusive 
features found in the new Model 2425 
tube tester. Trans-conductance read-
ings are made possible through a 
simple measurement directly propor-
tional to GM and a properly cali-
brated measuring instrument. No pos-
sibility of grid overloading. "Short" 
and "Open" tests of every tube ele-
ment. Gas tests rounds out full check 
of all tubes. Switching flexibility al-

05' I 

IF YOUR NEEDS in radio or 
electronics parts, sets or 
equipment  are  available 

* Literaturis and full information 
on ANY manufacturer's products 
will be sent promptly on re-
quest. Wire or phone for quick 
action. 

* Our big bargain counters are 
loaded with new parts and un-
usual  special  equipment.  In-
quiring  minds  enjoy  thesis 
displays. 

lows full coverage of present and fu-
ture tubes. New Easy-Test Roll Chart. 
These and other exclusive features, 
amplified by Triplett Engineering, 

make Model 2425 the outstanding 
1947 tube tester. 

Triplett 
ELECTRICAL INSTRUMENT CO. 

IlLUFFTON  OHIO 

anywhAre,  you'll 
save time by phoning 
or wiring Newark 
Electric. Tremendous, 
up-to-the-minute stocks 
are maintained in all 
three stores. 

COMPETENT TECHNICAL MEN 
handle your inquiries intelligently 
and promptly and can quote prices 
and delivery dates on specific mer-
chandise. Orders shipped same day. 
When writing address Dept. N2. 

N.Y.C. Stores:115 W. 45th St.& 212 Fulton St. 
Offices & Warehouse: 242 W. 55th St., N.Y. 19 

NEWARK ELECTRIC COMPANY, INC.  Dept t42 

send informative literature on 
Please  the following: 

NAME: 

ADDRESS ' 

CITY: 

P A Depts It 

all stores. Set 

8,Appl Depts. 
to N Y. C. 

Positions Wanted  
(Continued front page 5,M) 

ENGINEER 

BS in EE, S.C. Harvard and M.I.T. 
electronics courses, advanced AAF elec-
tronics installation and maintenance; prac-
tical radio and industrial electronic and 
general EE experience; AAF Reserve 
Major, desire engineering position on 
West Coast. Box 26 W. 

RADIO ENGINEER 

Army captain, 26, graduate radio en-
gineer, one year research, three years' com-
manding officer of large radar installa-
tions; good appearance, pleasant person-
ality. Interested in engineering sales, 
finance, or administrative work. Box 27 W. 

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 54A) 

Recent Catalogs 

• • • On Motor Starters, Speed and Volt-
age Regulators, Resistors and Rheostats, 
Switches and Relays, and Dimmers, by 
Ward Leonard Electric Co., Mt. Vernon, 
New York, N. Y. Bulletin No. 100,000. 
• • • On Sheet Metal Fabrication for Cab-
inets, Cases, and Chassis, by Karp Metal 
Products Co., Inc., 139 30th Street, Brook-
lyn, N. Y. Bulletin No. 1046. 
• • • On Cardioid Dynamic Microphones, 
by Electro-Voice, Inc., Buchanan, Michi-
gan. Bulletin No. 131. 
• • • On Variable Voltage Transformers, 
Automatic Voltage Regulators, and Test 
Instruments, by Superior Electric Com-
pany, 713 Laurel St., Bristol, Conn. Bulle-
tin No. 150. 
• • • On Rotating Electrical Equipment, 
by Electric Specialty Co., 222 South Street, 
Stamford, Conn. Catalog No. 46-1. 
• • • On Resonant Relays, by Stevens-
Arnold Company, 22 Elkins Street, South 
Boston 27, Mass. Catalog No. 116. 
• • • On Electronic Induction Heating and 
High Frequency Dielectric Preheating 
Equipment, by Illinois Tool Works, 2501 
N. Keeler Ave., Chicago 39, III. Bulletin 
No's. 437-R and 436-R. 
• • • On Incremental Inductance Bridges, 
by Industrial Transformer Corp., 2540 Bel-
mont Ave., New York 58, N. Y. 
• • • On Temperature-Resistance Charac-
teristics of Electrical Insulation, by James 
G. Biddle Co., 1211 Arch St., Philadelphia 
7, Pa. Technical Publication No. 21T4. 
• • • On Tachometers, and Speed Indica-
tors, by James G. Biddle Co., 1211 Arch 
Street, Philadelphia 7, Pa. Bulletin No's. 
1810 and 1815. 
• • • On Pulsing Drives for Motor Control, 
by YardEny Laboratories, inc., 105 Cham-
bers Street, New York 7, N. Y. 
• • • On Ionic-Flash Tube, Type H D72, by 
Hytron Radio & Electronics Corp.,176 
Lafayette St., Salem, Mass. 

(Continued on page 64A) 
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Urad 

Unit 539 
Portable 
Recorder 

STABILITY 

. for professional portable recorders! 

Once again, Fairchild takes the lead in 
improved sound equipment design — 
for even finer performance. This time 

it's the new cast panel and motor mount 

for the Unit 539 Portable Recorder, 

shown above. 

