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Co-ordinated Broadcasting 

In the first installation of its kind in the world, the nearby 
antennas of 5 individual television transmitters and of 3 fre-
quency-modulation stations. towering 1500 feet above the New 
York streets, radiate their mutually noninterfering outputs to 
the metropolitan ar m 
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For Highest Power AM Broadcasting or Induction Heating 
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AMPEREX 6078 AX-9906R 
Filament  Thoriated Tungsten 

Voltage 
Current 

Inter-electrode Capacitances 
Plate — Filament 
Grid —  Plate 
Grid — Filament 

Class C Telegraphy 
d.c. Plate Voltage 
d.c. Grid Voltage 
d.c. Plate Current 
d.c. Grid Current 
Plate Dissipation 
Power Output 

17.5 v. 
196 a. 

3.4 mmfd. 
86.  mmfd. 
116.  mmfd. 

Maximum  Typical 
Rating  Condition 
12  12  kv. 

—1250  —1000  v. 
12  12  a. 

3.0  2.25 a. 
45  36  kw. 

108  kw. 

Small and 
Weighing only 

66 
pounds 

Re-tube with AMPEREX  —  

Power 
Output 
to 

108KW 

Maximum 
plate 

Dissipation 
45KW 

41.ong Life and 
Efficiency Proved! 
Already operating for 
more than 9,000 hours 
... and still going! 
• ". . . since they were put into 
servicei they hove been working 
to our full satisfaction . . ." 

". . . we have had extremely 
good experience with flies., 
tubes and shall recommend thim 
very warmly 

New And 
Exclusive 
Air' Cooling 
Principle 

Available in 
Water Cooled 
Model 

6077/AX-9906 

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

In Canada and Newfoundland: Rogers Malestie Limited 

11.19 Irentcliffe Road, leaside, Toronto, Ontario, Canada 

(able  AMPRONICS 



1952 
WESTERN ELECTRONIC SHOW AND CONVENTION 

Alogobt.iodiovelt 

AN ESTABLISHED ANNUAL EVENT IN THE 
NATION'S ELECTRONIC MERCHANDISING 
AND TECHNICAL EXCHANGE ACTIVITIES 

SPEAKERS AND PAPERS 

MR. ARTHUR A. COLLINS, President, 
Collins Radio Company, 
"Keynote Address" 

DR. I. S. COGGESHALL, General Traffic Manager, 
Western Union Telegraph Company, 

"The Transmission of Intelligence in Typescript" 

MR. MURRAY G. CROSBY, President, 
Crosby Laboratories, 

"Long-Range Communication Trends" 

DR. R. M. PAGE, Associate Director of Research 
for Electronics, Naval Research Laboratory, 
"Comparative Study of Modulation Methods" 

MR. L. MORGAN CRAFT, Vice President, 
Collins Radio Company 

"Design Trends in Communication Equipment" 

MR. GEORGE Q. HERRICK, Chief, 
Division of Radio Facilities, Plans and Development, 

Broadcast Service, U. S. Dept. of State 
"The Voice of America in the Electronic War" 

BANQUET SPEAKER: 

DR. LLOYD V. BERKNER, President, 
Associated Univeristies, Inc. 

"The Evolution of Communications" 

MR. AL GRAF, Director of Region 5, 
Comments on Region 5 Activities 

* 

  MUNICIPAL 
AUDITORIUM 

ooi .,, Oce 

seock ,o 

ot14  MU NICIPAL AUDIT ORIU M 

I p.m. to 9:45 DAILY 

LONG BEACH, CALIFORNIA 

AUGUST 27-28-29, 1952 

SEPT. 19 - 20 

CEDAR RAPIDS, IO WA 

ROOSEVELT HOTEL 

"CONFERENCE ON 

COMMUNICATIONS" 
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How to tell Quality 
TEFLON* 

Uniform 
STRENGTH 

/ iiiim-hit  
DENSITY 

Uniform 
"MEMORY" 

Uniform 
DIMENSIONS 

niforiri 
MACHINABILITY 

You'll have all these properties 

with FLUOROFLEX-r 
• "Teflon" powder is converted into Fluoroflex-T rod, sheet and tube 
under rigid control, on specially designed equipment, to develop optimum 
inertness and stability in this material.Fluoroflex-T assures the ideal, low 
loss insulation for uhf and microwave applications . . . components which 
are impervious to virtually every known chemical . . . and serviceability 
through temperatures from —90° F to +500° F. 
Produced in uniform diameters, Fluoroflex-T rods feed properly in 

automatic screw machines without the costly time and material waste of 
centerless grinding. Tubes are concentric — permitting easier boring and 
reaming. Parts are free from internal strain, cracks, or porosity. 
For maximum quality in Teflon, be sure to specify Fluoroflex-T. 

*DuPont trade mark for its tetrafiuoroethylene resin. 
Resistofies trade mark for products from fluorocarbon resins. 

"Fluoroflex" means the best in Fluorocarbons 

iiiscrò" 
- 

NAME 

COMPANY 

ADDRESS   

RESISTOFLEX 
CORP OR ATI O N 

RESISTOFLEX CORPORATION, Belleville 9, N. J. 

SEND NEW BULLETIN containing technical data and information on 
Fluoroflex-T. 

 TITLE   

Meetings 
with Exhibits 
• As a service both to Members 
and the industry, we will en-
deavor to record in this column 
each month those meetings of 
IRE, its sections and professional 
groups which include exhibits. 

August 27, 28 & 29, 1952 
Western  Electronic Show and 
IRE Regional Convention Mu, 
nieipal Auditorium 

Exhibits: Heckert Parker, 215 Ameni 
can Avenue, Long Beach, Calif. 

September 8-12, 1952 
Seventh Nat . al Iststro-

ment Exhibit and instrument 
ciety of America Conference, Cl.-
land Municipal Auditorium 

Exhibits:  Mr.  Richard  Rimback, 
Mgr., 921 Ridge Avenue, Pitt--
burgh 12, Pa. 

September 19-20, 1952 
Cedar Rapids IRE Teel  •al Con-
ference Roose%ch Hotel, Cedar 
Rapids, lo%a. 

Exhibits: Lauren K. Findhl. 
Radio Co., Cedar Rapid,. Iowa. 

A 

Sept. 29, 30, Oct. 1, 1952 • 
National Electronic Conference 
Hotel Sherman, Chicago, 

Exhibits Manager: Mr. R. M. Krue-
ger, c/o Amphenol, 1830 South 
54th Ave., Chicago 50, 

December 10, 11 & 12. 1952 
Joint IRE-Al EE C  Jolters Con-
ference Park Sheraton Hotel 

Exhibits: Perry Crawford, 373 Fourth 
Avenue, New York City. 

February .5, 6 & 7, 1953 

Southwestern  IRE  Conference 
Plaza Hotel, San Antonio, Tex. 

Accept Exhibits 

March 23, 24, 25 & 26, 1953 
Radio Engineering Show Grand 
Central Palace. New York City 

Exhibits Manager: Wm. C. Copp, 303 
W. 42nd St., New York 36. N.Y. 

A 

April 25, 1953 

NEREM —New  England  Radio 
Engineering Meeting University 
of Connecticut, Storrs, Conn. 

Accept Exhibits 

May 11, 12 & 13. 1953 

Nat'  al Conference on Airborne 
Electronic.. Hotel Biltmore, Day-
ton, Ohio. 

Exhibits:  Paul D. Hauser,  14.30 
Gaseho Drive, Dayton 3. 

I. 
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MEET JAN-R-26A! 

Designed to withstand the rigid 
Characteristic G humidity tests of the most 

stringent specification of them all—JAN-R-26A— 
Sprague's new Blue Jacket Wire-Wound Resistors 
give trouble-free service in military electronic 
and electrical equipment exposed to extremely 
damp climates ! 
These outstanding new members of the 
Sprague resistor family are now available in tab 
terminal styles RW29 through RW39 in wattage 

ratings up to 166 watts. 
You'll find the complete Blue Jacket Story 
with performance specifications in Engineering 
Bulletin 110, just off the press. Get your 

copy without delay. 

YOU'LL KNOW THESE REMARKABLE RESISTORS BY 

THEIR VITREOUS ENAMEL BRIGHT BLUE JACKETS 

-1'.• Trademark 
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PI O NEERS  IN  ELECTRIC 

AN D  ELECTR O NIC  DEVEL OP ME NT 

SPRAGUE  ELECTRIC  COMPANY • NORTH  ADAMS,  MASSACHUSETTS 
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In the famous Quiet Room at Bell Laboratories, this young volunteer 
records speech for analysis. Scientists seek to isolate the frequencies 
and intensities which give meaning to words ... stripping away non-
essential parts of word sounds to get the basic "skeleton" of speech. 

A child or an adult. .. a man or a woman . . . 
an American or an Englishman—all speak a certain word. Their 
voices differ greatly. Yet listeners understand the word at once. 
What are the common factors in speech which convey this infor-
mation to the hearer's brain? 

Bell scientists are searching for the key. Once discovered, it 
could lead to new electrical systems obedient in new ways to the 
spoken word, saving time and money in telephony. 

Chief tool in the research is the sound spectrograph which 
Bell Telephone Laboratories developed to make speech visible. 
Many kinds of persons record their voices, each trying to duplicate 
an electrically produced "model" sound. While their voice patterns 
are studied, a parallel investigation is made of the way human 
vocal cords, mouth, nose and throat produce speech. 

Thus, scientists at Bell Laboratories dig deeply into the funda-
mentals of the way people talk, so that tomorrow's telephone 
system may carry your voice still more efficiently—offering more 
value, keeping the cost low. 
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time 0.6 seconds 

Spectrograms of young girl's voice (right) and man's voice 
making "uh" sound as in "up." Horizontal bars reveal frequen-
cies in the vocal cavities at which energy is concentrated. The 
top of the picture is 6000 cycles per second. Pictures show how 
child's resonance bars are pitched higher than man's. 

ratio bar Ito bar 3 

The word "five." Graph shows ratio of frequency of spectrogram 
bars. The solid line is for a girl and the dotted line is for a man. 
Note the similar patterns despite pitch differences. Human 
hearing extracts the speech sounds from this sort of pattern in 
the identification of words. Scientists aim at machines that can 
do the same. 

lu l l. T  I. 1; P II 0 N E  .1 It 0 It Al' 0 It I 11.: 

Improving telephone service for America provides careers for creative men in scientific and technical fields. 
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BY GUARDIAN 
See ball game scores posted automatically on electric scoreboards, or watch 

the Signal Corps in the field with telephone sets—walkie talkies—ground to plane 

—ship to shore communications to witness perfect operation of Guardian 

Relays. Place your confidence in Relays by Guardian—expertly designed to 

your specifications. For example, the Guardian 595 D. C. Relay is unusual 

in the amount of power it provides. Up to 6 P. D. T. contact combina-

tions on the standard open mounted unit. Ingenious Guard-O-Seal 

engineering produces an amazingly compact, hermetically sealed 

unit. Your choice of terminal types in a light weight aluminum 

container to accommodate up to 4 P. D. T. contact combinations. LUG HEADER 
CONTAINER 

AN-3324-1 D.C.  Series 220 A.C.  Series 610 A.C.-615 D.C. 

Get Guardian's New HERMETICALLY SEALED RELAY CATALOG Now! 

GUARDIAN  ELECTRIC 
1628-H W. WALNUT STREET CHICAGO 12, ILLINOIS 

Series 
595 D. C. 
RELAY 

Series 695 D.C. 

PR Or I.J.1)1.V(..S 01. I 1,11 

4 COMPLETE  LIM(  OP  *CLAYS  SERVING AMERICAN  INOUSTRII 

1 H. 



improve your producf with - 

S. 

MYCALEX is a highly developed glass-bonded 

mica insulation backed by a quarter-century of 

continued research and successful performance. 

Both pioneer and leader in low-loss, high fre-

quency insulation, MYCALEX offers designers 

and manufacturers an economical means of attain-

MYCALEX is efficient, adaptable, 
mechanically and electrically superior 
to more costly insulating materials 

• PRECISION MOLDS TO 

EXTREMELY CLOSE TOLERANCE 

• READILY MACHINEABLE 
TO CLOSE TOLERANCE 

• CAN BE TAPPED THREADED, 

GROUND, SLOTTED 

• ELECTRODES, METAL INSERTS 

CAN BE MOLDED-IN 

• ADAPTABLE TO PRACTICALLY 
ANY SIZE OR SHAPE 

MYCALEX is available in many grades 
to exactly meet specific requirements 

CHARACTERISTICS OF 
MYCALEX GRADE 410 

Meets all the requirements for Grade 
L-4A, and is fully approved as Grade L-4B 
under Joint Army-Navy Specification 
JAN-1-10 

Power factor, 1 megacycle 
Dielectric constant, 1 megacycle 
Loss factor, 1 megacycle 
Dielectric strength, volts/mil 
Volume resistivity, ohm-cm 
Arc resistance, seconds 
Impact strength, lied, 
ft.-ib/in, of notch 

Maximum safe operating 
temperature, °C 

Maximum safe operating 
temperature, °F 

Water absorption % in 24 hours 
Coefficient of linear expansion, °C 
Tensile strength, psi 

• 

• 

THE OUTSTANDING 

LO W LOSS 
HIGH FREQUENCY 

INSULA TION 
FOR OVER 

A QUARTER OF 
A CENTURY 

ing new efficiencies, improved perform-

ance. The unique combination of characteristics 

that have made MYCALEX the choice of leading 

electronic manufacturers are typified in the table 

for MYCALEX grade 410 shown below. Complete 

data on all grades will be sent promptly on request. 

Myralea 410 
Tuning Coil Form 

Mycolex 410 
Tuning Switch Plate 

0.0015 
9.2 
0.014 
400 
1 x 10 15 
250  • 

• 

0.7 

350 

650 
nil 
II x 104 
6000 

MYCALEX is specified by the leading 
manufacturers in almost every electronic 
category 

TRADE MARC RIO US PAT Off 

• 

• 
Mycalex 410 

Solenoid Type Coil form 

Mycalea 410 Terminal Base 
and Cop Assembly for 
Fire Detection Equiprnent 

Mycalex 410 
Rotary Switch Stator 

Mycolex 110 
Tuning Stotor Plate 

MYCALEX CORPORATION OF AMERICA 
Owners of 'MYCALEX' Patents and Trade-Marks 

Esecutne Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & general Offices: CLIFTON, N.J. 

_ 
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Afte  RaimaffitO ON /maw 

-then the 

type 275 
voltage standing wave 
ratio amplifier is your solution 

• A.G.C. maintains 
output constant within 

1/4 db for a -+- 3 

db variation in the r-f 

source. 

• Wide VSWR ranges 

of 1:1.3, 1:3, 3:10, 

10:30, and 30:100. 

• High sensitivity-1.0 
microvolts input for full 

scale deflection. 

• Input circuit — Pro-

vides for either crystal 

or bolometer opera-

tion. 

• Low input noise 

level of 0.03 micro-, 

volts. 

Type 275 Amplifier is a high gain linear audio amplifier 
designed to accurately indicate voltage standing wave ratios. 
The application of expansion circuit techniques 
provides a full scale deflection of 1:1.3. This means 
greater accuracy for low VS WR measurements. 
The unit may be operated as either a broadband amplifier 
over the range of 300 to 3000 c.p.s. or as a narrow 
band amplifier at 500, 1000, and 1300 c.p.s. The square 
law meter, calibrated to read directly in db, and the 
high voltage gain of 140 db make this amplifier 
particularly suitable for microwave attenuation 
measurements with a bolometer r-f detector. 
Inquiries invited —address Dept. R-3. 

RESEARCH 

& DEVELOPMENT COMPANY. Inc 
55 JOHNS ON ST., BR O OKLYN 1, NE W YORK 

W ESTER N  SALES  OFFI CE,  737  N O.  S EW AR D  ST.,  H OLLY W O O D  38,  CALIF. 
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keeping communications ON THE BEA M 

JK STABILIZED 

H-77 CRYS TAL 

CRYSTALS FOR THE CRITICAL 

The small, compact 11-17 is designated 
as a military type crystal for its use in 
mobile units common to the military. 
Frequency range: 200 kir to 100 me. 
Hermetically sealed holders; wire-
mounted, silver-plated crystals. 

the JK 

FD-12 

FREQUENCY AND 

MONITOR  MODULATION 

Monitors any four frequencies 
anywhere between 25 mc and 
175 mc, checking both he-
quency deviation and amount 
of modulation. Keeps the 
"beam" on allocation; guaran-
tees more solid coverage, tool 

;Vt#feetit;a9ove64f#Potoeitilladate wee/ 
Dawn or dusk, it doesn't matter. These heroes of the 
high wires arrive to stop power trouble before it starts. 
Their "nose for disaster" is in the service truck, in the 
mobile radio unit which often relies on JK crystals and 
monitors to keep their assigned radio frequency on 
the beaml 

Ist‘. 

-N O 0 11 4 k 

A  A 

THE JAMES KNIGHTS COMPANY 
SANDWICH 1, ILLINOIS 

PROCEEDINGS OF TIIE IR E. 
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DOESN'T COUNT 
Instruments of war must be unerringly 

dependable. and every part used in their 

construction must contribute to this standard. 

That is why FI-Menco Capacitors have won 

such wide recognition in their particular field 

. . . Because of their margin of extra wide safety 

factor they are absolutely reliable. 

O M. 
For higher capacity values, which require extreme tempera-

ture and time stabilization, there are no substitutes for El-

Memo Silvered Mica Capacitors. El-Menco Capacitors are 

made in all capacities and voltages in accordance with 

military specifications. 

From the smallest to the 

largest each is paramount 

in the performance field. 

Write on your business letterhead 
for catalog and samples. 

M OLDED MICA 

CAPACIT ORS 

Jobbers and distributors are requested to write for 
information to Arco Electronics, Inc., 103 Lafayette 

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

MICA  TRI M MER 

Radio and Television Manufacturers, Domestic and Foreign, Communicate Direct With Factory — 

THE ELECTRO MOTIVE MFG. CO., INC.  WILLIMANTIC, CONNECTICUT 
Ob 1111 1 U.P.  19",' 
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Millions of 
Photo-micrograph of a section of Rubatex 
Closed Cellular Rubber shows the dense 
structure of individually sealed cells which give 
Rubatex its superior qualities not possessed 
by ordinary sponge rubber having open cells. 

"RUBBER BALLOONS" 

SOFT 

give you these 8 Advantages. 

1
 Nitrogen-filled cells 
plus rubber's resiliency 

gives RUBATEX un-

usual workability. 

WATERPROOF} 

INSULATOR I-
f 

LIGHT WEIGHT1-

Millions of gas-packed 
"ballons," permanently 
sealed with live rubber, 
make RUBATEX im-

pervious to water and 
moisture. 

Inert nitrogen, sealed 

into millions of tiny 
cells,  accounts  for 
RUBATEX's superiority 

as an insulator. 

Its millions of nitrogen-
filled "balloons" make 

RUBATEX surprisingly 

light. Rubber cell walls 
are the only significant 
weight factor. 

If you have a gasketing, sealing, shock 

absorbing or vibration damping application 

— you'll find RUBATEX is control for your 

product and profit! 

10A 

SHOCK 
ABSORPTION 

BUOYANT 

SANITARY 

LONG LIFE 

RUBATEX 
CL OSED  CELL RUBBER 

Millions of sealed com-

pressed gas chambers, 

plus rubber's resiliency. 

give RUBATEX double 

cushioning action. 

Countless  closed 

nitrogen cells give 

RUB ATE X a lower 
specific gravity than 
cork or balsa wood. 

}
RUBATEX's sealed gas 
"balloons" say "Nor' 
to water  dust  or any 
foreign matter. 

Oxygen, the "bugaboo" 
of rubber, cannot pene-
trate the millions of 

nitrogen - sealed com-
partments of RUBATEX. 

Rubatex engineers will be glad to  , 
I work with you.  Write and tell us your  I 
I problem.  Send for catalog RBS-4-5I. 
Dept. IRE-7.  Rubatex Division, Great 

I American Industries, Inc., Bedford,  I 
Virginia.  _ I 
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-hp-'524A 
Frequency Counter 

Read frequencies .01 cps to 10 mc 
directly, automatically, instantly! 

1 1 1 1 
Ailla ma 

nknown counted, displayed instantly, directly on front panel. 
AREEMMIL 

Example counted here, 10,168,438 

• Measures frequency or period 

• Direct reading, no calculations 

• No complex equipment set-up 

• Easy for non-technical personnel 

• Accuracy 1/1,000,000  1 count 

-hp- 524A FREQUENCY COUNTER is the first 
commercial equipment to display directly 
and instantly any unknown frequency 
from .01 to 10,000,000 cps. It performs 
all functions of a frequency standard, in-
terpolating system and detector; in fre-
quency determination work, it eliminates 
need for amplifiers, oscillators, multi-
vibrators and oscilloscopes. The instru-
ment has a wide variety of uses including 
transmitter and crystal frequency meas-
urement, filter characteristic determin-

ation, oscillator calibration, r.p.m. deter-
mination (to 600,000,000 r.p.m.) fre-
quency drift, random events per unit 

time, etc. It also serves as a precision fre-
quency standard. 

FREQUENCY, PERIOD READINGS 

For high frequencies, -hp- 524A counts 
and displays unknown frequencies over 
time intervals of 10, 1, 0.1, 0.01, and 
0.001 seconds. Counting and display 

periods are equal and automatically cy-
cled. Count is displayed repetitively, or 
"held" by pressing "manual" button. 

For low frequencies, the instrument meas-
ures period or duration of one low-fre-
quency cycle in microseconds. A 10 cps 
sample is taken to establish this period. 
As in frequency counting, periods may 
be displayed repetitively or "held". 

CIRCUIT 

-hp- 524A operates on pulse counting 
techniques. Unknowns are applied 
through a wide-band squaring amplifier' 
to a fast gate controlled by a time base 
generator. When the gate is open, un-
known is applied to counting circuits. 
When gate is closed, circuits remember 
and display frequency in cps or period in 
microseconds. Time base circuits are con-
trolled by a high-stability crystal oscillator. 

See your -bp- field engineer 
or write direct for details. 

j EWLETT-PACKARD COMPANY 2456- 0 PAGE MILL 

BRIEF SPECIFICATIONS 

COUNTING RATE: 10 mc maximum. 

PRESENTATION: 8 places, direct reading. 

COUNT PERIOD: 0.001,0.01,0.1,1,10 sec. 

LO W FREQUENCIES: Permits low frequen-
cies to operate as time base. Duration 
of one cycle is displayed in micro-

seconds. 
ACCURACY: ±. 1 count ± 2/1,000,000 

per week. (Higher accuracy external 

standard may be employed.) 
PERIOD MEASUREMENT: Within 0.3% up 

to 300 cps: within 1 psec between 

300 cps and 10 kc. 
EXTERNAL 100 KC TIMING CIRCUIT: For 

higher accuracy. Requires 1 v across 

50,000 ohms shunted by 30 µlad. 
INPUT VOLTAGE: 1 v peak minimum. 

INPU. ,,s, 30 
Th IMPEDprid  CsEh:unAta prox. 100,000 

CONNECTORS: Standard BNC type. 

PO WER SOURCE: 115 v, 50/60 cps, 

400 watts. 
SIZE: Approx. 28" high, 21 3/4" wide, 14" 

deep. Weight 115 lbs. Shipping 

weight 175 lbs. 
PRICE: $2,000.00 f.o.b. factory. 

Data Subjed to Change Without Notice 

MEASU  MENTS 

ROAD  PALO ALTO, CALIFORNIA, U.S.* 
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A NE WS and NE W PRODUCTS 
JULY 1952   

By-Pass Capacitors 
Erie Resistor Corp., Erie, Pa., is offer-

ing two new high voltage "Ceramicon" 
TV by-pass capacitors, which have been 
designed primarily to give high-voltage 
power-supply filtering for television re-
ceivers. Style 412 is rated at 20 kv and 
Style 414 at 10 kv. 
The case insulation is of low-loss, 

molded thermosetting plastic which, it is 
claimed, provides a superior moisture seal. 
Ring convolutions are molded into the sur-
face of the capacitor to prevent surface 
leakages caused by ordinary handling 
and a consequent deposit of conductive 
materials. 
According to the manufacturer the con-

voluted design increases the effective sur-
face creepage path by more than 14 per 
cent. Write to Erie for catalog and samples. 

Preamplifier 
The Brush Development Co., Instru-

ment Div. .31, 3405 Perkins Ave., Cleve-
land 14, Ohio, now has available for de-
livery a new high-gain ac preamplifier de-
signed to permit the extension of the 
measurable range of graphic recording 
instruments or cathode-ray oscilloscopes 
into the microvolt region, and maintain a 
relatively flat frequency response from 0.2 
to 400 cps. 

Designated as Model BL-954, the in-
strument was made for use with Brush 
magnetic direct-writing oscillographs, and 
medium or low-gain amplifiers to permit 
immediately available permanent records 
of measurements of electrical phenomena 
in the microvolt region. 
Voltage gain of the instrument is 

200,000 times when operated push-pull, 
and when used with Brush direct-writing 
oscillographs and amplifiers is sufficient to 
give one millimeter of pen deflection on the 
oscillograph chart per 2.5 microvolts input. 
Noise and hum interference have been re-
duced by the use of a battery power supply. 
Dry "B" batteries are mounted in the 
carrying case while either external-storage 
or dry batteries may be used to furnish "A" 
power. A standard cell furnishes voltage for 
an internal calibration circuit. 

12A 

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

Recorder 
The Ampex Electric Corp., Redwood 

City, Calif., announces a new magnetic 
tape recorder (Model 500) to meet the 
standards of high-frequency telemetering 
and applications in the use of rockets, 
guided missiles and computors. 
This is a precision instrument repro-

ducing 100 to 100,000 cps with the lowest 
possible flutter and wow, with less than 
0.1 per cent peak-to-peak limit. The new 
drive system accomplishes more than 5 to 
1 improvement over previous recorders. 
Fabricated to conform to JAN specifi-

cations, provisions are made to record four 
individual data tracks. A signal-to-noise 
ratio is attained that is over 40 db below 
1 per cent harmonic distortion when meas-
ured in 15 per cent band widths. 

S'"igesif- 110w-1 

•0 ••Q••0••(;)• 
0 •  • •-s' 

1°1 

Most of the causes of flutter and wow 
in conventional tape recorder drives are 
eliminated in Model 500. The tape is 
rigidly held to a capstan by vacuum, pro-
viding extremely reliable tape motion 
without introducing any flutter or wow by 
pressure rollers or slippage. Since both the 
record and playback heads contact the 
tape at the capstan, tape scrape and vibra-
tion are reduced to a minimum. The cap-
stan is coupled directly to a damped fly-
wheel which is belt driven by a high-speed 
hysteresis synchronous motor. The tape is 
fed to the capstan under constant tension 
to eliminate any effect of differences in 
diameter of the tape reel. 
The tape capacity of Model 500 is up 

to 5000 feet on 14 inch reels providing a 
playing time of 16 minutes at 60 inches per 
second, or 32 minutes at 30 inches per 
second. 

Vacuum Tube Voltmeter 
The Freed Transformer Co., Inc., 1718 

Weirfield St., Brooklyn (Ridgewood) 27, 
N. Y., has introduced a new voltmeter, 
model No. 1040. 

This  instrument  is 
composed of a high-imped-
ance precision  five-step 
attenuator, an rc coupled 
multistage  amplifier,  a 
balanced rectifier, a bal-
anced dc amplifier, and a 
special meter in which the 
deflection is proportional 
to the logarithm of the cur-

rent through it. A high amount of degener-
ation is used in both the ac and dc ampli-
fiers. The switching from one voltage range 
to another is accomplished in input circuit. 
Type 1040 is particularly recommended 

for vibration studies involving very low 
frequencies; frequency characteristics and 
gain measurements on amplifiers; trans-
mission losses on telephone circuits; filter 
and carrier systems tip to 200,000 cps; and 
acoustic measurements such as determina-
tion of frequency response of microphones 
and loudspeakers. Because of the high 
sensitivity of the instrument, this volt-
meter can be advantageously used as a 
mill detector in dc bridge measurements. 
In addition to its use as a voltmeter, the 
instrument can be used as an ammeter to 
measure a wide range of currents by con-
necting it across suitable resistors. 

Servo Stabilizer 

KAY-LAB 
TWIN • T 
SERVO 

STABILIZER • 
mud.; 504 B 
Se' No. AIL_ 
155111 LIANIIIIR MC 

car. 

A device for stabilizing ac servo sys-
tems was recently announced by Kalbfell 
Laboratories, Inc., P. 0. Box 1578, San 
Diego 10, Calif. It contains a variable 
damping adjustment, is equipped with 
cathode followers for input and output, 
and plugs into an octal socket. The Twin-T 
Servo Stabilizer contains a phase shifting 
network to compensate for the lag caused 
by motors or other inertial elements. It 
overcomes hunting while maintaining the 
fastest possible response time. The twin-T 
network is made up of silver mica capaci-
tors, and deposited carbon resistors to give 
stability with respect to time and tempera-
ture. 

(Continued on page 484) 
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THIS! 
To Find Out 
Why More & 
More Companies 
5.2 

SUPER 
DAVOHM 
Precision 

Wire Wound 

RESISTORS 

SpI zR.0, DA VORA/ 

wire wowici 
RESISTORS 

THE VENco 
195 CE NTRAL AVE NUE 

NE WARK 4, NE W JERSEY 



KENYON 

TRANSFORMERS 

FOR 

1 A N Applications 

Radar 

Broadcast 

Atomic Energy Equipment 

Special Machirery 

Automatic Controls 

Experimental Laboratories 

FOR STANDARD AND SPECIAL 

APPLICATIONS 

For more than 25 years, Kenyon has led the field in producing premium 

quality transformers. These rugged units are (1) engineered to specific 

requirements (2) manufactured for long, trouble-free operation (3) meet all 

Army-Navy specifications. 

Write for details 

KENYON TRANSFOR MER CO., Inc. 
840 Barry Street, New York 59, N. Y. 
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H  1- Q  SERVES NATIONAL DEFENSE 

Whenever Electronics Lend Ears to the Fleet 

• Among the countless contributions which electronic engi-
neers are making to our armed services, high importance 
must be placed on long-range eyes and ears for the fleet ... 
...not only in increasing the deadliness of its own undersea 
craft, but equally in protecting its surface vessels from enemy 
submarines. And throughout the field of electronics, high 
importance is likewise placed on the dependable long life 
and rigid adherance to specifications found in He-Q compo-
nents. Among the countless ceramic 
units carrying the 1411. 0 trademark. 
you'll find disc capacitors of by-pass 
and temperature compensating types 
...tubulars, plates and plate assemblies 
...new high voltage capacitors in many 
styles... trimmers, wire-wound resistors 
and chokes. You'll find, too, that Hu-ct 
engineers are your best source for 
specially designed components to meet 
your specialized, individual needs. 

0/ • 

FRO VOX 

AEROVOX 
CORPORATION 

NE W BEDFORD, MASS 

• CORD: AEROCAP, N. T. • In Canada AEROVOX CANADA 1.1D 11nn,l,on Expert II I. 42•4 Si.. New Reek 17, N JOBBER 

H -0 PLATES AND PLATE ASSEMBLIES 

Ho-CI Plate Capacitors can be produced in 
-Ingle and multiple units in an unlimited 
range of capacities up to guaranteed mini-
mum values of 33,000 mmf per square inch. 
The number of capacities on a multiple unit 
is limited only by the K of the material and 
the physical size. In Hi-C1 Plate Assemblies 
printed circuits) the number of combina-
tions of condensors and resistors which can 
be incorporated on a single unit is virtually 
endless...again. limited only by the K of the 
material and physical size. 

ORPORATION 
OLEAN, NE W YORK, U. S. A. 

WILKOR 
DIVISION 

CLEVELAND, OHIO 

ADDRESS  740 11•11•. ,11• A.•  N.  la•cl1o ,d 
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Men, experience, and machines-
that -do -everything -but - talk, are 
generally the answer to a problem 
of obtaining parts of complex 
shape and precise dimension. 
Here at Superior, customers for 

parts of this kind get a particularly 
good answer. We have the experi-
enced men with a solid background 
of tubular parts production who 
are willing and able to take the 
time and care required for top-
quality products. And we have 
the machines.. 
The delivery end of one of them 

is shown above. The part coming 
out came into our plant as a 2" 
tube, went through several redraw 
and annealing operations, was fi-
nally cut to exact length, tumbled to 
remove cutting burrs, then rolled 
by a controlled proef , to the 

precise dimensions established by 
customer specifications. 
There's nothing spectacular in 

the story ... it's just the outline 
of one of the many jobs that we 
know how to do well. Behind 
the story, however, is a thought 
for you. 
Our production story is backed 

by our ability, facility and desire 
to help you. If you are an experi-
menter in electronics or a manu-
facturer of electronic equipment 
and you need a tubular part to do 
a tough job well, better cheek with 
us. We'll be glad to assist with 
research, development, and design 
aid toward the solution of your 
problems. Tell us about them by 
writing Superior Tube Company, 
2506 Germantown Ave., Norris-
town, Pennsylvania. 

This Belongs in Your Reference File 

. . . Send for It Today. 
NICKEL ALLOYS FOR OXIDE-COATED CATHODES: This reprint de-
scribes the manufacturing of the cathode sleeve—from the refining of the 
base metal; includes the action of the small percentage impurities upon 
the vapor pressure and sublimation rate of the nickel base. Future trends 
of cathode materials are also evaluated. 

Cutting and Tumbling. Cutting machines and 
jigs ol many types and sizes are combined 
with extensive tumbling equipment to permit 
fast, accurate production of quantities of parts 
at Superior. 

Fabrication. 'An be readily rolled at 
either or both end-. Hared, flanged, expanded, 
or beaded (embossed) as required. The anode 
above is one of many sunh part, we produce 
at high speed and low cost. 

The Finished Part. Final stage in the fabri-
cation of the part, shown above at three stages 
of production, is .a bend nicely controlled for 
both precise angle and freedom from other, 
unwanted distortion. 

All analyses .010" to Ys" 
Certain analyses (.935" max. wall) Up to P/1" 

SUPERIOR TUBE COMPANY • Electronic products for export through Driver-Harris Company, Harrison, New Jersey • Harrison 6-4800 
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The new RCA WV-87A gegi 

Sold Complete —with the 
following Probes and Cables 

• Direct Probe and Cable 
• DC Probe 
• Ohms Cable and Probe 
•  Current Cable (Red) 
•  Current Cable (Black) 
• Ground (Case) Cable 

Accessory Probes Available 
on Separate Order 
WG-264 Crystal-Diode Probe 
for measuring ac voltages at 
frequencies up to 250 Mc. 

WG-289 High-Voltage Probe, 
with WG-206 Multiplier Re-
sistor, for increasing dc-volt-
age range to 50,000 volts and 
input resistance to 1100 meg-
ohms. 

Measures ... (Full-scale ranges) 

DC VOLTAGE: 0 to 1.5, 5, 15, 50, 150, 500, 1500 volts 

PEAK-TO-PEAK VOLTAGE: 0 to 4, 14, 42, 140, 420, 1400, 4200 volts 

RMS VOLTAGE: 0 to 1.5, 5, 15, 50, 150, 500, 1500 volts 

RESISTANCE: 0 to 1000 megohms in seven overlapping ranges 

DC CURRENT: 0 to 0.5, 1.5, 5, 15, 50, 150, 500 milliamperes; 0 to 1.5, 15 amperes 

VoltOhmyst* 
112° Sugriested 

User Price 

FEATURING an 81/2 " meter, the new WV-87A 
Master VoltOhmyst is really the master of every 
testing application. Its peak-to-peak scales are 
particularly useful for television, radar, and other 
types of pulse work. 
The WV-87A measures dc voltages accurately 

in high-impedance circuits, even with ac present. 
It also reads rms values of sine waves and the 
peak-to-peak values of complex waves or recur-
rent pulses, even in the presence of dc. 
Like all RCA VoltOhmysts, the WV-87A fea-

tures -1-.1 % multiplier and shunt resistors, a -J..-2% 
meter movement, high-input resistance, zero-cen-
ter scale adjustment for discriminator alignment, 
dc polarity-reversing switch, and a sturdy metal 
case for good rf shielding. 
On direct-current measurements, extremely low-

meter resistance gives an average voltage drop of 
only 0.3 volt for full-scale readings on all ranges. 
Nine overlapping ranges provide dc readings from 
10 microamperes to 15 amperes. 
An outstanding feature is its usefulness as a 

television signal tracer ... made possible by its 
high ac input resistance, wide frequency range, 
and direct reading of peak-to-peak voltages. 
The RCA WV-87A Master VoltOhmyst has the 

accuracy and stability for laboratory work. Its 
large, easy-to-read meter also makes it especially 
desirable as a permanently mounted instrument 
in the factory and repair shop. 
For complete information on the W V-87A, see 

your RCA Test Equipment Distributor or write 
RCA, Commercial Engineering, SectiontiX47, 
Harrison, New Jersey. 

Get complete details today from your RCA Test Equipment Distributor. 

RA DIO CORPORATIO N of A MERICA 
TEST EQUIPMENT 

&ANN/SON. N. J. 
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NOW...Filament-to-Grid Shorts 
\ emkoeSAVI 
0ALi 

Pederal F-892 

FOR 5 and '1 

BROADCAST-

TRANSMITTERS 

and 

ELECTRONIC 

HEATING 

EQUIPMENT 

110(1*1 TELECOMMUNICATION LA1011A• 
TORIES.Tiutley,N.1   a unit of 
IT&T's world-wideresearch and 
engineering organization. 

FIRST with the new, proved design 

Double Helical Filament 

Cut-away View 
of Tede•al's 

Double Helical 
Filament 

• Does away with BO WING! 

• Greatly increases tube LIFE! 

ANOTHER important Federal "First" is the new 
Double Helical Filament—for Federal's re-de-
signed F-892! 
The design has been completely checked and 

subjected to numerous filament cycling tests 
equivalent to two years' operation in normal 
broadcast equipment. 
One tube filament was cycled 1500 times-1000 

times with the starting current twice rated, and 
500 times with the starting current four times 
rated—without movement or distortion! 
Wound through 360° for mechanical stability 

and carrying opposing electrical fields which 
provide improved electrical stability, the F-892's 
Double Helical Filament definitely eliminates 
bowing—one of the primary causes of filament-
to-grid shorts. For proof, all F-892's now in the 
field are still in service! 

For full information on Federal's sturdier, 

longer-life, more dependable F-892, write 

to Vacuum Tube Division, Dept. K-537 

"Federal always has made better tubes" 

Federal Telephone and Radio Corporation 
100  KINGSLAND  ROAD,  CLIFTON,  NE W  JERSEY 

In Canada, Federal Electric Manufacturing Company, Ltd., Montreal, P. O. 
Export Distributors, International Standard Electric Corp., 67 Broad St., N.Y. 
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PROBLEMS OF TOMORRO W 

are our business today! 
Tomorrows and tomorrows—five . . . 

ten . . . twenty years from now—are 

being shaped at Ford today. For the 

Ford Instrument Company continues 

to pioneer the future as it has for the 

past thirty-seven years. 

Recognized as a leader in the field 

If you are a qualified 

engineer—either experi-

enced on automatic equip-

ment design or a recent 

graduate—and ore inter-

ested in your Tomorrows, 

consider Ford today. 

Write for information. 

of intricate computing devices and 

other nationally important automatic 

equipments. Ford has pioneered in 

the research, development, design 

and manufacture of mechanical, hy-

draulic. electro-mechanical, and elec-

tronic instruments and components 

for specialized military and industrial 

applications. 

Today. Ford Instrument Company 

is devoting its design talents to solv-

ing vital and highly classified prob-

lems whose solution will help make 

better and safer tomorrows for all. 

FORD INSTRUMENT 
COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Ave., Long Island City 1, N. Y. 
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NEW 10 Mc Wide Band Oscilloscope... 
for precise, quantitative studies of pulse 

waveforms, transients and other high or 

low speed electrical phenomena 

L F E Model 401 Oscilloscope .. 

A high gain, wide band, versatile 

general purpose instrument 

Advances in electronics have placed greater 

demands on the time, frequency, and 

amplitude measuring capabilities of labo-

ratory oscilloscopes. LABORATORY FOR 

ELECTRONICS, INC., recognizing the 

ever-increasing requirements of the rapidly expanding electronics 

industry, and using specifications set forth by electronic 

engineers, has developed the Model 401 oscilloscope to provide 

the features and conveniences required in a medium price, 

general purpose instrument. 

Y-Axis 
Deflection Sensitivity —15 millivolts 
peak-to- peak/cm 

Frequency Response—DC to 10Mc 
Transient Response — Rise Time — 
0.035 microseconds 

Signal Delay —0.25 microseconds 
Input line terminations— 52, 72, or 
93 ohms, or no termination, for 
either AC or DC input 

Calibrating Voltage — 60 cycle 
square wave. 

Input Imp.— 1 megohm, 30 mmf. 

SPECIFICATIONS 
X- Axis 
Sweep Range —0.01 sec/cm to 0.1 
microseconds, cm 

Delay Sweep Range — 5-5000 micro-
seconds in three ranges — contin-
uously adjustable 

Triggers — Internal or External, + 
and —, or 60 cycles, or delayed 
trigger outputs are available at 
suitable binding posts. 

Built-in trigger generator for trigger-
ing external circuits and sweeps. 

General 
Low capacity probe 
Functionally colored control knobs 
conveniently grouped 

Folding stand for better viewing 
Adjustable scale lighting 
Facilities for mounting oscilloscope 
cameras 

Dimensions — 12Y2" wide,15" high, 
19" deep 

Weight — 55 lbs. 
Price — $895. F. O. B., Boston 

Write for full color booklet with complete information. 

LABORATORY 

ELECTRitNICS, INC. 75 PITTS STREET BOSTON 14, MASS. 
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NO PLACE TO HIDE! 
Guided missiles now under development will 
make the skies dangerous for any future 
attacker. Neither weather, cloud layers nor 
night will offer him protecting cover. Radar 
homing missiles such as those being designed 
by Fairchild's Guided Missiles Division will 
—literally—leave No Place to Hide. 

With its "Lark" missile used in training pro-
grams by all three branches of the Services 
— the Navy, the Air Force and the Army 
Field Forces—the Fairchild Guided Missiles 
Division is a leader in the guided missile 
field. In its "Lark" Fairchild has developed 
one of the most advanced guidance systems. 

Because of the "Lark's" advanced guidance 
system, range has no effect on its accuracy. In 
addition, logistic support of missile batteries 
using the basic "Lark" guidance system 
is simpler, since the ground control require-
ments are less. 

While the "Lark" today is a superb training 
missile, Fairchild Guided Missiles engineers 
are designing and developing new and vastly 
improved missile systems for tactical 
applications. At Wyandanch, L. I., Fairchild's 
Guided Missiles Division has just opened 
the first privately-built plant devoted exclu-
sively to missile development and production. 

FENGINE AND AIRPLANE CORPORATION AIRCHILD Getideayg?deeee V6'e*/e.ee,e 
Wyand  I. N V. 

Other Divisions: Aircraft Division, Hogel stown, Md. • Engine Division, Fiirrnmgdale,N.Y. • Strotos Division, Bay Shore.t.I., N.Y. 
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GENERAL PURPOSE PULSE GENERATOR 

M AIL ••••104 

1 11  

-hp- MODEL 212A 

• 

A 

TYPICAL 1 MICROSECOND 

PULSE INTO 50-OHM LOAD 

A. 0.02 µsec rise and 
decay time. Mini-

mum overshoot. 

B. 50 watt peak pow-
er. (50 v. to 50 L2 

load.) 

C. Pulse length varia-
ble 0.07 to 10 µsec. 

SPECIFICATIONS 

PULSE LENGTH: Continuously variable, 0.07 to 
10 µsec. Direct reading panel control. 

PULSE AMPLITUDE: 50 v. into 50 CI load. Pos. & 
neg. pulses. 100 v. open circuit. 

AMPLITUDE CONTROL: Continuous control 
throughout range. 50 db in 10 db steps. 
10 db fine adjustment. 

INTERNAL IMPEDANCE: 50 i or less. 

PULSE SHAPE: Rise and decoy time approx. 0.02 
µsec. (10% to 90% amplitude.) 

REPETITION RATE: 50 pps to 5,000 pps. Inter-
nally or externally controlled. 

SYNC IN: May be triggered by pos. or neg. 
pulse of 5 v. at rates up to 5,000 pps. 

SYNC OUT: 50 v. into 200 i load. Approx. 2 
Psec long. Approx. 0.25 µsec rise time. 

PULSE DELAY: Main pulse delayable 0 to 100 
Psec from sync output pulse. 

PULSE ADVANCE: Main pulse can be advanced 
0 to 10 µsec from sync output pulse. 

POWER SUPPLY: 110/220 v.; 50/60 cps. 

SIZE: Panel 10Y2" high, 19" wide. Depth 12". 

PRICE: $550.00 f.o.b. Palo Alto. 

Data Subject to Change Without Notice 

CONTINUOUSLY VARIABLE, HIGH POWER 

PULSES OF SUPERIOR WAVE FORM! 

THIS NEW -hp- 2124 PULSE GENERATOR 

saves you time and work testing 
"fast" circuits as well as making 
everyday laboratory checks of other 
generators, rf circuits, peak-measur-
ing equipment, etc. It is the first 
commercial pulse generator to suc-
cessfully combine broad laboratory 
usefulness with the fast rise time, 
high power, variable pulsing and 
other features demanded in radar, 
television and nuclear work. 

ACCURATE PULSES AT END OF 

LONG TRANSMISSION LINE 

The pulse length is continuously 
variable from 0.07 µsec to 10 xisec, 
and is varied by a direct reading 
panel control. Extremely fast rise 
and decay time, together with free-
dom from ringing or overshoot 

provide a virtually distortion-free 
pulse. A low internal impedance 
(50 ohms or less) insures a pulse 
shape virtually independent of load. 
This low impedance also makes it 
possible to deliver accurate pulses 
at a distance from the instrument, 
if the transmission lines are cor-
rectly terminated. 

The Model 212A's repetition rate 
is continuously variable from 50 to 
5,000 pps. It can be controlled 
internally, or from an external syn-
chronizing source. Synchronizing 
pulses are available from the in-
strument either in advance of or 
following the output pulse. An 
amplifier,attenuator output system 
gives a low source impedance, and 
makes possible continuously variable 
pulse amplitude, positive or negative. 

Brief specifications of this new -hp- instrument are shown in the adjoining column. 
For complete details...see your local -hp- representative.., or write to the factory. 

HE WLETT-PACKARD  CO MPANY 
2040-D Page Mal Road  •  Palo Alto, California 

Export: FRAZAR & HANSEN, Ltd., 301 Cloy St., San Francisco, 
Calif., U. S. A. Offices: New York, N.Y. and Los Angeles, Calif. 

-•••• •••111.11111 ' 

ELECTRONIC MEASURING INSTRUMENTS 
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wherever you go 
there's radio ... 
transmitted through 

Truscon Steel Towers 

Truscon Steel Towers dot the land-
scape in America and foreign lands, 
performing dependably under the 
greatest extremes of geographical 
and meteorological conditions. 

Typical example is the new 409 feet 
high Truscon Guyed Tower with 
RCA 4-section HD pylon 56 feet 
high, erected for WCOP-FM Broad-
casting Station at Boston, Mass. 

Lessons learned through experience, 
observation, and coordination with 
leading tower erectors during con-
struction of hundreds of towers, 
are reflected in the design, detail, 
and safe and simple field assembly 
of all Truscon Steel Radio Towers. 

Your phone call or letter to any 
convenient Truscon district office or 
to our home office in Youngstown, 
will bring you immediate, capable 
engineering assistance on your 
tower problems. Call or write today. 

TRUSCO V STEEL COMPANY 
1072 Albert Street 
Youngstown 1, Ohio 

Subsidiary of Republic Steel Corporation 

MARK OF MERIT 
FRODUCTS 

TRUSCON 
... a name 

you can build on 
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FOR MINIATURIZATION 
The miniaturization of transformers has been a UTC specialty ever 

since the development of the Ouncer series in 1937. The importance 

of this engineering "know how" is reflected by the large number of UTC 

Miniature components in present military equipment. Some examples 

of this engineering leadership are illustrated below. 

DC CONTROLLED 
OSCILLATOR INDUCTORS 

curves  aw  SIC 

cy serialren using two hypes 

Weird: Mrs varied by the onemint 
throogh the controlled  winding. 
wilts ore •roilable in su mer sire 
oneeller 

MINIATURIZED 
AIRCRAFT FILTERS 

UTC, ownsederisation pro vers  nu. 
re*,  blow  Must et•  41141  fx•eiNt4.4v 

sada 

9O 8P FILTER 

Ouncer case, non hermetic, 
is 1/4 " diameter x 11/4 " height. 
Weight — .06 lbs. 

Ouncer  case,  hermetic, 

15 16 - dierneter  • '5 

height. Weight —  11  Pby 

Miniaturized filter case is 
1 11/16" x 13/16" x 11/4 " 
height. Weight — .3 lbs. 

S M sub- miniature audio 
components, 7/16" x 1/4 " x 
7/16"  height.  W eight — 
.009 lbs. 

0 

SM Una ACTUAL SIZE 
— As  photographed 
with normal pen for 
comparison, 

OUNCER FILTERS 

atinsehordel wn  is e specuslised 
Th• curves below show a low pass 

filter end • high pest filter being sup-
plied In the UTC 000.0 cosi 

OUNCER t.P FILTER 

EXTREME 
MINIATURIZATION 
revgls  is. its4  spec afitid 
It ••tromelr co mpeer  dodoes  or. 
sible  The cures below  Mastro's,* 

dionecremetics al a /S00 he low 
reqvancy rea der  housed in  the  UTC 

* WS W 001,6 

LO FREQUENCY REACTOR (OUNCER) 

Lr7S00 NYS AT IV 60•V 

7"...  SIX MINIATURE AUDIO 

ISO VARIER STREET  NE W  YORK  13,  K. Y. 

EXPORT 01V1i1ON 13 EAST 4011. STREET. NE W YORK 16, N V,  CABLES  ARIAS" 



ALA  AZIA;11B ALI]) 
DATA TRANS MISSION • SELECTIVE CALLING 

AND SUPERVISORY CONTROL EQUIP MENT 

For the past seven years The Hammarlund 

Manufacturing Company has specialized in de-
signing and developing electronic control equip-
ment. Based on this experience, and the knowl-
edge gained from 42 years of communications 
engineering and production, Hammarlund to-

day produces a standard line of equipment for 
data transmission, supervisory control, teleme-
tering, selective or group calling or signalling, 
fault alarm and other similar applications. This 
equipment is designed for use on microwave, 
radio or wire circuits. 

POINT TO POINT SIGNALLING 

The Hammarlund Standard Duplex Signalling Unit consists of a tone 
generator and receiver designed to operate over wire lines, telephone 
or power line carrier, and radio or microwave communications circuits 
for signalling, dialing, slow speed telemetering, supervisory controls or 
other information. Transmitters and receivers are available for 33 
frequency channels between 2000 and 6000 cps. This equipment is 
being used by military and governmental agencies, pipeline and power 
companies, railroads and other groups requiring remote on-off switch-
ing, continuous indication of operating conditions, and automatic detec-
tion of wire line or power source failures along their systems. 

SELECTIVELY CALLING OR SIGNALLING 

Hammarlund Selective Calling equipment, added to 2-way radio sys-
tems used to control large fleets of vehicles, or distant fixed stations, 
adds privacy, speed, safety, quietness and convenience to day-in-day-
out operations. By the push of a button the dispatcher within 0.8 of a 
second selects the station which he wants to contact. Only the selected 
operator or group of operators can receive the call. If the operator of 
the car or station being called doesn't answer, an indicator lamp remains 
lighted to show he was called. This simple equipment can be added to 
any present installation, or incorporated in any type of installation 
now projected. 

PROTECTION THROUGH SUPERVISORY CONTROL 

The Hammarlund "Multi-Gate" Remote Supervisory and Control 
System is engineered to provide highly efficient, fully reliable opera-
tional controls of important remote equipment such as used by refiner-
ies, pipelines, utilities, railroads, civil defense and other commercial, 
as well as military, groups. Because of a unique design by which a single 
tone activates a receiver, which in turn will then accept a second tone 
to operate a relay, this equipment can be used where disturbances on 
connecting wire or radio circuits make ordinary tone-operated remote 
controls impractical. Up to 21 individual on-off functions can be 
handled over a single circuit employing only 7 audio signalling tones. 

I# Write Today For Detailed Information 

4 tir MORE THAN 40 YEARS EXPERIENCE COUNTS! 
THE HAMMARLUND MANUFACTURING CO., INC. 

460 WEST 34th STREET • NE W YORK 1, N. Y. 

• 

HAMMARLUND 
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ELECTRONIC ENGINEERS, DESIGNERS, MANUFACTURERS: 

The 're here! veryT-oe 

— with solid 
metal blanks 
that withstand 
extraordinary 
punishment 

Here's a completely 
new line of plug-in 

headers that represent 
an entirely new principle 

of hermetic sealing—a 
type more rugged than 
any design previously 
available anywhere. In 
these headers a great 
increase in mechanical 

strength as been achieved 
by substituting solid metal 
blanks in place of the usual 
metal stamping. The result 

is effective sealing with 
vastly improved ability to 

withstand stress, strain 
and shock. 

— many standard 
types for economical 
problem solutions 

Available in an extended range 
of types, these headers incor-
porate all the time-proven 

features that have made E-I 
headers and terminals the stand-
ard of quality for more than 10 
years. These include low expan-
sion, high temperature glass, tin-
dip for easy soldering, silicone 
treatment to combat spray and 
humidity, individual testing, and 

many others. Why not call, wire or 
write today for full particulars. 

— available in 8 to 11 pins 
with or without flange 

11 
INC, 

ELECTRICAL INDUSTRIES • INC 

I PING-1111 HEADERS 
Li PRECISION HERMETICALLY SEALED 

73SF/P7 

125g/P11 

73SFR/P9  125S 90'4/  

106S /P9-05 

rA r 

106s/P1 1-°s 

•••-MANUFACTURERS  OF SPECIAL/ZED ELECTRONIC EQUIPMENT 
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FOR SMOOTH, DEPENDABLE 

ELECTRICAL CONTROL 

• S-m-o-o-t-h action ... that's an indication of the close, evenly graduated 
electrical control provided by every Ohmite rheostat. This smoothness is a 
result of their distinctive design, incorporating a wobble-free brass bushing 
for effortless shaft rotation, tempered steel contact arm assuring uniform 
brush pressure, and smoothly gliding metal-graphite brush. 

Ohmite rheostats not only perform better, they last longer. All-eeramie 
and metal construction . . . windings locked in place by vitreous enamel . . . 
wear-resistant bearings—all these quality features mean extra years of depend-
able, trouble-free service. Investigate these fine units for your product. 

Write on company letterhead for catalog 
and engineering manual No. 40 

Ohmite Manufacturing Co. 
4860 Flournoy St., Chicago 44, Illinois 

Ohmite offers the most extensive line 

of rheostats on the market ... ten sizes, 

from 25 to 1000 watts, in a complete 

range of resistance values. 

744, 
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when it comes to-; 

cubes for Industrial,,, 

Military and 

Transportation 

service 

YTHEON 
ELIABLE 

,UGGEDIZED 
Look at the chart. Keep it for reference. It tells 

you better than a thousand words why 
RAYTHEON may be regarded as the No. 1 

liable and Rugged Tubes of all kinds. 
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type 

Heater 

Volts Ma. 

Plate 

Volts Ma. 
Grid 
Volts 

Screen 

Volts Ma 

Amp. 
Fac- 
tor 

Mut. 
Cond. 

Reliable Miniatures 
CK5654 RF Amplifier Pentode v v v. v v v 6AK5 6.3 175 120 7.5 -2.0 120 2.5 - 5000 

CK5670 Medium Mu DualTriode v. v v v v v 2C51 6.3 350 150 8.2 Rk 240 ohms - - 35 5500 

CK5686  I AF-RF Output Pentode , , v , v - 6.3 3515 250 27.0 -12.5 250 5.0 - 31000 

CK5725 RF Mixer Pentode • v v v v N 6AS6 6.3 175 120 5.2 -2.0 120 35 - 3200 

CK5726 Dual Diode v v v , i 6AL5 6.3 300 Max Peak Inv. 330 volts. lo- 9 ma. dc per plate 

CK5749  RF Amplifier Pentode v. , v v I  ' 6BA6 6.3 300 250 11.0 R16-68 ohms  100 4.2 - 4400 

CK5751  High Mu Dual Triode • v v 12AX7 6.3 12.6: 350 175 250  1.1 -3.0 - - 70 1200  

CK5814  Low Mu Dual Triode v v 
i 
v . 

, 
iv v 12AU7 6.3 12.6 350 175 250 10.5 -8.5 - 17 2200 

Reliable Subminiatures 
tCK5702WA (6148)  RF Amplifier Pentode N 

I 
N  N  N N N  N N 5702 6.3 200 120 7.5 Rk - 200 ohms 120 2.5 - 5000 

tCK5703WA (6149)  High Frequency Triode v v v v v v v v 5703 6.3 200 120 9.0 Rk -200 ohms - - 25 5000  

• CK5744WA (6151) 1 High Mu Triode v v v, v v :I v v v. 5744 6.3 200 250 4.0 Rk .. 500 ohms - - 70 4000 

CK5784WA (6150) 1 RF Mixer Pentode v v . v v I v v. v 5784 6.3 200 120 5.2 -2.0 120 3.5 - 3200 

CK6021  Medium Mu Dual Triode v v v N  N N  N N N - 6.3 300 100 6.5 Rk - 150 ohms - - 35 5400 

CK6110 I Dual Diode 4 N  al V v I V 4 4 v - 6.3 150 Max. Peak Inverse 420 volts lo-4.4 ma. per plate 

CK6111   Low Mu Dual Triode vv 44 4 4 4 4 4 - 6.3 300 100 8.5 Rk -220 ohms - - 20 4750 

CK6112 High Mu Dual Triode vvv vvi vv 4 - 6.3 300 100 0.8 Rk -1500 ohms - - 70 1800 

CK6152  Low Mu Triode v v v v v 4 4 4 4 5975 6.3 200 200 12.5 Rk- 680 ohms - - 15.8 4000 

Rugged Miniatures 
6AK5W  RF Amplifier Pentode 4 v, v v 6AK5 6.3 175 120 7.5 -2.0 120 2.5 - 5000 

6AL5W  Dual Diode v v v 6AL5 6.3 300 Max. Peak Inv. 420 volts. lo- 9 ma. dc per plate 

6AS6W  RF Mixer Pentode v v v q 6AS6 6.3 175 120 5.2 -2.0 120 3.5 - 3200 

6C4W  RF Power Triode v N  N v 6C4 6.3 150 250 10.5 -8.5 - - 17 2200  

616W  Dual AF-RF Triode v. v v. v 616 6.3 450 100 8.5 Rjc= 50 ohms - - 38 5300 

6X4W  Full Wave Rectifier v v v 6X4 6.3 600 Max. Peak Inv. 1250 vol s. I,- 70 ma. dc. 

Rugged CT Types 
615WGT  General Purpose Triode v v v 615GT 6.3 300 250 9 -8.0  11 - - 20 2600 

1215WGT  General Purpose Triode  v v v 1215GT 12.6 150 250 9 -8.0  - - 20 2600 

6SN7WGT  I Dual Triode N N  N 6SN7GT 6.3 600 250 9 -8.0  - - 20 2600 

6X5WGT  Full Wave Rectifier v. v I 6X5GT 6.3 600 Max. Peak Inv. 1250 volts. lo-70 ma. dc. 

The above listing of Controlled Characteristics is based on the requirements and test limits of the applicable JAN-1A test specification. 

Note: All dual section tube ratings are for each section.  •2.7 watts Class A output. 10 watts Class C input power to 160 mc. 

1For simplicity of identification with the prototypes, the type numbers with a -WA- suffix were established at the request of 
the Armed Service'. to replace the type numbers in parenthesis previously announced for these types. 

Over 300 Raytheon distributors are at your service on these tubes. Appli-
cation information is readily available at Newton, Chicago, Los Angeles. 

RAYTHEO N MA N UF ACTU RI N G CO MPA N Y 

RAYTHEON 
Newton, Moss, Ch,cogo, Ill, Atlanta, Go, Los Angeles, Colo  fr it* 4 44elihrlItif 

NtVI DIODIS AND IIANSISTOIS • IADIAG Intl • E M MA AND plCltll IVIES • NIC1011/AVI 111 

PROCEEDINGS OF THE I.R.E.  July, 1952 29A 



1. New, fast-heating G-E iron weighs only 8 •,-oz.  2. New G-E portable hi-pot tester is easy to operate. 

Two ways to speed your production 
Reach hard-to-solder places 
with this new thin-shank iron 

"As easy to use as a pencil," say operators who use 
General Electric's new lightweight soldering iron. 

Its thin, 156-inch-diameter shank lets the 11-inch 
tip into places a regular iron can't touch. Operators 
can solder more joints per minute—and with fewer 
rejects--because the iron's lightness, balanced design 
and comfortable handle all reduce fatigue. 

Long-lasting G-E Calrod* heater provides quick 
heat-recovery properties, gives plenty of heat for 
uniformly strong soldered joints. Maintenance of this 
60-watt, 120-volt iron is low because the long-life 
Ironclad tip need not be filed or dressed. Send for 
Bulletin GED-1583. 
*Reg. Trade-mark 

GENERAL 

Eliminate cages and barriers 
with this new insulation tester 

Now you can perform high-potential tests on your 
equipment with minimum danger to personnel. That's 
because the current output of General Electric's new 
high-potential insulation tester is limited to 5 milli-
amperes  well below the "let go" value. 

Testing time is cut, too -no need to set up cages, 
barriers, or tape. Tester is portable, weighs only 22 
lbs. Simply plug it into any 115-volt a-c outlet and 
start testing. 

Line surges are virtually eliminated in output. 
Flash-overs can't burn insulation. Neon light on 
panel gives warning before insulation breaks down. 
Output is adjustable from 0 to 3500 volts, with 
test capacitance up to .006 muf. Bulletin GEC-700. 

ELECTRIC 
30A 
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A 
Four ways G-E selenium rectifiers 
meet your d-c power requirements 
Selenium rectifiers provide the elec-
trical designer with versatile and flexi-
ble means of getting the right quantity 
of d-c power. 13!.it not all selenium 
rectifiers are alike. Here are four im-
portant "quality points" you'll find 
in G-E units in comparison with com-
petitive equipment: 
1.  Lower forward  resistance—for 
higher output and cooler operation— 
plus lower costs in other circuit com-

ponents. 
2.  Less back leakage — for higher 
efficiency as well as higher output. 
3.  Cooler operation - the result of 
the above characteristics  since there 
is less heat to dissipate, less ventila-
tion is needed. 
4.  Slower aging—which extends ex-
pected life at rated output to over 
60,000 hours. 
And of course the G-E line is com-

plete, to meet all your design needs. 
For a complete refresher on rectifier 

fundamentals, circuits, and applica-
tions, send for the new 28-page G-E 
booklet prepared to aid the design 
engineer .Check Bulletin GET-2350. 

Standard stack construction 

Tube-mounted construction 

amit3 

Miniature cell assemblies 

Dual-rated capacitors 
simplify design problems 

Meet your design needs, standardize, 
and cut inventories with these G-E 
fixed  paper-dielectric  capacitors. 
Equally applicable to a-c and d-c, 
they come in many case styles, with 
ratings from 236 through 660 volts 
a-c and 400 through 1500 volts d-c. 
All units are treated with Pyranol* 
and hermetically sealed to prevent 
leakage  or  contamination.  Check 
Bulletin GEC-809. 

Current-sensitive relays 
stand severe vibrations 

G-E current sensitive d-c relays are 
available with d-c pickup ratings in 
steps from 4 to 1500 ma. They are 
especially applicable to circuits using 
limited power for energizing coils —as 
in aircraft. Lightweight and corrosion 

✓  proof, these relays withstand sever, 
vibration and operate at rated current 
through a wide range of altitudes. See 
Bulletin GEC-834. 

TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

EQUIPMENT FOR 

ELECTRONIC MANUFACTURERS 

A partial list of the thousands of items in 

the complete G-E line. We'll tell you about 

them each month on these pages. 

Components 

MMeetteerrss  and Instruments 
Capacitors 

Transformers 
Pulse-forming networks 

Delay lines 
Reactors 
'Thyrite 

Motor-generator sets 
lnductrols 
Resistors 

Voltage Stabilizers 
Fractional-hp motors 

Rectifiers 

*Reg 

Timers 
Indicating lights 
Control switches 
Generators 
Selsyns 
Relays 
Amplidynes 
Amplistats 
Terminal boards 
Push buttons 
Photovoltaic cells 
Glass bushings 
Dynamotors 

Development and 

Production Equipment 

Soldering irons 
Resistance-welding control 

Current-limited high-potential tester 
Insulation testers 

Vacuum-tube voltmeter 
Photoelectric recorders 

Demagnetizers 

trade-mark of General Electric Co. 

General Electric Company, Section B667-21 

Schenectady 5, New York 

Please send me the following bulletins: 

Indicate:  for reference only 

X for planning an immediate project 

O GEC-700  High-Potential Tester 

D GEC-809  Paper-Dielectric Capacitors 

O GEC-834  Current-Sensitive D-C Relays 

O GED-1583 Lightweight Soldering Iron 

O GET-2350 Selenium Rectifiers 

Name   

Company   

City  State   
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In the manufacture of radio tubes, Sylvani 

engineers employ X-rays as an important to 

X-rays help determine when two or more 
metals or compounds have reacted to produc 
a homogenous mass, or some desired dif-
ferent solid phase such as that used for 
special coatings on radio tube components. 

Strong X-rays from an X-ray tube also 
cause each chemical element present in a 
solid material to emit characteristic 
X-rays of their own. This phenomenon 
enables engineers to determine 
the actual elements present ... 
and their amounts. 

In Sylvania laboratories, X-ray 
diffraction is employed to study the 
fundamental properties of phosphors 

and semiconductors and their 
behavior under controlled alteration. 
It is also used to determine 
changes occurring during manufac-
turing processes. 

This X-ray application is still 
another example of the 
research and up-to-the-minute 
techniques behind the quality 
production of Sylvania 
parts and products. 

a 
ol. 

X-ray diffraction 
aids the study of 
Sylvania phosphors 

- AL-
P 

•-•7 

Illustration shows a Sy 

d  lvania engineer studying the elrePt 
esigned equiptnent. 
of X-ray diffrac tion on a setniconductor,nNing new SY lvania-

Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y 

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT ; FLUORESCENT Tuffs FIXTURES, SIGN TUBING, WIRING DEVICES: LIGHT BULBS PHOTOTAMPS : TELEVISION SETS 
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WIRE AND CABLE 

MEETS OR EXCEEDS 

GOVERNMENT 

SPECIFICATIONS 

In our constantly expanding lines are scores of wires 
and cables that meet government approval specifica-
tions or exceed them. 

In many cases you will find the wire that meets your 
requirements is one of our regular stock numbers —or 
our engineers will be glad to work with you to develop 
wires especially for your needs. 

We have had years of experience in designing and 
manufacturing wire and cable for a wide range of 
applications in electronics, aviation and industry. Put 
this experience to work to help solve your problems 
wherever they concern wire or cable. We welcome 
your inquiries. 

Ask us for our new complete catalog. 
We'll be glad to send you a copy. 

etiff'-114e 

50 BURNHAM AVENUE  CRANSTON. RHODE ISLAND 

NATIONAL SALES OFFICES: 624 S. MICHIGAN BLVD., CHICAGO, ILL. 
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To avoid vibrator power supply troubles... 

Call on MALLORY 

in the design stage 
Vibrator poser supplies need the best in design to meet the tough performance 
requirements of battery-operated electronic equipment. Experienced engi-
neering must go into the seleci ion of each element ... transformer, vibrator, 
buffer capacitor... so each %sill perform its own function and operate 
with the others to provide ma \ ill! um performance. 

You can end your power supply worries by calling On  M allOrV  to translate 
your power needs into a precisely engineered design. You'll save engineering 

time and reduce production costs. And you'll be assured of getting the power 
performance your equipment needs. 

In vibrator design and production. Mallory offers you ... 

EXPERIENCE gained through years of working with leading manufacturers on 
a broad variety of vibrator applications ... an unmatched fund of engineer-
ing Skills in this field. 

VIBRATORS for civilian and military use ... produced by the organization 
hich pioneered the development of commercial vibrators Over 20 years ago 
and now supplies more vibrators for iiri:!inal equipment than all other makes 
combined. 

Vibrators 

and Vibrapacle) 

Power Supplies 

ENGINEERING AND PRODUCTION FACILITIES that can design complete 
vibrator i%er  ;Ind iikilitild,•tiire them front start to finish ... to your 
exact requirements. 

Investigate Mallor's taut iv- now, whether your equipment is in production 
or still on the drawing board. Write or telephone today. 

M 
P. R. MALLORY CO..IncALLORY. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical —Resistors • Switches • Television Tuners • Vibrators 

Electrochemical—Capacitors • Rectifiers • Mercury Dry Batteries 

Metallurgical—Contacts•SpecialMetals and Ceramics•Welding Materials  ' 

P.  R.  M ALL O R Y  &  CO.,  IN C.,  IN DI A N A P OLI S  6,  IN DI A N A 

MA 
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Your inquiries are cor-
dially invited and will 
receive our prompt and 
interested attention. 

,EPEACE" 

PRECISI ON RIN G 411 

DEMCO collector rings and ring assemblies give you 

these advantages ... 

ECONOMY ... laminated construction provides contact 

metal where required . . . base metal for strength. 

HIGH FINISH ... on contact surface for long wear and 

noise-free operation. 

PRECISION MADE . . . it is unnecessary to add further 

machine operations. 

COMPLETE . . . rotor or pancake type multi-ring and 

ring-and-brush assemblies supplied. 

PRECIS10111 .1111i alim i  

PRECISION DRAWN . . . ID held as close as -±.001. 

Solid coin silver, brass or aluminum Rev. MIL-T-85. 

LAMINATED SILVER . .. on ID for 

• Low attenuation 

• Corrosion resistance 

• Highest mirror finish 

Laminated silver ID and OD for round tuned lines. 

"KN " 

With nearly sixty years of experience in the production 

of both laminated and solid precious metals, MAKE-

PEACE is today an accepted "headquarters" for the 
many special precious metal products and assemblies 

called for in the electronic field. 

Our staff of thoroughly experienced design and pro-

duction engineers and metallurgists .. . as well as our 

research and testing laboratory ... are all at your service. 

D.  E.  M AKEPE ACE  CO MP A N Y 
Laminated and Solid Precious Metals for Industrial Use • Fabricated 

Parts and Assemblies • Bar Contact Material • Precious Metal Solders 

MAIN OFFICE AND PLANT, ATTLEBORO, MASSACHUSETTS 

NE W YORK OFFICE, 30 ellgURCH STREET 

CHICAGO OFFICE, 55 EAST W ASHINGTON STREET 
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Five Kilowatt 

KLYSTRON 
For UHF-TV 

High power over the entire 

Ultra High Frequency television 

range is now practical through another 

Eimac contribution to electronic progress. 

EITEL-McCULLOUGH, INC. 
SA N BR U N O, CALIF OR NI A 

Export agents: F   & Hansen, 301 Clay St., San Francisco, California 

36A 
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manon 
methods 15 _e-cut, process and print 

each dial individually 

Because the accuracy of an 
indicating instrument is 
completely dependent upon the 
accuracy of its dial, Marion takes extra-
ordinary care with each dial. . . from the 
simplest black and white type to a fluores-
cent type of seven colors. 
Marion dials are never printed in sheets 

and then stamped out, as are ordinary 
dials. Each Marion dial is die-cut, prepared 
and printed separately. This individual 
handling guarantees finished painted 
edges, which reduces high voltage corona; 
it also assures accurate mechanical regis-
tration of the dial with the pivot center 
of the instrument. 
Precision and dependable performance 

are built into every Marion dial... in each 
step of manufacture. 

Preliminary Operations ... Dial data furnished by the customer 
is carefully checked by Marion's Engineering Department. 
After Engineering OK, data and suggested layout are sent 
to the Art Department. 
The dial scale is drawn 4 to 6 times "life size," then the 
drawing is photographed and reduced to the proper size. 

Preparation of Plates ... After photography, a positive print is 
made. Color separations are made by hand, and deep-etched zinc 
plates for offset lithography are produced. The offset process is 
used to assure sharp printing definition and good color. 

Preparation of Dial Blank ... Each metal dial blank is thoroughly 
rinsed and vapor de-greased. Then, three separate coats of special fume 
and age -proof eggshell-white lacquer are applied. This lacquering 
technique gives a surface that will not chip, flake, fade or discolor. 

Registering ... After careful inspection, dial blanks are securely 
mounted on the printing press. Each blank is individually adjusted, 
and the printing plate is positioned exactly. This step ensures 
perfect registration for multi-color printing. 

Printing and Drying . Eac h dial is then  printed separately. 
After special inks of each color are applied, dials are baked for 15 
to 20 minutes to set the ink. This process eliminates smudging, 
and minimizes the amount of lint picked up during drying. 
Dials are thoroughly inspected again before they are mounted 
on Marion instruments. 

Other Marion Methods. Marion's method of assuring the top accuracy and service 
of each dial by individual handling is only one of a number of methods which 
Marion is presenting in the hope that some of them will help you as they 
have helped us. We will be pleased to send more information if desired. 

MARION ELECTRICAL INSTRUMENT CO., 407 CANAL ST., MANCHESTER, N. H. 

marion meters  
MANUFACTURERS OF MARION  afted9P_A=e PANEL METERS 
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3s.‘ 

to 

Development and Design Engineers 

Working on Highly Specialized 

Magnetic Recor ding Equipment 

engagol in intensive rc-carcli on special 

recording heads for toe in fields far  fll 

r lll 

conventional rectutling applicati llll s. This research 

might be td practical value to you• 

Wk invite inquiries from your company if you have 

a speciaize 

l d recording application. Possibly sir can 

assist y  providing a solution bas ed upon our 

extensive development and production 

lette reod to:  
Write on com pany  h   

Nionsifoctu•ing Division 
SHURE BROTHERS, INCORPOR1A0TED 

2 25 W• HUr0 11 Street  Chicago , Minot. 
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7/8 Dia. 
TC 1 4 Dia. 516 Dia. 1 2 Dia. 

mperature Compensating 
as well as By-Pass 

are Rated at 
1000 Working Volts! 

58 Dia. 3 4 Dia 

P-100 
NPO 
N- 33 
N- 80 
N- 150 
N- 220 
N- 330 
N- 470 
N- 750 
N-1400 
N-2200 

- — 
2- 12 MMF 
2- 15 
2- 15 
2- 15 
2- 15 
2- 15 
2- 20 
5- 25 
15- 50 
47- 75 

2- 9 MMF 
13- 27 
16- 27 
16- 27 
16- 30 
16- 30 
16- 30 
21- 40 
26- 50 
51-100 
76-100 

10- 30 MMF 
28- 60 
28- 60 
28- 60 
31- .60 
31- 75 
31- 75 
41- 80 
51-150 
101-200 
101-200 

61- 75 MMF 
61 - 75 
61 75 
61 75 
76 100 
76 100 
80-120 
151-200 
200 250 
201 275 

- --
76-110 MMF 
76-110 
76-110 
76-110 
101-140 
101-140 
121-170 
201-290 
251-470 
276-470 

111-150 MMF 
111-150 
111-150 
111-150 
141-190 
141490 
171-240 
291-350 
480-560 
471-560 

If the samples you need are not here —send for them. 

SPECIFICATIONS 
PO WER FACTOR:  LESS THAN .1 % AT 1 MEGACYCLE 

W ORKING VOLTAGE: 1000 VDC TEST VOLTAGE: 2000 VDC 

DIELECTRIC CONSTANT: NP-P1O00  3145KK  NN-1745000  B16EI5K K  N-2200 265K 

CODING: CAPACITY, TOLERANCE AND IC STAMPED ON DISC 

INSULATION: DUREZ PHENOLIC -VACUUM WAXED 

LEAKAGE RESISTANCE  INITIAL 7500 MEG OHMS 

AFTER HUMIDITY 1000 MEG OHMS 

LEADS: =22 TINNED COPPER (.026 DIA.1 

LEAD LENGTH: 1/4 " BODY 1", 5As" BODY 11/4 ", 1/2 " AND LARGER 

BODY 11/2 " 

TOLERANCES: •T 5%, 4-10 %, ±20 % 

RMC DISCAPS are Designed to Replace Tubular Ceramic and 
Mica Condensers at LO WER COST 

SEND FOR SAMPLES AND TECHNICAL DATA 

DISCAP 

CERA MIC 

CONDENSERS 

RADIO MATERIALS CORPORATION 
GE NERAL OFFICE: 3325 N. California Ave., Chicago 18, III. 

FACT ORIES AT CHIC A G O,  ILL. A N D ATTIC A,  IN D. 

Two RMC Plants Devoted Exclusively to Ceramic Condensers 

July, 1952 PROCEEDINGS OF THE I.R.E. 



SILECTRON 
"C" CORES 

9•1//C7,< 
del' 
IN 

PRODUCTION 1 
QUANTITIES 1 

... wound from strip as thin as 0.00025" 

* Arnold "C" Cores are made to 
highly exacting standards of qual-
ity and uniformity. Physical di-
mensions are held to close toler-
ances, and each core is tested as 
follows: 

* 29-gauge Silectron cut cores are 
tested for watt loss and excitation 
volt-amperes at 60 cycles, at a 
peak flux density of 15 kg. 

* 4-mil cores are tested for watt loss 
and excitation volt-amperes at 400 
cycles, at a peak flux density of 
15 kg. 

* 2-mil cores are tested for pulse 
permeability at 2 microseconds, 
400 pulses per second, at a peak 
flux density of 10 kg. 

* 1-mil cores are tested for pulse 
permeability at 0.25 microseconds, 
1000 pulses per second, at a peak 
flux density of 2500 gauss. 

* liz and %-mil core tests by special 
arrangement with the customer. 

40A 

Now available—"C" Cores made 
from Silectron (oriented silicon 

steel) thin-gauge strip to the 
highest standards of quality. 
Arnold is now producing these 

cores in a full range of sizes wound 
from 1/4, I/2, 1, 2 and 4-mil strip, 

also 29-gauge strip, with the entire 

output scheduled for end use by the 
U. S. Government. The oriented 
silicon steel strip from which they 

are wound is made to a tolerance of 
plus nothing and minus mill toler-

ance, to assure designers and users 
of the lowest core losses and the 
highest quality in the respective 

gauges. Butt joints are accurately 
made to a high standard of preci-

sion, and careful processing of these 

joints eliminates short-circuiting of 
the laminations. 

Cores with "RIBBED CON-
STRUCTION" can be supplied 
where desirable. 

Ultra thin-gauge oriented silicon 

steel strip for Arnold “C" Cores is 
rolled in our own plant on our new 

micro-gauge 20-high Sendzimir 
cold-rolling mill. For the cores in 
current production, standard tests 
are conducted as noted in the box 

at left—and special electrical tests 
may be made to meet specific' 
operating conditions. 

• We invite your inquiries. 

*Manufactured under license arrangements wtth Westinghouse Electric Corp. 

THE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 
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for World-Wide Settings 
in YOUR TV Studios 

—  First Professional 16 mm 
TV Background Projector 
Provides 2,000 Lumens 

46 ampere arc lamp, f/1.5 
20 mm lens, air-cooled 
film gate, sprocket inter-
mittent that ends film 
wear and holds old film 
steady. 

TV Version of Famous 
Simplex X-L 35 mm 
Projector: 7,000 Lumens 

An incomparable projec-
tor used in 80% of all 
theatres; now equipped 
for TV use with "2-3" 
intermittent. 80-110 am-
pere arc; f/1.9 2" lens. 

TV Camera Chains 

Here, at last, is background projection made practical for 
any TV studio or network . . . brilliant, steady motion 
pictures that make any action scene in 16 mm or 35 mm 
film libraries available as a setting for TV programs. 
No complex phasing needed with TV cameras. Simply 

focus camera on the background screen for a perfect pic-
ture. The GPL "2-3" intermittent pulldown, coupled with 
a 60 light-pulse per second shutter, automatically meets 
the camera's requirements. Special optical systems for each 
projector reduce "throw" required, save studio space. 
Get full details on these outstanding projectors, now in 

use on major networks. Consider them in your new studio 
planning; add to the utility of your present equipment. 

WRITE. WIRE or PHONE • • • 

General Precision Laboratory 

TV Film Chains 

IN C O R 

PLEASANTVILLE 
O R A T E D 

NE W YORK 

• TV Field and Studio Equipment  • Theatre TV Equipment 

PROCEEDINGS OF THE I.R.E.  July, 1932 



electronic wire and cables 
for standard and special applications 
Whether your particular requirements are for standard or special 
application, choose LENZ for the finest in precision-manufactured 
electronic wire and cable. 

GOVERNMENT PURPOSE RADIO AND 

INSTRUMENT HOOK-UP WIRE, 

plastic or braided type, conforming to Government 
Specification JAN-C-76, etc., for radio and instruments. 
Solid or flexible conductors, in a variety of sizes and 
colors. 

RADIO AND INSTRUMENT HOOK-UP WIRE, 

Underwriters Approved, for 80 C., 90 C. and 105" C. 
temperature requirements. Plastic insulated, with or 
without braids. 

RE CIRCUIT HOOK-UP AND LEAD WIRE 

for VHF and UHF, AM, FM and TV high frequency cir-
cuits. LENZ Low-Loss RF wire, solid or stranded tinned 
copper conductors, braided, with color-coded insula, 
tion, waxed impregnation. 

SHIELDED MULTIPLE CONDUCTOR CABLES 

Conductors: Multiple  2 to 7 or more of flexible tinned 
Copper. Insulation: extruded color-coded plastic.Closely 
braided tinned copper shield. For: Auto radio, indoor 
PA systems and sound recording equipment. 

SHIELDED COTTON BRAIDED CABLES 

Conductors: Multiple  2 to 7 or more of flexible tinned 
copper. Insulation: extruded color-coded plastic. Cable 
concentrically formed. Closely braided tinned copper 
shield plus.brown overall cotton braid. 

CHECK  fila 
FIRST! 

SPECIAL HARNESSES, 

cords and cables, conforming to Government and civilian 
requirements. 

SHIELDED JACKETED MICROPHONE CABLE 

Conductors: Multiple  2 to 7 or more conductors of 
stranded tinned copper. Insulation: extruded color-
coded plastic. Closely braided tinned copper shield. 
Tough, durable jacket overall. 

JACKETED MICROPHONE CABLE 

Conductors: Extra-flexible tinned copper. Polythene 
insulation. Shield: #36 tinned copper, closely braided, 
with tough durable jacket overall. Capacity per foot: 
29MMF. 

TINNED COPPER SHIELDING AND 
BONDING BRAIDS 

Construction: .34 tinned copper braid, flattened to 
various widths. Bonding Braids conforming to Federal 
Spec. QQ-B-S75 or Air Force Spec. 94-40229. 

PA AND INTERCOMMUNICATION CABLE 

Conductors: *22 stranded tinned copper. Insulation: 
textile or plastic insulated conductors. Cable formed of 
Twisted Pairs, color-coded. Cotton braid or plastic 
jacket overall. Furnished in 2, 5, 7, 13 and 25 paired, or 
to specific requirements. 

Lenz Electric Manufacturing Co. 
1751  N. Western Ave., Chicago 47, Illinois 

cords, cable and wire for radio • p. a.. test instruments • component parts 
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e vottaco regula to ck 
tor ratings and 

types available fronl s of   

STANDARD TYPE "CV" UNITS: 
15 VA to 10,000 VA 

Most voltage regulating requirements can be 
met from these "stock" voltage regulating trans-
formers. Regulation is ±-1% or less with a 
total primary voltage variation as great as 
30%. This is the static-magnetic voltage regu-
lator that has become the "Standard of the 
World." 

CUSTOM DESIGNED UNITS: 1 VA to 25,000 VA 

The wide flexibility of the SOLA Constant Voltage principle 
makes possible special designs to meet your specific require-
ments. Often, time and money can be saved by direct use or 
modification of a regulator from the several hundred special 
designs on file. Custom designs can include: SPECIAL VOLTAGE 
RATIOS, SPECIAL FREQUENCIES, COMPENSATION FOR 
FREQUENCY VARIATION, MULTIPLE OUTPUT VOLTAGES, 
THREE-PHASE SERVICE, and MILITARY SPECIFICATIONS. 

rt TRANSFOR M 

STANDARD 
SPECIALIZED TYPES: 
Available from regu-
lar production stock: 

-... less than 3°• 
monk distortion . 
1% regulati 

TELEVISION ACCES-
SO  TOR 
. . . -±.3% regul 
. . . inexpensive . . . 
plug-in type. 