By replacing the former lightweight 

panel with a sturdy, ribbed casting with 
integrally cast legs, Fairchild brings 

console stability to professional port-

able recorders. The full weight of the 
recorder mechanism is supported in-
dependently of the trunk. The entire 

mechanism can be removed as a unit, 

if desired, and leveled up on its own 

four legs on a bench for operations or 

mechanical adjustment. 

Here again, Fairchild is thinking 

ahead in terms of increasingly higher 

standards of performance for both AM 

and FM broadcasting and professional 

recording by adding vibration-free per-

formance to already attained wide 

dynamic range, minimum distortion 

content, wide frequency range and 

split-second timing. 

Unit 539 Portable Recorder, mounted 

in a trunk for portability, is designed 

to meet and exceed professional speci-

fications for direct lateral recording 

and reproduction of sound on discs up 

to 16" at 33.3 rpm and 78 rpm. It is 

complete with cable and connectors for 

attachment to Fairchild Unit 540 and 

295 Amplifier-Equalizers. 

Where double turntable or continu-

ous recording and direct playback are 

required, a second identical Unit 539 

Recorder can be connected to a Unit 

540 or 295 Amplifier-Equalizer. 

S O U N D e io  Ltwirm;14 

CAMERA AND INSTRUMENT CORPORATION 

Earlier FAIRCHILD portable models 

and many other types of recorder-play-

backs will give vastly improved per-

formance if equipped with an improved 

Fairchild Pickup and Cutterhead. For 

complete information address: 88-06 

Van Wyck Boulevard, Jamaica 1, N. Y. 
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1. 

MYKROY in molded form  Machined MYKROY 

Six major reasons why 
M YKROY performance excels: 

Mykroy does not hold or 
absorb moisture. 

2. Will not warp .. . holds its 
form permanently. 

3. Will not carbonize under 
electric arcs . . . creates no 
leakage paths. 

SPECIAL 

TRANSFOR MERS 

for the 

Electronic Industry 

This transformer—designed 
and constructed byELECTRO 
—exemplifies the service which 
our organization is equipped to 
render to all branches of the 

electronic industry. Write us 
concerning your special re-
quirements. 

N W ELECTRO 

4. Can be machined in final 
form to exacting specifi-
cations. 

Has a low loss factor, as 
low as 1. depending on 
grade. 

6. Strong mechanically . . . 
can be used structuralh. 

s. 

70 CLIFTON BOULEVARD 

CLIFTON, N.J. 

191 7 NO. SPRINGFIELD AVE. 

CHICAGO, ILL. 

"Electro"Filament Transformer- Plastic 
Insulated, Dry Type, for External Anode 50 
K. W. tube. 25 volts, 415 Amps. Short circuit, 

750 Amps. 25 Ky. DC. Wkg. Overall dimen-
sions: 19,/2' long x 81/4," wide x18" high. 

ENGINEERING WORKS 
6021 College Avenue, Oakland 11, California 

(Continued from page 46A) 

May, M.. 4544 Hazel St., Chicago 40. Ill. 

McCormick, J. D., 412 Kearny Ave., Kearny, N. J. 
McLemore, J. C., 608 S. Cochran St.. Los Angeles 

36, Calif. 
Miner, R. D., 1260 W. 66 St.. Los Angeles 44, 

Calif. 
Minton, W. C., 17 Teaneck Rd., Ridgefield Park. 

N. J. 
Moutoux, E. A.. 10 Duke St., E., Apt. 6, Kitchener, 

Ont., Canada 
Murgatroyd, C. A., 202 Dickson St., San Antonio 4, 

Texas 
Nelson, E. P., 2253 University Ave., New York 53. 

N. Y. 
Nicodemus, F. E., 642 Pleasant St., Bellmont 78, 

Mass. 
Nyswander, R. E., 1 Crawford St., Apt. 2. Cam-

bridge 39, Mass. 
Olson, A. E., 3831 N. Fremont St.. Chicago 13, III. 
°pie. A., 345 Wyoming Ave., South Orange, N. J. 
Patton, A. D., 623 Cupples Rd., San Antonio 7, 

Texas 
Peacock, M. L., 2616-94 Ave.. Oakland. Calif. 
Pearce, 0. M., 1720 K St., Galveston, Texas 

Pearson, A. B., 306i College St., Room 208, Beau-
mont, Texas 

nip, A. T., Soderliden 7, Lidingo 2, Stockholm, 
Sweden 

Pullen. \V. T.. Drawer 1030. Port Arthur. Texas 
Reid, F. G., 110 -27 St. W.. Saskatoon, Sask., 

Canada 
Reitlinger, A., 90-01 -98 St. Woodhaven, L. 

N. Y. 
Rowe, J. H., Moor Cottage, Bramshott Chase, 

Hindhead. Surrey, England 
Rozen, D. A., 1040 S. Alfred St., Los Angeles 35. 