Write on your letterhead for our new Con-
stant Voltage Catalog. It gives complete 
specifications, and operating data on SOLA 

ERS  Constant Voltage Transformers, including 
special units. Request Bulletin K-CV-142. 
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LITT ON IN D U STRI ES NE WS 

MOLECULAR LUBRICANT FOR USE 
WITH MODEL PB VAPOR PUMPS 
Litton Molecular Luericant "C" (Molube 
"C") is a highly refined petroleum product 
with a narrow boiling range. It has a vapor 
pressure of approximately 10  mm. Hg. at 

room temperature. In the presence of ioniza-
tion, it will give an indicated pressure of 
10-6 m m. Hg. It is designed for use in Litton 
Oa Vapor Vacuum Pumps and with anti-
friction bearings operating within dynamic 
vacuum systems. 

PRODUCTION EXHAUSTING TO VACUUM 5 x 10-8 

WITH ALL-METAL LITTON OIL VAPOR PUMPS 
In applications ranging from laboratory research to high vacuum under production 

conditions, Litton Model PB Vacuum Pumps are meeting today's requirements for 

higher vacuum more swiftly obtained. 

Precision-built Litton pumps are of 

all-steel construction to eliminate glass 

breakage, avoid loss of engineering and 

production time and lengthen pump 

life. Each unit is water-cooled to insure 

complete independence of room tem-

perature. Pump heaters are external 

and mount with a simple clamp for easy 

replacement. The nozzle assemblies 

are of stainless steel of high chromium 
content. 

For evacuation problems such as or-

ganic distillation, etc., Model PB Pumps 

may be used without accessories. For 

other problems, a charcoal baffle system 
with a 2-inch side outlet is provided. 

This baffle has an adapting ring and col-

lar which can be soldered to 2-inah tub-

ing to form a manifold, or through a 

metal-glass. seal to a glass manifold. 

Baffle systems are water-cooled, and 

contain a charcoal cell with a built-in 

heater and lead terminal. Heating volt-

age required is 18 volts.  . 

An additional accessory is a high-vac-
uum valve which attaches to the char-

coal baffle unit. This valve is available 

with its own side outlet. It is sufficiently 

tight so that a manifold may be let down 

to atmosphere-and a new tube sealed 
on and roughed out by auxiliary pump 

-while the Litton vapor pump is still 

operating. This can materially increase 

production speed by eliminating out-

gassing of baffles each time the system 

is opened to atmosphere. 

Boiler, charcoal baffles and high-vac-

uum valves are easily demountable for 

cleaning. Units of the pumps are avail-

able individually so combinations may 

be selected appropriate to the research 
or production problem. 

Prices, delivery infor mation on request. 

LITTON INDUSTRIES  
2477  SA N CARL OS, CALIF ORNIA, U.S. A. 

Specifications 
Ultimate Vacuum under following condi-
tions: 

1. Pump and water baffle only, 1 x 10 6 

mm. of Mercury (ion gauge indication). 
2. Pump, water and charcoal baffles, 5 x 
10 mm. of Mercury. 

3. Pump, water, charcoal baffles and valve, 
5 x 10 7 mm. of Mercury. 

Speed (measured at 10 5 M M. of Mercury) 
1. Pump only, at connecting inlet, 280 
liters. 

2. Pump and water baffle at inlet, 200 
liters. 

3. Pump, water and charcoal baffles, 
straight through type, at inlet, 75-100 
liters. 

4. Pump, water and charcoal baffles, 
and valves, straight through type, 50-
75 liters. 

High vacuum inlet, top —3 3/8" ID., 31/2 " 
OD. 

High vacuum inlet, side— 2" ID., 214" OD. 
Forepump outlet —1" copper tubing. 

Height of pump only — 18 1/2 ". 
Height of pumps complete with baffles and 
valve-30". 

Width, max. width at high vacuum outlet 
_ 7 1/4 ”. 

Construction-pump stainless steel. Aux-
iliaries—steel, tin clad. 

Weight of pump only, with mounting 
brackets —16 1/2  pounds. 

Weight completely assembled —33 pounds. 
Cooling — water. 

Amount of oil —6 ounces. 

Recommended oil— 
Litton Molecular 
Lubricant, Type 
"C," 375 watts. 

Silicone Pumping 
Fluids, DC702, 400 
watts. 

Silicone Pumping 
Fluids, DC703, 425 
watts. 

Boiler heaters — 
Voltage available, 
230, 208 and 115 
volts; power, 375 
watts. 

Charcoal baffle 
heater— Voltage, 18 
volts AC; power, 75 
watts. 

11, 
MEI le 43011(<1.04 

01 1 0 •••••  *ar m 
•••••••• 

•••• 

DESIGNERS AND MANUFACTURERS of: 
Glasswork ing Lathes and Accessories, 
Vertical SeolingMachines,BurnerEquip-
ment, Precision Spotwelders, Oil Vapor 
Vacuum Pumps, Glass Baking Ovens, 
Vacuum Tubes and Tube Components, 
Magnetrons, High Vacuum Molube Oil, 
Microwave Equipment. 

44 \ 
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FREED gT 

No. 1030 
OW FREQUENCY "9" 

INDICATOR 

No. 10201  

MEGOHMMETIEILl' 

01,r, INCREMENTAL 
No. 1110A 

NDUCTA • IRIDGE 

PULSE 
MODULATORS 

HIGH 
FIDELITY 

TRANSFORMER 

1ATUR  INIATURE 
SFORM  TaROID 

'NEM  RS 

NO. 1040 VOLTMETER 

SLUG TUNED 
DISCRIMINATORS 

FREEDSIAL 
TREATMENT 

VOLTAGE RANGES: .001 volts to 100 volts in 
ranges (.01. .1, 1, 10. and 100 volts full scale). 
ACCURACY: 2% on full scale on all five ranges, on 
sinusoidal voltages. 
FREQUENCY RANGES: 10 to 200,000 cycles. .1 db. 
variation from 20 cycles to 150.000 cycles: .50 db. 
variation from 10 cycles to 200.000 cyclos. 
INPUT IMPEDANCE: Equivalent to 500,000 ohm resist-
ance in parallel with a 15 K W. condenser. 
STARILITY: Effect of variation in line voltage from 
100 volts to 125 volts is 1%. Effect in changes of tubes 
is less than .5%. 
METER: 4" suppressed zero 1 MA meter protected 
against overloads. 
POWER SUPPLY: The instrument is entirely self-con-
tained and operates on 100-125 volts, 50-60 cycles. 
Total consumption, 40 Watts. 
DIMENSIONS: es" High, 5%" Wide, 91/4 " Long. 
WEIGHT: 12 pounds. 

FREED TRANSFORMER CO., INC 
1720-B WEIRFIELD ST.. BROOKLYN (RIDG WOOD) 27. N. Y. 

EXPORT DIVISION: -45$ BROADWAY  N.Y.C. 13, N.Y. 
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Approval is 
a/ tog 

In all our experience, no resistor has 
been so extensively tested—and so 

unanimously approved—as IRC's new Type 
BOC Boron-Carbon J-watt PRECISTOR. 

Of the 3,000,000 already manufactured, 
more than 100,000 were given the most 

stringent tests-in-production, 
including critical temperature cycling and 

500-hour load-life tests. Result:— 
Type BOC conforms to all requirements 
of MIL-R-10509A! Also, customers have 

conducted their own laboratory and 
field tests—and they express their 
approval of Type BOC in letters 

like those shown here. 

In the case of IRC's new JAN Type 
Precision Wire Wounds and Advanced Type 

BT Resistors, too, rigid quality control 
and continued testing have won 

industry-wide approval. Most stable 
and reliable of all precision wire wounds, 

Type W W's far surpass JAN-R-93 
.Characteristic B Specifications. 
And Type BT's continue to meet 
and beat JAN-R-11 Specifications. 



important 

New JAN Type Precision Wire Wound Resistors 

Excel JAN-R-93 Characteristic B Specifkations 

lot 
Original Cycle 
Resist  % 

Chge 

Ind 
Cycle 
% 
Chge 

3rd 
Cycle 
% 
Chge 

4111 Resist 
Cycle at End 
%  of 100 
Chge his load 

% Chg. 
Total  Ivom Last 
%  Tem p Cycle 
Chge  to End of 

100 hrs load 
% 

Resistance Chge 
at End of 100 
His  load only 

% 
no cycling 

1 100.010 + 04 + 04 + 05 4- 05  100  050  + 04  — 01  100 .040  — 02  

1 100 000 + 03 + 04 + 03  + 05  100.060 4- 06 + 01 100 000 0 

3 103 000 + 01 + 02 + 02 + 05 100.000 0 4- 05  100  050  — 02  

4 100.000 + 02 0 + 02 + 02 100 000 0 — 02 100  040  — 01  

5 100 010 + 03 I 04 + 04 + 05 100.000 0 — 05  100.010 — 03 

6 100 000 0 + 03 + 04  + 04  100  100 f 1 + 06 99 980 0 

7 100 000 + 04 + 05 4. 04 4. 04 100 070 + 07 + 03 100 000 0 

8 100 000 + 03 + OS f 05 + 05 100 050 +- 05 0 100  000  0 

9 100.000 + 04 + 03 + 05 + 04 100.010 + 01 — 03 100 050 0 

10 100.000 + 02 + 02 + 02 f 04 100.010 4 01 — 03 100 000 0 

11 100 000 0 + 01 + 01 + 03 100.000 0 — 03 

Most reliable and stable of all wire-wound precisions, these 
new Type W W's have proved their superiority in unbiased 
tests. Severe cycling and 100-hour load tests resulted in vir-
tually zero changes in resistance. Other stringent tests proved 
JAN Type W W's high mechanical strength, freedom from 
shorting, resistance to high humidity. New winding forms —new 
winding technique —new type insulation —and new termina-
tions assure long life, accuracy, ruggedness in service. IRC JAN 
Type W W's ore becoming the choice of leading producers 
of military equipment. Get full technical data in Catalog 

Bulletin D-3. 

Type BO( Boron-Carbon 1/2-Watt Resistor 

Surpasses Signal Corps Specification MU. -R-10509A 

450 

400 
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re ype N (Nickel Chromelron 
............ 

Wire Ty e 1 Nickel Chrome 
..... ........ 

W ,re ype  (High Resisiiyit Vil.ckTI C riT tisr 

100 1,000 10, . 
Ohms 

The ultimate in stable, reliable non-wire-wound resistors, 
Type BOC's are especially designed for military electronic 
equipment —radar, gunnery control, communications, tele-
metering, computing and service instruments. Greatly im-
proved temperature coefficients of resistance permit their 
use in place of costlier wire wound precisions in many 
critical applications. Lower capacitive and inductive re-
actance suit them to circuits where wire-wound stability is 
needed. Small size makes them ideal in limited space. 
Tolerance: —1 %, 2% and 5%. Resistance Values: -10 
ohms to 1/2  megohm. Send for full technical data in Catalog 

Bulletin B-6. 

Type BT Advanced Fixed Composition Resistors Meet 

and Beat JAN-R-11 Specifications 

Type BTS Meets and Beats Rigid G Characteristic 

These are the famous Advanced Type BT's whose characteristics set 
new performance records for fixed composition resistors. They com-
bine a unique filament-type resistance element with exclusive con-
struction features to assure extremely low operating temperature 
and excellent power dissipation. Yet they are compact, light in 
weight, fully insulated. Intensive tests by independent agencies have 
proved their superiority under actual field conditions. For full tech-
nical data, send for Catalog Bulletin B-1. 

Soron-Carbon PRECISIONS • Power ISSIS•Of 1 • Valrnolor 
'pliers • Insulated Composition Rosisiors • Low Wattog• Wir• 

Wounds • Volume Controls • Vollag• Divid•rs • Proeision Wir• 

Wounds • Deposited Carbon PRECISIONS • Ultra HP and Nigh-

Voltag• R•sistors • Insulolisd Champs • Sislernium Riscriflors 

INTERNATIONAL RESISTANCE CO 

401 N Brood Strenst, Philodelphio II Pa 

I.  Ir geode  14.•• rirs••••••1 Ill•eisterat•  C.  lid  desert* 

Moil Coupon Today for Full Details of These IRC Resistors 

INTERNATIONAL RESISTANCE CO MPANY 

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

Please send me full data on the following checked items:— 

Type BOC Boron-Carbon PRECISTORS 

D Type W W Precision Wire Wound Resistors 
Type BT Advanced Fined Composition Resistors 

ci Name and Address of Nearest IRC Distributor 

NAME 

TITLE   

COMPANY. 

ADDRESS 

CITY —  _  _ _ _ _ZONE _ STATE 
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TTENUATION 
to 3000 mc! 

• \ISWII less than 1.2 a 

+ 011 frequencies 

to 3000 Mc. 
W W1 ATIESUPIOR feat 

3 uring 

"Pull Auto - Push" action ,Nith 

0, 10, 20, 30, AO, 50 1315 steps. 

0
 Accuracy --t.5 DB, no correction 

charts necessary•  / 

0 50 ohm coaxia1 cIrcuit. 
Iype 14 Connectors 

Inquiries are invited 
concerning single pads 
and turrets having 
other characteristics 

COAXIAL LINE TERMINATION 
50 ohms 

SINGLE ATTENUATOR PAD 
50 ohms 

VS WR :4-- 1.2 to 3000 mc. 
One watt c.w. power dissipation 4, 

6644-C SANTA MONICA BLVD., HOLLY WOOD 38, CALIFORNIA 

Hillside 9294 II 

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 12A) 

Power Supply Bulletin 

The Superior Electric Co., Bristol, 
Conn., manufacturers of voltage control 
equipment, have recently released a new 
bulletin describing the Varicell dc power 
supply. 
Bulletin V1051 covers in detail the 

Varicell, a source of variable stabilized-
regulated dc voltages operating from ac 
power lines. The bulletin is complete with 
photographs, circuit diagrams, outline di-
mensions, ratings and descriptive data. 
Also included in the bulletin are descrip-
tions on the workings of the Varicell. This 
data is fully illustrated with circuitry and 
photographs. 

Variable Inductance Coils 

A new series of variable inductance 
coils covering the 2-180 microhenry range 
has been announced by North Hills Elec-
tric Co., P. 0. Box 427, Great Neck, N. Y. 
Design for such applications as video 

peaking, rf and IF amplifiers, and filter 
networks, these coils feature compact 
plastic forms, four terminals (two of which 
may be used as separate tiepoints), and 
durable windings. 
For development use, these coils (Series 

102) are individually boxed and labelled. 
For complete data, write, North Hills 
Electric Co., or telephone Bayside 4-0540. 

Amplifier and Filter 
Literature 

Spencer-Kennedy Laboratories, Inc., 
186 Massachusetts Ave., Cambridge 39, 
Mass., has several new bulletins to aid in 
solving amplifier and filter problems. 
The first is a 200 mc bandwidth un-

tuned amplifier having a gain of 20 db, and 
a response characteristic that is flat 
within If db (Model 202P Wide-Band 
Chain Amplifier). 
The second is a 100 mc bandwidth un-

tuned pulse amplifier having a gain of 30 
db, and a maximum output voltage of 125 
volts (Model 214 Chain Pulse Amplifier). 
The third is a 20 db gain untuned tele-

vision amplifier with a bandwidth of from 
40 to 220 mc that will not fail because of a 
tube failure (Model 212TV Chain Ampli-
fier). 

The fourth is a high-pass, low-pass, 
band-pass electronic filter that has a con-
tinuously variable cut off from 20 cps to 
200 kc and no insertion loss (Series 300 
Variable Electronic Filter). 

Winding Tester 
A ne$A ly-developed portable electronic 

winding tester that can detect a single 
shorted turn of #40 AWG wire was an-
nounced today by Columbia Technical 
Corp. 5 E. 57 St., New York 22, N. Y. 
Known as the PM D Tester, this instru-

ment detects the location as well as the na-
ture of an electrical fault in any type of 
winding. The presence and location of open 

(Covitiessed on page 524) 
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1 AX2 DATA 

The CBS-Hytron 1AX2 is a compact, 9-pin 
miniature TV pulse rectifier. Plate is brought 
out to top cap and filament is oxide-coated. 
Absolute maximum ratings are: peak inverse 
plate voltage, 25,000 volts; d-c load current, 
1.0 ma.; and steady-state peak plate current, 
11.0 ma. 

Typical Operation — 
TV Pulse Rectifier 

Filament voltage  1.4 v ± 10 % 
Filament current  650 ma 
Positive-pulse plate voltage  20,000 v 
Negative-pulse plate voltage  5,000 v 

Peak inverse plate voltage  25,000 v 
D-c output voltage  20,000 v 
D-c load current  300 µa 

BOTTOM VIE W 
OF SOCKET 

'LL  BE  BUYI N G  SO O N 

YTR ON IAX2 
Ir DUTY TV HIGH-VOLTAGE 

CAN TAKE IT: 

TV high-voltage rectifiers take a beat-
ing: Terrific variations occur in applied 
filament voltage . . . 0.8 to 2.4 volts! 
Sudden arcs in the rectifying system 
place destructive electromechanical 
stresses on the filament. And the in-
creasingly larger TV picture tubes de-
mand peak emission and peak inverse 
voltage simultaneously. The new CBS-
H)4ron 1AX2 was especially designed to 
take such rough treatment and come up 
smiling. 

ADVANTAGES OF NE W CBS-HYTRON lAX2 

1 Rugged, high-wattage filament of CBS-Hytron 1AX2 has adequate peak emission for the new, larger TV picture tubes. 1AX2 may be run 
simultaneously at both its peak inverse voltage and maximum d-c 
current. 

2 Higher load of 1AX2 filament on transformer tends to regulate filament 
voltage. Eliminates need for limiting resistor. Yet lower plate-to-
filament capacitance (0.7 µµ0 of 1AX2 prevents loss of high voltage. 

Insulated tension bar (patent applied for) through center of 1AX2 
coiled filament limits destructive movement of filament by electro-

mechanical stresses. 

4 Filament of lAX2 is located in base and shielded to eliminate bomb-
ardment of cool ends of filament by gas molecules. 

5 An overloaded 1X2A may be replaced with its big brother, the CBS-
Hytron 1AX2, by simply removing the limiting resistor. In rare cases, 
it may be necessary to add another turn to the secondary of the filament 
transformer to obtain the required 1.4 volts for the 1AX2. 

3 

MAIN OFFICE: SALEM, MASSACHUSETTS 
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Where control accuracy is important... 
use Fairchild Precision Potentiometers 

• .-

In many control systems, accuracy is the all-

important factor. But the accuracy of an entire 

system depends on the proper functioning of 
each component. 

Fairchild precision potentiometers are de-

signed and built to meet extreme accuracy re-
quirements. That's why they are being selected 

more and more for control systems where accu-

racy, limited weight and space, and simplicity 
are paramount. 

iliese potentiometers perform mathematical 

computations in electrical computing systems for 
machine-tool controls, aircraft instruments, 

aerial-camera controls, radar, guided missiles, 
gunsights, and analog computers of all types. 

They are available in non-linear and linear types 

and in ganged combinations of either or both, 
with windings to meet your requirements. If you 

have computer or control problems, ask for our 

recommendations about using Fairchild Preci-
sion Potentiometers to solve them. 

HOW PRECISION IS DESIGNED AND BUILT INTO FAIRCHILD POTENTIOMETERS 
1. Shaft J. ( enterless-ground from stain-
less steel to a tolerance of +0.0000, 
—0.0002 in. which, together with preci-
sion-bored bearings, results in radial shaft 
play of less than 0.0009 in. 

2. Mounting plate has all critical surfaces 
accuratc1s machined at one setting to 
insure shaft-to-mounting squareness of 
0.001 in./in. and concentricity of shaft 
to pilot bushing within 0.001 in. FIR. 

3. Housing is precision-machined from 

aluminum bar stock. Close tolerance of 
this construction permits ganging up to 
20 units on a single shaft with no eccen-
tricity of the center cups, even though 
only two bearings are used for the entire 
gang. 

4. Windings are custom-made by an ex-
( losive technique. Guaranteed accuracy 
of windings in standard types is: linear, 

non-linear, 1.0% . higher accura-
cies (to 0.05% ) are available in other 
types. Guaranteed service life is 1,000,-
000 cycles. 

DO YOU HAVE CONTROL PROBLEMS? 

Fairchild Sample Laboratory engineers are available 
to help you with potentiometer problems. TO get the 
benefit of their knowledge and experience write today, 
giving complete details, to Fairchild Camera and Instru-
ment Corporation, 88-06 Von Wyck Boulevard, Jamaica 
1, New York, Deportment / 40-26HI. 

C-1 // 
PRECIS/ON POTENTIO METERS 
/I 
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BUSS offers a complete line of 
fuses for Radio • Television • 
Controls • Avionics • Radar • 
Instruments • PLUS a com-
panion line of fuse clips, fuse 
blocks and fuse holders. 

BUSS FUSE 
Protect Your Reputation 

The BUSS Fuses you buy today are the 
result of the production of millions upon millions 
of BUSS Fuses during the past 37 years. These 
years of specializing have taught BUSS engineers 
how to make fuses of unquestioned high quality — 
and still maintain a competitive price. 

To make sure that a BUSS Fuse will 
always operate properly under service con-
ditions . . . each and every BUSS Fuse is 
tested in a highly sensitive electronic device that 
records: — the fuse has the right capacity, is 
properly constructed and right in all physical 
dimensions. 

Behind the established reputation of BUSS Fuses 
is the world's largest fuse research laboratory 
and the world's largest fuse production capacity. 

If you have a special problem con-
cerning electrical protection, let our 
engineers help you select or design the 
right fuse, or fuse mounting, to meet 
your needs. Our staff of engineers 
and laboratory are at your service. 

BUSSMANN MFG. CO. 
University at Jefferson  St. Louis 7, MO. 

Ihvosion of McGraw blectric Company 

BUSSMANN Mfg. Co. (Division of McGraw Electric Co.) 
University at Jefferson, St. Louis 7, Mo. 

Please send me bulletin SFB containing complete facts on 
BUSS small dimension fuses and fuse holders. 

Name   

Tide   

Company   

Address   

City & Zone   Staid   1RE•752 
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Coupling with S.S.White Flexible Shafts 
Adds Flexibility to Your Designs! 

The diathermy unit above shows how easy it is to control a 
hard-to-get-at circuit element from a conveniently placed con-
trol knob by means of an S.S.White flexible shaft. The shaft, 
which is especially designed for remote control duty, would, 
in fact, provide smooth, responsive tuning regardless of the 
relative location of the coupled parts. 

By planning to use S.S.White flexible shafts as couplings 
between variable elements and their control knobs, you can 
get far greater flexibility in designing electronic equipment. 
Control knobs can he located wherever desired for better 
appearance, more convenient grouping and easier manipula-
tion. Variable elements can be mounted to satisfy circuit, wir-
ing and assembly requirements. Yes, when it's a question of 
control think of S.S.White flexible shafts. 

SEND FOR THIS 256-PAGE FLEXIBLE SHAFT 

HANDBOOK 

Complete, authoritative information on flexible 
shaft construction, selection and application. Copy 
sent tree if you write us direct on your business letter-
head, giring your title. There's no obligation. 

'NM ( z it' 

DENTAL DAIFC.CO. 
IIIII NOS TIVI AL DI VISI O N 

Dept. G, 10 East 40th St. 

NE W YORK 16, N. Y. 

Western District Office • Times Building, Long Beach, California 

52k 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
Information. Please mention your affiliation. 

(Continued from page 48A) 

circuits, shorts to ground, shorts between 
phases or between turns, reversed terminal 
connections, wire breakage, and material 
defects can be found in a minimum of time 
even with unskilled labor. 
The tester can be used with equal sensi-

tivity on both ac and dc devices. Unlike 
ordinary testers, which require that the 
windings be energized for testing purposes, 
the PM D test probes generate their own 
field in the probes. The field oscillates at 
800 cps, in contrast to 60 cps which ac-
counts for the high sensitivity. 
The PM D tester consists of a power 

supply unit, a vacuum tube oscillator, a 
a regulator and rectifier circuit. 

Sampling Switch 
A new type of sampling switch for zero 

drift correction of dc amplifiers in analog 
computers is announced by Applied Science 
Corp., P. 0. Box 44, Princeton, N. J. 

Motor-driven, the switch now makes 
possible the use of one ac amplifier alone 
for zero correction and gain improvement 
of as many as 30 dc computing amplifiers. 
The unit has two poles, with 60 contacts 
per pole, and the sampling rate is 31 RPS. 
It has inter-contact resistance over 1,000 
megohms. The design is compact for easy 
installation and weighs 71 pounds includ-
ing the 110 volt 60 cps motor. In tests the 
switch has proved to have an extremely 
low noise level and a service life of several 
thousand hours. 
The sante design and circuitry may be 

used for special sampling rates and contact 
configurations as ordered. For detailed 
bulletin or inquiries on special switches 
write to Applied Science. 

Portable Survey Meter 

A newly designed wide-range beta-
gamma survey meter, Model 2585, has just 
been announced by Nuclear Instrument & 
Chemical Corp., 229 W. Erie St., Chicago 
10, Ill. 

Based on the principle of the wartime 
"Cutie Pie," Nuclear's new type offers 
many features which eliminate the disad-
vantages of the previous instrument. 
Model 2585 is so designed that it can 

be set upright for continuous monitoring. 
It is light weight, with the circuit and 
battery housing ahead of and close to the 
fingers instead of being balanced above the 

(Continued on page 604) 
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An automatic heat treat machine. Production is about 3 times that possible 
with manual methods while quality is held within very close limits. 

CRUCIBLE 
ALNICO 

MAGNETS 

Afigar 

KEEP COSTS DOWN ... through 

automatic production that gives quality control 

Alnico magnets have been getting smaller and lighter, thanks to pro-
duction techniques in use at Crucible. Automatic machinery cuts the 
possibility of human error to a minimum, so rejections are low. This 
helps to maintain stable price levels in the face of rising material and 
labor costs. At the same time, Crucible's rigid inspection standards 
and attention to quality have developed a magnet with the highest gap 

flux per unit freight of any on the market. 

Today, Crucible can offer lighter, magnetically stronger Alnico 
magnets because of these automatic production techniques developed 
over the sixteen years that we have been producing the Alnico alloys. 
.And behind our familiarity with permanent magnets lies more than 
52 years' experience with specialty steelmaking. Let us advise you 

on your magnet problem. 

CRUCIBLE 
52 ra/ed  c7-rc&is&e,,Ipta4;ty 

CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH 30, PA. 
ST AI NLESS  • RE X  HI G H  SPEE D  • TO OL  • ALL O Y  •  M A C HI NER Y  • SPE CI AL  PUR P OSE  STEELS 

first name in special purpose steels 

PERMANENT ALNICO MAGNETS 
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DesiAtted fur Application 

Grid Dip Meters 

Millen Grid Dip Meters are available to meet all various laboratory and 
sem icing requirements. 

The 90662 Industrial Grid Dip Meter completely calibrated for laboratory 
use with a range from 225 ke. to 300 me. incorporates features desired for 
both industrial and laboratory application, including three wire grounding 
type power cord and suitable carrying case. 

The 90661 Industrial Grid Dip Meter is similar to the 90662 except for a 
reduced range of 1.7 to 300 mc. It likewise incorporates the three wire 
grounding type cord and metal carrying ease. 

The 90651 Standard Grid Dip Meter is a somewhat less expensive version 
of the grid dip meter. The calibration while adequate for general usage 
is not as complete as in the case of the industrial model. It is supplied 
without grounding lead and without carrying case. The range is 1.7 to 
300 mc. Extra inductors as ailable extends range to 220 kc. 

The Millen Grid Dip Meter is a calibrated stable RE oscillator unit with 
a meter to read grid current. The frequency determining coil is plugged 
into the unit so that it may be used as a probe. 

These instruments are complete with a built-in transformer type A.C. 
power supply and interminal terminal board to provide connections for 
battery operation where it is desirable to use the unit on antenna measure-
ments and other usages where .A.C. power is not available. Compactness 

has been achieved without loss of performance or convenience of usage. 
The incorporation of the power supply, oscillator and probe into a single 
unit provides a convenient device for checking all types of circuits. The 
indicating instrument is a standard 2 inch General Electric instrument 
with an easy to read scale. The calibrated dial is a large 270° drum dial 
which provides se% en direct reading scales, plus an additi (((( al universal 
scale, all with the same length and readability. Each range has its indi-
vidual phig-in probe eompletely enelosed in a contour fitting polystyrene 
es,,e for a..surance of permanenee of calibrati (((( as well as to prevent any 
possibility of mechanical damage or of  tent  el contact with the 
components of the circuit being tested. 

The Grid Dip Meters  y be used as: 
1. A Grid Dip Oscillator 
2. An Oscillating Detector 
3. A Signal Generator 

4. An Indicating Absorption Wavemeter 

The most common usage of the Grid Dip Meter is as an oscillating 
(requiem .% meter to deter lll i ll e the resonant frequencies of de-energized tuned cireuits. 

Size of Grid Dip Meter only (less probe): 7 in. x 3%. in. x 3% in. 

JAMES MILLEN 
MAIN OFFICE 

MFG. CO., INC. 
.AND FACTORY 

MALDEN, MASSACHUSETTS, U. S. A. 
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ALL THE ADVANTAGES of master-oscillator-power-amplifier operation 
in the x-band are made practical by the new Varian V-27 ampli-
fier. This is another of the compact two-resonator tubes derived 
from the outstanding Varian X-21, and can utilize any of the 

Varian x-band oscillators as driver. 

IN APPLICATION, the new V-27 serves as a buffer amplifier to prevent 
oscillator frequency changes caused by varying load impedances; 
as a linear amplifier; or as a phase-modulated amplifier; in relay 
service and in certain types of radar and beacons. 

FEATURES OF THE V-27 include the unusually light weight of six ounces; 
a space factor less than that of a two-inch cube; a convenient 
new integral pigtail termination for leads; a special rugged 
cathode construction; and wideband Varian mica-seal flange 

windows. 

OPERATIONALLY, the V-27 provides output powers of 4 to 8 watts c-w 
or 100 to 500 watts with 3- to 5-kv pulses on a 3 per cent duty 
cycle. It is rated with a beam voltage of 1350 volts, beam cur-
rent of 100 ma. Both input and output flanges fit inch by half-

inch waveguide. 

SEND FOR FULL DETAILS on these or other Varian klystrons. Your 
particular microwave problem may find a solution in one of the 
Varian commercial klystrons—or in one of the many develop-
mental types which cannot be publicized. 

V ARI A N associates 

990 VARIAN STREET  • SAN CARLOS 2, CALIFORNIA 

V ARI A N  
associates 

X-BAND 

MYSTRON 

AMPLIFIER 
for mopa 
operation 

VARIAN V-27 

9.1 to 11.0 kmc 

5 watts c-w 

500 watts pulsed 

FIELD ENGINEERING 

REPRESE NTATIVES 

IN PRINCIPAL CITIES 

Pio )(  TIIE I.R I: 



LI 
I 1, 

THE NE W 

Al02,1 
a small, low-cost, electronic digital general 

purpose computer with 1 important new features 

Radically new circuit techniques used in the CADAC 102-A make 
possible a small, extremely reliable, digital general purpose 

computer capable of solving any problem that can be put into 
numerical form. It uses a conventional three-address 

command with one instruction and three addresses per word, and 
has a full set of commands—including addition, subtraction, 

multiplication, division, shift, compare, over-flow, extract, print 
decimal, print octal, block search, tape read, tape write, card 

punch, and card read—available for use by the programmer. It is 
mounted on casters for mobility, and requires no special floor or 

ceiling installation for either power or ventilation. 
The CADAC 102, predecessor of the 102-A recently delivered 

to the Air Force, has been operated for more than 170 hours 
over a three month period, with only three machine failures. 

re would be happy to send you complete, detailed information 
and prices on the CADAC 102-A. Simply write to the Director 

of Applications: 

Competter ileeLettrch_ 
CORP ORATI O N OF CALIF OR NI A 

THESE 4 

A//' ./1C2vri'() 
increase its usefulness 

in the engineer 

100,000 word auxiliary 
magnetic tape memory 

A block search magnetic tape auxiliary 
memory can be used with the CADAC 
IO2-A. This unit is automatically ac-
cessible for reading from and writing 
on magnetic tape which stores 100,000 
words. A multiplicity of these magnetic 
tape units can be coupled to the 
CADAC 102-A if more than 100,000 
words of auxiliary storage is desired. 
Two commands —"read from" and 
"write on" — are available to the pro-
grammer for auxiliary storage use. A 
third command "block search" may be 
used to start a tape unit searching for 
a specific address on the tape. While 
searching proceeds, the computer can 
carry out other commands. 

Computer can be filled 
automatically 

A Flexowriter electric typewriter can 
be used for automatic read in and read 
out. Standard programs and problems 
can be stored on paper tape. 

Decimal filling and printing 
The new input-output number system 
of the CADAC 102-A enables it to 
accept and print decimal digits, with 
programmed conversion to and from 
binary numbers. The octal number sys-
tem can still be used for filling and 
printing if desired. 

IBM punched card input-output 
Number and command information 
can be read into the CADAC 102-A 
from IB M punched cards. Output from 
the computer can operate an IB M card 
punch. Both of these operations are 
automatic upon command of the com-
puter. 

NEW LEASING PLAN 
NOW AVAILABLE 

The CADAC 102-A can be 

purchased outright, or 
leased with the option to 

buy anytime during the first 
two years.A complete parts 
and service warranty, in-

cluding both preventive 

and special maintenance 

will be included with lease 
if desired. 

3348 W. EL SE GUND O BLVD.... HA WTH ORNE, CALIF ORNIA... OSB OR NE 5-1171 
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1 COLLINS RADI O CO MPANY, Cedar 

44 
glg 0  a  1111 

COLLINS 21E S KW 

BROADCAST TRANSMITTER 

THE NE W Collins 21E 5 kw broadcast 
transmitter is the completing unit to the 
great new line of advanced design Collins 
broadcast transmitters. Others in the new 

line include the 250 watt 300J and the 
1000 watt 20V. 
Smart, modern styling is combined with 

up-to-the-minute engineering in the hand-

some, thoroughly dependable 21E. Great 
simplification has been achieved in the 
circuits associated with the modulator and 
power amplifier driver stages through use 

of the recently developed high gain, long 
lived tetrodes. Employment of these effi-

* Operating economy. 

* Simplified circuits. 

* Simplified frequency control 
— low temperature coefficient 
crystals (no oven required). 

* Single external unit — 
open, dry type transformer. 

Built-in modulation peak 
limiting. 

Full visibility of all tubes. 

Complete accessibility. 

cient tubes also permits the use of low 
drain, low cost, receiver type tubes in the 
amplifier stages. Frequency control is by 
means of the new plug-in, super stability, 
low temperature coefficient crystals, which 

eliminate the need for crystal ovens. 

Peak limiting automatically clips audio 
peaks at approximately 1 db above 100% 

modulation. 

For 10 kw operation, the 5 kw 21E may 

be transformed into a 10 kw 21M. Any 
specified carrier frequency from 540 to 
1600 kc is available. 

FOR BROADCAST QUALITY, IT'S . . . 

11 West 42nd Street  1937 Irving Boulevard 

NE W YORK 18  DALLAS 2 

Rapids, Iowa 

2700 West Olive Avenue Dogwood Road, Fountain City 

BURBANK  KNOXVILLE 
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TYPE 252, JAN-R-19, Type RA20 

2 watt, 11744" 
diameter variable 
wirewound 
resistor. Also 
available with 
other special 
military features 
not covered by 
JAN-R-19. 
Attached Switch 
can be supplied. 

RA20, JAN Shaft Typo SD 

Resistance  CTS Part  TAN-R-19 TYPE 

50±10%  88079  RA20AISD500AK 
100±10%  W6929  RA20AISDIOIAK 
250±10%  X3497  RA20AISD251 AK 
500±10%  W693I  RA20AISD501AK 
1000±10%  W6932  RA20AISDIO2AK 
1500±10%  W6933  RA20A1 SDI 52AK 
2500±10%  W6934  RA20A1 SD252AK 
5000+10%  W6935  RA20AISD502AK 
10,000±10%  W6936  RA20AISDIO3AK 

• 

RA20 High Torque. TAN Shaft Typo SD 

CTS Part  JAN-8-19 TYPE 

X3496 
19388 
M9879 
X3498 
X3499 
M9809 
19103 
19104 
1189 79 

RA20A2SD500AK 
RA20A2SDIO1AK 
RA20A2SD251AK 
RA20A2SD50IAK 
RA20A2SDIO2AK 
RA20A2SD152AK 
RA20A2SD252AK 
RA20A2SD502AK 
RA20A2SDIO3AK 

TYPE 25, JAN-R•19, Type RA30 (May also 

4 watt, 117 /32" 
diameter variable 
wirewound 
resistor. Also 
available with 
other special 
military features 
not covered by 
JAN-R-19. 
Attached Switch 
can be supplied. 

Resistance 

be used as Type RA25) 

HA RI, JAN Shalt Type SU 

CTS Part IAN-R-19 TYPE 

50±10%  X3502 
I00±10%  X3503 
250+10%  X3505 
500+10%  X3507 
I000±10%  X3508 
1500±10%  X3509 
2500±10%  X3511 
5000±10%  Q1409 
10,000±10%  X35I 3 
I5.000±10%  X35I4 

RA30AISD500AK 
RA30AISDIOIAK 
RA30A1S0251AK 
RA30A1 SD50IAK 
RA30AISDIO2AK 
RA30A1 SDI52AK 
RA30AISD252AK 
RA30AISD502AK 
RA30AISDIO3AK 
RA30AISD153AK 

ILAJU High Torque, JAN Shalt Type SD 

CTS Part  JAN-R-IO TYPE 

W2837 
X3504 
X3506 
M7566 
S2444 
53510 
S2736 
X35I2 
R1561 
19107 

RA30A2SD500AK 
RA30A2SDIOIAK 
RA30A2SD25IAK 
RA30A2SD501AK 
RA30A2SDIO2AK 
RA30A2SD152AK 
RA30A2SD252AK 
RA30A2S0502AK 
RA30A2SDIO3AK 
RA30A2SDI53AK 

Immediate delivery from stock 
JAN-R-94 AND JAN-R-19 TYPE MILITARY VARIABLE RESISTORS 1 

Preference given to orders carrying military contract 
number and DO rating. Other JAN items or special 
items with or without associated switches can be 
fabricated to your specifications. Please give complete 
details on your requirements including electrical 
and mechanical specifications. 

U NPR ECE DE NTE D  PERFOR MA NC E C HA RACTERISTI CS 

Designed for use in military equipment subject to 
extreme temperature and humidity ranges including 
jet and other planes, guided missiles, tanks, ships 
and submarines, telemetering, microwave, portable 
or mobile equipment and all other military 
communications. 

For further information, write for Stock Sheet No. 162 

NE W 38-PAGE ILLUSTRATED CATALOG — Describes 

Electrical and Mechanical characteristics, 

Special Features and Constructions of a complete 

line of variable resistors for military and 

civilian use. Includes dimensional drawings of 

each resistor. Write today for your copy. 

SHAFT TYPES 

AVAILABLE 

ON STOCK CONTROLS 

REPRESENTATIVES 
serer E Sande,. 

John 13 MyClatchy Bldg 

69th 8. Markel St. 
Upper Darby, Penna 

• Phone Flanders 2-4420 

W S Harmon Company 
1638 So La Coenega Blvd 

Los Angeles 35. Calif 
Phone Bradshaw 2.3321 

John A Green Co 
6815 Oriole Drive 
Dallas 9, Texas 

types 
IN CANADA 
C C Meredith .1 Co 
Streetsvale, Ontario 

SOUTH AMERICA 
Jose Luis Pontel 
Buenos Aires, Argentina 
Montevideo, Uruguay 
Rio de Janeiro. Brazil 
Sao Paulo. Staid 

OTHER EXPORT 
Sylvan Ginsbury 
8 West 40th Street 
New YorinIS. N Y 

CHICAGO TELEPHONE SUPPLY 
0.04aittot 

,0‘1.111.t , ,II 

FOUNDE D  1896  • ELKHART, INDIANA 

CTS SHAFT TYPE. LT-2 
LOCK/NG BUSH/NG 

/25'goo,' 

SCRE W DRIVE 
SLOT 

.4540 .* 043  WIDE I 
416i E.Oro' DEEP 

-31 R - /VEF-2 rH,o 

MOUNTING HARD WARE ASSE MBLED 
MOINVT/NG NOT I HEX /, 
LOCK Nur t wEx .1' 
LOCK WASHER 0/-9/4A 

I : 

.4  J-:3z#  rivo. 
i" 

MOUNTING HARD WARE ASSE MBLED 
mouNriNG NUT HEX 

LOCK WASHER 0/9/4A 



Pes,stanc• 

250+10% 
500+10% 
1000+10% 
2500+10% 
5000+10% 
10,000+10% 
25,000+10% 
50,000+10% 
100,000+10% 
250,000+10% 
500.000+10% 
1 Meg +20% 
2.5 Meg+25% 

CTS Part 
CTS Shaft Type RE 

X3516 
X3517 
X3518 
X3519 
X3520 
X352I 
X3522 
X3523 
X3524 
X3525 
X3526 
X3527 
X3528 

CTS Part 
Locking Bushing 
CTS Shaft Type LT-2 

X3530 
X353I 
X3532 
X3533 
X3534 
X3535 
X3536 
X3537 
X3538 
X3539 
X3540 
X3541 
X3542 

TYPE 65 
I.; watt 70°C,  

diameter 
miniaturized 

variable 
composition 

resistor. 

JAN-R-94 
TYPE RV4 

Resistance  JAN Shaft Type so 
100+10%  RV4ATSDIO1A 
250+10%  RV4ATSD25IA 
500+10%  RVIATSD501A 
1000+10%  RV4ATSDIO2A 
2500+10%  RV4ATSD252A 
5000+10%  RVIATSD502A 
10.000+10%  RV4ATSDIO3A 
25,000+10%  RV4ATSD253A 
50.000+10%  RV4ATSD503A 
100,000+10%  RV4ATSDIO4A 
250,000+10%  RVIATSD254A 
500,000+10%  RV4ATSD504A 
I Meg+20%  RV4ATSDIO5B 
2.5 Meg+20%  RV4ATSD255B 
5 Meg +20%  RVIATSD505B 

JAN-R-94 
TYPE RV4 
JAN Shaft Type Ri 

RVIATR.1101A 
RV4ATR1251A 
RV4ATR150IA 
RVOATR1102A 
RV4ATR1252A 
RV4ATR.1502A 
RV4ATR1103A 
RV4ATR.1253A 
RV4ATR1503A 
RV4ATR1104A 
RVOATR.1254A 
RV4AT121504A 
RV4ATI2110513 
RV4ATR1255B 
RV4ATI71505B 

TYPE 95, JAN-R-94, Type RV4 

CTS Part 
Non-JAN Locking Bushing 
CTS Shaft Type LT-I 

W3I60 
W3I61 
W3I62 
W3166 
W3163 
W3I64 
W3167 
W3168 
W3169 
W3170 
W3171 
W3172 
W3I73 
W3165 
W3159 

2 watt 70°C, 11/8" 
diameter variable 

composition 
resistor. Also 
available with 
other special 

military features 
not covered by 

JAN-R-94. 
Attached Switch 
can be supplied. 

RV2. JAN Shaft Type SD 

Resistance  CTS Part  JAN-R-94 TYPE 

100+10%  A5876  RV2ATSDIOIA 
250+10%  A5877  RV2ATSD25IA 
500+10%  A5878  RV2ATSD501A 
1000+10%  A5879  RV2ATSDIO2A 
2500+10%  A5880  RV2ATSD252A 
5000+10%  A5881  RV2ATSD502A 
10.000+10%  A5882  RV2ATS0103A 
25,000+10%  A5883  RV2ATSD253A 
50,000+10%  A5884  RV2ATSD503A 
100.000+10%  A5885  RV2ATSDIO4A 
250,000+10%  A5886  RV2ATSD254A 
500.000+10%  A5887  RV2ATSD504A 
1 Meg +20%  A5888  RV2ATSDIO5B 
2.5 Meg +20%  A5889  RV2ATSD2558 

CTS Part 
Non-JAN Locking Bushing 
CTS Shaft Type LT-I 

A5922 
A5923 
A5924 
A5925 
A5926 
A5927 
A5928 
A5929 
A5930 
A5931 
A5932 
A5933 
A5934 
A5935 

TYPE 45, JAN-R-94, Type RV2 
_ watt, 15/16 ' 

diameter variable 
composition 
resistor. Also 
available with 
other special 

military features 
not covered by 

JAN-R-94. 
Attached Switch 
can be supplied. 

RV3, JAN Shaft Type SD 

Resistance  CTS Part  /AN-R-94 TYPE 

100+10%  A586I  RV3ATSDIOIA 
250+10%  A5862  RV3ATSD25IA 
500+10%  A5863  RV3ATSD50IA 
1000+10%  A5864  RV3ATSDIO2A 
2500+10%  A5865  RV3ATSD252A 
5000+10%  A5866  RV3ATSD502A 
10,000+10%  A5867  RV3ATSDIO3A 
25,000+10%  A5868  RV3ATSD253A 
50,000+10%  A5869  RV3ATSD503A 
100,000+10%  A5870  RV3ATSDIO4A 
250.000+10%  A5871  RV3ATSD254A 
500,000+10%  A5872  RV3ATSD504A 
I Meg +20%  A5873  RV3ATSDIO5B 
25 Meg +20%  A5874  RV3ATSD25513 
5 MI1+20%  A5875  RV3ATSD5056 

250 - • do/ 

-SCREW DRIVER 
SLOT 

047 .003 WIDE 
063 DEEP 

1-32P-/VE,4"-2 rHo 

1-

TYPE 35, JAN-R-94, Type RV3 

CTS Part 
Non-JAN Locking Bushing 
CTS Shaft Type LT-1 

A5907 
A5908 
A5909 
A5910 
A591I 
A59I2 
A5913 
A59I4 
A5915 
A59I6 
A59I7 
A5918 
A5919 
A5920 
A592I 

JAN SHAFT TYPE RJ 

250 -
a col 

'12 watt, 11/8" 
diameter variable 

composition 
resistor. Also 
available with 
other special 

military features 
not covered by 

JAN-R-94. 
Attached Switch 
can be supplied. 

SCRE W DRIVER 

SLOT 
047a 005' WIDE 

I .06  ,;1•2 .1 DEEP 

-32e -/ver  THO 

M OUNTING HARD WARE ASSEMBLED 
M OUNTING N UT 1"HEX 

LOLA' /VUT HEX 4 j5 
LOCA' WASHER '7/W0A 

MOUNTING HARD WARE ASSEMBLED 
MOUNTING N UT ( HEX. a IS . 

LOCK W ASHER • /9.20A 

MOUNTING HARDWARE. ASSEMBLED 
MOUNTING NUT 4 HEX. a IS 
LOCK VVASHER • / .20A 



REXOLITE 1422 
(FORMERLY G. E. TEXTOLITE 14221 

THE BETTER PLASTIC FOR 
U. H. F. INSULATION 

BECAUSE OF: 
• outstanding electrical properties 
• superior machinability 
• high heat resistance 

• dimensional stability 
and extremely low initial cost 

li•AtINN4 
dtpao,„ 
f%, A  wi M A 

eu 

Rexolite  1422 has been specifically designed and developed to meet the 

growing need for a lightweight — low cost U. H. F. insulating material. 

Rexolite 1422 is available for immediate delivery as centerless ground rod 

in any diameter up to 1. Also cast in larger diameter rods and sheets. 

Meets JAN-P-77 and MIL-P-77A specifications. 

The  unusual chemical inertness and physical properties of Rexolite  1422 
allow its use where other materials fail. 

For use in: connectors, coaxial connectors, waveguide, an-
tennas. leads and spacers, spreaders and air wound  coil 
supports, coil forms. 

Write today for technical bul-
letins and samples. Our engineer-
ing staff is always of your 
disposal. 

Manufacturers of Non•strip wire, High Temperature Electrical Tubing and other extruded plastic products 

THE REX CORPORATION 
52 LANDSDO WNE ST. CAMBRIDGE, MASS. 

News—New Products 
These manufacturers hare Invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued from page 524) 

handle. The five position switch, providing 
zero setting and three ranges up to 5000 
mr/hr, is located at the top of the pistol-
grip handle to allow one-hand operation of 
the instrument. Zero adjust and calibrate 
controls are on top, ahead of the 24 inch 
meter which slopes toward the user for 
easy reading. The instrument is finished in 
smooth gray baked enamel and weighs 3 
pounds, complete with batteries. 

Projection Kinescope 

Tube Dept., Radio Corp. of America, 
Harrison, N. J., announces the 7WP4, a 
new projection kinescope for use in theater. 
television equipment. It is capable of pro-
viding a picture 20 feet by 15 feet when 
used with a suitable reflective optical sys-
tem. 

The 7WP4 is designed with a faceplate 
curvature intended for use in an optical 
system having an 80-foot throw. The tube 
employs electrostatic focus and magnetic 
deflection. 
Operating with a maximum ultor volt-

age of 80,000 volts and a maximum focus-
ing-electrode voltage of 20,000 volts, the 
7WP4 incorporates such high-voltage de-
sign features as a bulb having corrugated 
side walls with insulating coating to pro-
vide a long leakage path over its external 
surface, an inner cone-neck section to 
provide adequate vacuum insulation be-
tween internal ultor coating and outer neck 
section, and one high-voltage envelope 
connection. All other connections are made 
through a plastic-filled diheptal I4-pin 
base. 

New Catalog 
P. R. Mallory & Co., Inc., 3029 E. 

‘Vashington St., Indianapolis 6, Ind., 
announces a Product Index is now avail-
able providing specific information in con-
densed form concerning Mallory electro-
chemical,  electromechanical,  electronic 
and metallurgical products. 
The catalog is not highly technical in 

nature but is designed to acquaint engineer 
and layman alike with basic data on avail-
able products. It includes brief descrip-
tions of the specifications, features and 
applications of the complete line of Mal-
lory batteries, capacitors, contacts, recti-
fiers, resistors, switches, vibrators, metals 
and ceramics, tuners, and resistance weld-
ing supplies. 
Copies of the Product Index can be ob-

tained by writing P. R. Mallory & Co., 
Inc. 

(Continued on pope 1064) 
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WITH 16% GREATER ENERGY 

•The permanent magnet materi 
offer, an energy product averaging 
million BH malt or more, with 51/4 ow 
perenteed. 

Whether your problem is new design or 
product improvement, take advantage of the 
greater energy product INDIANA HYFLUX 
Alnico V offers! 
These exclusive, new, super strength per-

manent magnets mean lower production costs, 
more compact design and higher efficiency 
for your products. 
What's more, INDIANA HYFLUX — 

with its 16% greater energy product — 
costs not a penny more than regular Alnico V! 
Here's still another bonus you'll enjoy! 

THE INDIANA STEEL PRODUCTS 
COMPANY, world's largest producer of 
permanent magnets, offers free of charge its 
wealth of experience and "know-how" that 
has developed more than 30,000 permanent 
magnet applications. 

INDIANA 
PERMANENT 

MAGNETS 

Let INDIANA engineers help you with 
your design problems. They can supply — 
out of stock — many types and sizes of 
INDIANA HYFLUX Alnico V for your 
experiments, can suggest those best suited 
to your product. 
INDIANA is the only manufacturer fur-

nishing all commercial grades of permanent 
magnet alloys. You have a choice of cast, 
sintered, formed or ductile materials. 

Why delay — write or phone 
INDIANA today. Ask 
for Catalog No. 11G-5 that 
describes stock experimental 
magnets. 

THE INDIANA STEEL PRODUCTS COMPANY 
VA L PAR AIS O, INDI AN A  • • • Sales Offices Coast to Coast 

SP E CI A LI S T S IN  "P A C K A G E D  EN E R G Y"  SI N C E  19 0 9 
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S P E CI A L! 

Rush Service Oro Smell Lots 

No w! Your oiders for smell lo ts of coils 

need ed for prototype work or for your emergency 
production needs will be handled on 4 rush basis 

by C.T.C.'s new  SPECIAL SERVICE DEPARTMENT. 

We wilt furnish single 

layer or pie woun d coils 

eer s will also  

. . • tuned or untuned. C. T.C. engin 

work with  you to cdievsiilgiann •c  oils  to fit yo ur specifics-Eons, military or   

Plan now to put C. T.C.'s SPECIAL SERVICE DEPARTMENT to work for 

uotation. you. Send prmts and 
speciRcations for q   

Here are the coils you want 
...the way you want them! 

Take advantage of one of C.T.C.'s 
most popular and useful services . . . 
the winding of slug tuned coils to exact 
specifications. Single layer or pie types 
furnished. You can be sure your specs— 
military or personal—will be faithfully 
followed to the last detail of materials 
and methods, and with expert workman-
ship 
C.T.C. coil forms are made of quality 

paper base phenolic or grade L-5 silicone 
impregnated ceramic. Mounting bush-
ings are cadmium plated brass and ring 
type terminals are silver plated brass. 
Terminal retaining collars of nylon-
phenolic also available in types LST, 
LS5, LS6. 
Wound units can be coated with dur-

able resin varnish, wax or lacquer. Both 

coils and coil forms are furnished with 
slugs  and  mounting  hardware — and 
are obtainable in large or small produc-
tion quantities. Be sure to send com-
plete specifications for specially wound 
coils. 
All C.T.C. materials, methods, and 

processes meet applicable government 
specifications. For further information 
on coils, coil forms or C.T.C.'s special 
consulting service, write us direct. This 
service is available to you without extra 
cost. Cambridge Thermionic Corpora-
tion, 456 Concord Avenue, Cambridge 
38, Mass. West Coast manufacturers, 
contact: E. V. Roberts. 5068 W. Wash-
ington Blvd., Los Angeles 16, Calif., and 
988 Market Street, San 
Francisco, California. 

CA M B RI D GE  THE R MI O NIC 
CO R P O R ATI O N 

custom or standard . . . the guaranteed components 

New catalog! Send for your copy now. 

NE W CERAMIC COIL FORM KIT. 
Helps you spark ideas in designing elec-
tronic equipment or developing proto-
types and pilot models. Contains 3 each 
of the following 5 C.T.C. ceramic coil 
form types: LST, 1.55, I.56, 157, 1.513. 
Color-coded chart simplifies slug-identi-
fication and gives approximate fre-

quency ranges and specifications. Nylon. 
phenolic collars to replace metallic rings 
available with kit for all ceramic coil 
forms except I.S7 and 1.58. 

NE W NYLON-PHENOLIC COLLARS. 
Terminals held securely; soldering spaces 
doubled; excellent for both bifilor and 
single pie windings. Show an increase in 

and many new benefits over metallic 
rings — without impairing in any way the 
moisture- and fungus-resistont qualities of 
coil form assemblies. 
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SPECIFY 

for Accurate, Dependable Electrical Measurements 

BECAUSE—Simpson has developed quality control to 
a new modern high with this successful production 
policy. Design everything that goes into an instrument 
—make everything that goes into an instrument—keep 
designing for the future—keep quality steadily higher 
—keep prices consistent with material and labor costs 
without exploitation. This quality control is evident 

COMISSIIVO 
CRITICAL 

1[ BIS 

in every Simpson instrument whether panel or switch-
board, custom-built or stock. The instruments illus-
trated in panel below are only a few of the wide vari-
ety of instruments in the complete Simpson line. Let 
Simpson engineers help you solve your panel instru-
ment problems—and for your standard instrument re-
quirements take advantage of our large stock. 

ELECTRIC CO MPANY 

5200 W. KINZIE ST , CHICAGO 44 • COlumbus 1-1221 • In Canada: B CH-SIMPSON, LTD., LONDON, ONT. 
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it! 

ore 
• 
rive at less cost 

CHARACTERISTICS, 
CLASS A, AMPLIFIER 

Plate Voltage    300 volts 

Plate Current  30 ma 

Plate Resistance (Approx.)  0.15 megohm 

Transconductance   11000 ',mhos 

Grid No. 2 Voltage   150 volts 

Grid No. 1 Voltage   —3 volts 

Interelectrode Capacitances (Without external shield): 
Grid No. 1-to-plate   0.120 kimf 

Input   11 ,a,Lif 
Output   5.5 mmf 

Performance, 4-Mc Video Amplifier 

Input Volts (peak-to-peak) . . .  3 volts 

Output Volts (peak-to-peak) . . .  132 volts 

with the new RCA-6CL6 miniature power pentode 
Another RCA First ...the new RCA-6CL6 
miniature power pentode was specifically 
designed to fill the need for a low-cost, 
high-output video amplifier tube. 

Improved in performance over the 
RCA-developed 6AG7, this new 9-pin 
miniature has decreased microphonic re-
sponse and is capable of driving high-
voltage picture tubes with low amplitude 
distortion. 

Having a voltage gain of approxi-
mately 44, the RCA-6CL6 can be driven 
directly by the video detector. It will pro. 

64A 

vide an output of 132 volts peak-to-peak 
with an input of only 3 volts peak-to-peak 
from the video detector in a 4-Mc video 
amplifier. 

RCA Application Engineers are ready to 
assist you in the application of the 

RCA-6CL6 to your television receiver de-
signs. For further information write RCA, 
Commercial Engineering, Section GR47, 
Harrison, N. J., or contact your nearest 
RCA field office: 

FIELD OFFICES: (East) Humboldt 5-3900, 4 
S. 5th St., Harrison, N. J. (Midwest) White-
hall 4-2900, 589 E. Illino is St., Chicago, Ill 
(West) Madison 9-3671, 420 S. San Pedro St.. 
Los Angeles, Calif  Trnk, (It 

new RCA tube 

RCA-6AF4 Miniature UHF 
Triode, for use as the local 
oscillator in UHF television 
receivers covering the range 
of 470 to 890 Mc. Features 
silver-plated base pins and 
short mount stru  . 

THE FOUNTAINHEAD OF M ODERN TUBE 
DEVELOP MENT IS 

RADIO CORPORATIO N of A MERICA 
EL ECT R O N  TU BES 

H A R RIS O N, N. J. 

PROCEEDINGS OF THE 
July, 1052, 



BOARD OF 
DIRECTORS, 1952* 

D. B. Sinclair 
President 

Harold L. Kirke 
Vice-President 

W. R. G. Baker 
Treasurer 

Haraden Prat I 
Secretary 

Alfred N. Goldsmith 
• Editor 

' R. F. Guy 
Senior Past President 

I. S. Coggeshall 
Junior Past President 

1952 

S. L. Bailey 
K. C. Black 
H. F. Dart (2) 
W. R. Hewlett 

• P. L. Hoover (4) 
A. V. Loughren 

' J. W. McRae 
A. B. Oxley (8) 
W. M. Rust (6) 

1952-4953 

G. H. Browning (1) 
W. H. Doherty 
A. W. Graf (5) 
R. L. Sink (7) 
G. R. Town 
Irving Wolff (3) 

1952-1954 

J. D. Ryder 
Ernst Weber 

• 

Harold R. Zeamans 
General Counsel 

• 

George W. Bailey 
Executive Secretary 

Laurence G. Cumming 
Technical Secretary 

• 

PROCEEDINGS OF THE I.R.E.' 

Published Monthly by 

The Institute of Radio Engineers, Inc. 

VOLUME 40 July, 1952 NUMBER 7 

Changes of address 
(with advance notice of 
fifteen days) and com-
munications  regarding 
subscriptions and pay-
ments should be mailed 
to the Secretary of the 
Institute, at 450 Ahnaip 
St., Menasha, Wiscon-
sin, or 1 East 79 Street, 
New York 21, N. Y. 
All rights of republica-

tion including transla-
tion into foreign lan-
guages, are reserved by 
the Institute. Abstracts 
of. papers with mention 
of, their source may be 
pfinted.  Requests for 
republication privilege, 
should be addressed to 
The Institute of R,I,Ito 
Engineers. 

*Numerals in parentliese, 
following Directors  name', 
iffigIgnate Region number. 

PROCEEDINGS OF THE I.R.E. 

Irving Wolff, Director, 1952-1953   770 
Universal Engineering Shorthand  Allen F. Pomeroy  771 
4242. Researah and Development for National Defense   

 Edwin A. Speakman  772 

4243. Measuring the Mean Power of Varying-Amplitude Complex Audio 
Waves  Huntington W. Curtis  775 

4244. Video Recording, Film Considerations  George H. Gordon  779 
4245. A Multichannel Single-Sideband Radio Transmitter   

L M. Klenk, A. J. Munn and J. Nedelka  783 

4246. Amplifiers for Multichannel Single-Sideband Radio Transmitters 
 N. Lund, C. F. P. Rose and L. G. Young  790 

4247. Design of Modulation Equipment for Modern Single-Sideband 
Transmitters  A E Kerwien  797 

4248. Single-Sideband Transmission by Envelope Elimination and 
Restoration  Leonard R. Kahn  803 

4249. Direct-Reading Frequency-Measuring Equipment for the Range of 
30 CPS to 30 MC  L. R. M. Vos de Wael  807 

4250. A Wide Range Oscillator in the Range from 8,000 to 15,000 Mega-
cycles  R. W. Wilmarth and r. L. Moll  813 

4251. A High-Voltage, Cold-Cathode Rectifier   
E G. Linder, J. H. Coleman and E. G. Apgar 818 

4252. Piezoelectric Transducers for Ultrasonic Delay Lines   
 H. N. Beveridge and W. W. Keith  828 

4253. Note on Safe Resonator Current of Piezoelectric Elements   
E J  Post  835 

4254. An Experimental Study of Low-Power CW Magnetrons Having 
Few Segments  E B. Ca!lick  836 

4255. Heater-Voltage Compensation for Alternating-Current Amplifiers 
 N. W. Broten  843 

4256. Design of Optimum Buried-Conductor RF Ground System   
 Frank R. Abbott  846 

4257. The Absorption Gain and Back-Scattering Cross Section of the 
Cylindrical Antenna  S H. Dike and D. D. King 853 

4258. Correction to "The Civil Aeronautics Administration VHF Omni-
range"  H. C. Hurley, S. R. Anderson, and H. F. Keary  860 

4259. Single- and Multi-Iris Resonant Structures   
 Irving Reingold, John L. Carter, and Kenton Garoff 861 

4260. On the Excitation of Surface Waves  Georg Goubau  865 

Correspondence: 
4261. "Errors in a Microwave Rotary Phase Shifter"   

 Alan J. Simmons  869 
870 Contributors to the PROCEEDINGS OF THE I.R  E   

INSTITUTE NEWS AND RADIO NOTES SECTION 

Technical Committee Notes   
Professional Group News   
IRE Professional Group on Audio   
IRE People   
Rooks: 
1262. "The Oxide-Coated Cathode," by G. Herrmann and S. Wagener. 

 Reviewed by George D. O'Neill 
1263. "Materials Technology for Electron Tubes," by Walter H. Kohl.. 

 Reviewed by E. R. l'iore 

1264. "Fundamentals of Radio Communications," by Abraham Shein-
gold  Reviewed by R. M. Page 

cections and Professional Groups 
1265. Abstracts and References   
Meetings with Exhibitis  2A 
News—New Products   12A 
Industrial Engineering Notes  65A 
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Irving Wolff 
DIRECTOR, 1952-1953 

Irving Wolff was born on July 6, 1894, in New 
York, N. Y. He received the B.S. degree in physic 
at Dartmouth College in 1916, and the Ph.D. de-
gree at Cornell University in 1923. 

Dr. Wolff was an instructor in physics at Iowa 
State College during 1919. From 1920 to 1923, he 
filled the same post at Cornell University, becom-
ing the Heckscher Research Fellow the next year. 

In October, of 1924, Dr. Wolff joined the Radio 
Corporation of America, where he has remained. 
From his first year at RCA through 1931, his re-
search was devoted to the field of acoustics. In 
1932, he initiated a program of microwave re-
search. Following this with a program of radar 
research in 1934, he supervised various groups at 
RCA who were conducting research for military 
agencies during World War II. Immediately fol-
lowing the war, Dr. 1,VoIff and some of his RCA 
associates developed the basis for the Teleran Sys-
tem of Air Navigation. In 1946, he was appointed 
director of RCA's Radio Tube Research Labora-

tory, and in 1951, Director of Research of RCA 
Laboratories. 

Dr. Wolff received the IRE Fellow Award in 
1942 for his, "basic research in centimeter-wave 
radio and application of it to the development of 
navigation instruments," and the Distinguished 
Public Service Award of the U. S. Navy in 1949, 
for pioneer research in radar. 

Dr. Wolff joined the Institute in-1927, and has 
been active on a number of IRE technical com-
mittees concerned with acoustics, electronics, and 
publication. He has been a member of the IRE 
Board of Editors and the IRE Education Com-
mittee since 1945. He is now serving on the IRE 
Appointments and Nominations Committee, and 
is the IRE Regional Director of Region 3. He was 
Chairman of the Philadelphia Section, 1936-1937. 
Dr. Wolff is a fellow of the American Association 

for the Advancement of Science and the Acoustical 
Society of America, and a member of the Physical 
Society and Sigma Xi. 
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Universal Engineering Shorthand 
ALLEN F. POMEROY 

It has long been evident that, for maximum utility and convenience, graphical symbols should be uniform through-
out any field of engineering and its related industries. 
The underlying considerations leading to this conclusion are admirably summarized in the following guest editorial, 

prepared by a Senior Member of the Institute, who is a co-chairman of the A.S.A. Sectional Committee on Graphical 
Symbols and Designations for Use on Drawings, and a member of the Technical Staff of the Bell Telephone Labora-
tories.— The Editor. 

Graphical symbols for electrical and communi-
cations engineering can be a shorthand that all 
engineers, technicians, and draftsmen can under-
stand, or they can amount to nothing more than 
a means of cramming a congiderable amount of 
information into a small space on a given drawing. 
When every organization has its own symbols, the 
latter case is true. An engineer reading a schematic 
which originated in another organization cannot 
be sure that he understands each symbol. In order 
to be sure, a legend must accompany every dia-
gram stating the significance of each symbol. 
Engineers in many companies must draw and ex-

plain schematics used in their own particular 
organizations, and, in addition, those used by their 
customers, by other organizations, by the Armed 
Services, and also those used on contracts. Some-
times the contracting organization can persuade 
its customers to accept schematics and the cor-
responding instruction manuals for symbols unique 
to the contracting organization. In this case, the 
customer is forced to train its technicians in two 
symbol languages: first, the symbol language it 
uses normally; and second, the symbol language 
unique to the contracting organization. 
It seems logical that in the best in terestsof all con-

cerned, there should be only one symbol language. 
Can such a language be agreed upon? Great 

progress has been made in the past year in creating 
confidence among the workers in the electrical and 

communications fields toward the attainment of a 
single language. An industry-wide task group of 
the American Standards Association has already 
prepared a draft of a standard on graphical sym-
bols applicable to the fields of telecommunications, 
control engineering, and power engineering. Sim-
ilar work on standards for military use is being 
carried forward by the Munitions Board Standards 
Agency in co-ordination with ASA. On the inter-
national level standards are being prepared by 
International Electrotechnical Commission. 
All persons tend to cling to that with which they 

are familiar. This is a good tendency. Change for 
the sake of change is not necessarily an improve-
ment; but the change that is adopted by mutual 
agreement, is progress. An engineer, by the nature 
of his training, looks at problems objectively, re-
views all the facts, and proposes a solution likely to 
be accepted, provisionally, by all concerned. 
It has been found by experience that conflicts in 

standards between strong groups in any one or-
ganization are often difficult to resolve within that 
organization. However, when representatives of 
these groups meet in a task group with representa-
tives of other organizations, mutual and satisfac-
tory compromises can usually be evolved. 
A new day is dawning for electrical and com-

munications engineers. There is hope that a uni-
form graphical-symbols shorthand that all can 
understand will be agreed upon universally. 
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Research and Development for National 
EDWIN A. SPEAKMANt, SENIOR MEMBER, IRE 

Su m mary—This article describes the duties, 
composition, and major operations of the Research 
and Development Board of the Department of De-
fense. This Board is the agency charged with co-

ordination of the research and development programs 
carried on by the Army, Navy, and Air Force. In the 

article, particular attention is given to the activities 

and scope of the RDB's Committee on Electronics and 
to new developments, both military and nonmilitary, 
in the field of electronics. 

The author uses examples to illustrate the point 
that the application of science and technology to war-

fare is not a recent development. He warns against 
easy acceptance of the idea .that new weapons and 
techniques will provide the answer to all the problems 
involved in our national defense, although the princi-

pal aim of the RDB and the research and develop-
ment agencies of the armed forces is to provide our 
fighting men with the best possible weapons. 

RF.SF.ARCII AND DEVELOPMEN f BOARD 

EFORE THE DAWN of history, man 
turned periodically to warfare with 
his neighbor, and from the first battle 

with clubs down to the present time there 
has been a constant race for new weapons 
and countermeasures. Furthermore, the ap-
plication of science and technology to war-
fare is not new. We think of biological 
warfare, for example, as a revolutionary and 
untried weapon, but early historical accounts 
tell of the ancients catapulting the bodies of 
their dead over the walls of besieged cities 
to spread the disease which they knew would 
follow, although they did not know why. 
And thirteen centuries later, Genghis Khan, 
famous ruler of the Mongols, used chemicals 
in the form of huge balls of pitch and sulfur 
thrown at the enemy to produce a combina-
tion of screening smoke, choking fumes, and 
incendiary effects, thus ushering in the dread 
chemical warfare that was used with such 
telling effect by the Germans in World War 
I. A third example is the machine gun. It has 
been generally supposed that this weapon 
developed from the Gatling gun, invented 
during the American Civil War; yet a device 
embodying the principle of the modern 
machine gun was invented by the Greek 
engineer Dionysius of Alexandria in the 
third century B.C. This weapon fired a suc-
cession of arrows supplied by a magazine or 
hopper, and at fairly close ranges gave a 
fire power unchallenged by any other light 
ordnance piece until the invention of the 
longbow in the late Middle Ages. 
It is therefore not unusual that the race 

for scientific weapons continues- it has had 
a long and eventful history—but it is star-
tling to realize that today the Department of 
Defense and the Atomic Energy Commis-
sion engage the services of almost two thirds 
of the nation's scientists and engineers and 
that the program for military preparedness 
represents an annual expenditure of one and 
one-half billion dollars. 
The size of the military research and de-

velopment effort is not only startling, but 
sobering and thought-provoking. We are 
confronted by the fact that the greatest 
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portion of the creative thinking and effort 
of our scientists and engineers is, of neces-
sity, being concentrated on weapons, de-
vices, and techniques of warfare, and on 
countermeasures. Not only is the country, 
as a whole, spending a vastly larger sum 'at 
research and development than ever in  
history, but most of this is going for military 
purposes. 
Obviously, this phenomenon is having a 

profound effect on our culture. There have 
been diversions and disruptions in the fields 
of teaching and of academic and industrial 
research, and basic research, the lifeblood of 
scientific progress, has been subordinated to 
applied research and to development. As Dr. 
Vannevar Bush stated in the most recent 
report of the Carnegie Institution of %Vasil-
ington, there may be grave dangers inherent 
in increased governmental regimentation of 
scientific research, although there appears to 
be no alternative method of administration. 
It is not my intent, however, to con-

template philosophically the possible effects 
of these things, no matter how strongly we 
may feel about them. We must adjust our-
selves to the realities of the times if we are to 
accomplish the enormous tasks ahead of us. 
We want to make sure that if our men are 
called to the defense of the nation again they 
will be equipped as well as it is possible to 
equip them. The responsibility of the RDB 
lies in this area, our primary duty being to 
guide military research and development 
toward  the achievement  of maximum 
weapons effectiveness for our Armed Forces. 
To see how the RDB performs this vital 
function, let us first examine briefly the 
structure and responsibilities of the Board 
and then consider the work of the Com-
mittee on Electronics, with specific examples 
of how research and development are related 
to military plans and strategy. 

Duties of the Board 

In the preceding paragraph I have set 
forth the over-all mission of the RDB. More 
specifically, the Board is directed by law: 
(1) to prepare a complete and integrated 

plan of research and development for mili-
tary purposes; 
(2) to co-ordinate research and develop-

ment among the military departments and 
allocate responsibility for joint programs; 
and 
(3) to consider the interaction of re-

search and development and strategy, and 
to advise the Joint Chiefs of Staff in con-
nection therewith. 
I want to emphasize here that the actual 

research and development work is done by 
the Services themselves; the RDB is not an 
operating organization. Part of the Services' 
research is carried out in their own installa-
tions, but most of it is handled on contract 
with industry and academic institutions. 
The RDB supplies leadership and integra-
tion of this total program to assure that the 
available money and talent are expended on 
the most vital areas and not wasted on less 
essential things. 

Defense* 

Composition of the RDB 

The Board proper .s composed of a 
civilian chairman and two representatives 
from each of the Military Departmeni,. .\1r. 
Walter G. Whitman, currently on leave 
from the Nlassachusetts Institute of .1 ech-
nology, where he is head of the Chemical 
Engineering Department, is chairman Die 
Army representatives are Assistant Secre-
tary Earl 1). Johnson and Major General 
Kenneth D. Nichols, Chief of Research .,ml 
Develoinitent. kepresentating the Navy art 
the Honorable John F. Floberg, Assistant 
Secretary for Air, and Rear Admiral M. E. 
Curls, Assistant Chief of Naval Operation 
(Readiness). 'Die Air Force members are 
Cnder Secretary Roswell L. Gilpatric and 
Major (;etteral Laurence C. Craigie, Deputy 
Chief 1,1 Staff, Development. The seven-
man Board makes broad policy decisions 
al:lei-ling the entire military research and 
development program. 
The Board itself is a part-time grotto, 

meeting, ordinarily, about 011CC a month. 
Serving under the Board and preparing 
material for its consideration is a staff or-
ganization consisting of approximately MO 
civilian and military personnel and a 
nut IIccee  and panel organization of 2,400 part-
time military and civilian experts. Die 
civilian experts, most of whom serve without 
compensation, are drawn from industry, the 
Universities, and other government agencies. 
All are recognized leaders and authorities in 
their fields of science or engineering. 
Each of the fifteen committees of the 

Board has cognizance over a specific field or 
certain type weapon. At present we have 
committees on aeronautics, atomic energy, 
biological warfare, chemical warfare, elec-
tronics, equipment and supplies, fuel, and 
lubricants,  geophysics  and geography, 
guided  !Milian resources, materials, 
medical science..., 11.1% igai t  ordnance, and 
technical in  
The area of responsibility of a committee 

is normally subdivided and assigned to 
panels. As an example of a structure of this 
type, Fig. 1 shows the panels of the Com-
mittee on Electronics. 
Through the occasional rotation of com-

mittee and panel members, new ideas and 
viewpoints are introduced while, at the 
same time, continuity of operations is 
preserved. The committees and panels meet 
six or eight times a year, as required by their 
various duties. Meetings are held at Wash-
ington or at points where militar y researc h 
work is in progress. Each committee is 
served by a full-time staff of technical ex-
perts. 
The duties of the committees are several: 

They review, in detail, the military research 
and development program in their assigned 
field and make recommendations concerning 
modifications of the program. They peri-
odically assess the state of weapons develop-
ment in their field. A particularly valuable 
product of their activity lies in providing an 
effective forum for the cross exchange of 
information  and  ideas.  Represent tatives 
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from the Services, which actually administer 
the research, report their plans and the 
progress of their work, and the men from 
outside the Departments ask questions, 
offer advice, and make other valuable con-
tributions toward the improvement of the 
programs.  The committees and panels 
therefore provide a vital connection be-
tween the military research and develop-
ment program, on the one hand, and indus-
try, the universities, and other government 
agencies on the other. Many important 
problems are solved at the committee or 
panel level. 

Committee on Electronics 

A brief explanation of the activities and 
scope of the RDB's committee on Elec-
tronics will probably be of particular in-
terest to readers of this publication. From a 
standpoint of expenditures, the field of elec-
tronics comprises between 20 and 25 per 
cent of the total military research and de-
velopment program, or about 250 million 
dollars. This includes programs under the 
sole cognizance of the Committee on Elec-
tronics and, in addition, those co-ordinated 
jointly with other committees, such as 
Guided Missiles, Aeronautics, and Ord-
nance. 

Under the terms of its directive, which is 
similar in scope and intent to those of other 
RDB committees, the principal objectives 
of the Committee on Electronics are co-
ordination, guidance, and integration of the 
Military Departments' efforts toward de-
veloping, through electronics research, the 
best possible weapons and supporting sys-
tems for the Armed Forces of the United 
States. 
The Committee's area of interest in-

cludes about 3,100 projects which lie in 
widely divergent technical fields.  This 
poses difficult problems of Committee ad-
ministration, and the Committee has ac-
cordingly divided its field among ten panels 
encompassing more  homogenous  areas. 
These are radar, communication, electronic 
countermeasures, acoustics (sonar), infra-
red, antennas and propagation, components, 
electron tubes, test equipment, and inter-
ference reduction. 
Each of these panels consists of a civilian 

chairman and one or more civilian members, 
plus a member representing each of the 
Military Departments. Several of the com-
mittee and panel experts are members of 
the Institute of Radio Engineers, and we are 
happy to have the resources of this excellent 
organization as a fountainhead of competent 
and experienced electronics specialists to 
serve as consultants and replacements for 
members. 
Periodically, the members of the com-

mittee and panels visit electronics installa-
tions and contractors engaged in develop-
ment throughout the country in order to 
acquaint themselves as fully as possible with 
work being done in the field. 

Main Operations of RDB 

The RDB maintains close working re-
lationships with other agencies of the De-
partment of Defense, such as the Joint 
Chiefs of Staff, the Weapons Systems 
Evaluation Group, and the Munitions 
Board, and also with the Central Intelligence 
Agency, Atomic Energy Commission, Na-

tional Science Foundation, and Nationa l 
Academy of Sciences. 
In order for the Board and its committees 

to evaluate scientific programs, it is neces-
sary to have some idea of the operational 
and strategic needs of the Military Depart-
ments. This information is supplied by the 
Joint Chiefs of Staff in the form of strategic 
plans and military requirements which are 
used by the committees of the Board in their 
examination of scientific programs. In this 
way each important area of researc h is 
studied in relation to military needs in or der  
to assure that new weapons  an d tec hniques  
meet the requirements of the Arme d Forces . 
The Board, on the other han d, advises  

the Joint Chiefs periodically with reference 
to new weapons and countermeasures. This 
information is in the form  of reports,  or  
technical estimates, of what new  weapons  
and techniques will resu lt from  researc h, 
and an estimate of the date when  these  new  

ii 

r. 
weapons will become available. Promoting  v. 
an even closer tie between the two agencies,  et 
the chairman of RDB attends meetings of  b 
Joint Chiefs of Staff at which research and  0 
development matters are discussed.  in 
In addition, the Board, through its corn-  th 

mittees, also provides technical guidance to  la 
Army, Navy, and Air Force to assist them  La 
in formulation of research programs.  si 
The  Weapons Systems  Evaluation 

Group, sponsored jointly by the JCS and  in 
the RDB, performs operations research in  R 
certain broad areas, such as land combat.  Si 
The RDB advises the Munitions Board  I 

of new developments that will require  ra 
critical and strategic materials so that the  ra 
Munitions Board can anticipate the need for  ou 
such materials in production. On the other  in 
hand, the Munitions Board informs the  in 
RDB as to those materials which are in  in 
short supply and where it is necessary that  di 
research effort on substitutes be increased. 
Information on the military research  co  

and development activities of other corm-  ph 
tries is, of course, of interest to us, and the  rua 
Central Intelligence Agency supplies us with  Gn 
pertinent facts on various areas. This in-  nia 
formation is used for comparative purposes  Cli 
to assess our effort in general and to aid irr a  Ch 
prediction of our weapons' performance  the 
against any which other countries may now  the 
have under development. As is well known,  tail 
the supply of technical information from  sig, 
certain countries is very tight; the Iron  Ure 
Curtain makes such intelligence most diffi-
cult to obtain. 

Ger 
With reference to the National Academy  airc 

of Sciences, we find that they have certain  con 
groups and specialists in various technical  Thi 
fields that can be utilized in the solution of  ticu 
important problems. For example, with the  tim 
strong backing of the RDB, the Minerals 

mea and Metals Advisory Boar& was estab-  the 
fished, less than a year ago, under the Na-

coui tional Academy of Sciences to undertake the  whe 
responsibility for examining programs and Thi 
making recommendations in this field. The duci 
MMAB has recently submitted a number of 
excellent reports, including one  on  titan ium,  
a new metal which has great significance to  m ea 

ti nf American industry, 
on e 

New Developments—Electron ics con  
of t Now, after my discuss ion  of the organiza- the 

tion of the research program, I should like to of  a 
mention a few results of that  program.  Ger 

I Formerly, Metallurgical Advisory  Boar d  targ  

Everyone is aware of the importance of 
radar in bringing World War It to a suc-
cessful conclusion and of its many corn-
nercial applications today in the navigation 
of both ships and aircraft. The military pro-
gram is aimed at increasing the range on 
mall targets, such as aircraft and guided 
nissiles, and at developing high-powered 
transmitters that will enable us to pick out 
and track enemy missiles or bombers. Elec-
tronics has so many commercial applications  
that it is only natural that we find it an 
integral part of most weapons. The elec-
tronic equipment of one of our new planes  
accounts for 40 per cent of its cost. The elec-
tronic equipment of one  of our large  
bombers contains some  1,200 vacuum 
tubes. In fact, we look upon certain type 
aircraft as flying laboratories, with all their 
intricate systems for control of the plane , 
avigation, communication, gun firing, and 
idar location of targets. As a resu lt of this 
.ide application of electronics  we  have  
icountered many new problems that must  
e solved in order to assure reliable wea pons.  
Ile urgent problem concerns  the deve lop. 
cut of more reliable electron  tubes , but  we  
ink that the development of the trans istor,  
rgely through the efforts of Bell Telephone ' 
boratories, offers great promise as a pus-
ble solution. 
The field of commun ica tion  is anot her  
Tortant branch of electron ics  researc h. 
ecent developments sponsored by the 
goal Corps make it poss ible to  send almost 
00 voice messages  or  severa l te lev ision  or  
dar presentations  simultaneously over one 
din channel. This has  great significance to 
r air defense, since  it wou ld be necessary, 
the event of war, to have  high-spee d cons -
unication links throug hout  the cont inent  
order to alert our  air-defense centers to 
e approach of enem y planes.  
The requiremen t for  effect ive  electronic  
untermwsures can hardly be overem -
asized. You may remem ber  how,  in Fel,- 

ry, 1941, the German  naval vessels,eisenau, Scharnhorst, and Prinz Eugen , 

de their escape through the Eng lish 
aline! from Brest. The British had the 
annel completely covere d by ra dar,  but  
ir signals were  so  success fully  jammed  by  
Germans that no radar  ec hoes  were  ob-
led from the ships.  This was  the  first  
lificant operationa l use  of countermeas 
s in World %%Tar II. 
For repelling Allied bom ber  attacks,  the  
mans relied in great measure on anti_ 
raft artillery—some 15,000 heavy guns 
trolled by abou t 3,000 fire -control  radars.  
s presented a form idable obstacle,  par-
larly since  our  bomber losses at that 
e were rather  high. An Allied counter-
sure program was  begun  in 1944,  and  
second important operational use of 
Itermeasures occurred late in that  year 
n jammers  were  installed  in our  bombers.  
s operation was  most  successful  in re-
ng the effectiveness of the German guns. 
n World War H our radar-counter-
sures units also  used small pieces of 
oil, called "chaff," to produce false signals 
nemy radar screens. When a package 
taming several hundred thousand pieces 
his material was dispersed by aircraft 
echo produced looked exactly like that 
bomber and frequently diverted the 

mans antiaircraft fire from the real 
et Our entire program on counter-
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measures continues much of the research 
aimed at jamming and destroying the use-
fulness of enemy radio signals. This will 
enable our planes to operate more freely 
under radar-directed antiaircraft fire. 
I have mentioned the importance of elec-

tronic devices as components of aircraft; 
the effectiveness of guided missiles also 
depends to a large extent on electronic 
equipment. Our guided-missile development 
shows promise of providing weapons which 
can be launched from the ground against 
enemy aircraft or missiles and others which 
can be launched from our own aircraft 
against various surface targets. Most of 
these missiles depend upon electronic sys-
tems of guidance and are extremely com-
plicated. An important aspect of this pro-
gram is devoted to preserving flexibility of 
design so that various type warheads, in-
cluding atomic warheads, can be carried 
by these missiles. 