Calif. 
Ruedisueli, R. \V., 92 Hopping Ave., Staten Island 

7. N. Y. 
Ruiz. E.. 188 Loiza St., Santurce. Puerto Rico 
Scheets, D. F.. 8221 Schrider St., Silver Spring, Md. 

Shubert, N., RFD. Lapwai, Idaho 
Smith, F. W.. 422 N. W. Eighth St.. Portland 9, 

Ore. 
Sorem, H., 6451 E. Michigan Ave., Jackson, Mich. 
Spacer, J. P. Jr., 29 Blue-Hill Ave.. Roxbury, Mass. 
Spear, L. P., Postgraduate School, U. S. Naval 

Academy. Annapolis, Md. 
Spencer. A. J., 81 Ruttan St., Port Arthur, Ont, 

Canada 
Stanford, C. P., 109 Tacoma Rd., Oak Ridge, Tenn. 
Steinmann, W. X., 26 Wibichstr., Zurich 10, 

Switzerland 
Stilgenbauer, R. M., 6675 Franklin Ave., Hollywood 

28. Calif. 
Stratemeyer, C. H., Collins Radio Co., Cedar 

Rapids Iowa 
Sutherland, L. C.. 1328 Westwood Blvd., Los 

Angeles 24, Calif. 
Tant, V. E.. 250 Cooper St., Ottawa, Ont., Canada 
Taylor. F. E., 143-43 -41 Ave., Flushing, L. I., 

N. Y. 
Temple, D. I., 17 Coligni Ave., Apt. 4-B, New 

Rochelle, N. Y. 
Tennant, M. J., 158 E. Main St., Webster, N. Y. 
Tobin, R. D. Jr., 2020 Nicollet Ave., Minneapolis 

4, Minn. 
Valk°, G. A., 25 Hohtai, Baden, Aargau, Switzer-

land 
Waag. J. P., Jr., 147-08 -33 Ave., Flushing. L. I., 

N. Y. 
Ware, L. R., 136 Appleton St., Cambridge 38, Mass. 
Wiley, J. L.. 1418 Lincoln St., Houston 6, Texas 
Williams. J. R.  1328 Union St.. Schenectady, 

N. Y. 
Wood, H. C., 1032 S. Racine Ave., Chicago 7, III. 
Yeo, R. F.. 64 Marmora St.. London, Ont.. Canada 
Young, K. W.. 4 Madden Ct.. Richmond, Ind. 
Yonugren, A. E., 2031 New York Ave., Brooklyn 

10, N. Y. 
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"The First Real Postwar 
Receiver I've Seen...." 

4.14:411.1::: :go 

lie01:1 e -*A, r , ,,,..a...). 

„id 1E1 tip) tit did, 

Here come advance reports on Hallicrafters SX-42 
'Tine Model SX-42 is the first :eal postwar receiver I've seen." 

That's a convincing piece of testimory. Ou of the hundrec's o. postwar promises about new and better receivers, 
the Model SX-42 meets all demands 'or a new and imp oved kind 3f radio. Although no models are yet available 
for public distribution advance models ot the SX-42 are under-soing intense testing right now. A I who have 
handled th,s remarkable piece of eauipment have been impeded t3 remark on one or more of it, features. The 
"42-file" at Hallicrafters is fast groveinq with testimonial, and here are a few extracts of particula  interest to 
hams: 

"Signal to noise ratio unbelievab e . .", ". . . itp frequency :overage from 540 kc to 110 Mc is amazing 
it's beautiful appeararce in -evolutionary in ham radio, I like its fun:tional and practical design 

.  ,  on all bands I've hearc stations I never heard before . . .", "I found the crystal actios superb for 
cutting throush ORM  . .", ". . the cal,brated 6 mete; band opens up new DX possibilities with coming sun 
spot activities ...", "I like the features of both AM snd FM on i0 peters ...", "Your new easy-on-tre-eye green 
dial color s ee'tainly appreciated after %everal hours on the air.  . ." 
That's just a lint of what's to come. Watcn for the SX-42• wa t for the SX-42 .., the radio man's radio ... the 
eadio that's remembered by the veteran .. preferred by tne amateur.. .. 

BUILDERS OF 
COPYRIGHT 1946 

O n e,/  AVIATI ON EA DI 0 — ELE'H ONE  THE HALLICRAFTERS :O. 

hallicrafVers RADIO 
THE HALLICRAFTERS CO., MANUFACTURERS OF RADIO 

AND ELECTRONIC EQUIPMENT, CHICAGO 16, U. S. A. 
Sole Hallicroliters Representatives in Canada: Rogers Majestic Limited, To.onto  Mortneal 
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REVERBERATION TIME RECORD- 0 0 
are easily made with our 

TOM 

Wi p-F0  FUL 

HNIC 

233  BR O A D W A Y 

THIS  NOT THIS 

MODE  L is  mo  effi_clejj—i graphic° 
recording ins  MOUStiaL-"" 
hitISUREME,t1Tj_of. 

Reverberotio% Time° 

ecay of ?ourici 

und absorbing properties of acoustical 
materials 

• Sound intensity 

• Loudness (in phons or db) 

Man, Here's Comfort 

for EARS! 