Peacetime Applications 

And now, lest I leave the impression that 
the research and development program is a 
kind of military Juggernaut under whose 
wheels peacetime projects will be ruthlessly 
sacrificed, I should like to emphasize that 
not all of the money spent for this purpose 
goes up in the smoke of battle. Military re-
search, no matter how deadly its intent, 
nearly always produces something with a 

humanitarian application. Many would 
argue, for instance, that the medical and 
biological aspects of atomic-energy research 
have already canceled out the havoc wrought 
at Hiroshima and Nagasaki. 
Studies of the action of nitrogen mus-

tards, developed as a toxic chemical agent, 
reveal their remarkable destructive effect 
upon white blood cells. These findings sug-
gest the use of the mustards in the treatment 
of leukemia, and have led to the initiation 
of studies that have spread to more than 120 
clinics, with hundreds of cases under treat-
ment. More recent experiments have in-
dicated that these mustards may also prove 
effective as a remedy for rheumatoid ar-
thritis and for asthma. 
In the field of electronics, many of the 

manufacturing techniques now being used 
in the manufacture of picture tubes for 
television were born of World War II re-
search on cathode-ray tubes used for radar. 

No Easy Answers 

With a program of research and develop-
ment as large as I have described, one might 
assume that future wars will be fought at 
great distances where human beings seldom 
come in contact with each other. We must 
be careful, however, not to convince our-
selves that science will provide an easy 
answer to all our problems. New and 

fantastic weapons may be of some assistance 
but we must guard against trusting our 
future entirely to such devices. Great strides 
have been made and will continue, but I 
want to stress the fact that no new weapon 
which we now know anything about will 
eliminate the need for powerful, well-
trained armed forces in the Army, Navy, 
and Air Force. We will need just as much 
hard work and unselfish devotion on the part 
of each individual as we have ever had in 
the past if our nation and liberties are to 
survive. 
We believe that the RDB has con-

tributed a great deal to the integrating of 
these programs which I have described, and 
to an over-all program of military research 
and development. If the task of co-ordination 
is not yet all that we should like it to be, at 
least we can feel that we have helped to 
bring about a fruitful cross exchange of in-
formation. Not only are the services aware 
of what each other is doing, but through our 
civilian Committee and Panel members, 
they are aware of relevant work which is 
being done by industry and universities. 
Our primary aim is to assure our fighting 

men the superior weapons necessary to over-
come the numerical superiority of the Com-
munist forces. And as Secretary Lovett 
recently said, "We don't have to match the 
Communists man for man; we aren't going 
to dance with them." 

Measuring the Mean Power of Varying-Amplitude 
Complex Audio Waves* 
HUNTINGTON W. CURTISt, MEMBER, IRE 

This paper is published through the co-operation and with the approval of the IRE Pro-
fessional Group on Audio.—The Editor. 

Summary—A new instrument which is capable of determining 
and recording, over successive short time intervals, the mean-power 
level of complex audio waves of rapidly varying amplitude is pre-
sented. While designed primarily for research work with speech 
sounds, where variations of as much as 35 db in level within 1/100 
of a second are not uncommon, the unit could be applied to the power-
level analysis of any voltage wave varying with components fully 
within the audio range. The apparatus provides a representation of 
power level in decibels for the brief phonetic elements of speech or 
for other similar elements of widely varying amplitude, without con-
fusion of data or ambiguity of interpretation. 

I NTRODUCTION 

N AUDIO-FREQUENCY RESEARCH, where 
rates of signal-level change up to 3,000 db per sec-
ond may be encountered, experimenters have needed 

instrumentation capable of presenting this rapidly vary-
ing level accurately enough to permit analysis of power 
level "fine structure." Values of mean power for short 

• Decimal classification: R245. Original manuscript received by 
the Institute, March 26, 1951; revised manuscript received, Febru-
ary 18, 1952. 
t Department of Electricity, U. S. Military Academy, West 

Point, N. Y. 

time intervals would be highly desirable for the analy-
sis of individual phonetic elements in speech transmis-
sion studies where audibility and comprehension are 

being investigated. 
Specifically, an instrument for such mean-power stud-

ies should meet four requirements: (1) For ac inputs of 
fixed level the unit output should be constant, showing 
no variation during individual input cycles. (2) Its out-
put should be independent of input signal wave shape 
and should read nothing but average power for all com-
plex waves having fited amplitude components, regard-
less of phase relation between the components. (3) The 
value read for power level should follow closely abrupt 
variations in the signal so that at any instant during in-
tervals of signal change the curve obtained by joining 
successive "per-input-cycle" values of mean power will 
be closely represented by the output of the instrument. 
(Note that transient impulses such as sibilants, lacking 
a fundamental frequency, must also be represented by 
some kind of sampling technique). (4) It should present 
its output in decibels to conveniently represent the wide 
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range of power levels to be analyzed. If these require-
ments are met, the data recorded will represent ac-
curately even such extreme cases of power-level varia-
tion as those in speech where a period of large amplitude 
may be immediately preceded or followed by a period 
during which the wave has an amplitude close to zero. 
The methods, and therefore equipment, previously 

applied to the study of rapid variations in sound power 
level have been of two general types: (a) graphical and 
mathematical analysis of the instantaneous sound-pres-
sure plot obtained from a recording cathode-ray or 
string oscillograph, and (b) observation of the "power-
level" values obtained from units which attempt to give 
as an output an accurate, continuous mean-power curve. 
Method (a) is laborious, in that from the instantaneous 
amplitude curve an instantaneous power curve must be 
derived by plotting the squares of the instantaneous am-
plitude values as a function of time, and then graphi-
cally averaging the resultant amplitude-squared wave 
over successive desired units of time—per cycle, or per 
syllable, or over an arbitrary unit of time—thus obtain-
ing for the chosen average intervals a set of discrete 
mean-power values which could then be plotted and 
joined by a smooth curve to form the desired "mean-
power" curve. The original oscillogram of instantaneous 
amplitude contains all of the desired power data, sub-
ject to limitations in the accuracy of the recording tech-
nique employed; but it is evident that the preparation 
of desired power-level data from the oscillogram is tedi-
ous and inconvenient. The general method (b) results 
from the understandable desire to let some type of in-

(f) 0 

Lu 

CL I 

Fig. 1—Instantaneous pressure oscillogram, word recording. 
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strument perform the indicated squaring-averaging 
functions, or perhaps in some other manner to derive a 
time-varying mean-power wave from an input time-
varying amplitude wave. 
To illustrate the problem, Fig. 1 is an oscillogram 

of instantaneous sound pressure as a function of time 
for the sample word recording. Examination will show 
that the wave amplitude during the (e) and (o) vowel 
sounds is twenty to thirty times greater than that of the 
intervening consonant (c), and that the change in level 
is almost instantaneous. With this word recording as in-
put, the output variation of two power-level-computing 
instruments is sketched in Fig. 2. The time scale is 
identical with that of Fig. 1. 
In (a) the curve approximates the successive pointer 

positions which would be obtained with a vu meter: 
This is shown merely to illustrate an extreme case of the 
masking of short-duration, low-level intervals which are 
immediately preceded by periods at a much higher 
level. The vu meter values, of course, could not apply 
to the mean-power, "fine-structure" problem because of 
the slow response (long time constant) inherent in the 
vu meter design. 
An improvement is immediately apparent in (b), 

where an output typical of a graphic level recorder is 
sketched. This type of instrument, when used with an 
averaging circuit having a time constant much shorter 
than that of the vu meter, can begin to follow some of 
the rapid mean-power variations; however, some of the 
information of brief low-power portions of the input 
wave is still masked by the carry-over of preceding, 

C  0  R  D  I NG 

R E  C  0  R ING t 
Fig. 2—Sketches of "mean-power" indicating system response with the Wave of Fig. 1 as input. 
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much higher power periods. Attempts to improve on the 
response of power-level recorders by further shortening 
the time constant, thus increasing the maximum rate of 1 response, introduce, however, the additional defect that 
- while finer variations in mean power may be followed , 
the instantaneous power variations within each funda-
i mental cycle begin to be followed also. The result is that 
f steady-state input waves will show misleading mean-
power variations at twice the fundamental frequency. 

BASIS OF NEW APPROACH • 

As was suggested earlier, a curve formed by joining 
the values of average power of each input cycle might 
well be used to represent the signal level of a wave of 
rapidly changing amplitude. Rather than attempting 
the construction of a device to perform this function, it 
was decided that a more practical approach would be to 
divide the input signal into short equal time intervals-
intervals only slightly longer than the period of the low-
est generally occurring frequency to be analyzed (which 
is on the order of 130 or 140 cps for speech)—and to 
present as an output the successive values of mean 
power over each of these intervals. As a design base the 
time of each interval was set at 1/100 of a second. 
Before further considering the actual instrument de-

sign, a brief development follows showing the mathe-
matical expressions upon which its operation is based. 
The mean-power P over a AT second interval beginning 
at time to, for a wave e(t) proportional to instantaneous 
sound pressure at a microphone, is given by 

K f go+AT 
PAT =  [e(t)]2dt, 

AT go 
(1) 

where K is a constant. This follows from the relation 
Tar  W/AT, which defines average power over an in-
terval AT, A IV being the energy summed during the in-
terval, and also the fact that 

MIT=  p(t)dt, 
orfAT 

where 0) is instantaneous power, itself proportional 
to [e(1)12. 
Thus for an input signal the mean-power level during 

each of a succession of short intervals may be found by 
squaring the input wave and performing a separate in-
tegration of the squared wave for each interval. The 
result is a sequenceof separate mean-power values spaced 
uniformly in time. In order to convert these values to 
decibels a circuit which will take the logarithm of each 
of the mean power values is required, as indicated by the 
following relation in which Ndb is the mean power ex-
pressed in decibels above an arbitrary reference Po, and 
lei and k2 are constants. 

PAT 
= 10 log - - = 

Po 

f 1 to+CIT 
k1  k2 log  [e(t)Pdt.  (2) 

0 

It must be recognized that the values P ar and N db in 

(1) and -(2) are not continuous functions hut separate 
values occurring at the end of each interval A T. 

—So. 

BLOCK DIAGRAM 

The unit being described is a computer in which the 
mathematical operations of squaring, integrating, put-
ting limits on the integral, and taking a logarithm are 
performed. Fig. 3 presents the relation of the functional 
units performing these operations. 
Within each block of this figure an indication is given 

of the relation of electrical output to input for the block; 
in addition, equations are given between certain blocks 
to show the relation of the signal at that point to the 
unit input. The functional blocks of this figure will now 
be discussed separately. 

e, 
SQUARE LAW 
AMPLIFIER 

e,* 

OSCILLATOR 

n cps 

INTEGRATING 
AMPLIFIER 

e, 

SWITCHING 

AMPLIFIER 

LOGARITHMIC 

AMPLIFIER e. 
TO 

OSCILLOSCOPE 

t.*AT 

OUTPUT e. = k,*kilogj (e, )2dt 
t. 

Fig. 3 —Block diagram tor "short-time mean-power" computer. 

Square Law Amplifier. 

Here the input signal undergoes essentially linear 
rectification, giving an output I ell from the input ei; 
then this led i§ applied to a vacuum-tube circuit for 
which i2= k1+k21ed 2, k1 and k2 being constants. 
The linear rectification is accomplished in a full-wave 

circuit using germanium diodes operating into a high-
resistance load. This circuit was chosen to make use of a 
single-ended square-law circuit rather than a push-pull 
circuit (in which odd powers of the gm expansion are can-
celled). The necessity for obtaining matched tubes was 
thus avoided. The square-law relation was obtained 
with a selected 6AU6 pentode biased essentially at cut-
off, its plate current closely exhibiting desired square-
law characteristic over operating range of the tube. 

LINEAR RECTIFIER 112 SQUARE  LAW 
TUBE 

Fig. 4—Square-law amplifier schematic diagram. 

Integrating Circuit. 
The plate current of the preceding (square-law) dr. 

cuit is used to alter the voltage at a capacitor. If the 
voltage e3 at the beginning of a time interval AT has the 
value k, then at the end of the interval 

1 104-Ar 
iadt. Ca = k + — 

C 

At the end of the interval the voltage must be returned 
to the value to give identical initial conditions for each 
integration. (This is the function of the switching cir-
cuit.) Selection of it capacitor having extremely low di-
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electric absorption is important in this circuit; for the 
1.0 microfarad unit employed here, a Teflon dielectric 
capacitor was needed to minimize the apparent drift of 
k which followed a high power-level interval. 

Switching Amplifier. 

In this circuit the value of the recurring interval 
AT is set at 0.01 second by a 100 cps oscillator. Ideally, 
the function of the switching amplifier is to return the 

ii 

IDEAL SNITCHING 
A/AR FUNCTION 

Fig. 5— Integrating capiacitor in square-law amplifier plate circuit. 

integrating capacitor voltage to a fixed reference level 
at the end of each 0.01-second interval; an instan-
taneous closure after each 0.01 second of the switch 
indicated in the dotted portion of Fig. 5 theoretically 
should accomplish this. Practically, however, this re-
turn of the integrating capacitor to a fixed level for a 
new start for each integration is accomplished by the 
arrangement of Fig. 6. 

++ 

VOLTAGE 

REFERENCE 

CIRCUIT 

STOP 

START 

START- STOP 

?AULT! - 

VIBRATOR 

c 3DISCTI:EGE 

Square Law Amp 

Plate CirCull OSCILLATOR 

100 pulses/sa. 

Fig. 6—Switching amplifier and integrating capacitor. 

During the 0.01-second interval over which charge is 
integrated, the discharge tube is kept cut off by the 
start-stop multivibrator. At the end of each successive 
interval a pulse from the oscillator causes the multivi-
brator to change conduction state; this in turn drives 
the grid of the discharge tube strongly positive. The 
integrating condenser voltage is rapidly altered by the 
high current drawn from it, and this condenser voltage 
continues to change until it reaches a fixed value deter-
mined in the reference circuit. The reference unit com-
pares the voltage existing across the condenser with a 
fixed standard; when the condenser has discharged to 
the voltage of the standard, the reference unit termi-
nates the condenser discharge by sending a "stop" pulse 
to the start-stop multivibrator. Since the condenser 

cannot integrate the incoming instantaneous power 
wave during the discharge period, this period must be 

kept short to avoid error. For a switching frequency of 
100 cps the total integration-discharge time is 10,000 
microseconds; the circuit constants were chosen to keep 
the discharge time below 200 microseconds for all but 
the highest amplitude input signals, thus producing only 
a negligible error in the final db output. 

Logarithmic Circuit. 

A circuit with an output proportional at every in-
stant to the logarithm of its input is needed to con-
vert the peak values of integrating condenser voltagt; 
to an output amplitude proportional, at these peaks, 
to power level in decibels. The nonlinear unit chosen 
for the logarithmic element was a Varistor maintained 
at constant temperature. Over limited ranges of cur-
rent through this unit, the voltage across the terminals 
is proportional to the logarithm of the current. liy 
employing two compensating circuits to the Varistor, 
one for high and one for low currents, an output volt-
age may be obtained which closely approximates the 
logarithm of the input current for almost three decades 
of the input. The Varistor approximate characteristic is - 
given by i =ki[ez(v ], where i and V are the Varistor 
current and terminal voltage and k1, k2, and R are con-
stants of the unit. The compensating circuits in effect 
alter this relation to the desired form i = key. 

CATHODE 

FOLLOWER 
V2 

rt•kr, 

COMPENSATED 
LOGARITHMIC 
ELEMENT 

re kek4log 

V3 

Fig. 7--Logarithinic amplifier block diagram. 

In the logarithmic circuit diagrammed above the first 
block cathode follower is used mainly to provide a volt-
age from a low-impedance source to operate the follow-
ing circuits. The second block might be termed a "cath-
ode-driven cathode follower." Employing high-current 
feedback, it produces a plate current which varies in a 
linear manner with changes of input voltage. This cir-
cuit was needed to serve as a phase inverter since the 
voltage most conveniently obtained from the integrat-
ing capacitor is increasingly negative with increasing 
power level, whereas the logarithmic element requires 
increasing current for higher output voltage. The final 
output from this logarithmic circuit- is fed to a recording 
oscillograph. 

RESULTS 

The operation of the system just described is illus-
trated by the oscillogram of Fig. 8. The word record-

Fig. 8—Final output oscillogram, word recording. 
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ing was spoken as an input signal for comparison with 
Fig. 2. From the derivation of the equation for power 
level in decibels (2) it should be evident that only the i. amplitude of the separate points occurring at the end 
. of each integrating interval i.e., the peaks of the wave 
, shown in Fig. 8- indicate mean power for the entire 
interval. In analyzing the data contained in this figure 
for mean-pow tsr v.thies. it is important to consider only 
these peaks, not Ow to m ()I the wave during the in-

tegrating interval. 
The "zero-decibel" level of this oscillogram is the level 

produced by the circuits with no input signal in the mi-
crophone and the amplifier. Note that there is a com-
pletely quiet interval  i.e., a return to this level- -just 
before and after the c sound in recording; the time of 
these brief silent periods is ea,.ily counted in hundredths 
of a second; furthermore, t he mean amplitude and the 
duration of the brief. low-int ensitv, consonant is readily 

observed. 

• 

CONCLUSION 

The design of a new "short-time-mean-power" meas-
uring instrument has been discussed. The unit output is 
best represented as a continuous strip recording of os-
cilloscope deflections; the expected accuracy of any sin-
gle mean-power reading in decibels above "zero signal" 
as taken from this record is less than +1 db for all out-
puts throughout a 25-db range. This accuracy could be 
further improved by redesign, mainly of the squaring 
circuit; at present, however, this accuracy seems suffi-
cient for the use to which the data will be put. 
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Video Recording-, Film Considerations* 
GEORGE ii. GORDONt 

This paper is published with t he approval of the IRE Technical Committee on Video Tech-
nigoc!, aml it. Subcommittee on Video Utilization. -Editor 

Summary—The basic method of specifying the performance of 
photographic materials is described. Some variables which affect 
the film performance and their relationship to video recording are 
discussed. Some common photographic terms used in video recording 

are defined. 

i NTRODUCTION 

V
1 DEO RECORDINt; represents the combina-
tion of television and motion-picture arts. Each 
alone has developed a certain vocabulary, control 

methods, and performance specifications. Inasmuch as 
each has the common aim of presenting a visual image, 
which in its simplest form should subjectively resemble 
the original subject, it is not surprising that certain 
properties and requirements should he common to both 
arts. However, the fundamental differences both in the 
arts themselves and in the technological backgrounds of 
the men responsible for the development of each art 
lead to certain differences in the methods of measure-
ment and testing and in the manner of presenting the 
data so obtained. The blending of television and motion-
picture photography into video recording requires a cor-
responding blending of definitions, control methods, and 
performance specifications. The purpose of this paper is 
to relate the methods and specifications of the photo-
graphic art so that over-all performance characteristics 
of the video-recording system may be determined. 

• Decimal classification: 770.2836. Original manuscript received 
by the Institute, June 13, 1951; revised manuscript received, January 
30, 1952. 
t Eastman Kodak Co., Rochester, N. Y. 

FILM PERFORMANCE METHODS 

The performance of photographic materials is almost 
universally described by methods which relate the ex-
posure to which the film is subjected to the resultant 
developed image. This information is presented as a well-
standardized form of graph called a sensitometric curve 
or // and D characteristic (after Hurter and Driffield, 
early experimenters in the field). Either explicitly stated 
or implied are all the factors affecting the result. The 
exposure data are conventionally plotted as the abscissa 
and the result of the photographic process, i.e., density, 
is plotted as the ordinate, as shown in Fig. 1, which 

a 
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Fig. 1—Typical sensitomeuic curves. 
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represents a hypothetical photographic material that  approximately linear scale of brightness. I )q•it units 
has received three times of development. 
For convenience in handling the wide range of values 

which may be encountered in photography and because 
the eye responds logarithmically to brightnesses, it is 

customary to use the logarithm of the total energy of 
the exposure as the abscissa units. If the exposures have 
been made on a standardized instrument, the absolute 
value of the exposure intensity in units such as the 
meter-candle is known, the time of exposure is known, 
and the spectral energy distribution of the light source 
is known. Thus E or log E may have a definite value in 
meter-candle-seconds or the logarithm of this number. 
For processing control purposes there are some sensitom-
eters which give reproducible exposures, but are not 
calibrated in absolute units. In such cases any con-
venient exposure step may be regarded as a reference 
point and the other exposures assigned values relative 
to it. Thus two exposures differing by a factor of 2 
would be labeled as differing by 0.3 log E without at-
tempting to evaluate the absolute level of either. 
In order to represent the process in question the 

sensitometric exposures should approximate as nearly 
as possible the actual operating conditions. Thus, in 
conventional photography, negative materials are ex-
posed to varying intensities of light of average daylight 
quality for a time comparable to usual camera expo-
sures, for instance 1/50 second. For video recording, the 
film in question should be exposed by light of quality, 
intensity, and duration approximating actual exposure 
to a cathode-ray tube. In the absence of mechanical 
devices meeting these requirements the actual recording 
cathode-ray tube may be used. For processing control, 
sensitometric conditions widely different from operating 
conditions might be used, but such a procedure may lead 
to unjustified conclusions concerning the actual results 
obtained. In other words, the relationship between oper-
ating conditions and the sensitometric conditions may 
not be constant for all film products or processing con-
ditions. 

MEASUREMENT OF DENSITY 

The amount of image produced is most conveniently 
expressed as density which is defined as the logarithm of 
the reciprocal of the transmission.' 
If T= transmission =ratio of the transmitted 

light to the incident light 
0 =opacity =reciprocal of transmission, 

then D= density =log 0 = log 1/T. 
Thus a material which transmits half the incident light 
has T=0.5, 0=2, and D=0.3. This is convenient be-
cause dark images have a high value which is sub-

jectively satisfying and the range of values is kept 
relatively small. Of more importance is the fact that the 
normal eye sees a scale of equal density increments as an 

C. E. K. Mees, "Theory of the Photographic Process," Macmil-
lan Co., New York, N. Y., pt. IV; 1942. 

are in some respects analogous to dl, in in.1 iiicn 1.1 t ical 
properties. The use of density as ordinate and log E 
or relative log E as abscissa permits the use of arith-
metic paper for plotting sensitometric curves. Density . 
values M ay V;11.1', depending on whether diffuse or specu-
lar light is used in the measurement. If the image is not 
neutral in color, or if the film has tinted support, deii,it y 
depends on the color of the light. Briefly, diffuse d ensit y 
is 'OW '1.1111C 01/1.1111(11 if, with specular or parallel light 
rays incident on the Iihn perpendicular to the film pl.inc, 
all transmitted light is collected and measured. Specu-
lar density is the value olit.iined if, with svecid.o- or 
parallel light rays incident in the film perpendicular 
to the film plane, only specular transmitted light is 
collected and measured. Specular transmission 1),Is a 
lower value and specular density a correspondinAv 
higher value than those obtained for diffuse light. AS:\ 
standard Z38.2.5- —1946 describes in detail the measure-
ment of photographic density. 
Diffuse density which is generally applicable for con-

tact printing has a lower value than specular density 
which is generally applicable for projection purposes. 
The ratio of specular to diffuse density is known as the 
Callier coefficient of the film, and is usually greater for 
coarse-grained than for fine-grained films. Most COM-
mercial densitometers in use in the photographic 
industry read very nearly diffuse density, and are suffi-
ciently accuratc and precise for routine usage even if 
they depart slightly from AS:\ specifications. 

Values of the ratio of specular to diffuse density for 
various film materials as a function of density and 
processing condition are available. Usually the ratio is 
taken into account in specifying the sensitometric char-
acteristics desired rather than in attempting to read 
different types of density or in directly applying a con-
version factor. 

EXPOSURE 

Some factors of the exposure which influence the 
image produced other than the gross amount of energy 
falling on the film are the time duration and intensity 
of the exposure, and the spectral energy distribution of 
the light.2 

The spectral energy distribution of the light may af-
fect both the shape and slope of the sensitometric curve. 
In general, with fixed processing, exposure to the shorter 
wavelengths of light produces a lower slope of the sen-
sitometric curve than does exposure to longer wave-
lengths. Since adjustment of processing conditions can 
usually compensate for these differences, and the choice 
of phosphors is relatively limited, this factor does not 
appear to be of much concern in video recording. 
The time-intensity relationships of the exposure, how-

ever, may be of considerable importance.3 With few ex-

2 Ibid., chap. V. 
3 Ibid., chap. VI. 
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ceptions, in normal photographic usage the exposure 
required to produce a specified density is a constant 
equal to the product of the exposure intensity and time. 
Thus doubling or halving the intensity with a corre-
sponding halving or doubling of the time produces the 
same resulting effective exposure. This has led to the 
formulation of the reciprocity law which can be ex-
pressed as E= It, where E is effective exposure, I is in-
tensity, and t is time. This relation holds over a limited 

2.0 

Lao Z (e•••r 

Fig. 2—Reciprocity failure of positive film in negative developer. 
Equal total exposure. A—constant time (0.02 sec.) variable in-
tensity B—constant intensity variable time (4.16 sec. max.) 
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in the high-density region when processed with the nega-

tive-type developer. 
An effort is made to manufacture most photographic 

products so that the range of intensities and times over 
which the reciprocity law is valid covers the normal 
usage of the film. Unfortunately, the intensities and 
times encountered in video recording are far beyond the 
extremes usually encountered in photographic practice, 
and there is little valid information of a basic nature re-
garding film behavior under these conditions. In normal 
photographic practice the time of exposure used in 
sensitometric investigations is rarely shorter than one 
one-thousandth of a second with intensities such that 
normal acceptable film densities are obtained. In video-
recording practice the time of exposure is probably on 
the order of a few microseconds, depending upon the 
decay characteristics and the degree of excitation of the 
phosphor. So, reliance must be placed on empirical data 
pertaining to the conditions of use and the possible in-
fluence of reciprocity law failure must be borne in mind. 

Fig. 3—Reciprocity failure of positive film in positive developer. 
Equal total exposure. A—constant time (0.02 sec.) variable in-
tensity B—constant intensity variable time (4.16 sec. max.) 

range, but at extremes of high and low intensity and 
correspondingly short and long times the product It 
usually must be increased to maintain constant density 
of the image. The extent of failure of the reciprocity law 
is also a function of the development process. These ef-
fects are illustrated in Figs. 2 and 3 for a commonly 
used fine-grain release positive type film. Departure 
from the reciprocity law is most serious for this film 

PROCESSING 

The processing which the film receives has consider-
able effect on the resultant image. Not only the slope 
of the sensitometric curve, but its shape, effective film 
speed, graininess, and color of image are functions of the 
development process. The minimum specification for 
processing is the time and temperature of treatment and 
chemical composition of the developing solution. Within 
rather wide limits, these three minimum factors may be 
varied to produce variations in the sensitometric curve 
or to maintain a specified standard. The term "nega-
tive" or "positive" developer refers only to a general 
pattern of chemical composition which has been found 
to be convenient for producing negative images suitable 
for original film exposed in a camera, or positive images 
on prints from such negatives (see Figs. 2 and 3). 

INTERPRETATION OF DATA 

If all the above factors affecting exposure, processing, 
and measurement of density produced have been select-
ed to correspond with the operation under consideration, 
the resulting sensitometric curves are a quite com-
plete specification of film performance. The curve com-
monly has curved ends and a straight portion between. 
The concave section associated with the region of low 
exposure is called the "toe" and the convex section 
associated with the region of high exposure is called the 
"shoulder." In normal photographic practice, and video 
recording seems to be no exception, the toe of the char-
acteristic plays an important part in the reproduction of 

tone values. For processing-control purposes, the slope 
of the straight-line portion of the sensitometric curve, 
which is called "gamma," is a convenient characteristic 
of the curve. The value of gamma should not be re-
garded as an all-embracing description of a photo-
graphic process. The shape of the toe, the densities at 
which the curve departs from linearity, and the effective 
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speed or log E required to produce a significant density 
should all be considered. If consideration is directed at 
a given film material, with comparable exposures and 
processes, constancy of gamma does correlate well with 
the uniformity of the resulting product. 

The term gamma refers to the slope of a plot of two 
logarithmic functions, density and log E. Thus it is 
analogous to the statement that an electronic circuit or 
component device has a power law output. For instance, 
most cathode-ray tubes have output brightness which is 
some power function of the grid voltage. If such a tube 
followed a 2.5 power law, a plot of log brightness versus 
log grid voltage with proper operating potentials would 
be a straight line with a slope of 2.5. In photography, 
gamma and contrast are often improperly regarded as 
synonymous. Actually, they are separate concepts which 
have some interaction. In television practice, gain con-
trols are often referred to as "contrast controls." From 
the similarity of names and lack of distinction between 
gamma and contrast, there occasionally arises the er-
roneous impression that photographic gamma is equiva-
lent to electronic gain. This is not the case. 
Cascading photographic processes is similar in many 

respects to cascading electronic units. Thus there is a 
loss of definition (bandwidth) in a printing process and 
the graininess (noise) usually comes from the early 
stages. The complete transfer characteristic can only be 
calculated by a specific plot of the characteristics in-
volved because nonlinear portions of each film char-
acteristic are almost inevitably used. Such a cross plot 
may be constructed by using the density differences in 
the original film as log E differences in the exposure of 
the print stock and the print-film characteristic, thus 
determining the resultant density. Exposure level of 
the print may be taken into consideration by assuming 
that a certain portion of the original film should be 
printed to a certain density and by adjusting the co-
ordinates of the plots in such a way that this specific 
point is so plotted. For instance, a scene highlight may 
be recorded as a density in the negative of 1.10, and this 
may be printed to a density in the positive of 0.3. Other 
objects of lesser brightness may be recorded as 0.9 den-
sity in the negative and these would be reproduced at 
the density called for by the print characteristic cor-
responding to a log exposure 0.2 greater than that 
required to produce 0.3 density. 
The deliberate use of curved-film characteristics is 

often of apparent advantage, but is a difficult operation 
calling for extreme care in adjusting exposure. Other-
wise the desired advantage from the distorted character-
istic may not only be lost but actually result in a very 
poor product indeed. Chiefly for this reason, the so-
called toe recording of sound, that is, using the curved 
toe of the film characteristic, has rather erratic results. 

Also, processing of film for consistent characteristics is 
more difficult if curved portion is of primary interest. 

FILM SELECTION 

For the purpose of video recording, the choice of film 
materials should be guided by certain fairly simple 
criteria. The graininess of the film should be as low as 
possible and the resolving power as high as possible. 
These two factors have a general correlation, but are 
not necessarily equivalent terms. The low graininess 
roughly corresponds to a low electronic noise level and 
high resolving pm% et- roughly corresponds to a t%ide 
frequency response in electronics. The film chosen 
should have a sensitometric curve under video-recording 
conditions which, with commercial processing condi-
tions, produces a gamma approximating the (le,ired 
gamma and which also has a long straight-line portion 
with a rather sharp toe and does not develop a shouldi•r 
until rather high densities are reached. It is conceivald,•, 
of course, that a curved characteristic may be desir,d 
for special problems concerning cancellation of s4)1111• 

reproduction errors in the video image, but so far this 
has been of only theoretical interest. 
The color sensitivity of the film at the present time 

is of little concern as long as the film has adequate sen-
sitivity to the radiation from the cathode-ray-tuhe 
phosphor. The image has already been reduced to mono-

chrome by the television system and panchromatization 
has no significance in terms of image tone reproduction. 
It might be borne in mind that panchromatization 
usually extends the spectral sensitivity of the film, but 
does not increase its inherent sensitivity. Thus, with a 
blue phosphor such as PI 1 , a blue-sensitive, low-speed 
release positive or sound recording film may be as good 
as high-speed negative film with respect to sensitivity. 
The turbidity of the emulsion and halation properties 
of the film may also influence the choice of materials by 
their effect on image spread and the density gradient 
across the boundary between a dense and clear area. 

'oNcLustoN 

The performance of the photographic or film stage in 
a system is specified by sensitometric data which relate 
the brightnesses to which the film is exposed to the 
image produced by the processing of the film. For pre-
cise work all of the factors of exposure and processing 
must be considered. However, in regular photographic 
practice as well as video recording the usual aim is to 
establish certain desirable operating conditions and 
maintain them relatively constant. This means that in 
spite of the complex photochemical mechanism of the 
actual exposure and complicated chemical reactions of 
processing, fairly simple control methods may be utilized 
once operating conditions have been established. 
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A Multichannel Single-Sideband Radio Transmitter* 
L. M . KLENKt, SENIOR MEMBER, IRE, A. J. MUNNt, ASSOCIATE, IRE, AND J. NEDELKAt 

Summary —This paper describes a new single-sideband radio 
transmitter for transoceanic service which represents a substantial 
improvement over past design. Its important features include: (a) a 
frequency band which permits deriving four telephone channels, if 
desired; (b) a push-button method for changing frequencies within a 
matter of seconds; (c) an increase in power over its predecessor; and 

(d) all-around improved transmission performance. 

INTRODUCTION 

I
N transoceanic radiotelephone service, extensive use 
is made of single-sideband transmission to permit a 
more efficient use of the frequency spectrum and to 

obtain an improvement in the received signal over that 
of a double-sideband system." Development has also 
progressed to the point where multichannel systems are 
now being employed to utilize the transmitter equip-
ment more fully.' An important factor in this type of 
service is the necessity for changing operating frequen-
cies to provide maximum reliability. These frequencies 
may be changed as many as four or five times a day. 
One of the chief aims in the development of the new 
transmitter which is described below has been to reduce 
the length of time required for setting the different fre-
quencies. This, of necessity, requires some rapid method 
which will yield an adjusting accuracy comparable to that 
obtained by the usual manual procedure. The method 
chosen is that of employing a servo system in which 
motors are used to switch coil taps and adjust con-
densers to pretuned positions.* Apparatus is provided 
which will store the tuning information so that by sim-
ply operating one of a given number of keys the proper 
settings of the coils and condensers will automatically 
be made. In this way the normal time for changing a 
transmitter frequency is cut down to a matter of sec-
onds. Other improvements, brought about from experi-
ence and knowledge gained from previous designs, are 
included to facilitate operation and maintenance. 

GENERAL PERFORMANCE 

The transmitter provides for operation in the range 4 to 
23 mc. It will accept two independent frequency bands 
each from 100 to 6,000 cycles. These bands appear in 
the radio-frequency output signal as upper and lower 
sidebands of a carrier whose amplitude is normally re-

Decimal classification: R423.5. Original manuscript received by 
the Institute. April 5, 1951; revised manuscript received, March 3, 
1952. 

Bell Telephone Laboratories, Inc., 463 West St., New York 14, 
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duced 20 db below reference amplitude. In turn, each of 
these two sidebands may be divided into two 250-
2,750 cycle voice bands, making available a total of four 
voice channels. Obviously, each of these two sidebands 
may be divided in other ways, such as for voice-fre-

quency telegraph. 
This transmitter will operate satisfactorily in areas 

having ambient temperatures between 15 and 50 degrees 
C and at altitudes up to 5,000 feet. Its automatic fre-
quency-changing feature by push-button control at the 
transmitter permits operation on any one of ten pre-
selected frequencies. This control may be extended to a 
remote location by appropriate dialing methods. The 
time required to change from one frequency to another 

is about 15 seconds. 
The required input is 10 kva 3-phase, 230 volt, 50-60 

cycle ac. A separate single-phase, 115-volt, 50-60-cycle 
ac branch circuit of 1-kva capacity is required for il-
lumination and convenience outlets within the trans-

mitter. 
The peak envelope power output of this transmitter 

is 4 kw when -operating into a balanced resistive load 
over the range 190 to 900 ohms. This means that the 
transmitter adjustments will accommodate the imped-
ance encountered when connected to balanced open-
wire transmission lines having a characteristic imped-
ance of 600 or 300 ohms where the standing-wave ratio 
does not exceed 1.5. It also means that the transmitter 
adjustments will accommodate two 100-ohm coaxial 
lines connected as a balanced circuit where the standing-

wave ratio does not exceed 1.05. 
From past experience with transmitters of this type it 

has been determined that the distortion generated by 
two equal tones which load the transmitter to rated 
capacity should be 25 db or more below either one of 
the two tones. It has also been determined that the 
signal-to-noise ratio should be at least 45 db and prefer-
ably 50 db. From actual measurements made on a model 
of this transmitter it has been found that both the dis-
tortion and the signal-to-noise ratio are about 10 db 
better than the requirements stated above. Measure-
ments of adjacent band radiation on this model indicate 
that an appreciable improvement has been obtained as 
compared to an earlier transmitter of similar type.' Har-
monic radiation has been found to be less than 200 mw. 

CIRCUIT DESCRIPTION 

The schematic, Fig. 1, shows the principal circuit 
blocks as well as the two types of servos used. On this 
diagram the two voice-frequency inputs are shown at 
the upper left as group A and group B, with provision 
for switching group A to double-sideband operation if 
desired. Each block or unit is identified with the particu-
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lar function so that the message paths may be traced 
through from the input at the left of the diagram to the 
antenna at the upper right. 
Starting with the pad and relay panel, the vf input 

in group A encounters first a switch (ssb-dsb) which con-
nects it either to low-frequency (If) modulator 1 or to 
the double sideband modulator (dsb mod). Both vf in-
puts group A and group B are connected through the 
contacts of a group-interchange relay. Besides the relays 
indicated, this unit contains input pads to each of the 
If modulators and the dsb modulator which provide in-
dividual gain adjustments in the separate branches to 
compensate for differences in component losses. Other 
relays are provided for the application of test tone. The 
group-interchange relay serves to interchange group A 
and group B inputs to the If modulators so as to abide by 
an operating convention. The reason for the convention 
is that the frequency range of the final conversion-fre-
quency oscillator in both the transmitter and the re-
ceiver can be reduced a considerable amount if the lower 
sideband from the final modulator is utilized at the 
lower frequencies and the upper sideband is used at the 
higher frequencies. A change from one to the other 
obviously has to be made at both the transmitter and 
the receiver at some point in the frequency range; this 
has to be followed rigorously, otherwise the groups will 
be interchanged at the receiver output terminals and in 
the connecting wire lines. The operating convention 
which has been widely accepted requires the change-
over at 10 mc. In this new transmitter, however, in 
order to eliminate some undesirable modulation prod-
ucts, it is essential that the actual change-over be made 
at 18 mc. Accordingly, in order to make the transmitted 
signal conform to the convention, the channel inputs to 
-the If modulators are interchanged between 10 and 18 

mc. 
When the switch and relay are in the positions shown 

in the block diagram, group A audio signals modulate 
the 100-kc carrier supplied to the copper-oxide varistor 
of If mod 1. The same process occurs in an identical 
varistor with group B in If mod 2. The 100-kc carrier 
employed in these modulators and in the double-side-
band modulators which also uses an identical varistor 
is obtained from a low-temperature coefficient quartz 
oscillator which is followed by an amplifier. No temper-
ature control is applied to this oscillator because the 
frequency change over the operating temperature range 
is negligible. The sideband outputs are filtered by 
sharply selective band-pass quartz-crystal filters. From 
If mod 1 the upper sideband is taken by a filter which 
passes from 100.1 to 106 kc and from If mod 2 the lower 
sideband is taken by a filter which passes from 99.9 to 
94 kc. Because of the carrier balance in the If mods and 
the attenuation in the crystal filters, the carrier is es-
sentially suppressed at these points. The outputs of 
these filters are combined in a hybrid coil and impressed 
on the load-control amplifier. 

The load-control amplifier is a variable gain device 
which can be used with its gain controlled by the magni-
tude of the combined sideband peaks or with its gain 
fixed. When the switch designated "load control" is 
thrown to the position "in," the amplifier bias is ob-
tained from the load-control rectifier which samples the 
transmitter output signal and the bias varies with it. 
When the switch is thrown to "out," the bias is fixed. 
With the switch in the "in" position the gain of the 
amplifier is about 8 db greater than when it is in the 
"out" position. The gain remains at this higher value 
for all signal amplitudes up to those corresponding to 
almost the peak capacity of the transmitter. As the 
amplitude nears the peak capacity the load-control 
rectifier begins to increase the bias and reduces the gain 
at such a rate that the transmitter is never loaded be-
yond its peak capacity. The gain recovery rate is much 
slower than the reduction rate. This feature is of con-
siderable advantage from the standpoint of cross-modu-
lation and adjacent-band radiation. Its effect on quality 
and intelligibility has been found to be negligible by 
alternate AB tests. 
The signal is then further amplified and combined 

with the desired amounts of carrier. Attenuators and a 
carrier resupply switch are provided so that the carrier 
may be inserted at +10, 0, —10, and —20 db from refer-
ence value. It is at this point that the double-sideband 
modulator is switched into the circuit and appears on 
one of the contacts on the carrier resupply switch. In 
this way the dsb signal is fed to the combining amplifier 
in place of the carrier resupply. It should be noted that 
there are no crystal filters in the output of the dsb mod 
so that the transmission band is not limited at this point. 
It should also be noted that the carrier is introduced 
into the signal after the load-control amplifier so that 
the action of the latter has no direct effect on the re-
duced carrier. 
The output of the combining amplifier is next fed to 

the medium-frequency modulator (mf mod). This uses 
germanium varistors and is supplied with a 2,700-kc 
conversion frequency which is obtained from a tempera-
ture-controlled, quartz-crystal oscillator. The output of 
this modulator comprises two sidebands, each of which 
contains group A, group B, and a carrier. Unless the 
group-interchange relay is operated, the upper sideband 
contains the carrier at 2,800 kc with group A above and 
group B below it. This sideband is selected and the con-
version frequency and the other sideband centered at 
2,600 kc are eliminated by a series of band-pass filters 
which are placed in tandem with three medium-fre-
quency amplifiers. A gain adjustment is provided at the 
input of this string of amplifiers. All of the equipment 
up to this point in the circuit remains fixed regardless 
of the final operating frequency. 
The signal centered at 2,800 kc and the final conver-

sion frequency are then impressel on the high-frequency 
modulator (hf mod), which also uses germanium vans-
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tors. The conversion frequency in the range 6.8 to 20.2 
mc is obtained from a temperature-controlled, quartz-
crystal oscillator followed by an amplifier and a har-
monic generator. The transmitted carrier frequency is 
determined by the final conversion frequency supplied 
to the hf mod which must be 2,800 kc above or below 
it, depending upon whether the lower or upper sideba I I( I 

from the hf mod is chosen for transmission. Positions 
for ten quartz crystals in the range from 6.4 to 12.8 Inc 
are arranged with a switch so that the transmitter may 
be tuned up on ten different frequencies. This switch is 
positioned by a servo switching control. A wide-band 
filter is located in the output of the amplifier following 
the crystal oscillator to avoid tuning at this point in the 
circuit. The second "stage is operated as an amplifier for 
conversion frequencies below 12.8 mc and as a harmonic 
generator above this value. The output tuning of this 
stage is controlled by a continuous tuning servo. Again, 
as explained for the mf mod, the output of this hf mod 
contains duplicate signals as upper and lower sidebands 
as well as the final conversion frequency. The selection 
of the signal to be transmitted depends entirely upon 
the tuned circuits of the succeeding amplifiers. 
The hf mod output is at low impedance suitable for 

connection, by means of coaxial cable, to the hf ampli-
fiers 1, 2, and 3. The coaxial cable is terminated by a 
hf gain-control potentiometer which is positioned by a 
continuous tuning servo. The amplifier unit consists of 
three cascaded stages operated class A. The plate-tun-
ing condensers are ganged and are positioned by a con-
tinuous tuning servo. The plate coils are tapped and the 
tap switches are ganged and positioned by a switching 
servo. A single 25-watt pentode is used in each stage. 
The signal is next fed to hf amplifier 4 which consists 

of two 75-watt beam-power pentodes connected in paral-
lel and operated class A. The output circuit is a pi-type 
network which performs an impedance transformation. 
It requires two independent variable condensers, each 
of which is controlled by a continuous tuning servo and 
a tapped coil controlled by a switching servo. Deposited 
carbon resistors are used at both ends of this network 
for circuit loading, the major portion of the power being 
dissipated by the second resistor which is at the grids of 
hf amplifier 5. 
This amplifier has two 400-watt tetrodes connected 

in parallel and operated class AB. The output circuit 
and its controls are basically the same as those in hf 
amplifier 4. No resistance loading is required for normal 
operation because the following stage is grounded grid. 
HI.' amplifier 6 employs a single 2.5-kw forced-air-

cooled triode operating class B with its grid grounded. 
The output circuit is in two parts. First, a pi-network 
similar to those in hf amplifiers 4 and 5 performs an im-
pedance transformation. Next, a tuned auto trans-
former is used to match the unbalanced pi-network to a 
balanced transmission line. Three continuous tuning 
servos and one switching servo are necessary. Through 
a transfer switch the auto transformer may be con-

nected directly to an open-wire line leading to the an-
tenna, to the terminals of a pair of coaxial lines which 
may be installed to drive an external amplifier, or to a 
dummy load mounted within the transmitter. 
The monitor unit is a simple form of single-sideband 

receiver consisting of three demodulators which utilize 
the conversion frequencies and carrier source in the 
transmitter to recover the original voice frequencies. Its 
principal purpose is to serve as a means for checking the 
transmitter performance in rest ‘ect to distortion and 
nonlinearity bv the transmission of signals applied in 
one voice-frequency group. :\ccordingly, no group 
filters are provided in the Output to separate the groups. 
It makes pos,ible an alarm circuit which functions if 
the amplitwle of the carrier falls below a predetermined 
value. This is accomplished by routing a sample of the 
demodulated carrier at 100 kc through a narrow-band 
crystal filter after which it is amplified and rectified to 
operate a relay. Provision is made for connecting the 
monitor to the output of hf amplifier 3 or to an external 
amplifier, if one is being excited by the transmitter, in-
stead of the normal operating connection to hf amplifier 6. 
There are ten continuous tuning and six switching 

servos. Local control is governed by a mechanically 
interlocked switch having one push-button for each of 
the ten operating frequencies and an eleventh button 
for establishing a standby condition. The operation of 
any one of the eleven push-buttons first causes a step-
ping-type selector switch to function. The selector to-
gether with a system of relays, called the servo director 
circuit, removes the high voltage from the last three 
amplifier stages, de-energizes the carrier alarm, ener-
gizes all servos for about 15 seconds, and at the end of 
the cycle reapplies the high voltage and restores the car-
rier alarm. 