That's right, mister. The 
Telex MONOSET re-
places hot, headache-y, 
old-style headphones 
wherever comfortable 
hearing is needed. Worn 
under the chin, the 
MONOSET eliminates 
head and ear fatigue. So 
for comjort for ears (your 
own or your customers) 
specify Telex MONOSET. 
Immediate delivery. 

Weighs only 1.3 oz. Fully adjust-
able to all head sizes. Rugged Ten-
ite construction. Removable plastic 
ear tips. Frequency response: 50 to 
3,000 c.p.s. Maximum sound pres-
sure output: 300 to 400 dyns per 
sq. cent. Available in two imped-
ances: 128 and 2,000 ohms. 

NE W  Y OR K  7,  N.  Y. 

Complete with light plastic 
cord and standar phone plug. 

USERS: Electrical transcrib-
ing machines. Program dis-
tribution systems. Commer-
cial aircraft operations. RR 
inter-communication sys-
tems. Laboratory testing 
equipment. Wired music 
systems. Radio station oper-
ations. Radio "hams" and 
engineers. 

Wrko to Dopartmont H for information 
and quotations. 

"Flooring At its Bost" TELEXitic. 
Canadian Distributors: Addison Industries, Ltd.,Toronto 

ELECTRO-ACOUSTIC DIVISION 
Minneapolis. Minn. 

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 60/1) 

• • • On Soldering Irons, by Hexacon Elec-
tric Co., 161 West Clay Ave., Roselle Park 
9, N. J. Bulletin No. 140. 
• • • On Age of U. S. Patent Numbers, by 
Invention, Inc., Munsey Building, Wash-
ington 4, D. C. 

• • • House organ of the Collins Radio 
Company, 855 Thirty-Fifth St., Cedar 
Rapids, Iowa, "The Collins Signal," will 
shortly resume publication. The mailing 
list is now being compiled. 

Regulated Power Supply 

A light weight source of regulated 
voltage for general laboratory and produc-
tion use has been recently announced by 
the Hewlett-Packard Co., Palo Alto, Cal. 
It is claimed that the output of the 

-hp- model 710A is continuously variable 
from 180 to 360 volts and will remain 
constant to within 1% for loads from 0 to 
75 ma, and for line voltage variations of 
±10%. 

Surplus Radio Materials 
Service 

A new service which will make thous-
ands of government surplus items avail-
able to radio and electronic parts buyers 
has been recently announced. 
Illustrated lists of available items are 

yours for the asking by writing to the 
Concord Radio Corp., Surplus Div., 265 
Peachtree St., Atlanta 3, Georgia. 

Plant Expansions 

• • • At Hicksville, L. I., by Press Wireless, 
inc., to move the Engineering Division, 
from Long Island City, N. Y. 
• • • At Lewiston, Maine, by North Ameri-
can Philips Co., Inc., to move the Wire 
Division from Dobbs Ferry, N. Y. 
• • • At Philadelphia, Pa., by Phiko Cor-
poration, totaling 300,000 square feet of 
floor space, for the manufacture of radio 
and television sets. 
• • • At Buchanan, Mich., by Ekctro-
Voice, Inc., their entire plant from South 
Bend, Ind. 
• • •At Newark, N. J., by Weston Electri-
cal instrument Corp., totaling  70,000 
square feet of floor space, as a three-story 
engineering building. 
• • • At Erie, Pa., by Stromberg-Carlson 
Company, a five-story building to manu-
facture FM radio-phongraphs and dial ex-
change telephones. 

(Continued on page 684) 

64A Proceedings of the I.R.E. and Waves and Electrons  November, 1946 



Designed for use where space is at a premium 
Take a look at the space saving 
dimensions of this new Type VX2 
crystal unit. Into this compact 
holder, Bliley engineers have 
packed a quartz crystal assembly 
that will perform, under rugged 
service conditions, with more de-
pendable accuracy than was for-
merly possible in a crystal many 

• 
INTRODUCING THE 

NEW TYPE VX2 

times the size of Type VX2. 
This new Type VX2 unit is avail-

able for frequencies from 3000 kc 
to 11000 kc. Solder lugs, replacing 
the conventional pin type connec-
tions, permit easy mounting under 
chassis. For multifrequency appli-
cations a group of units may be 
mounted on a conventional rotary 

BLILEY  ELECTRI C  CO MP A NY . 

selector switch. Gasket seals assure 
reliable operation under adverse 
service conditions. 
Whenever there is an important 

frequency control problem to be 
solved—make it a habit to consult 
Bliley engineers first. You'll find 
their 15 years experience, in fre-
quency control engineering exclu-
sively, a short cut from the experi-
mental models to your production 
line. 

-;-

Communications Engineers 
Here are two important Briley 
Bulletins that should be in your 
file — 

Ask for Bulletins 
P-27 

P-31 

UNI O N  STATI O N  BUILDI N G,  ERIE.  PE N NSYLVANI A 

P,o Ydings of the I.R.E. and Waves and Electrons No:..-on''er, /0 i5 65A 



DECADE AMPLIFIER TONE • COLOR • DESIGN 

A stable, cali-
brated, high gain 
amplifier. 