In the lower left-hand corner of the block diagram is 
shown a typical continuous tuning servo schematic 
which is used wherever it is necessary to adjust a shaft 
to any position within 270°. The shaft of a tuning con-
denser is shown mechanically connected to a shaded 
pole motor which, in turn, is mechanically connected 
to a so-called follow-up potentiometer through an anti-
backlash gear to maintain positive angular relation-
ship. The main winding of the motor is connected to 
115 volts ac. The two shaded pole windings are brought 
out by three wires, one of which is common. If one wind-
ing is shorted, the motor runs in one direction. If the 
other winding is shorted, the motor runs in the opposite 
direction. If both windings are shorted or both are open, 
no action ensues. The three wires from the shaded poles 
are connected to the terminals of a two-position relay 
as shown. A position-adjusting potentiometer is requir,.d 
for each of the ten operating frequencies. During a fre-
quency-changing operation one of these potentiometers 
is connected in parallel with the follow-up potentiometer 
across a regulated power supply. Relay contacts shown 
in the diagram as a switch connect the arm of the posi-

tioning potentiometer to one of the input terminals of a 
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3-stage dc amplifier, and the arm of the follow-up po-
tentiometer is always connected to the other input ter-
minal. The amplifier plate current flows through the 1. winding of the two-position relay. If the setting of the 
positioning potentiometer is not the same as that of the 
follow-up potentiometer, when power is applied, a dc 

1 error voltage will be impressed on the amplifier of such 
polarity that the relay will hold in one position and the 
motor will run in the direction to reduce the error volt-
age. Since the relay is a two-position device as the error 
voltage approaches a small value, the system would 
start to hunt or oscillate if no other voltage were applied 
to the amplifier. The hunting frequency depends on the 
mechanical and electrical time constants involved, and 
is around 4 cycles ,per second. To overcome this tend-

, ency a small 25-cycle voltage is applied to the amplifier 
so that for small error values the 25-cycle voltage causes 
the relay to oscillate at that frequency but to remain on 
one contact longer than on the other. When the poten-
tiometer settings are the same, the relay still oscillates 
at 25 cycles; but since the relay then stays on each con-
tact the same length of time and the frequency is above 
the natural period, the shaft does not turn. The 25-cycle 
voltage thus has the desirable effect of making the 
torque developed by the motor proportional to the dif-
ference in settings of the potentiometers, for small dif-
ferences. Since there are 10 positioning potentiometers 
for each continuous tuning control and there are 10 
continuous tuning controls, there are a total of 100 po-
sitioning potentiometers on the front of the transmitter 
to store the tuning information. In addition there are 
10 potentiometers used to provide different bias poten-
tials to the harmonic generator and these are switched 
directly by a bank of contacts on the selector. 
- In the lower right-hand corner of the blockdiagram is 
shown a typical switching servo which is used to move 
a switch to one of several fixed positions. The example 
shown has eleven positions and is used to control a 
tapped inductance. The switch shaft is driven by a 
shaded pole motor identical with those previously de-
scribed. The motor also drives the shaft of a two-deck 
switch which serves a follow-up function and provides 
a way to read the switch position on a meter. The con-
tacts of the follow-up deck are connected to similar 
contacts on ten range-selecting switches which are set 
manually to any desired position and are located on the 
front of the transmitter near the 110 potentiometers. 
One of these range switches is used for each of the ten 
frequencies to control the position of all inductance 
switches. The arm of each of the range switches is con-
nected to a contact in one bank on the selector. The arm 
on this bank of the selector is connected to ground. One 
shaded-pole winding of the motor is shorted and con-
nected to the ground so that the motor will always turn 
in one direction when power is applied unless the other 

. winding is also connected to ground. If, for example, the 
inductance switch is on contact No. 2 and range switch 
No. 10 is set at position No. 5, when the No. 10 button 

is pushed, the selector arm will move to position No. 10 
which imposes a ground on No. 5 contact of range switch 
No. 10, and this ground then appears on position No. 5 
of the follow-up switch. The motor then will turn until 
it reaches this position and stop. 
Not shown on the block schematic are the rectifiers 

which supply the various circuit units. The plate, bias, 
and cathode heater supplies of all vacuum tubes, with 
the exception of those in the last three hf amplifier 
stages, are regulated in order to obtain gain stability 
through the circuit. The voltages of two of the three 
rectifiers used to supply these hf amplifiers are manually 
adjustable. A 4,000-2,000-volt, three-phase, full-wave 
rectifier supplies the plate voltage for the final two 
amplifier stages. A solenoid-operated grounding device 
serves to discharge both filter condensers in this rectifier 
whenever it is necessary to enter the cabinet. Another 
similar grounding device shorts and grounds the open-
wire transmission lines. Located at convenient places 
in the front and rear of the transmitter are grounding 
sticks which can be used for grounding circuit elements 
under inspection. 
All metering necessary in normal operation can be 

done from the front of the transmitter without inter-
rupting the circuit. Most of the vacuum-tube space cur-
rents are measured by the use of small metering resistors 
in the cathode circuits which are shunted with a suitable 
meter by means of a transfer switch. In this way the 
number of meters is kept at a minimum. For the final 
three hf amplifiers individual meters are provided to 
measure the space currents. Other meters are used to 
measure the ac and dc voltages, and the position of the 
various servo-controlled elements. Two additional me-
ters measure the RF current in the load resistors of hf 
amplifiers 5 and 6 during lineup tests. Jacks make avail-
able test points for voltage and frequency measurements 
during maintenance operations. 

EQUIPMENT DESCRIPTION 

The transmitter shown in Figs. 2, 3, 4, and 5 is a 
single  floor-supported  unit  containing  equipment 
mounted on an iron framework which is enclosed by a 
sheet-metal housing. The housing consists of two end 
panels, a top panel, four doors on the front with a meter 
panel above them, and four doors on the rear. The left-
hand front door has a section which can be let down to 
form a horizontal writing shelf. The doors are treated 
with sound-deadening material. The exterior of the 
housing has a light aluminum gray lacquer finish and 
the interior a light gray enamel finish. The outside di-
mensions of the assembly are 84 inches long, 421 inches 
deep, and 84 inches high, exclusive of the air-intake 
hood. The completed transmitter weighs approximately 
5,800 pounds. The frame is built of channel and angle 
iron with steel plates welded into a single structure. 
There are four bays accommodating 19-inch wide panels 
and rectangular steel boxes that shield the hf amplifier 
stages. These boxes are supported on horizontal angle-
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Fig. 2—Front view of transmitter x‘ith all doors closed. 

Fig. 4—Front view of transmitter with doors of cabinet 
and shielded compartments open. 
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iron rails and have doors at front and rear for good ac-
cessibility. The transmitter can be assembled and 
completely wired before the housing is attached which 
is quite advantageous from a manufacturing stand-
point. 
A plenum chamber occupies the top third of the left-

hand baS7 and contains a blower mounted on vibration 
mounts. This blower is driven by a 230-volt, 50/60-
cycle, 3-phase motor. Dual belts and variable dual-

Fig. 3—Front %,iew of transmitter with cabinet 
doors, to control bays, open. 

Fig. 5 —Rear view of transmitter with cabinet doors open. 

sheave pulleys allow changes to be made in blower speed 
to accommodate 50/60-cycle operation from sea level 
up to 5,000-feet altitude. Air from the blower is used to 
cool the tubes in the hf amplifier stages and other parts 
of the transmitter. The cooling air enters through a 12-
inch high hood on the top of the left-hand bay, and is 
exhausted through a flue at the top of the right-hand 
bay. The hood contains a dust filter and the combina-
tion reduces the air-intake noise quite noticeably. If de-

• • 
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sired, the intake hood and exhaust flue may be con-
nected to an external duct system. This reduces the air 
noise still further by a noticeable amount. 
A pressure-controlled switch associated with hf am-

plifier 5 compartment prevents filament voltage from 
being present on the final amplifier stages whenever the 
air pressure is below a predetermined value. 
The transmitter is equipped with key interlocks so 

that access to the inside of the transmitter through the 
two middle front doors, the four rear doors, or the meter 
compartment door on the top cannot be obtained until 
the main power switch has been thrown and locked in 
the off position. The general objective is to prevent ex-
posure of parts at potentials higher than 150 volts. The 
right and left front doors may be opened at any time 
since they only give access to operating controls. The 
key interlocked doors and some of the interior shielded 
compartment doors are equipped with additional pro-
tection in the form of electric door switches. An inter-
locked test switch permits power to be restored to the 
modulators and other low-voltage units with the cabinet 

doors open. 
In order to insure adjusting only those potentiometers 

on the servo panel that are associated with a specific 
frequency, a magnetically held mask is available which 
may be placed over the desired row to outline the ends 
of the potentiometer shafts. 

PERFORMANCE 

In general, multichannel transmitters are required to 
meet more rigid transmission performance requirements 
than are single-channel transmitters. Some of the con-
siderations involved in meeting requirements for multi-
channel transmitters are discussed in a companion 
paper, entitled "Amplifiers for Multichannel Single-Side-
band Radio Transmitters." The methods for obtaining 
high standards of performance described in that paper 
have been applied in the design of this transmitter and 
rather extensive measurements have been made on one 
model. The results give some indication of the expected 
performance. The following characteristics will be dis-
cussed: 
1. Signal-to distortion ratio. 
2. Speech-to-intermodulation noise ratio. 
3. Adjacent-band radiation. 
4. Linearity. 
The signal-to-distortion ratio was measured using the 

two-tone method. Fig. 6 shows the curves obtained 
from measurements made with the load control "out." 
The third-order, fifth-order, and seventh-order distor-
tion curves are plotted against the relative input tone. 
In obtaining data of this nature in a high-frequency 
radio transmitter where the bandwidth is small com-
pared to the operating frequency only odd-order modu-
lation products need be considered because even-order 

•  products produce noise which lies far outside the band 
of the system. From Fig. 6 it is apparent that the third-
order distortion is the highest, and therefore is taken as 
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Fig. 6—Tone-to-distortion ratios plotted 
against input tone amplitude. 
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a measure of the signal-to-distortion ratio. It may be 
noted that at the peak output of 4 kw the signal-to-dis-

tortion ratio is about 36.5 db. 
The speech-to-intermodulation noise curve is shown 

in Fig. 7. These data are plotted against the transmitter 
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Fig. 7—Measured speech-to-intermodulation noise ratios plotted 
against transmitter vu output per channel 

vu output per channel for conditions of load control 
"in" and load control "out." These curves indicate that 
the load control prevents excessive intermodulation as 
the transmitter output per channel increases. They also 
show that the transmitter can be operated at an output 
of 56.7 vu per channel when using the load control and 
produce no more interchannel modulation noise than 
when operating at 55-vu output per channel without 
load control. It is evident, then, that the load control al-
lows transmitter to be operated at 1.7 vu greater output 
per channel on basis of interchannel modulation noise. 
The present crowded condition of the high-frequency 

spectrum in which transmitters of this type operate de-
mands that the adjacent-band radiation should be kept 
to a minimum to reduce possibilities of interference. 
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Fig. 8—Adjacent-band radiation plotted as a function of frequency 
measured from the center of the transmission band. 

Measurements of the adjacent-band radiation' were 
made both with the load control "in" and with the load 
control "out." The results are shown in Fig. 8, where the 
adjacent-band radiation is plotted as a function of fre-
quency measured from the center of the transmission 
band. The ratios were obtained by measuring the speech 
amplitude in a 2.7-kc transmitter band and relating it to 
the amplitude of modulation noise in a 2.7-kc receiver 
band centered at the frequency indicated. The data 
show that with the load control "in" the adjacent-band 
radiation is about 1 to 2 db lower than with the load 
control "out." It may be noted that the transmitter out-
put per speech channel with the load control "in" is 1.7 
vu greater than with the load control "out." This sup-

, N. Lund, "Methods of measuring adjacent-band radiation from 
radio transmitters," PROC. I.R.E., vol. 39, pp. 653-656; June, 1951. 
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Fig. 9 -Linearity curve. 

ports the observation made in regard to Fig. 7, and 
shows that the advantage of the load control is also 
about 1.7 vu in transmitter output per channel on the 
basis of equal adjacent-band radiation. 
Fig. 9 shows the linearity curve. The over-all input-

output characteristic is shown using speech loading with 
the load control "out." This curve shows the relation-
ship between the transmitter vu output and the relative 
input in decibels. It will be noted curve is linear up to an 
output of about 57 vu where it begins to fall off slightly. 
The model of this radio transmitter was installed at 

the Lawrenceville, N. J. overseas radio station, operated 
by the American Telephone and Telegraph Company 
in December, 1949. It has been used for the transmission 
of four independent 250-2,750-cycle speech channels in 
regular overseas service. 

Amplifiers for Multichannel Single-Sideband 
Radio Transmitters* 

N. LUNllt, ASSOCIATE, IRE, C. F. P. ROSEt, SENIOR MEMBER, IRE, AND L. G. YOUNGL 
SENIOR MEMBER, IRE 

Summary—Considerations are given for designing high-fre-
quency amplifiers whose performance will meet the high standards 
required for amplifying multichannel signals. A relationship between 

tone and speech data is presented to show how the tone rating of the 
amplifier can be determined from the speech rating and interchannel 
modulation noise requirements. Some of the factors which influence 
distortion and some methods of reducing such distortion are also 
discussed. 

• Decimal classification: R355.7 X R423.5. Original manuscript 
received by the Institute, April 5, 1951; revised manuscript received, 
March 3, 1952. 
t Bell Telephone Laboratories, Inc., 463 West St., New York 14, 

N. Y. 

/N THE DESIGN of carr ier  telephone  systems,  the  

goal has been to carry as many channels as possible 
over one pair of wires to reduce the cost of service 

per channel. Similarly, large economies can be obtained 
by multichannel operation of high-frequency radio 
systems. These economies result because the cost of 
the additional equipment required in a transmitter and 
receiver to obtain multichannel operation is far less than 
the cost of individual transmitters, receivers, and an-
tennas. In addition, it is possible to place a greater 
number of channels in a given frequency space when 



1952  Lund, Rose, and Young: Amplifiers for SSB Transmitter 791 

using multichannel transmitters rather than single-
channel systems. This is true because only one band is 
required to take care of frequency instability of the 
multichannel transmitter, whereas an equal bandwidth 
is required for each single-channel transmitter. Some of 
the early high-frequency single-sideband systems were 
of the twin-channel type.' In those twin-channel sys-
tems, two 3-kc channels were transmitted over the same 
radio transmitter with a 3-kc guard band between the 
channels. This guard band was used to prevent the rela-
tively strong third-order modulation products, gen-
erated by one channel, from falling into the other 
channel and causing excessive interference. In recent 
years the design objective has been to use all available 
frequency space by placing additional channels in the 
guard bands. Consequently, the third-order modulation 
products which fall into adjacent channels must be 
minimized. Any transmitter which is modulated by a 
complex wave, such as a speech signal, will generate 
some adjacent-band distortion products which may fall 

.into the channels of other services  and cause interfer-
ence. Therefore, it is necessary that the transmitting 
amplifier used in such a transmitter shall be capable of 
amplifying the multiplex signal without generating 
either excessive interchannel modulation noise or ex-

cessive adjacent-band radiation. 
In the conventional single-sideband system the out-

put of the final modulator is at low amplitude and 
contains some unwanted modulation products. This re-
quires that the high-frequency amplifier have high gain 
to obtain the desired power output and have high se-
lectivity in order to suppress the unwanted modulation 
products. In addition, the shielding of the amplifier 
and the selectivity of its circuits must be adequate 
- from a harmonic radiation standpoint. 

In order to obtain satisfactory and continuous opera-
tion of the long-distance overseas services, it is often 
necessary to change the transmitter frequency three or 
four times during a day over a frequency range of four 
to one. These frequency changes should be made as 
rapidly as possible so as to make the greatest amount of 
circuit time available. Therefore, it must be possible to 
set rapidly and accurately the tuning of the high-
frequency circuits so as to obtain the same high stand-
ards of distortion and gain stability for all operating 

frequencies. 
For single-sideband transmitters, it has been con-

venient to rate the transmitting amplifier in terms of the 
maximum envelope peak-power output that can be pro-
duced without generating excessive distortion. This 
maximum envelope peak-power has been defined as the 
peak-power output that results when the transmitter is 
loaded with two equal tones such that the third-order 
distortion is a definite number of db (usually 25) below 
the amplitude of one of the two tones. From a radio-

• transmission standpoint, a more significant rating is the 

I A. A. Oswald, "A short-wave single sideband radio telephone 
system," PROC. I.R.E., vol. 26, pp. 1431-1454; December, 1938. 

equivalent vu output of the transmitter per channel, 
which is defined as the reading of a vu meter at the 
audio input increased by the gain between that point 
and the single-sideband transmitter output. The gain 
is taken as the maximum value which can be used with-
out generating excessive interference to channels either 
internal or external to the transmitted band. The vu 
rating is more significant than the tone rating because 
it is the equivalent vu output of the transmitter which 
determines how effectively the signal will overcome 
noise and interference at the distant radio receiver. 
The designer, then, is given the required vu output per 
channel and number of channels to be transmitted. 
However, before the designer can select the proper 

tube complement for the amplifier, he needs to deter-
mine an equivalent tone rating for the amplifier. This 
is necessary because power tubes are usually rated on 
the basis of tone output. Therefore, the designer needs 
to know the correlation between tone rating and speech 
vu rating for the particular number of channels to be 
used. Such a relation has been determined empirically, 
and the method for determining it will be presented. 
It will be assumed that a radio transmitter is to be 

designed to have certain characteristics. The particular 
specifications of the system that must be known before 
solution of the, problem can begin are (1) number of 
channels and frequency arrangement of the channels, 
(2) permissible maximum interchannel cross talk and 
adjacent-band radiation, and (3) the desired radio 
transmitter output in vu per channel. 

CORRELATION OF TONE AND SPEECH TESTS 

The problem of correlating the tone and speech op-
eration of a radio transmitter is somewhat similar to 
the problem of correlating the amplitude of the modula-
tion products generated by tones with the interchan-
nel modulation noise generated by speech in carrier 
telephone systems. This problem in carrier systems 
has received considerable attention. For amplifiers used 
in such systems, load rating and modulation require-
ments are handled separately." It is assumed that the 
amplifier uses a large amount of negative feedback, and 
consequently, shows low modulation below the over-
load point and high values of modulation above the 
overload point. The load rating is then established on 
the basis of input-amplitude distribution; that is, the 
amplifier is loaded so that the maximum amplitudes for 
the combined channel distribution will exceed the over-
load point for only a small percentage of the time. 
Modulation requirements are then established sep-
arately for amplitudes which do not exceed the over-
load point. 
Telephone carrier systems have many channels with 

unregulated speech volume on each channel, so that a 

2 B. D. Holbrook and J. T. Dixon, "Load rating theory for multi-
channel amplifiers," Bell Sys. Tech. Jour.; October, 1939. 

3 W . R. Bennett, "Cross-modulation requirements on multi-chan-
nel amplifiers below overload," Bell Sys. Tech. Jour.; October, 1940. 
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considerable allowance in load rating must be made to 
take care of the large range of talking volumes on each 
channel. Since these carrier systems use feedback ampli-
fiers operated well below overload, the modulation 
requirements can be fairly well approximated by assum-
ing that only second- and third-order products are im-
portant.' A high-frequency radio system, using a small 
number of channels, differs from a carrier system in that 
the speech volume input is controlled, that is, main-
tained on the several channels at a predetermined level. 
Low levels extremely susceptible to interchannel modu-
lation noise are thus avoided, and the transmitter may 
be operated near the overload point. One other differ-
ence between the radio transmitter and the carrier 
amplifier is that the modulation products are generated 
in a class B amplifier of the radio transmitter, where 
at low amplitudes, the magnitudes of the modulation 
products do not change rapidly with input amplitude; 
while the modulation products generated in the class 
A carrier amplifier vary as the exponent of the order 
of modulation product. That is, the class A carrier 
amplifier input-output characteristic may be approx-
imated by a simple power series using constant co-
efficients, but a similar analysis for the class B ampli-
fier as usually operated is more involved. 

In general, interchannel modulation noise is thought 
of as resulting from the harmonics of single frequencies 
or the beating of two or more discrete frequencies in 
the speech band. In a system using a high-frequency 
transmitter where the bandwidth is small compared to 
the operating frequency, only odd-order modulation 
products of two or more frequencies need be consid-
ered. The even-order products and the products in-
volving only a single frequency produce noise which 
lies far outside the pass band of the amplifier. 
A correlation between tone and speech measure-

ments based on experimental data for three types of 
single-sideband transmitters has been obtained. This 
correlation shows that there is a fairly definite relation 
between two-tone third-order distortion measurements 
and modulation noise measurements where the modu-
lation noise is the result of third-order modulation 
between speech frequencies. The results are plotted in 
such a manner that it is possible to answer the following 
design question for a new single-sideband system. If the 
speech-to-modulation noise ratio for the new system is 
to be X decibels, what should the corresponding tone-
to-distortion ratio be for that system? 

Interchannel modulation noise data have been ob-
tained for two-, three-, and four-channel systems when 
using three different single-sideband reduced carrier 
radio transmitters. In each of these systems the speech 
bands were 2,500 cps wide with 500-cps bands separat-
ing the speech bands. The reduced carrier was trans-
mitted at an amplitude of 26 db below the rated en-

velope peak-power output and was placed at the center 
of the over-all band. For the three- and four-channel 
systems the maximum interchannel modulation noise 
was found on the channels adjacent to the carrier, and 

this modulation noise was mainly the result of third-
order modulation products. The inten•hannel modula-
tion noise data were obtained as spec( h-to-modulation 
noise ratios for e;ich channel combination. For each 
channel combination, a series of measurements was 
made for different input speech amplitudes. These 
speech measurements for each transmitter were then 
compared with the two-tone third-order distortion 
measurements for that transmitter. All the tone and 
speech data have been plotted in Fig. 1 using certain 
factors relating the transmitter speech input in vu and 
the transmitter tone input in tl bin. These factors for 
the three different channel combinations are 
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ratios and speech-to-modulation noise ratios for three different 
types of transmitters. 

52 56 

These data show, for example, that in a four-channel 
system, if the tone input is numerically 6 db greater 
than the speech in vu, the speech-to-modulation noise 
ratio will be related to the tone-to‘distortion ratio by 
the curve plotted in Fig. 1. The data plotted in Fig. 1 
have been obtained for three different transmitters 
having widely different distortion characteristics. The 
measured third-order distortion characteristics for these 
transmitters is shown in Fig. 2. Transmitter A had an 
envelope peak-power rating of 7.5 kw and incorporated 
radio-frequency feedback. Two curves are shown for 
this transmitter one with 20 db of negative feedback 
and one with no feedback. Transmitter B had an en-

velope peak-power rating of 4 kw and had the negative 
feedback inherent to a grounded-grid final amplifier 
stage. Transmitter C had an envelope peak-power rat-
ing of 2 kw and used no feedback. The two-tone curves 
for transmitters B and C show some sharp variations 
from a smooth curve. These variations are usually the 
results of the distortion product generated in one part 
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of the amplifier partially cancelling or adding to the 
distortion product generated in another part of the 
amplifier. With tone input, it would be expected that 
this cancellation or addition process would occur at a 
particular amplitude of the cyclic input wave. When 

speech is applied, the input amplitudes of the com-
ponent speech frequencies have a fairly large range of 
values, and the cancellation effect takes place over only 
a small range of amplitudes. For component amplitudes 
slightly greater or less than the critical amplitude, the 
modulation noise is much higher than the cancellation 
value and the effect of low-amplitude components is 
minimized. Therefore, when interpreted for speech, the 
two-tone distortion curves are graphically smoothed as 
shown by the dotted curves in Fig. 2. It is the smoothed 
data which are used to obtain the relationship between 
speech and tone measurements as shown in Fig. 1. 
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Fig. 2 Measured variation of two-tone third-order distortion ratios 
with input amplitude for three different types of transmitters. 

ly using Fig. 1 the tone power output and two-tone 
distortion requirement for the amplifier can be estab-
lished. For example, if it is required to have a speech-
to-modulation noise ratio of 35 db in a four-channel 
system, Fig. 1 shows that the two-tone third-order dis-
tortion ratio should be 27 db when each of the two 
tones is 6 db greater than the speech output in vu. If 
the required speech output from the transmitter is 54 
vu per channel, then the corresponding single-tone out-
put of the transmitter should be 60 dbm, and the 
envelope peak-power should be 66 dbm when the two-
tone distortion ratio is 27 db. 
The correlation gives a method for determining what 

the tone rating of the transmitter should be in order 
to obtain a certain speech-to-modulation noise ratio 
in the channel nearest the center of the transmitted 
band. In some cases it may be desirable to design for 
a certain speech-to-modulation noise in a channel just 
outside the transmitted band. In a four-channel system 
occupying a 12-kc band, it has been found that the 
modulation noise in the next 3-kc channel just outside 
the transmitted band is normally about 4 db less than 

4 

the modulation noise in a channel adjacent to the car-
rier which is at the center of the transmitted band. 

AUTOMATIC LOAD CONTROL 

Normally, each telephone channel in a multiplex sys-
tem is busy for only a small percentage of time. This 
means that all four channels will be busy at the same 
time for an even smaller percentage of time. These facts 
suggest that it would be advantageous to use some de-
vice which causes the transmitter to be loaded to its 
peak capacity regardless of the number of channels 
that are busy. Such a device, which is termed an auto-
matic load control, can be used to give an average in-
crease in speech power output. This device is essentially 
a backward acting automatic volume control with the 
time constants so adjusted that there is little clipping 
of the speech signals. The attack time constant of the 
device is about 2 milliseconds so that the transmitter 
amplifier will not be overloaded for any appreciable 
length of time. The recovery time constant is about 
100 millisecodds so that there is little distortion of the 
speech syllables. A biased rectifier is used to rectify 
a sample of the radio-frequency envelope at the output 
of the amplifier. The control voltage so obtained is used 
to control the gain of a low-level amplifier stage. Meas-
urements on a-system using this device indicate that 
the transmitter output can be increased by about 1.5 
vu in a four-channel system without increasing the ad-
jacent-band radiation.* These results were obtained 
when each channel was loaded with speech for about 
50 per cent of the time. If the duty cycle for each chan-
nel is less, the advantage of the load control will be 
greater. This load-control device is also effective in pre-
venting accidental overload of the transmitter, and also 
tends to reduce the bad effects of variations in the 
transmitter gain. 

CAUSES OF DISTORTION AND rTS REDUCTION 

After determining the tone-to-distortion ratio and 
tone power output required, power amplifier tubes ca-
pable of meeting these requirements can be selected. It 
would be desirable to select tubes for the driver stages 
so that these stages would not contribute to the over-
all distortion of the amplifier. In practice this is uneco-
nomical, and a compromise must be made to keep the 
size of the driver stage within reasonable limits. 
A method of reducing distortion is to use radio-fre-

quency feedback between the output stage and some 
preceding stage. Experimental feedback amplifiers 
having power outputs up to 150 kw have been built 
and tested in the laboratory to evaluate the advantages 
of feedback. These experiments showed that substantial 
distortion reduction can be obtained when the trans-
mitter output volume is below the usual rating of the 
transmitter, but that these advantages rapidly disap-
pear as the output volume approaches this rating. This, 

4 Performance data for this device as used in the Western Electric 
Type LD-1.2 Transmitter is given in a companion paper by 1. M. 
Klenk, A. J. Munn and J. Nedelka, "A multichannel single-sideband 
radio transmitter," PROC. I.R.E., vol. 40, pp. 783-790; this issue. 
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together with the added complexity of over-all radio-
frequency feedback, has made its use appear unwar-
ranted for the type of application discussed here. 
A typical third-order two-tone distortion character-

istic for a complete amplifier is shown in Fig. 3. This 
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Fig. 3 —Typical two-tone third-order distortion characteristic 
for a transmitter amplifier. 

characteristic shows that the distortion has a sharp null 
or cancellation at point A which corresponds to a power 
output of about 3 db less than the rated envelope peak 
power. Also this characteristic shows that the distortion 
is relatively constant in the B region which corre-
sponds to a power output of about 6 to 10 db less than 
rated peak output. For still lower power output the 
distortion gradually decreases. 
A typical dynamic characteristic for the same ampli-

fier, exaggerated for illustrative purposes, is shown in 
Fig. 4. This characteristic is a plot of the input to the 
amplifier against the output of the final stage. For very 
small inputs in the region A the amplifier is operating 
class A, and for higher inputs in this region the opera-
tion is class AB. The curvature of the dynamic char-
acteristic is concave upward in region A, and such curva-
ture is typical of a class A or AB amplifier. The amount 
of curvature in this region is small so that the distortion 
is relatively small as shown in the region to the left of 
B in Fig. 3. At point X the final stage begins to draw 
grid current and the amplifier begins to operate as a 
class B amplifier. As soon as the final stage draws grid 
current, an additional load is placed on the driver 
stage, and, as seen on the dynamic characteristic, this 
prevents the output from increasing proportionately as 
fast as the input. When the grid of a typical power 
tube is driven positive, there is a region where the grid 
current becomes constant or actually may decrease and 
then increase again. This effect is known to be caused 
by secondary emission from the grid. In this region C 
on the dynamic characteristic, the grid of the final stage 
is not loading the driver stage as heavily as in the region 
B, and consequently the dynamic characteristic tends 
to straighten out again. In region D the dynamic char-
acteristic is again concave upward because the plate 
current-grid voltage characteristic of the final ampli-
fier has this curvature and is the controlling factor on 
distortion. Region E represents an overload condition 
and shows a leveling off which is the result of the peak 

plate voltage approaching the value of the de plate 
supply voltage for the output stage. 
The dynamic characteristic shown in Fig. 4 may be 

used to explain the shape of the two-tone third-order 
distortion curve shown in Fig. 3. The amount of dis- . 
tortion generated when operating up to any particular 
point on the dynamic characteristic is roughly propor-
tional to the maximum distance between the dynamic 
and a straight line joining that point to the origin. For 
low amplitudes in region A of Fig. 4 the departure from 
linearity is small so that the distortion is also small. As 
the amplitude is increased, the departure from linearity 
increases until at point W the departure is a maximum. 
Operating up to point W then corresponds to region B 
shown in Fig. 3. As the amplitude is increased beyond 
point W, the departure from linearity decreases until 
at point Y, the departure is a minimum. Operating up 
to this point Y on the dynamic characteristic then cor-
responds to the null in the distortion curve at point A 
in Fig. 3. When the amplitude is increased beyond 
point Y, the departure from linearity increases again 
and the distortion increases. 
It may be noted that the cancellation effect is the 

result of a change in curvature of the dynamic charac-
teristic, and this change in curvature is a result of grid 
current drawn by the final amplifier stage. This can-
cellation effect normally does not occur in a class A 
amplifier because the dynamic characteristic does not 
have such a point of inflection. For a class A amplifier 
the distortion increases steadily with input and usually 
follows a simple law. 

f4-
•0•• 

000° 

INPUT -41. 

Fig. 4—Typical dynamic characteristic for 
transmitter amplifier. 

In region C of the dynamic characteristic shown in 
Fig. 4, it is noted that secondary emission has a tend-
ency to straighten out the dynamic characteristic and 
thereby give lower distortion. Therefore, tubes which 
show no secondary emission would give more distortion 
for the same driving power. Consequently, tubes which 
do show some secondary emission effect are preferred 
for the power amplifier. 

From the above discussion it is seen that the manner 
in which the dynamic characteristic for one stage adds 
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to another may either increase or decrease the over-all 
distortion. In a multistage amplifier such effects can be 
quite complex if many stages are operated near over-
load. It is usually desirable that not more than the final 
two-stages contribute appreciably to the over-all dis-
tortion. The following general guides have been found 
useful in designing amplifiers for low-distortion output: 
1. Operate as many stages class A as economically 

feasible. 
2. Where grid current is drawn, calculate the funda-
mental component under full drive conditions and 
shunt the grid with a swamping resistor such that 
the current supplied to this resistor by the previ-
ous stage is at least 10 times that due to the fun-
damental component of the grid current. 

3. Where tubes are operated other than class A, 
select a bias so that under full drive conditions, 
plate current will flow through at least 220 degrees 
of the cycle. Self bias, either in whole or in part, 
should not be used for stages operated other than 

class A. 
4. Select the value of impedance presented to the 
plate of the final stage so that under full drive 
conditions the radio-frequency voltage developed 
at the plate will be 75 to 80 per cent of the dc 
plate voltage. Therefore, the efficiency under such 
peak drive conditions will be of the order of 60 

per cent. 
5. Select any stage of the amplifier as a reference. 
Preceding stage which drives it should be of suffi-
cient size that at least a 3-db margin above full 
drive requirements can be obtained without undue 
distortion contribution from driving stage. 

6. Plate, screen, and bias supplies for those stages 
other than class A should have excellent regulation 
characteristics. The impedance of such supplies to 
the audio-frequency currents generated in grid 
circuits or class B plate circuits should be kept 
low. Under two-tone full-load test conditions, the 
audio voltage developed across such impedances 
should be less than 2 per cent of the dc voltage at 
audio frequencies above 100 cycles. At the resonant 
frequency of the rectifier filters, usually about 35 
cycles, the audio voltage should be less than 10 
per cent. 

7. The shielding of the radio-frequency circuits and 
the filtering of the power-supply circuits should be 
designed so that the spurious feedback will not 
affect the voltage at any grid by more than 10 
per cent at any operating frequency. 

8. In general, it is the feedback path within the tube 
itself which determines what values of stable gain 
can be obtained. In the majority of cases, using 
present-day tetrodes, a gain of 15 to 20 db per 
stage can be realized with satisfactory stability. 
The gain per stage for higher power stages where 
grids are driven positive is rarely in excess of 12 
db on account of the power which must be wasted 
in grid swamping resistors to minimize distortion. 
In the case of grounded-grid amplifiers the gain is 

even less than this, but the power is not wasted 
since it appears in plate circuit of driver stage. 

CIRCUIT ARRANGEMENTS 

After selecting a tube complement which will meet 
the power output and distortion requirements, the de-
signer may consider some of the other requirement of 
the amplifier. These requirements may be outlined as 
follows. 

Frequency Range 

In general, about a 6-to-1 frequency range will be 
specified, and this will be within the limits of 3 to 30 
mc; for example, a 4-to-23 mc range. The tuning facili-
ties must be such that the transmitter can be tuned 
quickly and accurately for optimum operation into a 
wide range of antenna impedances at any frequency in 

this range. 

Selectivity 
Since the output of the modulator contains, in addi-

tion to the sideband to be amplified, the other sideband 
and a conversion frequency, the tuned circuits in the 
amplifier must be selective enough to reject the un-
wanted frequencies to a satisfactory degree. An over-
all check is required to verify that the spurious fre-
quency radiaticin is well below either the F.C.C. or the 
customers' requirements. 

Gain 
In order to obtain low values of distortion in the 

final modulator of the transmitter, it is necessary to 
operate the modulator at low signal amplitude. The 
output of such a modulator may be of the order of a 
tenth mw when the amplifier is delivering its peak 
envelope power. If, for example, the amplifier is to de-
liver 4-kw output, the required gain is of the order of 
76 db. Obviously, the amplifier must consist of a num-
ber of stages with good shielding between the low- and 
high-level portions of the amplifier circuits. 

Power Frequency Noise 

Unwanted modulation of the single sideband or car-
rier by power-supply frequencies is classed as noise. The 
sum total of these products should be at least 45 db 
less than the peak capacity of the amplifier. It is prefer-
able that they be 50 db less. In some high-power ampli-
fiers, it may be necessary to quarter phase the filament 
circuits to meet this requirement. 
For a specific amplifier, there is probably no particu-

lar circuit arrangement which can be defended as being 
optimum. In the past, balanced or push-pull circuits 
have been widely used. This type of circuit has advan-
tages where triode amplifier tubes are utilized, inas-
much as bridge neutralization can be employed and 
made effective over a wide frequency range with rela-
tively minor adjustment of neutralization over the 
range. Since the load connected to the output of the 
amplifier is usually balanced, a simple circuit can be 
used to couple the load to the power output tubes of 
the amplifier. In addition, when high powers are in-
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volved, some of the heavy current blocking capacitors 
used for single-sided circuits are eliminated in the push-
pull type of circuit. However, the push-pull circuit re-
quires more tuning elements and in general costs more. 
Furthermore, the circuit elements require rather precise 
control to obtain a high degree of symmetry, and the 
tubes must be selected to have reasonably well-matched 
characteristics. Harmonic suppression in the bridge-
neutralized push-pull amplifier is sometimes inadequate 
because a center ground, which would be desirable from 
a harmonic suppression standpoint, must be omitted to 
keep the amplifier in stable balance. 

Tube developments in recent years, particularly as 
regards moderately high-power tetrodes and high-trans-
conductance high-frequency triodes, have made possible 
the construction of multistage high-gain amplifiers of 
substantial power output requiring no neutralization. 
The general scheme is to utilize tetrodes throughout or 
else a grounded-grid triode as a final output stage and 
incorporate a large enough tetrode in the preceding 
stage to drive it, smaller tetrodes being used as pre-
liminary stages. The elimination of the neutralization 
problem practically nullifies the major advantage pos-
sessed by a push-pull circuit, hence single-sided circuits 
are generally employed in present-day practice. The 
principal disadvantage of a single-sided circuit is the 
necessity for converting the output of the final stage 
into a balanced form for connection to the balanced 
antenna system. However, the problem of providing 
such a conversion circuit is relatively minor as regards 
cost or technical difficulty. 
For amplifiers which have a power rating of 20 to 60 

kw, it has been necessary to use triodes since high-power 
tetrodes have not been available.5 In this case, a bridge-
neutralized, single-stage amplifier may fit the particular 
circumstances most economically, particularly if the 
driving power available is insufficient to excite a 
grounded-grid type of amplifier. Sufficient neutraliza-
tion must be provided so as to prevent gain variations 
which will cause poor distortion characteristics. Experi-
ence shows that a variation in gain of plus or minus one 
db can usually be tolerated when working with a triode 
amplifier which affords 7 to 12 db of power gain. The 
degree of neutralization usually must be such that not 
more than 5-per cent variation in input voltage results 
when the output circuit is detuned or decoupled suf-
ficiently to produce a 50-per cent change in radio-fre-
quency output voltage. 
From a circuit standpoint, single-side circuits present 

three distinct advantages when compared with push-
pull circuits. First, they require fewer circuit elements, 
which minimizes costs. Secondly, single-side circuits 
present fewer circuit paths by which parasitic oscilla-
tions may occur. Third, harmonic suppression can be 
achieved with simpler circuits 
Regardless of the type of circuit employed, the inter-

C. F. P. Rose, "A 60-kilowatt high-frequency transoceanic-
radiotelephone amplifier," PROC. 1.R.E., vol. 33, pp. 657-662; Octo-
ber, 1945. 

stage tuning and antenna coupling facilities incor-
porated into the amplifier design should be such that 
each tube operates over the same portion of its char-
acteristic at all frequencies in the operating range of the 
amplifier. This means that under any particular condi-
tion, the plate-load resistance and the successive grid 
load impedance are constant with frequency, and there-
fore the gain is independent of frequency. 
No special difficulty is encountered in arranging con-

ventional types of interstage circuits to achieve this 
constancy of gain per stage. Obviously, the inductors or 
capacitors of the circuit or both must be variable over 
a wide range of values to be tunable over a 6-to-1 
frequency range. Inductive coupling does not lend itself 
well for this application of constant gain per stage and 
ordinarily has no compensating advantage to warrant 
its use. 