• Gain of 100x, 1000x, or 10000x. 

• Frequency range 10 cycles to 1000 kilocycles within 1Db. 

• Feedback stabilization on first two ranges. 

• Fully regulated power supply for additional stability. 

• Output impedance 25 ohms; imput impedance 3 meghoms. 

• Will deliver 50 volts or 7 milliampheres. 

KIN-LRB 

Write for Bulletin 11D 

KALBFELL LABORATORIES 
941 ROSECRANS ST.  •  SAN DIEG O 6, CALIF. 

Manufacturers Representativ•s ore invited to reply. 

ELECTRONIC INSTRUMENTS 

FOR YOUR SPECIAL REQUIREMENTS 

VACUUM-TUBE VOLTMETERS 

AUDIO-FREQUENCY AND 

FREQUENCY-DEVIATION METERS 

REGULATED POWER SUPPLIES 

CONSULT US WITHOUT OBLIGATION 

F U RS T 

E L E C T R O NI C S 

800 W. NORTH AVENUE, CHICAGO 22, ILL. 

with  HIGH  FIDELITY  Performance 

in 

The 

NE W 

St. Louis 

"COLORMIKE" 

Colored Plastic 

in Choice of 

RED • YELLOW • ORANGE 

GREEN or BLUE 

NEW! St. Louis is ready with the 
outstanding unit in a plastic d‘namic 
microphone, explicitly designed  to 
permit free passage of sound from the 
outside to inside of the mike. Ideal for 
color television, night clubs, home 
communications. 
Range: 10-10.ttoo Cycles. High im-

pact. rugged plastic case. Variable im-
pe(lance output, adjustable to low, 
zoo, goo or high. Alnico-V Magnet. 
Write today for further information 

on the complete St. Louis line of 
"Finer  Modern  Dynamic  Micro-
phones." 
Licensed under Patents of the American 

& Tel. Co. and Western Electric 
Company, Inc. 

ST. LOUIS MICROPHONE CO. 
2726-28 Brentwood Blvd. 

St. Louis 17, Missouri 

91f2w! 
RAWSON D. C. 

MULTI-VOLTMETERS 

TYPE 50IF 

I) All the voltage ranges you need 
on one instrument. 

Ranges .0 I -.03-.I -.3- I - 10-30-100-
3u,./-1000 volts full scale 

2) Guaranteed accuracy 1/2 of 1% 
3) 10,000 ohms per volt on all ranges 
4) All resistors WIRE W OUND for 

permanent accuracy 

TYPE 501G 
Same as above except 100,000 ohms 
per volt.  Ranges .1-.3-1-3-10-30-100 

Write for bulletin 
We also supply: Regular DC Meters, Thermo-
couple AC Meters, Multimeters, Flusmeters, 
Electrostatic Voltmeters. 

Special apparatus built to order 
RAWSON ELECTRICAL INSTRUMENT CO. 
118 POTTER ST  CAMBRIDGE, MASS. 

Representatives 
Chicago,  New York City,  Los Angeles 
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3" ROUND CASE 
Open Face Style 

Flange diameter, 3I/2"; 
body, diameter, 23/4 "; scale 
length, 2-9/16". Bakelite 
case. 

2" ROUND CASE 
Open Face Style 

Flange diameter,2 3/4 "; 
depth overall, 2-5/16"; 
body diameter, 2-11/64"; 
scale length, 17/8". Bakelite 
case. 

3" ROUND CASE 
Shroud Style 

Flange diameter, 31/2 "; 
body diameter, 23/4 "; scale 
length, 2-9/16". Bakelite 
case. 

2" ROUND CASE 
Shroud Style 

Flange diameter, 23/4 "; 
depth overall, 2-5/16"; 
body diameter, 2-11/64"; 
scale length, 17/8". Bakelite 
case. 

0 

3" RECTANGULAR CASE 

Width, 3"; height, 31/2 ". 
Mounts in round hole. 
Body diameter, 23/4 ". Bake-
lite case. 

2" RECTANGULAR CASE 

23/8" square. Mounts in 
round hole. Body diameter, 
2-3/16". Bakelite case. 

... ONE UNYIELDING STANDARD OF QUALITY... 
Simpson instruments do not have merely an in-

ternational reputation—they have an international 

reputation for quality. Let any man familiar with 
electrical test instruments hear the name Simpson 

and he thinks immediately "accuracy — lasting 

accuracy — beautiful design — quality construc-

tion that endures". Because no Simpson instru-

ment has ever been marketed unless its makers had 

first assured themselves that it was better than any 

similar existing instrument, Simpson customers 

have always the protection of quality. They know 

that, no matter what problems of materials and 

manufacture arise, the Simpson instrument they 

buy will be of top quality or they would never have 

been able to buy it. 

SI M PS O N  ELE C T RI C  C O M P A N Y 

S200-5218 W. Kinzie St., Chicago 44, III. 

Export Dept.: 308 W. Washington St., Chicago 6, III., U. S. A. 

MODEL 260 

High Sensitivity Set Tester. 