PLATE AND GRID SUPPLY RECTIFIERS 

The plate and grid currents drawn by single-sideband 
class B amplifiers contain audio-frequency components. 
These audio currents flowing through the rectifier filter 
impedance develop audio voltages which cause the 
amplifier output signal to be distorted. Ideally, the im-
pedance of the rectifier supply system should lie zero 
to these currents over the entire audio scale. In actu,11 
practice, it is feasible to keep this impedance low over 
most of the frequency range, but it is necessary to tol-
erate an increase in impedance at the frequency where 
the inductive and capacitive elements of the smoothing 
filter antiresonate. Filters designed to antiresonate in 
the region of 35 cycles have been found satisfactory 
since this is well above the range of syllabic frequency 
(0-20) and below most of the difference frequencies as-
sociated with speech. To minimize the impedance over 
a wide range it is necessary to make the capacitive 
element large and the inductive element small. The 
power rating of the plate rectifier should be such that it 
can carry continuously the plate current which flows 
when the normal signals are applied to the transmitter. 
Also, the rectifier should be capable of carrying over-
load currents for short periods during which test tones 
are applied to the transmitter. 

CONCLUSIONS 

Considerations involved in designing high-frequency 
amplifiers which will meet the high standards required 
for amplifying multichannel signals have been given. 
A relationship between tone and speech data has been 
presented to show how the tone rating of the amplifier 
can be determined from the speech rating and inter-
channel modulation noise requirements. Some of the 
factors which influence distortion and methods of re-
ducing such distortion have been presented. The advan-
tages and limitations of balanced and unbalanced am-
plifier circuits have been discussed, and it is concluded 
that unbalanced circuits are preferred for low- and 
medium-power amplifiers; for some high-; ower ampli-
fiers, a balanced circuit may have an advantage. 

1 
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Design of Modulation Equipment for Modern 
Single-Sideband Transmitters* 

A. E. KER WIENt SENIOR MEMBER, IRE 

Summary—This paper deals with considerations that go into the 
design of modulation equipment for a single-sideband radiotele-
phone transmitter in which filters are used for sideband suppression. 
Balance requirements, frequency stability, the choice of intermediate 
frequencies, and methods of avoiding transmission of spurious fre-
quencies are among the factors which are discussed. 

INTRODUCTION 

f‘a. N IMPORTANT PART of the modern single-
sideband radio-telephone transmitter is the part 
in which the single-sideband signal is gener-

ated and placed in its proper frequency relationship 
to the assigned carrier frequency. Previous authors have 
given this part of the equipment various names, such 
as "exciter," "generator," or "drive," as distinguished 
from the part of the transmitter the chief function of 
which is to amplify the power. Its design is usually not 
independent of the amplifier design, however, and the 
selectivity and gain of the amplifier stages are factors 
of considerable importance in the design of a single-
sideband generator. 
Two fundamental methods for deriving a single-side-

band signal are known. In both of these the sidebands 
are produced by modulating the amplitude of a carrier 
with the signal. In one, the elimination of one sideband 
is accomplished by filtering. This more common method 
has been in use for about thirty years since its first. 

application in carrier telephone systems. 
_ The second method of generation, which was invented 
by Hartley,' depends on phase cancellation for the 
elimination of one 'sideband, and has been referred to 
as the "phase rotation method"' or as the "balanced-
sideband system."' A typical form of the generator 
uses two balanced modulators which have common 
sources of carrier and signal input, but which are ar-
ranged so that the carrier and signal voltages are sup-
plied to one modulator 90 degrees displaced in phase 
from the carrier and signal voltages of the other modu-
lator. As a result, in the combined modulator outputs, 
one sideband is cancelled. The use of balanced modula-
tors serves to suppress the carrier. 
This latter method is somewhat newer and has been 

used relatively little, largely because it suffers the dis-
advantages which are characteristic of any balancing 
device involving active elements. There are problems 
in obtaining, and still greater problems in maintaining, 

* Decimal classification: R355.8 X R148.16. Original manuscript 
received by the Institute, April 5, 1951; revised manuscript received, 
March 3. 1952. 
t Bell Telephone Laboratories, Inc., Deal, N. J. 
a R. V. L. Hartle) U.S. Patent No.1,666,206; granted Apri117, 1928. 

0 2 0. G. Villard, Jr., "A high-level single-sideband transmitter," 
Plow. 1.13.E., vol. 36, pp. 1419-1426; November, 1948. 
a A. I-II. Reeves, "The single sideband system applied to short-wave 

telephone links," Jour. IRE (London), vol. 73, pp. 245-280; Septem-
ber, 1933. 

the high degree of balance which would be required for 
satisfactory suppression of the unwanted sideband. It 
is attractive because, theoretically, it offers the possi-
bility of generating a single sideband directly at the 
final frequency. In this case, however, the preservation 
of exact phase and amplitude balance of the modulator 
outputs becomes especially difficult in a transmitter 
whose operating frequency must be changed rapidly 
from one to another of several frequency assignments. 
The degree of sideband suppression which may be ob-

tained in practice by the balanced-sideband method is 
far less than can be achieved with filters. The balanced-
sideband method involves power-consuming and ex-
pendable tubes, and components requiring adjustment 
and maintenance. Filters, on the other hand, give a 
higher degree of selectivity and greater stability of per-
formance, yet are passive networks which need no 
attention. It is believed, therefore, that for high stand-
ards of performance and quality of parts, a single-
sideband generator incorporating balancing methods 
will not be less expensive than one using filters. 
For these reasons, the conventional filter method has 

been used in all of the designs of transmitting equip-
ment for Bell System overseas radiotelephone service. 
Only this method will be treated in the following para-

graphs. 
Before undertaking a detailed analysis of the indi-

vidual problems and requirements of the various modu-
lators and filters involved in a typical system, it seems 
advisable to review the way that an over-all system 
works. For this purpose, the frequency block schematic 
shown in Fig. 1 will be used. This was drawn for a 
modern transmitter which transmits two independent 
sidebands arranged symmetrically with respect to the 
final carrier. Each of these sidebands occupies a space 
between 0.1 and 6 kc measured from the carrier fre-
quency. By means of suitable terminal equipment 
which is not included as a part of the transmitter, each 
of these bands may be subdivided into two speech 
channels, each approximately 2,500 cycles wide, or they 
may carry speech inversion or privacy as well as multi-
plex-tone telegraph circuits. 
For illustration, the signal entering the Group A in-

put is shown to consist of two speech bands, Al and A2, 
lying in a band of frequencies from 0.1 to 6 kc. Similarly, 
the Group B input consists of another group of two 
speech bands, designated B1 and B2, which occupy a 

similar band of frequencies. These input frequencies 
modulate a 100-kc carrier which is supplied to both low-
frequency modulators from a crystal oscillator. As a 
result of the modulation, each modulator produces 
double-sideband output with greatly reduced carrier, 
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as shown by the blocks on the spectral diagrams. These 
outputs are filtered by paired crystal filters having 
conjugate characteristics. Thus, the output of Low-Fre-
quency Modulator 1 Carrying Group A is passed 
through a filter which transmits only frequencies lying 
above 100.1 kc and not greater than 106 kc. At the same 
time, the output of Low-Frequency Modulator 2 Carry-
ing Group B is passed through a filter which transmits 
only frequencies below 99.9 kc and not lower than 94 
kc. The outputs of the filters are then combined through 
a hybrid and yield a signal in whose spectrum the blocks 

Al and A2 from Group A lie above the carrier and the 
blocks B1 and B2 from Group B lie below the carrier. At 
this point in the system, the carrier which had been bal-
anced to a very lo' amplitude in the modulators is re-
supplied at a desired value, either 10 or 20 db below 
reference amplitude. 
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Fig. 1—Frequency block schematic of a modern 
single-sideband generator. 

By virtue of the crystal filters and the high ratio of 
carrier-to-signal used in the modulators, the signal at 
this point is clean, i.e., free of unwanted sideband and 
extra products. It occupies a band of frequencies 12 kc 
wide centered at 100 kc. 

The next modulation step translates this group of 
sidebands to a medium frequency, using a conversion 

frequency of 2,700 kc. The output of the second modu-
lator, Medium-Frequency  Modulator, contains the 
2,700-kc conversion frequency at an amplit ude, which is 
reduced because of balance, and a sideband centered 
100 kc above the conversion frequency, with carrier . 
at 2,800 kc and anot her sideband 100 kc below t he 
conversion frequency with carrier at 2,600 kc. The up-
per sideband is selected by a series of electric filters 
for transmission. Examination of the spectrum of this 
sideband shows that it consists of the blocks 132, 131, 
Al, aml A2 occup‘ Mg a 12-kc band centered on the 
carrier frequency, which is now 2,800 kc. 13y conserva-
tive operation of the modulator and by adequate filter-
ing, this group of sidebands can also be made clean and 
free of spurious and extra-band products. This signal is 
now ready for the final modulation. 
In the frequency block diagram that ‘. have been 

following, the final modulator (I ligh-1. requency Modu-
lator) is shown sirupI  is a means for comhining the sig-
nal group centered at 2,800 kc with a high frequency in ' 
the range 6.8 to 20.2 me. The exact conversion frequency 
to be used depends on the frequency which is assigned 
to the final carrier. In the output of the I ligh-Frequency 
Modulator, the conver,ion frequency appears at an I 
amplitude which has been reduced by balance. Two side- , 
bands of this modulation also appear, one centered at 
a frequency 2.8 mc above the conversion frequency and 

one centered at a frequency 2.8 me below the conversion 
frequency. Either of these may be transmitted by sim-
ply tuning the circuits of the following amplifier stages 
to its centered carrier. Rut it will be observed that the 
lower sideband is inverted with respect to the upper 
sideband. In other words, A1 appears below the carrier 
in the lower sideband group, whereas it appears above 
the carrier in the upper sideband group. 
This makes it necessary for the distant receiver to 

know which sideband is being transmitted in order to 
be able to route the intelligence in each band to its 
proper destination. The easiest rule to follow would be 
always to transmit the same sideband, either upper or 
lower, but there are economies to be gained both at the 
transmitter and at the receiver by changing from one 
sideband to the other in order to _reduce the range of 
conversion frequency required for the final modulator. 
The convention was established in earlier transmit-

ters4 that for all radiated frequencies less than 10 mc 
the carrier will appear in the output spectrum above the 
sidebands of the Group A input, and that for frequencies 
of 10 mc or above, the carrier will appear below the 
Group A sidebands. This rule is now observed widely, 
and therefore any transmitter which is designed to 
operate in systems where correspondence with various 
receivers is required should be designed and operated 
in accordance with the rule. Observance of the rule is 
effected simply by transmitting the lower sideband of 
the final modulation for carrier frequencies below 10 mc 

' A. A. Oswald, "A short-wave single-sideband radiotelephone 
system," Ygoc. 1.R.E., vol 26, pp. 1431-1455; December, 1938. 
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and by transmitting the upper sideband at 10 me and 

above. 
In recent years more attention has been given to the 

problem of keeping spurious modulation products from 
appearing in or near the sideband frequencies which are 
transmitted. Many spurious products result from the 
final modulation process, and their frequencies are easily 
predicted although their amplitudes depend on the order 
of the product as well as on the operating characteris-
tics of the modulator. A strong, undesired product 
which falls close to a desired sideband can be avoided, 
sometimes by transmitting the other sideband. Thus, 
in order to dodge spurious frequencies it was found that 
10 mc is not the best frequency at which to change over 
from one sideband to another. Instead, a higher fre-
quency such as 18 mc was found to be better. A discus-
sion of spurious products and methods used to avoid 
them will be given later in this paper. 
Nothing in the convention cited above dictates which 

sideband is to be transmitted. The rule merely defines 
,., the relation between groups and the carrier which must 
exist in the output. In a case where the opposite side-
band is chosen, this relation can be re-established by 
simply interchanging the input lines coming into the 
transmitter. Such an interchange facility has been built 
into a recent transmitter design, and is used when the 
carrier frequency lies between 10 and 18 mc. 

C110IcE OF INTERMEDIATE FREQUENCIES 

In general, sideband selection must be accomplished 
at frequencies where suitable filters can be built eco-
nomically. In an earlier paper," a description was given 
Of a system which used 125 kc for the first conversion. 
frequency of the transmitter and 100 kc for the cor-
responding demodulation in the receiver. This choice 
of frequencies required two independent designs of the 
crystal filters. In all later systems, 100 kc has been used 
in both the transmitter and the receiver to permit econ-
omies which naturally result when the same filters are 
used in both places. This has been carried still further 
by building into the common filter only the selectivity 
needed at the transmitter. Additional selectivity for the 
receiver is then obtained by adding a single filter 
having a 12-kc pass band. 
The choice of the second intermediate frequency and 

the conversion frequency for the second modulator 
should be made with consideration of the selectivity of 
the final frequency amplifier in nit s. Ordinarily, the 
over-all selectivity of these circuits is not the same at all 
parts of the frequency range. The way that it varies with 
frequency depends on a number of factors. It is not 
necessarik it function of the Q of the coils or condensers 
be(  die circuits are usually deliberately loaded 
will' shunt resistance. The most probable trend is for 
sch.rti  to I,e greatest at the lowest frequency because 

V of the .idded apacitance used in tuning to low frequen-
t ! cies toil the increase of circuit losses at high frequencies. 
At the highest assigned frequency (b,), the sele, tivity 

should be sufficient to suppress the conversion fre-
quency which differs from the desired sideband by the 
intermediate signal frequency (f„,). The requirement 
depends on the ratio f„,/fh. At the lowest assigned fre-
quency (h), the closest unwanted component is the 
intermediate signal frequency itself, (f„,). Therefore, the 
selectivity needed at this frequency depends on the 
ratio (f 1—f,„)/f I. These two selectivity requirements may 
be adjusted by selection of the intermediate frequency 
to be in proportion to the over-all selectivity figures of 
the circuit, 0 and Qt. This gives a relation 

028(ii   Qh.im 

from which 
quency may 

ft 
the optimum value of intermediate fre-
be obtained: 

IA. ft  
= 

(Qh/Qafi 
On the basis of this formula, if uniform selectivity is 

assumed and the frequency range is taken as 4 to 23 mc, 
the "optimum" intermediate frequency is found to be 
3.4 mc. If the trend of selectivity were such as to make it 
better at lower frequencies, then a higher value of fm 
would be obtained. Actually, there are a number of 
other factors to be considered in making the choice. 
For one, if there is to be a tie-in of the second conversion 
frequency with the first through a series of frequency 
multipliers or dividers, then the two frequencies will 
need to be multiples of each other, and that will affect 
the choice. Also, in order to use the same filters in the 
receiver, it is necessary to give consideration to the re-
ceiver problems. Furthermore, it will be seen from later 
considerations that the choice of the value of f„, also 
affects the frequency distribution of spurious modula-
tion products, and is thus important in maintaining dis-
crimination against these. 
In the system which was described using the block 

schematic, Fig. 1, the frequency (f„,) was 2.8 me. Later 
a chart of spurious products will be shown. It will be 
found by those who choose to work it out that if the 
value 3.4 mc, which was obtained from the formula 
above, were used there would have to be changes else-
where to avoid unwanted products in the output. 

LOW-FREQUENCY MODULATORS 

An earlier transmitter' used vacuum tubes in a bal-
anced circuit for the first modulator. A trimmer con-
denser was supplied to compensate for tube capacitance 
differences and a differential screen bias adjustment to 
compensate for inequality of transconductance. In 
spite of these adjustment possibilities, it has been dif-
ficult to maintain a balance in this first stage where the 
carrier suppression is effected. This is the common fault 
of tube modulators. 
In carrier telephone service, where tube modulators 

were employed earlier, the copper oxide varistor has 
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been found to possess a stability which makes it superior 
to tubes in balanced-modulator circuits. The reader is 
referred to a paper which gives an excellent discussion 
of "Copper Oxide Modulators in Carrier Telephone Sys-
tems." The similarity between radio-telephone and car-
rier-telephone systems in respect to methods of single-
sideband generation makes it natural to adopt copper 
oxide varistors for use in the first modulation stage of a 
modern transmitter. Consideration must be given, how-
ever, to the fact that a varistor modulator introduces a 
loss in the signal path, while a tube modulator may in-
troduce a gain. Stability, however, is worth this price, 
and the gain may be made up by amplification elsewhere. 
The first modulators of the generator system shown 

in Fig. 1 are of the ring type in which each arm of the 
ring contains 16 copper-oxide discs connected in series 
parallel. By this means the average characteristics 
which result for each arm may be very well matched 
and a good balance (about 45 db) results. 
In order to ascertain the degree of balance required 

for the copper-oxide modulators, the example given in 
Fig. 2 will be considered. This is a simplified circuit of a 
balanced, ring-type modulator on which the applied 

INP—U707. 1 

Fig. 2—Simplified circuit of a varistor-type low-frequency modulator. 

signal voltage ( V.) and carrier voltage (170) have been 
indicated. In order to maintain a satisfactory ratio of 
signal-to-distortion in the output voltage ( V.) of such a 
modulator, it has been found necessary to keep the 
ratio of carrier voltage to signal voltage (V,/ V,) high. 
In other words, the percentage modulation must be low. 
On each arm of the ring, this ratio is 2 V,/ V.. For a 
signal-to-distortion ratio of about 50 db, this ratio 
should have a value of about 15. Across the output 
terminals the voltage of each sideband appearing in 
V. will be lower than the signal applied, (V,). This 
"loss" in the modulator is assumed to be 6 db, which 
means that the sideband voltage is V,/2. From this 
figure we can establish a requirement on the degree of 
balance required to keep the carrier leak at a satisfac-
torily low value. The carrier will later be resupplied at 
an amplitude 20 db below the sideband reference ampli-
tude. In order that the carrier leak will have a negligible 
effect in determining this amplitude, the leak should be 
about 40 db below reference. Thus, if the reference is 
V,12 as found, the carrier leak voltage must be not 
more than V,/200. 

R. S. Caruthers, "Copper oxide modulators in carrier telephone 
systems," Bell. Sys. Tech. Jour., vol. XVIII, pp. 315-338; April, 1939. 

The degree of balance against carrier is normally 
stated as the joi‘‘ er ratio of the applied carrier to the 
carrier leak, am I is expressed in db. If I he carrier voltage 
source sees an iniiiedance Z, in the varistor, and carrier 
leak appears as part of I". across an impedance Z„, the . 
degree of balance may be expre.se( I as 

I I .,ippliod ] [ 

mik I 

balance 10  . - 

-=- If) log io 
[4 X 10 V, 4 2 ] 

l%2Z, 

Using figures found in it recent design, this gi%  
requirement on balance of 71 db. Even with the st a - 
tistical balance obtained by use of multiple element 
varistors and great care in the manufacture of coils, 
this figure cannot be obtained without adjust I nem. For 
this reason the ground point is made adjustable by 
means of a small potentiometer in series at t lie center 
of the output coil as shown in Fig. 2. Because of the 
stability of copper-oxide varistors, the balance, once 
adjusted, holds for long periods without readjustment. 

MEDIUM- AND HIGH-FREQUENCY 
oDuLATORS 

In recent years, varistors of germanium have been 
found to have characteristics which make them useful 
as high-frequency modulators. In balanced circuits, 
their stability has been found to be greater than that of 
the best tubes, with the result that a useful degree of 
balance can be established and maintained over long 
periods of time. This is a valuable aid in the suppression 
of unwanted modulation products. 
Two modulator circuit arrangements, which have 

been used successfully with germanium varistors in the 
second or third modulation stages of single-sideband 
transmitters, are shown in Figs. .3 and 4. These are 
adaptations of two of the circuit types which are de-
scribed and analyzed in the paper on copper-oxide 
modulators which has already been cited.6 Both are 
balanced and have the same properties in regard to 
suppression of certain classes of modulation products at 
the output. Under conditions of perfect balance, only 
odd multiples of the signal frequency v are involved in 
the expression for the frequencies of products which 
are impressed on the output filter. This is indicated by 
the subscript of n0, which therefore assumes only the 
values 1, 3, 5, 7, and so on. The conversion frequency c, 
however, is involved in all of its multiples m, where m 
may assume any integral value, or may be zero. It can 
be seen that the output will contain the signal frequency 
v which must be filtered off, but will not contain the har-
monic 2v because n0 has only odd values. Also, the 
output will not contain the conversion frequency c be-
cause n may not be zero. Thus, the conversion frequency 
and the signal harmonic, both important products, are 
suppressed by the balance. The selectivity requirements 
of the output filter are simply that it should pass the 
desired sideband and suppress all other components 
which are delivered to its input terminals. 

•••• 
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Operation of these modulator circuits is also depend-
ent on the impedances which the filters introduce into 
the modulator circuit. For example, in Fig. 3 the input 
and output filters are seen to be effectively in parallel. 

SIGNAL  r  iNPuT 
INPUT (V)  FiLTER 

OUTPUT PRODUCTS * 

(MC Tn.v) 

CONVERSION 
FREQUENCY 
1 INPUT (C) 

* 

OUTPUT 
FILTER 

SIDERAND 
OUTPUT 

(CS V) 

SPURIOUS MODULATION PRODUCTS 

Let us consider once more a high-frequency modulator 
of the type shown in Fig. 4. When a conversion fre-
quency c is combined with a signal frequency v, the 

output contains a whole series of frequencies symbolized 
by the formula (mc-±nov), where m may take on any 
integral value including zero while the subscript o is 
used to show that n0 is restricted to odd integers. If the 
frequency sources supplying the modulator were per-
fect, these would be the only sidebands present, but the 
conversion frequency source in practice may contain 

no harmonics  and/or  subharmonics  in  considerable 
strength. This is illustrated in Fig. 4, where the conver-
sion frequency is seen to be obtained from a tuned trans-
former in the output of a harmonic generator stage. The 
tuned circuit is not likely to have a Q better than 50 
because of the loading introduced by the modulator. 
This means that if the second harmonic is being selected 
the attenuation of the fundamental will only be about 
37 db while the attenuation of third harmonic will be 
only about 32 db. From an analysis which was made of 
the current of a typical harmonic generator tube, the 
fundamental was observed to be only 4 db stronger than 
the second harmonic, while the third harmonic was 10 
db weaker than the second harmonic. According to 

these figures then, the energy supplied to the modu-
lator at the desired second harmonic would be only 
about 33 dh greater than the undesired fundamental 
energy and 42 db greater than the undesired third 
harmonic energy. Therefore, sidebands of these two 
spurious conversion frequencies will also appear. In the 
case of the fundamental, the frequency is (12, while in 
the case of the third harmonic, the frequency is 3c/2. 
So, products whose frequencies are [(nrc/2) ± nov] and 
Et3mc:21 ± not. must also be considered unless the out-

t ti   put filter of the modulator will give enough additional 
filtering to make these products tolerably weak. 
In practice, it is well to chart all the significant prod-

ucts to determine where they will fall in the spectrum. 
Then by carefully choosing the point where the change-
over is made from lower to upper sideband and by 
being careful also of the effect of harmonics and sub-
harmonics of the conversion frequency, it is possible to 
keep the significant products outside of the band of 
transmission which is defined by the discrimination of 

the amplifier circuits. 
The transmission band of an amplifier depends greatly 

on the number of tuned circuits which are effective in 
the transmission path as well as on the selectivity of the 
individual tuned circuits. In the case of a transmitter of 
only four channels, the amplifier bandwidth is likely to 

be at least ten times the bandwidth occupied by the 
transmitted signal. Measurements on a transmitter of 
recent design indicated a bandwidth in the amplifier as 
great as 0.5 mc at some frequencies. This means that 
unwanted products must be kept from appearing within 

db have been measured in the range from 4 to 23 mc. this band unless they are of negligible amplitude. 

MAY HAVE ANY 
INTEGRAL VALUE 
OR MAY BE ZERO. 

MAY HAVE ANY OQQ 
INTEGRAL VALUE. 

Fig. 3 simplified circuit of a parallel-type, varistor modulator 
for high frequencies. 

To assure deliverance of the incoming signal energy to 
the varistors and not to theJoad, the input filter should 
match the varistor impedance and the output filter 
should appear as a high shunt impedance to the signal 
frequency v. Following the same line of reasoning, at the 

„ desired sideband frequency (c ±v), the impedance of the 
output filter should match the varistor impedance while 
the input filter should appear as a high shunt impedance. 
By similar reasoning, the requirements for the filters 

in the configuration of Fig. 4 will be seen to be different. 

OUTPUT PON:WC T$ 
VT1( ! novl 

I I 

• 

1 

^  .F  A N• 

•414  .41.1 

A•  P 

Fig. 4 Simplified circuit of a scrics-t ypc, aristor modulator 
for high frequencies. 

Here the filters are effectively in series instead of shunt. 
Therefore, the input filter impedance again must match 
the impedance of the varistors at input frequencies, but 
the output filter is in series, and must therefore present 
low impedance to input frequencies. In the same way, 
the outpue filter impedance must match the impedance 
of the varistors at the output frequencies, but the im-
pedance of the input filter must be low at these fre-
quencies. A failure to satisfy these impedance require-
ments can result in transmission loss, the loss being 
dependent in the usual way on the degree of mismatch 
and the amount of energy absorbed in an unwanted 
manner or diverted into wrong channels. The over-all 
loss measured in terms of the decibel difference between 
signal input energy and sideband output energy is 

0 termed "conversion loss." Using a modulator of the type 
shown in Fig. 4, conversion losses ranging from 6 to 11 
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The chart shown in Fig. 5 applies to a recent trans-
mitter in which the signal frequency v is 2.8 mc. The 
chart is plotted with output frequency of the final car-
rier as abscissa. The vertical scale is also frequency in 
megacycles, and on it are plotted all of the significant 
frequencies, spurious or desired, which may exist for 
each output carrier frequency. The desired output is 
plotted as a 45-degree straight line designated (c—c) 
at the lower frequencies where lower sideband is used 
and designated (c+v) at the higher frequencies where 
upper sideband is used. The conversion frequency c is 
also plotted as a 45-degree line which is displaced 2.8 
mc upward in the region below 18-mc output, and a 
second line which is displaced 2.8 mc downward for 
output frequencies, above 18 mc. 
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°0  2  4  6 8  10 
12 14  16 18  20  22  24  26 
IN MEGACYCLES PER SECOND OUTPUT  FREQUENCY 

Fig. 5—Chart of spurious and desired frequencies in the output 
of a high-frequency modulator. 

Output frequencies below 10 mc are relatively free 
from spurious frequencies except for harmonics of the 
signal input v. The second harmonic 2v is seen to coin-
cide with the desired sideband at 5.6 mc, and the third 
harmonic 3v coincides at 8.4 mc. In these regions, then, 
these harmonics will appear as spurious frequencies. 
They must be kept low enough in amplitude so that 
they will not cause harmful interference. The second 
harmonic is reduced by the balance of the modulator, 
and this balance is therefore important. The third har-
monic is not reduced by balance, and can be maintained 
at a low amplitude only by care in the operation of the 
modulator to keep the conversion frequency amplitude 
great compared with the signal. 

Above 10 mc and below 18 mc the lower sideband is 
still being used, but the conversion supply is now the 
second harmonic of the crystal. Therefore, the funda-
mental of the crystal as well as its third harmonic con-
tribute sidebands such as (c/2+v), (c/2+3v), (3c/2 
—3v), and (3c/2 —5v). The first of these is the most 
fearsome because its amplitude, according to the es-
timate made earlier in this paper, is likely to be only 

July 

33 (lb lower than the desired sideband. It lies closest 
to the transmitted sideband at the output frequency 10 
mc, where it is seen to be only 0.8 mc away. The others 
are successively weaker in the order named because 
they involve higher multiples of v. If the product 3v is 
tolerable, as it must be to avoid trouble near 8.4 mc, • 
then (c/2+3v) will probably be still weaker because it 
is a higher-order product. Nevertheless, conflict with 
this product is completely avoided by changing to j 
upper sideband at 18 mc before the line (c/2+3v) inter-
sects the line (c—c). 

Above 18 mc, the desired sideband is (c+v) which is 
again the 45-degree line. Products which fall nearby 
are seen to be (3c/2—v), (3c/2-3v), and (c/2 +5v). 
Conflict with the first was avoided by use of lower side-
band below 18 mc. Conflict with the second will have 
to be tolerated near the frequency which is obtained 
from the equation 

or 

whence 

3/2 — 3v = c  v 

c = 8v = 22.4 mc 

c + v = 25.2 mc. 

By the reasoning that was applied for the product 
(3c/2+3v) a little earlier in this discussion, it is believed 
that this product can also be tolerated; but if measure-
ments or experience show it to be troublesome at 25.2 
mc, it will have to be dodged. This could be done by 
turning to the use of the third harmonic for the supply 
of conversion frequency. The same is true of the prod-
uct (c/2+5v). 

Most of the worry about harmonics and subharmonics 
in the conversion frequency supply could be relieved 
by adding an amplifier stage between the harmonic gen-
erator and modulator. This would provide the addi-
tional discrimination of another tuned circuit, but it 
has the disadvantage of being just one more circuit to 
tune each time the frequency of the transmitter is 
changed. 

TESTING FOR SPURIOUS coUTPUTS 

Even after a careful design in which spurious outputs 
have been charted and avoided by the best means 
known, a test will be desired to prove that those which 
must be transmitted are really of insignificant magni-
tude. From the chart and the discussion given above, it 
appears that there are certain points at which the lines 
representing spurious products would, if extended, in-
tersect the line representing the desired sideband. The 
frequencies at which they make the nearest approach to 
the line of the desired output sideband are points at 
which a measurement of the spurious output should be 
made. In general, the crossover points correspond to odd 
harmonics of the signal input to the final modulator. 
Even harmonics would also be found if the modulator 
balance were inadequate. 
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FREQUENCY STABILITY 

In the modulation system which has been described 
in this paper, three separate quartz-controlled oscilla-
tors were employed. The over-all frequency stability 
obtainable in this way will now be discussed. 
The maximum over-all frequency departure contains 

the effects of deviations in all three oscillator frequen-
cies. If fi,12, and f3 are the conversion frequencies ob-
tained from the three oscillators, and II, 12 and /3 are the 
tolerance factors of the quartz plates of the three oscilla-
tors, then the maximum frequency departure of the 

output carrier is 

± 1212 ± 13f3 
max frequency departure = 

output carrier freq 

Studies have shown that this departure figure is 
greatest at the lowest transmitted carrier frequency. 
Assuming fi = 100 kc, f2= 2.7 mc, and f3= 6.8 mc, while 
t,=0.007 per cent, 12= 0.001 per cent and 13= 0.001 per 
cent, and letting the final carrier frequency be 4 mc, we 

find that 

7 -I- 27 -I- 68 
max departure —   = 25.5 X 10-6 

4 X 10° 

or  = 0.00255 per cent. 

Obviously, it is the high-frequency oscillator whose 
stability is the most important because it contributes 
most of the departure. The improvement to be gained 
by greater stability of the first oscillator is small. 

CONCLUSION 

It can be seen from the foregoing discussion that the 
design of single-sideband generators involves a great 
many considerations. The existing practices and the 
receivers in the field must be considered. The availabil-
ity of component parts and the economic factors in the 
design of such things as varistors, filters, and trans-
formers affect the choice of circuits and the details of 
fitting them into a system. Experience over many years, 
by a great number of people, has had immeasurable in-
fluence on the present art. The author wishes to express 
his appreciation to numerous colleagues who have con-
tributed to the collection of ideas presented here. 

Single-Sideband Transmission by Envelope 
Elimination and Restoration* 

LEONARD R. KAHNt, MEMBER, IRE 

Summary—A new type of single-sideband transmitter is de-
scribed which does not require the use of linear radio-frequency 
amplifiers. Amplification is accomplished by a process in which the 
phase-modulation component of the single-sideband wave is ampli-
fied by means of Class-C amplifiers, and the amplitude envelope is 
restored at the final amplifier. Experimental results show performance 
equal to or better than conventional linear radio-frequency amplifier 
practices. The over-all efficiency is approximately the same as that 
of a double-sideband amplitude-modulated transmitter. This system 
is especially suitable for high-power operation. 

INTRODUCTION 

T
HIS PAPER DISCUSSES a new method of 
amplifying single-sideband signals and other 
forms of hybrid modulated waves.' The power 

and spectrum efficiency of single-sideband transmission 
is well known, and the reader has many fine papers" at 
his disposal. The main problem associated with single-
sideband operation is the complexity and cost of the 
equipment involved. 

• Decimal classification: R423.5. Original manuscript received by 
the Institute, August 31, 1951; revised manuscript received, January 
16, 1952. This work was done while the author was employed by RCA 
Communications, Inc., New York, N. Y. 
f Crosby Laboratories, Inc., Mineola, N. Y. 
A hybrid modulated wave has both amplitude and angular ve-

locity modulation components. Examples of hybrid modulated waves 
are: carrier-suppressed-double-sideband, single-sideband, vestigial 
sideband, and quadrature-modulated. 

2 A. H. Reeves, "Single-sideband system applied to short wave 
V  telephone links," Jour. IEE (London), vol. 73, pp. 245-279; Sep-

tember, 1933. 
a F. A. Polkinghorn and N. F. Schlaack, "A single-sideband short 

wave system for transatlantic telephony," PROC. 1.R.E., vol. 23, 
pp. 701-718; July, 1935. 

The conventional system generates the desired single-
sideband wave at very low power levels (a few watts) 
and amplifies this wave in a series of cascaded linear rf 
amplifiers. Linear rf amplifiers have comparatively low 
efficiency and are critical in adjustment. Due to their 
low efficiency, the cost of these transmitters is quite 
high. 
Another characteristic of the conventional system is 

that each additional amplifier introduces its own dis-
tortion and attendant spurious output. Therefore, the 
higher the power output desired, the more difficult it is 
to maintain low spurious output. 
There have been a few alternate systems proposed4.6 

which do not require linear radio-frequency amplifiers. 
These systems, however, require wide-band phase-rota-
tion networks. The system to be proposed is a different 

approach to the problem. 
The advantages of the proposed system are: 

(a) High efficiency is obtained (comparable with 
standard double-sideband amplitude-modulation 
transmitters). 

(b) Conventional telephone transmitters can be used 
for single-sideband operation. Auxiliary equipment 
and its installation are relatively inexpensive. 

(c) Distortion and its accompanying spurious Ire-

4 E. S. Purington, U. S. Patent No. 1,994,048; filed September 6, 
1930. 

1 0. G. Villard, Jr., "Composite amplitude and phase motltila-
lion," Ekcironics, vol. 21, pp. 86-89; November, 1948. 



804  PROCEEDINGS OF TIIE I.R.E. July 

quency generation is independent of the trans-
mitted power level. This is so because linear radio-
frequency amplifiers are not required; therefore, 
the difficulty of maintaining low spurious output is 
not multiplied by each additional stage. 

Before describing the new system, it may prove help-
ful to examine the structure of a single-sideband wave 
as shown on Fig. 1. 

Fig. 1(a) shows a spectrum figure of a single-sideband 
wave having equal carrier and sideband amplitudes. 
The upper sideband is shown selected in this figure and 
it represents a signal frequency of 600 cycles. 

Fig. 1(b) is the vector representation of the single-
sideband wave shown in Fig. 1(a). The carrier frequency 
is the reference vector. The sideband revolves past the 
reference vector at a velocity equal to the tonal fre-
quency of the signal. The resultant of the two frequency 
components varies both in amplitude and angular veloc-
ity. Therefore, a single-sideband wave has both amplitude-
and phase-modulation components. 

Fig. 1(c) shows the amplitude-modulation envelope 
of the wave. This envelope is identical with the wave 
shape derived from a full-wave resistance-loaded recti-
fier when fed a sine wave. 

Figs. 1(a), 1(b), and 1(c) would also be obtained if a 
suppressed carrier single-sideband signal, modulated by 
two equal tones, was considered. 

VOLTAGE 

FREO 

...... • 

(b) 

TIME 

Fig. 1—(a) Spectrum diagram of single-sideband wave. (b) Revolving 
vector representation of single-sideband wave. (c) Envelope 
waveform of single-sideband wave. 

BASIC CONCEPTS OF SYSTEM 

The steps of the proposed system are: 

(a) A portion of the single-sideband wave to be ampli-
fied is limited, thereby producing a pure phase-
modulation signal. 

(b) This phase-modulated wave is amplified to the 
desired output level by efficient, noncritical Class-
C amplifiers. 

(c) A portion of the original single-sideband wave am-
plitude envelope is detected and the resultant 
audio-frequency wave is amplified. 

(d) The amplified detected, amplitude-modulated 
component remodulates the amplified phase-mod-
ulation component, resulting in an amplified copy 
of the original single-sideband wave. 

Fig. 2 is a simplified block diagram which will be used 
to describe the fundamentals of this system. Waveforms 
at various points in the diagram are given in order to 
make this explanation more easily understood. Let us 
consider the case where two equal amplitude tones are 
fed to the input of the "single-sideband generator" and • 
the carrier is suppressed. The "single-sideband gener-
ator" produces a low-power (a few watts), single-side-
band signal identical with the wave shown in Figs. , 
1(a), 1(b), and 1(c). This signal is represented at point a 
by a wave shape having an envelope corresponding to a 1, 
full-wave rectified sine wave. This low-power ! 
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Fig. 2 Simpliitc(I block diagram of system. 

09, 

sideband signal is fed to the "limiter." The "limiter" re-
moves the amplitude-modulation component from the 
wave, so that the output is a pure phase-modulated 
wave. This phase-modulated signal can be conveniently 
amplified by the highly efficient "(lass-C amplifier." 
The "class-C amplifier" provides the phase-modulated 
driving power for the "modulated stage." 
The amplitude-modulation component is detected 

and isolated from the phase-modulation component by 
the "AM detector." The output of the "AM detector" 
corresponds to the envelope wave shape of the single-
sideband wave at point a; therefore, the wave shape 
at point d is the same as a full-wave rectified sine wave. 
This audio-frequency wave is amplified by the "af 
amplifier." The "modulator" modulates the phase-mod-
ulated signal in the "modulated stage." Hence, the en-
velope wave shape of the signal at point g is the same as 
the envelope wave shape at point a. Furthermore, the 
phase-modulation component at point g is identical with 
the phase-modulation component at point a. If time 
relationships between the phase- and amplitude-modu-
lation components are properly maintained, the signal 
at point g will be a pure, high-power, single-sideband 
wave. 

PRACTICAL EMBODIMENT OF SYSTEM 

Fig. 3 shows a possible working system. The addi-
tional blocks indicate circuitry required to produce a 
practical system from the theoretical system in Fig. 2. 

6 The following phrases in quotes refer to blocks of the referenced diagram. 
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The blocks marked "xtal osc" and "mixer" are used to 
change the frequency of the "ssb generator" into any re-
quired output frequency. Mixers should be carefully 
designed to maintain low intermodulation distortion. 
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Fig. 3—Practical block diagram of system. 

The "phase equalizer" is required to equalize the time 
delay between the phase-modulation channel and the 
amplitude-modulation channel. When the "phase equal-
izer" is correctly adjusted, the amplitude-modulation 
and the phase-modulation components retain the orig-
inal phase relationship of the single-sideband wave. 
The "output level control" is required in transmitting 

variable average amplitude signals. Since frequency-
shifted, frequency-division multiplex signals are of con-
stant amplitude, the "output level-control" circuit is not 
required. However, voice waves are not of constant 
average amplitude and the "output level control" will be 
required in this form of transmission. The "output level 
-control" may be a series of dc amplifiers which control 
one of the electrode voltages of the "modulated stage." 
There is, however, a different approach to this vari-

able average amplitude problem which does not require. 
the "output level control." This system would trans-
form a single-sideband voice wave into a constant aver-
age amplitude wave, by varying the amount of suppres-
sion of the carrier. During silent periods the transmitter 
would produce large carrier levels. A squelch-operated 
carrier channel could be used in the receiving system to 
take advantage of these large-carrier level periods. In 
this manner, improved afc and avc operation may be 
obtained, and the entire receiver can be made less sus-
cept ible to jamming and other forms of interference. 

onuEAToR REQUIREMENTS 

In order to maintain good spurious-radiation sup-
pression, it is necessary that the "modulator" used have 
certain qualities. The appendix shows a method for de-
termining the modulator requirements. Two answers to 
t he pr ,blein are: For 35 db or more spurious-radiation 
suppression, the modulator must have sufficient high-
frequency response to amplify the third harmonic of 
the difference between the highest-frequency and low-
est-frequency appreciable energy signals; for 25-db 

spurious-output suppression, only the second harmonic 
is required. 

EXPERIMENTAL RESULTS 

The quality of a single-sideband signal is dependent 
upon the amount of spurious output. The specification 
which is used by many companies is based on the ampli-
tude of the third-order intermodulation distortion com-
ponent. The ordinary test procedure is to feed two equal 
amplitude test tones into the transmitter, and then 
measure the amplitude of the spurious component 
211—f2 (third-order intermodulation product). The 
amplitude of this spurious component should be at least 
25 db below one of the signal tones after the composite 
signal is detected in a linear detector. 
Experiments were conducted at the Rocky Point 

Transmitter Laboratory, RCA Laboratories Division, 
with a one-kw telephone transmitter. A 2.5-kw peak-
power single-sideband wave was produced utilizing the 
proposed system. The undesired sideband was reduced 
to 25 db below the desired test signal. These results 
meet current industry standards. At times, better than 
30 db of spurious-radiation suppression were measured; 
and it appears that by careful design 35 db can be ob-
tained. No negative feedback was used in these tests, 
and further improvement is possible by adding this 
expedient. 
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APPENDIx 

This analysis will attempt to answer the following 
questions: (1) What are the power relationships of the 
system? (2) What is the frequency response requirement 
of the modulator for a specified allowable spurious out-
put ? 
In order to answer these questions, the severe case of a 

single-sideband, carrier-suppressed transmitter with two 
equal amplitude tones applied will be considered. The 
analysis will be based upon the fact that the A NI enve-
lope of this wave has a full-wave rectified sine-wave 
form. 

Power Relationships 

Consider that this two-tone carrier-suppressed single-
sideband wave has a peak voltage of 2E and that it is 
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applied to a load resistance R. The peak power is 4E2/R 
Single-sideband transmitters are rated according to 
their peak-power output. 