IN S T R U M E N T S  T H A T  ST A Y  A C C U R A T E 
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Professional Cards 

W. J. BROWN 
Electronic 6, Radio Engineering Consultant 
Electronic  Industrial  Applications,  Com-
mercial and Broadcasting Transmitter and 
Receiver Design, Test Equipment, etc. 

23 aaaaa experience in electronic 
development 

P.O. Box 5106, Cleveland, Ohio 
Telephone, Superior 1241 
Office, 112 Park Building 

ED WARD J. CONTENT 
A cousticisl Consultant 

and 
Audio Systems Engineering, FM Standard 
Broadcast and Television Studio Design. 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

STANLEY D. EILENBERGER 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Design —Development —Models 

Complete Laboratory and Shop Facilities 
6309-1 3--27th Ave. 

Kenosha, Wis.  Telephone 2-4213 

F. T. Fisher's Sons Limited 

Consulting Engineers 
Broadcast Transmitters, Antenna Systems, 
Studio Equipment, Mobile and Fixed Com-
munication Systems. 

6202 Somerled Ave., Montreal 29, Quebec 

SAMUEL GUBIN 
Consulting Engineer 

Transmitting Equipment, Industrial 
Electronics 

17 years of design experience 
affiliated with 

SPECTRUM ENGINEERS, INC. 
Philadelphia 4, Pa.  ES' 6-7950 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 

Broadcast engineering and measurements 
941 Rosccrans St.  Bayview 7303 

San Diego 6, California 

RICHARD C. KLEINBERGER 

Licensed Professional Engineer 

ELECTRONIC  HEATING 
APPLICATIONS 

20 Cushman Road, 
White  Plains, N.Y. 

FRANK MASSA 
Eleetro-Acouitic Carnahan: 

DEVELOPMENT PRODUCTION DESIGN 
PATENT ADVISOR 

ELECTED-ACOUSTIC & ELecrao-lizcsr•NicaL 
VIBRATI NG SYSTEMS 

SUPERSONIC GENERATORS & RECEIVERS 
3393 Dellwood Rd., Cleveland Heights IS, Ohio 

ALBERT PREISMAN 
Consulting Engineer 

Television, Pulse Techniques, Video 
Amplifiers, Phasing Networks, 

Industrial Applications 
Affiliated with 

MANAGEMENT TRAINING ASSOCIATES 
3308-14th St., N.W.  Washington 10, D.C. 

JAMES R. WALKER, B.S.E.E., M.S. 
Consultant on Industrial Electronic Applications 

and Electrical Devices for Physical 
Measurements 

Complete Lab. Facilities 

856 Pallister, Detroit, Mich. 
Phone MA 1243 

HAROLD A. WHEELER 
Consulting Radio Physicist 

Radio - Frequency Measurements 
Special Antenna Problems 

Wideband Amplifiers and Filters 
259-09 Northern Boulevard 

Great Neck, New York  Imperial 645 

Paul D. Zottu 
Consulting Engineer 
Industrial Electronics 

High Frequency Dielectric and Induction 
Heating Applications, Equipment Selection, 
Equipment and Component Design, Develop-
ment, Models. 

272 Centre St., Newton, Mass.  8IG-1240 

ELECTRONIC  ENGINEERING 

MASTER INDEX 
A subject index of 15.000 titles of electronic 
engineering articles from 1925 to 1945 selected 
from 65 periodicals. Authoritative, exhaustive, 
time-saving. 

Price,    

A $500 Referenoe Library 
in one volume. 320 pages. 1.50 

Descriptive circular on r vo,  t 

ELECTRONICS RESEARCH 
PUBLISHING COMPANY 

2 West 46 St, New York 19, N.Y. 

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 64A) 

Low Cost Oscillograph 
Type 274, cathode-ray oscillograph, for 

routine testing has been placed on the mar-
ket at a low price by the Allen B. DuMont 
Laboratories, Inc., 2 Main Avenue, Pas-
saic, N. J. Cabinet dimensions are 14' high, 
8f' wide, 191' deep, and weighs 35 lbs. 

The linear time-base has a range of 8 to 
30,000 cps. Synchronization may be from 
the vertical amplifier or an external signal. 
The vertical and horizontal amplifiers are 
identical and have a range from 20 to 
50,000 cps. 

National Radio Week 
At a recent meeting of the advertising 

committee of the Radio Manufacturers 
Association and executives of the National 
Association of Broadcasters, it was tenta-
tively agreed to observe National Radio 
Week from November 24 through 30, 1946. 

FM Engineering Clinic 
Plans have been tentatively made for a 

three-day session, starting December 2, 
1946, of an FM engineering clinic devoted 
to FM broadcast station problems, it has 
been announced by Radio Engineering 
Laboratories,  35-54 36 Street,  Long 
Island City, N. Y. The program will deal 
with FM theory, progress and operating-
techniques review; actual laboratory work; 
and round-table discussions. 

RF Induction Heaters 

Two new models of induction-type elec-
tronic power generators for the precise, 
localized heat treating, brazing and solder-
ing of metals are now in production ac-
cording to the Engineering Products Divi-
sion, Radio Corporation of America, Cam-
den, N. J. 
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for better television • • 

•Trade Mark 

.1 

DU MONT 
TYPE 12JP4 TELETRON* 
is now available in 
production quantities 

Du Mont Type 12JP4 Teletron* is the ideal 
• choice for installation in television receiv-
ers wherein cabinet depth is an important 

consideration. The overall length of this tube 

is only 171/2 inches—less than that of a stand-

ard 10-inch tube. Yet it provides a picture 

one-third larger—approximately 73/4  x 10 1/4 

inches. Optimum performance calls for a 

power supply of only 8000 to 10,000 volts. 

The 12JP4 is your "Best Buy" 

KEEP DO WN YOUR TELEVISION PRODUCTION COSTS! 
B. DU M ONT LABORAT ORIES.  INC. 

oilMONt /er.a'teHeietieltieDeTed;MW 
ALLEN B.  Du MONT LABORATORIES, INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J  U. S. A. 

I D, ...AI \ -Al an  A NN- _Am, _Ain- -MM. ..nr.   
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INDEX 
Specify 

MYCALEX 
LO W LOSS INSULATION 

Where high mechanical and elec-
trical specifications must be met. 

MYCALEX 410 
(MOLDED MYCALEX) 

makes a positive seal with metals 
. . . resists arcing, moisture and 
high temperatures. 

27 years of leadership 
in solving the most 

exacting high frequency 
insulating problems. 

MYCALEX CORPORATION OF 
AMERICA 

"Owners of 'MYCALEX' Patents" 

Plant and General Offices: Clifton, N.J. 

Executive Offices: 30 Rockefeller Plaza 
New York 20, N.Y. 

Remler Appointed 

Agent for 

WAR ASSETS 

ADMINISTRATION 
(Under Contract No. 59A-3-48) 

. to handle and sell a 

wide variety of 

ELECTRONIC 
EQUIPMENT 

released for civilian use 

Write for Bulletin Z-1A 

Bernier Company Ltd. 
2113 Bryant St. 

San Francisco 10, Calif. 

REMLER 
SINCE 1918 

Radio  •  Communications 

Electronics 

Section Meetings 

Membership 

Positions Open 

Positions Wanted 
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The IMC Engineer W is ON YOUR STAFF,.. 

INSULATION 
MANUFACTURERS CORPORATION 

*CHICAGO 6 
565 West Wash-
ington Blvd. 

*CLEVELAND 14 
1231 Superior 

N. E. 

Branches in MIL WAUKEE 2, 312 East Wisconsin Avenue; 

DETROIT 2, 11341 Woodward Ave.; MINNEA'OLIS 3, 1208 
Harmon Place: PEORIA 5, 101 Heinz Court 

13UT NOT 

r  
ON YOUR 

PAYROLL 

The wide variety of electrical insulating materials— 
each made by a recognized leader in his particular 
field—gives the IMC Engineer an objective view 
towards product improvement. His knowledge and 
experience qualify him to be the electrical insulation 
consultant on your staff. He and the IMC organiza-
tion behind him are qualified and desire to: 

1. Assist you in the selection of the best insulating 
materials for the job. 

2. Familiarize you with their proper application. 
3. Suggest ways to eliminate waste. 
4. Increase your production. 
IMC PRODUCTS: Macallen Mica Products —Vortex Varnished Cloth 
and Tapes —Varslot Combination Slot Insulation —Fiberglas Electrical 
Insulation — Manning Insulating  Papers  and  Pressboards —Dow 
Corning Silicones —Dieflex Varnished Tubings and Saturated Sieev-
ings — National Hard Fibre and Fishpaper —Phenolite Bakelite — 
Permacel Adhesive Tapes —Asbestos Woven Tapes and Sleevings — 
Inmanco Cotton Tapes, Webbings, and Sleevings —Pedigree InsJlat-
ing Varnishes —Wedgie Brand Wood Wedges. 



The RCA Electron Microscope's magnifying power is now doubled—from 100,000 to more than 200,000 times! 

A new weapon "pointed at the heart"of tuberculosis! 

This improved RCA Electron Microscope 
can recognize 50,000 distinct particles in 
the width of a hair! 

Through such magnification, never be-
fore possible, science can now examine the 
structure of the tuberculosis bacillus ( shown 
above) —in its vital search to learn why 
these organisms behave the way they do. 

Until the electron microscope came to 
the aid of disease fighters, scientists had 
seen this bacillus only as pin-point specks 
in optical microscopes. Today they can ex-
amine the membrane, body structure and 
details of this killer. 

New knowledge of the fine structure of 

*Victrola T. M. Reg. U. S. Pot. OR. 

viruses and living cells will also be of 
inestimable value in the battle against still 
unconquered diseases. 

The RCA Electron Microscope was 
developed and perfected at RCA Labora-
tories. And whenever you see an RCA 
Victor Victrola* or radio or television re-
ceiver you know that the pioneering and 
research of these same RCA Laboratories 
are behind it, making it one of the finest 
instruments of its kind science has yet 
achieved. •  • 

Radio Corporation of America, RCA Butkling, 
Radio City, New York 20 . . . Listen to The 
RCA Victor Show, Sunday, 2:00 P. M., East-
ern Standard Time, over the NBC Network. 

THE RCA ELECTRON MICROSCOPE 

is now essential equipment in many 
hospitals, universities, research 
laboratories and industrial plants. 
For further details, write to RCA 
Victor Division, Camden, N. J. 

R A DI O C O R P O RA TI O N of A ME RICA 
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119,4ou're Sittin9 On Mti Production Costs!" 

ct wrote a delighted manufacturer of 
electrical household appliances. 

*We grant you, a balance sheet is a 

s range place for an engineer to cool 

"is heels. But this is just another way 

of showing you that "specialization" 

and  "engineering flexib.lity" aren't 
merely words we throw around at 

Cornell-Dubilier; they carry weight... 

much weight! The fact that Cornell-

Dubilier engineers were able to let 

loose 100% of their brain power and 

experience in designing capacitors 

shown Wow is proof that Cornell-

Dubilier's specialized capacitor knowl-

edge can save you, as it has done for 

many other manufacturers, thousands 

of produc:ion dollars. 

Perhaps we can help you with some 

special cLpacitor problem. Write us. 

Cornell-Dubilier Electric Corporation, 

South Plainfield, New Jersey. Five 

other plants in New Bedford, Provi-

dence, W)rcester and Brookline. 

MICA  •  DYKANOL  • PAPER  • ELECTROLYTIC 

CAPACITOR #1. Here is a 
capacitor designed specifically 
for automobile horn spark sup-
pression. Fits into horn hous-
ing with minimum of assembly 
operations. Leads firmly, me-
chanically anchored to stand 
extreme vibration. 

CAPACITOR #2. This capac-
itor was designed for high 
temperature application in 
equipment operating at 105 ° C. 
Unit is hermetically sealed and 
provided with  glass, solder 
sealed terminals. 

CAPACITOR  #3.  Built for 
operation with telephone relay 
and amplifier equipment. Con-
struction makes for ease of 
assembly into parent apparatus 
and assures  a life-time of 
trouble-free service. 

CAPACITOR *4. Tubular 
paper capacitor for bypass ap-
plications in radio receivers. 
This unit is encased in a metal 
lube which is then fully insu-
lated with a cardboard sleeve. 
Meets all UL requirements for 
non - combustible  case  type 
capacitor. 



VOLTACE 
FIMJCF 

THE Type 1 •30-A Vacuunt-Tube Voltmeter 
is a new in..trurrett based 31 the funia-

mer tal designs of t.te Type 726-A, intro-

duced by G-R in 1537. W_th greater sersi-

tivity, increased ranges,  imptcved prcbe 

conitrurtion, both e-c and a-c voltage cali-

branioni, and housed in a mu.:h more com-

pact ane. tnvetient-:a-use cab:res, the useful 

upper-frequency lirnit of ttis Teter is !x-

tenced just i3c•ut as far a..1  Dreseat-iay 

vact_utn-tu 3e construction vv_11 permit. 

A NEW 

VACUUM-TUBE 
VOLT METER 

• INCREASED SENSITIVITY — with the addi-
tion of a 0 to 0.5 volt scale, sensitivity is ex-
tended by a factor of 3 

• CALIBRATED FOR D.: AS WELL AS AC 

• WIDER VOLTAGE FANGES — 0.1 to 150 
volts for ac; 0.01 to 150 volts for dc; both 
in six ranges 

• ACCURACY  OF  ,2c;  FOR  D-C  AND 
SINUSOIDAL A-C VOLTAGES 

• EXTENDED FREQUENICY RANGE — as low 
as 20 cycles with eel-or of less than 2% — 
up to 300 Mc maximum error is 1E 12 % — 
useful for voltage indication up to 2,500 Mc 

• IMPROVED PROBE — much smaller — nat-
ural frequency increased to 1050 Mc — 
much better shielding — can be used with a 
variety of standard probe fittings, three of 
which are supplied 

• A SINGLE ZERO ACJUSTMENT GOOD FOR 
ALL SIX RANGES 

• NE W METER — eas er to read — mirror for 
greater precisior — no parallax — knife-
edge pointer for upper scales, broad pointer 
for lower — face  Iluminated to eliminate 
reflections from glass 

• EFFECTIVE INPUT RESISTANCE 25 MEG-
OHMS AT LO W FREQUENCIES 

• VERY LO W PROBE INPUT CAPACITANCE — 
about 3.1 microm.crofarads 

• PLATE VOLTAGE SJPPLY EQUIPPED WITH 
ELECTRONIC STABILIZER 

• INSTRUMENT CAN BE USED WITH PANEL 
VERTICAL, INCLINED OR HORIZONTAL 

TYPE 1800-A VACUUMAUBE VOLTMETER - 5305.00 

• Write for complete information 

GENERAL RADIO COMPANY 
90 West St.. New York 6 

Cambridge 39, 
Massachusetts 

920 S. Michigan Are., Chicago 5  950 N. Highland Ave., Los Angeles 38 