The power corresponding to average amplitude of the 
wave is 1.62 EV R or (2/r) 2X4E2/R. This average 
value is the same as the amount of dc power obtained 
from a full-wave rectifier in the analogous case. If the 
amplitude modulation were removed from the single 
sideband wave, this would be the power remaining 
Thus, it is the power in the phase-modulation compo-
nent of the single-sideband wave. The ratio of peak power 
to average amplitude power (phase-modulation component) 
is 4/1.62 or 2.47. In comparison, a 100-per cent modu-
lated amplitude-modulation wave has a ratio of 4. If a 
2-kw peak-power single-sideband signal is desired, the 
radio-frequency stages of the transmitter must supply 
810 watts of phase-modulated power. 
The total or effective power is the sum of the power in 

the phase-modulation and amplitude-modulation com-
ponents. In the analogous case of a rectified sine wave, 
the dc power is equivalent to the phase modulation, and 
the ripple currents represent the amplitude modulation 
of the single-sideband wave. The effective power is 
(0.707)2X4E2/R or 2E2/R watts. This is the power that 
a load resistor R would be required to dissipate. 

The total or effective power is 2E2/R, and the average 
amplitude derived from the radio-frequency section of 
the transmitter is 1.62 E2/R. Therefore, the difference 

power of 0.38 E2/ R must be supplied by the amplitude 
modulator. The ratio of peak power to amplitude-modula-
tion component power is 4/.38 or 10.5. For a 2-kw peak-
power single-sideband transmitter, the modulator must 
supply 190 watts of power to the output signal. 

Modulator Frequency Requirements 

To determine approximately the frequency-response 
requirements of the amplitude modulator, use will be 
made of the Fourier series expansion of the envelope 
wave shape of the single-sideband signal. Tabulation will 
be given of the power in each amplitude-modulation 
component harmonic. The amount of power in all the 
higher amplitude-modulation component frequencies 
that are be‘ ond the response of the modulator will be 
totalled. Most of this power represents the spurious 
content of the signal. 

If this "above modulator response power" figure is 
used as a rating of spurious output, an approximate 
rating on the pessimistic side will be obtained. The rat-
ing is pessimistic because a portion of this power is allo-
cated to the desired output component instead of to the 
spurious output. Furthermore, the amount of "above 
modulator response power" is divided between a num-
ber of spurious components, whereas present ratings 
specify the power in a single spurious component. The 
situation is analogous to the measuring of total har-

monic distortion when a specification calls for a certain 
maximum second-harmonic distortion figure. 
The following equation is the expansion of the en-

velope of a two-tone carrier suppressed single-sideband 
signal: 

e = 0.636E(1 + 0.667 cos WI — 0.133 cos 2 in 

+ 0.057 cos 3W1 — 0.032 cos 4Wi • • • ), 

where IV is 2r times the difference frequency of the two 
applied tones. 
Realizing that the unit dc term (average amplitude 

value) is equivalent to the phase-modulation component 
of the wave, and that the cos Wt term gives the peak 
value of the fundamental amplitude-modulation com-
ponent in the above equation, the following table can 
be constructed (in which a 2-kw peak single-sideband 
signal is considered). 
The first column is it function of the fidelity of the 

amplitude-modulation path and of the separation of the 
two tones being transmitted. For example, an amplitude 
modulator equalized for phase and amplitude up to 
15 kc will respond to the fifth harmonic of a 3-kc tone 
separation. 

The second and third columns were calculated by 
summating the power in the harmonics that were too 
high in frequency for the modulator to pass. Since most 
of this "above modulator response power" would have 
been used to neutralize the spurious signals, it is evident 
that this column gives the maximum possible total 
spurious-power output. 

Highest Harmonic 
Modulator Equalized For 

Power Due to MI Harmonics Above 
Modulator Response 

Absolute 
Power 

DB Relative to 
PM Component 

cos OWI (dc) PM component  190  watts 
cos Wt  9.16  " 
cos 2Wt  1.94 
cos 3 Wt  0.61 
cos 4Wt  0.20 
cos 5Wt  0.04 
cos 6W1 

di 

di 

— 6.3 db 
—18.9 " 
—26.2 " 
—31.2 " 
—36.0 " 
—42.0 " 

The chart gives a somewhat pessimistic figure for 
spurious amplitude as has been previously pointed out. 
Because practical modulators do not faithfully re-

produce frequencies up to a certain point and then 
reject all higher frequencies, it becomes a very difficult 

problem to determine the spurious content of the signal. 
If it is necessary to calculate the exact spurious content, 
the designer must know the phase and amplitude char-
acteristics of the transmitter and associated equalizers. 
With this information, he can work out graphically or 
analytically the sideband distribution of the phase-
modulation component, and then vectorial!v add the 
sideband distribution caused by the reinsertion of the 
amplitude-modulation components 
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Direct-Reading Frequency Measuring Equipment 
for the Range of 30 CPS to 30 MC* 

L. R. M . VOS DE WAELt 

Summary—A description is given of a direct-reading frequency-
measuring equipment which enables precise frequency measure-
ments between 30 cps and 30 mc to be carried out in one second. 
The measuring device itself consists of an electronic counter 

ranging from 30 cps +1 mc, an instrument giving multiples of 1 mc in 

the range from 1 +29 mc and a combining part. The whole has only 
one knob, namely, that for choosing the desired multiple of 1 mc. 
The result of a measurement is indicated on the electronic coun-

ter and on the knob. 
When taking a series of measurements, the results are printed 

on a normal page printer, one measurement every two seconds. If 
desired, a continuous recording instrument may be used for the 
registration of every two out of the six figures of electronic counter. 
The accuracy when making a measurement in one second equals 

the precision of the second impulse derived from the frequency 
standard (10 ' to 10 -8) plus or minus 1 cps. 
To enable measurements on far-off telephone or telegraph trans-

mitters to be made, the equipment is completed with a receiver, 
ranging from 5 +30 mc. In this case the accuracy is somewhat less. 
The maximum deviation is, however, always below plur or minus 

5 cps. 

I. INTRODUCTION 

A. Some General Points of View 

T
HE NUMBER OF radio telephony and telegra-
phy transmitters has very strongly increased dur-
ing the last decade, owing to the great extension 

of the traffic. 
The consequence of this increase is that each trans7 

mitter must work as precisely as possible in the fre-
_ quencies assigned to it and that the tolerances 
permissible for deviation from the nominal value have 
regularly been diminished in agreement with the other 
countries. In order to ascertain that a transmitter is 
working in the frequency assigned to it, frequency-
measuring equipment is needed, adapted to measure 
quickly, in a simple manner, and with great precision, 
the frequencies in which the transmitters work. Such 
measuring equipment is also needed (e.g., in a radio 
laboratory) for the precise determination of the fre-
quency of generators. 
Most frequency-measuring equipment is based on 

the principle of mixing the harmonics of a standard 
frequency with the unknown frequency. Fig. 1 shows 
a block diagram of a usual arrangement. .1 standard 
frequency of 100 kc synchronizes a multivibrator on 
10 kc. The frequency spectrum thus generated, consist-
ing of multiples of 10 kc, is supplied to a modulator, 
together with the frequency to be measured. The bar-

* Decimal classification: R213.1. Original manuscript received 
by the Institute, July 24, 1951; revised manuscript received, Feb-

, ruary 29, 1952. 
I' Radio Laboratory of the Netherlands Postal and Telecom-

munications Services, 's-Gravenhage, Netherlands. 

monic of 10 kc, which is nearest to the unknown fre-
quency, forms a difference frequency lower than 5 kc 

in the modulator. 
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Fig. 1—Block diagram of a usual frequency measuring device. 
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This frequency is measured with a precisely cali-
brated voice-frequency generator by adjusting the 
latter, by means of a beat indicator, to zero beats with 
regard to the above-mentioned difference frequency. 
The unknown frequency is then equal to 104 times the 
number of order of the 10-kc harmonic used, increased 
or decreased (according as this harmonic lies below or 
above the frequ_ency to be measured) by the frequency 
indicated by the voice-frequency generator. By some-
what altering the frequency to be measured, it can be 
ascertained whether the harmonic of the 10 kc is above 
or below the frequency to be measured. 
If one wishes to measure the frequency of a trans-

mitter instead of that of a generator, it is necessary to 
use a receiver. When telegraphy transmitters are being 
measured, some difficulties occur, especially if there is 
fading. These difficulties can be solved by using a so-
called "take-over generator." This is a local oscillator 
whose frequency is equalized as precisely as possible to 
the frequency of the transmitter to be measured, after 
which the frequency of this take-over generator is 
determined by the frequency meter in the manner 
described. The extent to which the frequency of the 
take-over generator can be equalized to that of the 
transmitter has a direct influence on the measuring pre-
cision to be reached. 
For the measuring range of, for example, 5 to 30 mc, 

the frequency range of the take-over generator is some-
times limited to the range of 1 to 2 mc, in which case an 
harmonic of the take-over generator is equalized to the 
transmitter frequency. This has the advantage that, 
to determine the frequency of the take-over generator, 
the necessary number of order of the harmonic of the 
10-kc standard frequency need not be very high. On the 
other hand, the number of order of the take-over genera-
tor harmonic that has been used must be known. 
The measuring method described allows for several 

variants and refinements by which the measuring pre-
cision may be augmented. In general, this involves a 
greater number of control and adjustment knobs. For a 
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correct interpretation of the various possibilities, well-
trained personnel is required. 

B. Objections to the Indicated Measuring Method 

The objections to the measuring method described 
above follow: 

1. When determining the number of order of the 10-
kc standard-frequency harmonic that has been used, 
mistakes may be made (e.g., because the calibration of 
the local generator identifying the number of order of 
the 10-kc harmonic used is no longer valid, or because 
the auxiliary calculations are in error), especially if the 
frequency to be measured is not approximately known 
and a high number Of order of the harmonic is necessary. 
2. To obtain precise measurements the calibration of 

the voice-frequency generator must be checked regu-
larly by means of the harmonics of a low standard fre-
quency. 

3. For the ultimate determination of the frequency, a 
few, though simple, computations must be made; the 
result cannot be read immediately. 
4. With telegraphy transmitters especially, and if 

there is deep fading, it is difficult to adjust the take-over 
generator precisely to the transmitter frequency. This 
becomes even more difficult if the transmitter fre-
quency is not constant. The precision to be reached is 
directly influenced by this. 
5. A comparatively great number of knobs must be 

adjusted and regulated when a measurement is being 
made. 

C. Requirements for New Measuring Equipment 

In designing new frequency-measuring equipment, 
the following requirements should be met: 
1. A measuring range of about 30 cps to 30 mc. 
2. A measuring precision equal to the precision of the 

used frequency standard +5 cps or better. 
3. Direct readability of results without auxiliary com-

putations; preferably, it must be possible to print 
these results on paper. 
4. Avoidance, as much as possible, of any equivocality 

when the measuring equipment is being adjusted. 
5. Simplicity in operation, with as few control and ad-

justment knobs as possible. 
6. Great measuring velocity, so that in a short time a 

great number of measurements can be made with great 
precision. 

I I. PRINCIPLES OF TIIE MEASURING EQUIPMENT 

Frequencies up to 1 mc are measured by means of an 
electronic decimal counter, which directly indicates 
every sinusoidal frequency of about 20 cps to 1 mc with 
a precision equal to that of the second impulses derived 
from the frequency standard (i.e., 10-7 to 10-8 , depend-
ing on the precision of the frequency standard used and 
method of derivation of the second impulses) +1 cps. 

July 

The measurement with the decimal counter lasts 
only 1 second. The measuring, therefore, is not only 
effected very rapidly, but moreover a "momentary" 
frequency is obtained. 
To obtain a correct measurement when measuring 

transmitters, the frequency of the take-over generator 
need be equal to the transmitter frequency only for a 
short time. This is important if the reception is weak or 
disturbed. If the measurement lasts 10 seconds, the 
precision of the decimal counter becomes +0.1 cps 
instead of + 1 cps. Frequencies higher than 1 mc are 
transformed to a frequency lower than 1 mc. To effect 
this, standard frequencies being a multiple of 1 
are required. They are obtained with the aid of 
"harmonic selector." 
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Fig. 1—Block diagram of the complete frequency 
measuring equipment. 
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With regard to the required equipment, a distinction 
should be made between the measuring of the fre-
quency of a local generator (e.g., in a laboratory) and 
the measuring of the frequency of transmitters (e.g., 
in a frequency-measuring or control center). In the lat-
ter case, the frequency-measuring equipment, consisting 
of a harmonic selector, a frequency transformer, and a 

decimal counter, must be supplemented with a receiver. 
This receiver also determines the measurement preci-
sion that can be reached. A block diagram of the com-
plete measuring equipment is given in Fig. 2. 
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The equipment consists of 

1. the harmonic selector to obtain harmonics of 1 mc 
to be chosen arbitrarily, up to and including the 29th 
harmonic, starting from a standard frequency of 100 kc; 
2. the frequency transformer in which the frequency 

to be measured is transformed to less than 1 mc by the 
aid of the nearest multiple of 1 mc obtained from the 

harmonic selector; 
3. the decimal counter from which the frequency to 

be measured is read directly; 
4. the receiver with take-over generator. 

A. The Harmonic Selector 

A 100-kc standard frequency is multiplied by ten in 
two stages (5 X2) to 1 mc. After this, the sinusoidal 
1-me voltage is converted into short impulses having a 
repetition frequency of 1 mc. These impulses contain 
all harmonics that are multiples of 1 mc. The desired 
harmonic is selected with a circuit according to the 
method of double modulation, henceforth called "har-

monic selector." 
In this case, no adjustable filters are needed, but 

only a narrow band filter, though at a rather high fre-
quency. This filter is henceforth called "selection filter." 
.N11 harmonics up to and including the 29th can be 
selected by means of one knob without the range being 

changed. 
The following indications are used: 

f,= repetition frequency of the impulse, derived from 
the frequency standard; 

f,, = central frequency of the selection filter; 
F=nf, =desired frequency, n being the number of 

order of the harmonic; 

1:„,„.= highest desired harmonic; 
f,— frequency to which the search oscillator is ad-

justed. 

In the first modulator (Fig. 2) the harmonic spectrum 
of the 1-mc impulses is mixed with the voltage of an 
adjustable oscillator, called "search oscillator," which 
is adjusted to the frequency f 9= Fl-fo. A transformed 
frequency spectrum is therefore formed of which only 
the frequency fo is passed by the selection filter next to 
the first modulator. In the second modulator the same 
frequency f9 of the search oscillator is mixed with the 
frequency fo from the selection filter. After this second 
modulator comes a low pass filter whose cutoff frequency 
lies between fo and Fm„,. After passing this filter, the 
desired harmonic can then be taken off. 
Tlw central frequency fo of the selection filter, and 

consequently the frequency range of the search oscilla-
tor, were chosen in such a manner that they are above 
the highest desired frequency Fr„,„, so as to ensure that 
all the remaining intermodulation products, except the 

IP required frequency F, shall lie above F„,. These inter-
' modulation products can be stopped by a simple low 

pass filter. Moreover, the lowest range of the search 

oscillator is higher than the frequency fo. It is clear 
that there can be no difficulties with the image fre-
quency of the search oscillator, f,=P—fo, because it 
falls outside the range of this oscillator. 
Furthermore, the central frequency Jo of the selection 

filter was chosen at such a frequency that it was not a 
multiple of the impulse repetition frequency; otherwise, • 
the harmonic of the impulse frequency, which is equal 
to fo, will always lie in the pass band, independent 
of the frequency formed in the first modulator. Nlore-
over, the pulse width was chosen in such a manner that 
the amplitudes of the harmonics of which the frequen-
cies are nearest to the pass band of the selection filter 

are minimum. 
On the one hand, the bandwidth of the selection filter 

must be as large as possible, thus facilitating the ad-
justment of the search oscillator. On the other hand, the 
frequencies from the frequency spectrum after the first 
modulator that are nearest to fo (which frequencies dif-
fer from fo by multiples of the impulse frequency) 
must already be sufficiently attenuated (viz., 50 or 60 
db). In this connection, the possible deviation of the 
search oscillator from its nominal value, which reduces 
the permissible bandwidth, has also to be considered. 
With the measuring equipment described here, 

f,=1 mc. The highest required frequency is the 29th, 
so that Frna .=29 mc. The pass band of the narrow 

selection filter was chosen in such a manner as to make 
fo = 32.5 mc. The frequency range of the search oscil-
lator then ranges from 32.5+1 =33.5 mc to 32.5+29 
=61.5 mc. This can be effected by using only one range. 
The cutoff frequency of the low pass filter is about 

30 mc. 
For example, supposing one wishes F=14 mc; the 

search oscillator must then be adjusted to f 9=14+32.5 
=46.5 mc. At the input of the first modulator there is 
now found . . . 13; 14; 15; . . . mc, together with 46.5 
mc. Consequently, after the first modulator, we find 
at the input of the selection filter 46.5±( . . . 13; 14; 
15; . . . ) mc = . . . 33.5; 32.5; 31.5; . . . mc and . . . 

59.5; 60.5; 61.5 . . . mc. 
Of this frequency spectrum the selection filter only 

passes the frequency 32.5 mc, so that at the input of the 
second modulator we find 32.5 mc and 46.5 mc. 
Thus we have after the second modulator 46.5 ± 32.5 

mc =14 mc and 79 mc. Consequently, after the low 
pass filter, only the 14-inc sinusoidal voltage to be found, 

is left. 
Owing to the double modulation, a deviation from 

the nominal value of the frequency f, of the search os-
cillator (in the above example 46.5 'tic) does not influ-
ence the precision of the frequency tilt iniatelv obtA hied. 
Such a deviation may be caused by inaccurtIc Adjust-
ment of the search oscillator, or by changes in tempera-
ture. The frequency obtained relic tins always ex,tt 
harmonic with regard to the fundamental standard t it.-
quency. Only the amplitude may change owing It, Itie 
fact that the frequency generated in tlw Iii  nuttlitlA 
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tor does not come to lie in the center of the pass band of 
the selection filter. 

The adjustment of this generator, which ranges from 
33.5 to 61.5 mc, is therefore not at all critical. Conse-
quently, its scale could be calibrated directly from 1 to 
29 mc. By applying a variable condenser of great capac-
ity and having circular plates in series with a small fixed 
capacity, a fairly linear course has been obtained over 
180° of the scale. 

So with one knob, the adjustment of which is not 
critical, every frequency that is a multiple of 1 mc, 
lying between 1 and 29 mc, can be chosen. Every fre-
quency thus obtained then has the same precision as 
the standard frequency used. 

The selection filter at 32.5 kc consists of three ampli-
fying stages having, in total, four circuits adjusted to 
32.5 mc. To reduce the attenuation, the grid is connected 
every time to a tap of the coil. 
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Fig. 3—Attenuation curve of selection filter 32.5 mcs. 

Fig. 3 gives the attenuation curve of the filter; the 
bandwidth between the points of 3-db attenuation is 
100 kc. When the frequency differs 0.5 mc from the 
central frequency Jo, the attenuation is about 45 db. 
The low pass filter after the second modulator con-

sists of four constant k sections and one derived section. 
It has a symmetrical input and output, adapted to a 
screened cable. The attenuation at 32 mc is about 45 
db. Moreover, a wide-band amplifier for the range of 
1 to 30 mc is added for use in laboratories. A 0.5-volt 
voltage at 80 ohms is available at the output. This wide-
band amplifier as such is not required for the measuring 
apparatus proper. 

B. The Frequency Transformer 

To the frequency transformer are supplied the fre-
quency to be measured and the nearest 1-mc harmonic, 
so that the difference frequency is lower than 1 mc and 

can be measured by the decimal counter. The modulator 

a 

fi 
in 

is followed by a low pass filter having a cutoff frequency 
of 1 mc. This filter stops the remaining intermodulation 
products. 
An output meter after the low pass filter indicates 

when a difference frequency smaller than 1 mc is gen-
erated. When turning the tuning knob of the search os-
cillator, this output meter shows two deflections of the 
needle for every unknown frequency, viz., one for the 
nearest harmonic of the 1-mc impulses lower than the 
unknown frequency, and one for the next harmonic 
which is consequently higher. Also, if the frequency 
to be measured is not known approximately, it is very 
easy to determine between which two consecutive har-

monics of the 1 mc it is situated. For this purpose only 
one knob need be turned. 

If the unknown frequency is nearly a whole multiple 
of 1 mc, three consecutive positions of the search oscil-
lator cause a deflection of the needle of the output 
meter. As a matter of fact, there are then three different 
frequencies which p.iss the low pass filter (viz., suc-
cessively, 1° a frequency somewhat lower than 1 mc, 
2° a very low frequency, and 3° a frequency somewhat 
higher than 1 mc). All these three frequencies can be 

measured by the decimal counter. The value of the un-
known frequency follows unequivocally from the result 
so that this special case does not cause any difficulties 
either. Preferably, that nearest harmonic is chosen 
which is lower than the frequency to be measured, be-
cause then the indication of the decimal counter can be 
added to the chosen harmonic. If the higher harmonic 
is chosen, the complement of the decimal counter indi-
cation must be taken. 

A difficulty occurs, however, if the unknown fre-
quency is between 1 and 2 mc. In that case, 1 mc must 
be added in the frequency transformer. In addition to 
the desired difference frequency, there are then also 
generated the sum frequency, the unknown frequency, 
and the above-mentioned 1 mc. Besides the sum fre-
quency, the last two mentioned frequencies must also 
be stopped by the 1-mc low pass filter. 
This cannot be effected by reducing the cutoff fre-

quency of this filter to less than 1 mc. The reason for 
this is that frequencies approximately equal to a mul-
tiple of 1 mc, and whose difference frequency after fre-
quency transformation can therefore be nearly 1 mc, 
would also be stopped, and it would not be possible to 
measure them. Therefore, the modulator was effected as 
balance modulator, the frequency to be measured and 
he chosen harmonic from the harmonic selector both 
eing supplied in balance and the anodes of the two 
modulator tubes being connected in parallel before the 
utput circuit. The suppression of the above-mentioned, 
ndesired frequencies remains, however, partly insuf-
cient. That is why, for the time being, for the measur-
g range of 1 to about 1.4 mc, the second harmonic of 
he 1-mc impulses equal to 2 mc is taken, the comple-
ent of the indication of the decimal counter having, 
herefore, to be considered. 
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A few other solutions of this problem are being in-
vestigated in order to remove this "aesthetic fault." 
The measuring precision, however, is not reduced by it. 
In the meantime, it has proved possible to extend 

the range of the type of counter used here to about 1.5 
mc. So one possible solution of the problem is to meas-
ure the frequencies up to about 1.5 mc with the counter 
itself. If the harmonic selector is used for measuring 
frequencies higher than 1.5 mc only, there are no diffi-
culties whatever, and it is nowhere necessary to use the 
complement of the value indicated by the decimal 

counter. 

C. The Decimal Counter with Auxiliary Equipment 

The electronic decimal counter is an extension of a 
usual type;' it measures any sinusoidal frequency of 
about 30 cps to 1 mc, and indicates the result in decimal 

numbers directly on meters. 
The incoming sinusoidal wave form is transformed 

into pulses, and the number of these pulses passed 

Furthermore, a number of relays has been included 
in the arrangement, which make it possible to print the 
measuring result indicated by the decimal counter in 
figures on paper by means of a normal page printer. The 
measurement with the decimal counter itself lasts ex-
actly one second. In the next second the printing of the 
result of the measurement is commenced. One measure-
ment can be effected every two seconds. In this way, in 
a short time the frequency variation of a generator can 
be measured with the precision of the second impulse 

derived from the standard frequency + 1 cps. 
Fig. 4 gives a record of a frequency measurement of 

a standard signal oscillator. The frequency was about 
16.9 mc. The knob of the search oscillator of the har-
monic selector was set on 16 mc (so the search oscillator 
was tuned to 32.5+16 =48.5 mc). After the frequency 
transformer, on the input of the decimal counter, ap-
peared a frequency less than 1 mc, which was measured 
by the decimal counter. The first measurement gave 16 
mc + 912,394 cps. 

912,394  912,395  912,393 912,393  912,396  912,399  912,401  912,402  912,402  912,401  123,976 
912,402  912,400 912,405  912,396  912,394  912,394  912,395  912,395  912,393  912,398  123,972 
912,393  912,393  912,393 912,392  912,390  912,392  912,393  912,394  912,393  912,393  123,926 
912,393  912,394  912,393 912,392  912,392  912,394  912,394  912,393  912,391  912,390  123,926 
912,395  912,397  912,396 912,397  912,396  912,394  912,403  912,401  912,397  912,392  123,968 

16.05 14/01 

912,353  912,353 912,352  912,351  912,351  912,351  912,349  912,347  912,347  912,348  123,502 
912,346  912,346 912,345  912,345  912,344  912,346  912,347  912,347  912,349 912,350 123,465 
912,349  912,350 912,350  912,349  912,349  912,347  912,347  912,346  912,346  912,347  123,480 
912,350  912,351 912,350  912,350  912,349  912,349  912,349  912,351  912,351  912,353  123,503 
912,352  912,352  912,352 912,351  912,350  912,348  912,347  912,347  912,345  912,344  123,488 

16.10 14/01 

912,318  912,318  912,317  912,318 912,318  912,316  912,316  912,315  912,316  912,314  123,166 
912,319  912,319 912,317  912,317  912,317  912,317  912,316  912,315  912,314  912,314  123,165 
912,312  912,312  912,312 912,312  912,312  912,313  912,308  912,305  912,303  912,300  123,089 
912,299  912,297  912,297 912,295  912,294  912,294  912,294  912,296  912,296  912,296  122,958 
912,295  912,295  912,294 912,294  912,294  912,293  912,290  912,290  912,290  912,289  122,924 

16.15 14/01 

Fig. 4-With a page printer printed results of frequency measurements of a standard signal oscillator. 

through the counter in a given time, usually one second, 
is measured. The pulse-forming circuit is switched on 
and off by a start and a stop circuit, each consisting of a 
trigger pair, which circuits are interconnected in such a 
way that, after the counter has been reset to zero, the 
stop trigger can be actuated only after the start trigger 
has been triggered by an incoming start impulse. So the 
inputs of start and stop triggers can be paralleled 
and fed by the same second impulses. If start and stop 
pulses are separated by 10 seconds, the measuring ac-
curacy is raised by a factor 10, provided the frequency to 
be measured remains constant during this time interval. 
The output of a (primary) frequency standard is 

transformed into short pulses and the second impulses 
are selected by means of gate circuits. The precision of 
the second impulses thus depends on the stability 
and the leading edge of the impulses only. The accuracy 
is of the order of +0.1 µsec or better. Details will be 

published later. 

1 s. S. West, "An electronic decimal counter and chronometer," 
Elec. Eng., vol. 19, pp. 3-6; January; and pp. 58-61; February, 1947. 

Each line contains the results of ten measurements 
made. The eleventh number is the sum of the foregoing 
ten measurements, which sum is calculated simultane-
ously with a special relay circuit. As six digits only are 
available, the first digit of the sum, in our case figure 9, 
is omitted. This sum immediately gives the mean of ten 
measurements. In many cases, one has to deal with this 
sum only, which simplifies the arithmetic to be done af-
terwards. This equipment was originally developed for 
measurements of time signals and other purposes, but 
it is now used for frequency measurements too. 
As a measurement is effected in 2 seconds, a very 

great number of measurements is obtained when the 
frequency of an oscillator is measured for a long time. 
To restrict the number of measurements, and thereby 
the work of interpreting them afterwards, without im-
pairing the accuracy unduly, the equipment may be 
extended with a device to print automatically and at 
our own discretion a series with a fixed number of lines 
(e.g., 2, 5, or 10 lines each with ten measurements), the 
time of interval between these series being chosen at 
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will (e.g., 5, 10, 15„30, or 60 minutes). The series are 
separated by a number of open lines. Moreover, time 
and date are printed after each series (e.g., in Fig. 4 the 
first series was printed at 1605 o'clock on the 14th of 
anuar)). Unattended measurements can then be made 
(e.g., during the night), the results being printed on a 
sheet of paper. 

Moreover, there is another possibility. Of a long series 
of measurements, made on the same generator or trans-
mitter, two figures of the measured frequency, to be 
chosen at will, e.g., the last two, or any other desired 
pair, can be registered by means of a self-recording 
meter. In this way a graph of the frequency course is 
directly obtained. 

D. The Measuring Receiver 

For the measuring of the frequency of transmitters, a 
receiver is requisite. In the case of telegraphy transmit-
ters, and in general, with fast and deep fading, the signal 
of the transmitter is very hard to measure with the re-
quired precision. Therefore, a so-called "take-over gen-
erator" is used, i.e., a local generator whose frequency 
is equalized to that of the transmitter, the frequency of 
the "take-over generator" thereafter being measured in 
the manner described. 

In the following description we confine ourselves to 
the 5- to 3P-mc frequency range. In this range we find 
most of the intercontinental radio circuits, and here the 
equipment must meet the severest requirements. 
Fundamentally, the receiver corresponds with the 

latest commercial traffic receiver developed by the Ra-
dio Laboratory of the Netherlands Postal and Telecom-. 
mumcations Services.2 Since the receiver is now destined 
for the measuring of frequencies, some alterations were  of  pa 

effected so as to obtain the required measuring precision. 
Lt The first medium frequency is at 1,500 kc. So the fre-

quency of the first oscillator is 1,500 kc higher or lower 
than the transm itter  frequency,  but  the  higher  fre-  ca 

quency has been chosen.. The first oscillator  now  also  au 
serves  as "take-over generator" whose frequency is Iv(  
measured as described. The transmitter frequency is os  
then 1,500 kc lower. In addition, by the measuring pre- . 
cision of the frequency meter itself, the precision with  1) 
which the frequency of the transmitter can be measured 
is also determ ine d by the dev iat ion  of  the  frequency  of  tu 

ure the first oscillator  may  have  from  the correct  frequency,  ob  
viz., transmitter frequency +1,500 kc. 

is The first oscillator is provided with an automatic tfre-
quency control, the frequency  dev iat ions  thus  remaining  

mit less than about 5 cps. It is poss ible to  narrow  down  this  
reg range even further, but a greater measuring precision is 

July 

tube being placed in an aluminium box, surrounded by a 
second aluminium box, and separated from  the first by 
an air layer of 1-cm thickness. There is no  metal connec-
tion between inner and outer box. The temperature is 
regulated with a Fen vv.!! switch, placed in an  alum inium  
block, attached to the will inside the inner box. The • 
temperature is held constant within about ± r(7. 
The second medium frequency is 100 kc, so that the 

second in termodulation frequency has  been  chosen  at  
1,600 kc. la t ter is derived from the 100-kc standard 
frequency, so that t he second intermodulation frequenc y 
cannot create any measurement faults. 
The automatic frequency-control circuit consists of a 

very narrow crystal ban d filter at 100 kc with a ban d 
width of about + 35 cps, followe d by a repeater,  a lim-

iter, and a discriminator. 'Hie control voltage  energ izes  
the tension coil of a Ferraris motor whose  ax is is cou -
ple  d; via a cogwhee l retardation, with a little var iable 
condenser which is shunte d para llel to  the  tuning  con-

denser of the first oscillator. The regulation is effect ive  
in telephone transmitters both with or withou t sup-
pressed carrier wave  as  in telegraph transmitters which — 
are keyed in the carr ier  wave  itself  (so-called  "on-off " 
keying), or transm itters  which operate  with  "frequency  
shift." 

For further par ticu lars  regarding the receiver refer -
ence is made to the art icle quote d above.  
The output of the narrow  crystal  filter  at  100  kc  is 

likewise connec ted with the horizontal  plates  of  a cath-
ode-ray oscillograp h, whereas  the  vertical  plates  are  
connected to a 100-kc stan dar d frequency.  Since  the  

second intermodulation frequenc y has  been derived 
fr 

not required in the 5- to  30-mc  range.  
In order to increase  the sta bility,  the  first  oscillator  cou 

is, moreover, place d in a simp le thermostat,  circuit  and  seco 
tele 

2 C. T. F. Van Der Wijck, "Een 'underlie telegrafie-ontvanger" (A 
modern telegraph receiver). Tijdschr. Ned. Radingenoot., pt. XIV, 
nr. 2, pp. 28-40; March, 1949. 

om the frequency stan dar d, a stationary  Lissajous  
ttern (ellipse) is a clear  indicat ion  that the frequency 
the first osc illator  (at  the same  time  "take-over  gener-
or") precise ly equa ls the  transmitter  frequency  

1,500 kc. If the pattern is not stationary , it is an indi-
tion as to the frequency deviation that rema ins  after  
tomatic regulation  has  been  carried  out.  

In case the automatic•frequency regulation cannot 
)rk proper ly, for  example  at  weak  reception,  the  first  

cillator can be manually adjusted as we ll as  poss ible 
means of the cathode-ray oscillograph. 
For a prec ise  measuring, the first oscillator  nee d be 
ned correctly for  a short period only, since  the meas-
ment with the dec imal  counter  lasts  only  1 second.  

viously, the adjustment without automatic contro l 
more difficult. It ta kes  more  time,  particularly  if a 

nber of consecutive measurements of the same trans-
ter are required, and the receiver must  often be 
ulated afresh. 
o determine , among  other  things,  the  name  and  
ntry of origin of a transmitter,  the  signal  after  the  

nd medium frequency at 100 kc is detected (for 
phony) or mixed with an auxiliary frequency of 99 

kc (for telegraphy). A discriminator for the reception of 
frequency-shift telegraph signals has also been built in, 
and provision has been made so that the shift can be 
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measured with the counter. Reception of single-sideband 
transmitters is also possible. The audible telegraph sig-
nals can also be translated into Morse signs or printed 
characters by means of a recorder or a printer. 
The frequency ultimately measured is that of the 

"take-over generator," which is 1,500 kc higher than the 
frequency to be measured. This difference, which is a 
constant for every measurement, can be accounted for 
quite simply in the circuit arrangements, so that the real 
frequency of the transmitter is shown on the decimal 
counter, or is printed on a page printer. Consequently, 
auxiliary computations are not requisite. 

III. CONCLUSION 

In Fig. 5 the complete frequency-measuring equip-
ment is illustrated. In the left bay is the decimal counter 
with the relay switching equipment. The center bay 
contains the harmonic selector, the frequency trans-
former, and the wide-band repeater. The large tuning 
scale is the search oscillator scale calibrated in mc. In 
this bay there are some vacant panels. The 5- to 30-mc 
measuring receiver has been fitted in the third bay. 
Since the latter is likewise used for various other lab-
oratory purposes, it is more bulky and it has more 
knobs than are required for the frequency-measuring 
device proper. 

The described frequency-measuring equipment has 
been developed and constructed by the Radio Labora-
tory staff of the Netherlands Postal and Telecom-
munications Services. With reference to developing the 

Fig. 5—Front view of complete frequency-measuring equipment. 

equipment, the following persons should be particularly 
mentioned: Mr. J. G. Coster for the harmonic selector 
and frequency transformer, Mr. C. J. Sanders for the 
decimal counter with auxiliary switching equipment, 
and Mr. P. J. Hooymans for the measuring receiver. 

A Wide-Range Oscillator in the Range from 8,000 
• to 15,000 NIC* 

R. W. WILMARTHt, MEMBER, IRE 

Summary—A retarding field oscillator which tunes over the range 
from 8,000 to 15,000 mc is described. Energy is taken from the tube 
by allowing the repeller, which is part of the resonant circuit, to 
radiate into a waveguide. Results for both inductive and capacitive 
tuning are discussed. With capacitive tuning, the efficiency of the 
oscillator is between 2 and 4 per cent over the entire range, with 
maximum efficiency occurring near the highest frequency. 

INTRODUCTION 

i
N THE CONSTRUCTION of resonant cavities for 
oscillators at high frequencies, it is sometimes neces-
sary to insulate part of the cavity from the rest of 

the cavity for static voltages, and at the same time 
to provide an rf short at the point of static insulation. 
This requirement dictates the use of a noncontacting 
rf short. Satisfactory noncontacting rf shorts can be 
designed to operate over a wide frequency range if the 
requirement of static insulation does not dictate too 
great spacings at the point of noncontacting rf short. 

* Decimal classification: R355.912. Original manuscript received 
by the Institute, September 17, 1951; revised manuscript received, 

V  February 20, 1952. The research described in this paper and in refer-
ences 1 and 2 was sponsored by the Air Materiel Command, Wright-
Patterson Air Force Base, Dayton, Ohio. 
f Ohio State University, Columbus, Ohio. 

AND J. L. MOLLt, ASSOCIATE, IRE 

An example of a tube in which this problem is a 
primary consideration is the retarding field oscillator 
reported by Heil and Ebers.' An outline of this tube is 
shown in Fig. 1. The resonator is tuned by moving the 
repeller parallel to its axis of symmetry, thus changing 
the capacitive loading of the cavity. At the long wave-
length end of operation, the repeller is close to the 
resonator nose. The oscillator works in a manner very 
similar to a reflex klystron in that the electrons receive 
velocity variations in the part of the trajectory near 
the nose and drift in a region relatively free of ac fields. 
The electrons are collected at the resonator nose on 
their return through the ac fields. The transit time is 
adjusted by adjusting the repeller voltage. At the short 
wavelength end of the range, the repeller is pulled away 
from the resonator nose and the electrons move in 
relatively uniform ac and dc fields. If the transit time is 
properly adjusted, the beam will have a negative con-
ductance. Ebers has shown2 that if I cycle of the transit 

10. Heil and J. J. Ebers, "A new wide range high frequency 
oscillator," PROC. I.R.E., vol. 38, pp. 645-650; June, 1950. 

3 J. J. Ebers, "Retarding field oscillators," PROC. I.R.E., vol. 40, 
pp. 138-146; February, 1952. 
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is considered to be used for bunching, I cycle drifting, 
and  cycle for working, the operation of the oscillator 
is analogous to reflex klystron operation 

Fig. I— Heil-Ebers tube. 

In the oscillator of Fig. 1, the repeller is an integral 
part of the resonant cavity, and since there is a dc 
voltage between the repeller and the rest of the cavity, 
a noncontacting rf short is necessary. In the original 
tube this was obtained by using a capacitive by-pass in 

CAVITY REPELLER 

Fig. 2— Capacitively tuned retarding field oscillator 
with waveguide output. 

combination with a lossy line. Subsequent experience 
has shown that this resulted in a great loss of power in 
the noncontacting short. 

July 

In the oscillators described in this article, a non 
contacting imperfect short is used in which energy is 
allowed to leak past the point of desired short to the 
useful load. The repeller forms the center conductor of 
a short coaxial line, the outer conductor being part of 
the cavity block. The center conductor (repeller) is 
used to excite a waveguide. 
The oscillator in Fig. 2 uses this type of output to 

couple energy into the load. In this arrangement, we 
must provide a noncontacting rf short at the far side of 
the waveguide to prevent energy from going on up the 
repeller mechanism. The rf currents are much smaller 
in the waveguide than in the cavity, and a simple 
capacitive by-pass as shown in Fig. 2 is sufficient. The 
oscillator tunes over the entire range with no holes. 
(Tuning is accomplished, as in the tube in Fig. 1, by 
moving the repeller.) The section of low-impedance 
coaxial line between the cavity and the waveguide 
matches the impedance of the load to the tube. 
The method of coupling energy from the reflex oscil-

lator which we have described above is adapted to an 
inductively tuned tube in Fig. 3. The repeller is fixed 
in position, being held at the far side of the wave-
guide. Tuning is accomplished by moving the slug 
parallel to its axis of symmetry. The low-impedance 
section of line formed by the slug as inner conductor, 
and the cavity block as outer conductor, match the 
load impedance to the oscillator. Some design consid-
erations and test results for both the capactively tuned 
tube and the inductively tuned tube are described in a 
later section. 

• 

Fig. 3— Inductively tuned retarding field oscillator 
with waveguide output. 

CAPACITIVELY TUNED OSCILLATOR 

Experimental models of the oscillator shown in Fig. 2 
have tuned satisfactorily from 2- to 4-cm wavelength. A 

••• 
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representative tuning curve is shown in Fig. 4. There 
were no holes in the power output curve, but the power 
output varies by a factor of about 2 to 1 across the 
tuning range. The tube tunes very rapidly at wave-
lengths above 3.6 cm because of the nature of capacitive 
tuning. The tuning range is limited at the high-fre-
quency end when the repeller is pulled so far away from 
the cavity nose that the electron stream is not refocused 
back onto the cavity nose. At the low-frequency end, the 
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Fig. 4—Tuning curve for capacitively tuned retarding 
field oscillator. 

limitation is the danger of shorting the repeller against 
the cavity nose. The useful range, however, is limited 
by the fact that the rate of tuning increases at low fre-
quencies. 
The performance of the tube was studied with beam 

aperture and repeller geometry as variables. The opera-
tion changed slowly with change in beam aperture, with 
maximum output over the tuning range occurring at 
0.021-inch diameter aperture. This aperture is a com-
promise between the interception of current and 
coupling to the beam. The resonator intercepti ap-
proximately 10 per cent of the cathode current with this 
size aperture. The performance dropped off very rapidly 
when the hole in the repeller was increased beyond 
0.040-inch diameter. It is believed that this was due to 
the failure of the electron stream to be properly re-
focused back onto the nose. Repeller hole diameters of 
less than 0.040 inch did not greatly affect the efficiency 
of operation of the tube, but did increase the rate of 
tuning of the oscillator at long wavelength. 
The requirement of wide tuning range dictates the 

sharp angle of the resonator nose. This is a disadvantage 
• from the standpoint of heat dissipation. However, ex-
periments show that this sharp angle is not necessary 
for efficient operation of the tube. 

Power output versus wavelength is shown in Fig. 5 
for beam aperture of 0.021-inch diameter and repeller 
hole of 0.040-inch diameter. The dashed curve shows the 
variation of repeller voltage for optimum power output 
at each wavelength. The simple matching section, con-
sisting of the short section of coaxial line, matches the 
oscillator to the waveguide sufficiently well over the 
entire tuning range. This is shown in the representative 
Rieke diagram of Fig. 6 (see following page). The sec-
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Fig. 5—Repeller characteristic and power output curve for 
capacitively tuned retarding field oscillator. 

tion of line is a quarter wavelength long at the short 
wavelength end of the range. The R G 52U waveguide 
which this coaxial line feeds is shorted at a distance of 
1 cm. from the coaxial line. This is a quarter wavelength 
in the middle of the range. The other end of the wave-
guide goes to a mica output window. 

INDUCTIVELY TUNED TUBE 

Fig. 3 shows a relatively primitive adaptation of the 
waveguide output oscillator to inductive tuning. The 
tuning slug is moved by a rod which moves inside the 
repeller and is connected to the tuning slug through a 
slot in the repeller. The repeller itself does not move. 
This tube oscillated over a range from 2 to 4 cnri. The 
wavelength varies almost linearly with the position of 
the tuning slug as shown in Fig. 7. As yet, we have been 
unable to get the inductively tuned tube to oscillate 

as uniformly and efficiently as the capacitively tuned 
oscillator over a very wide range. This is due to the fact 
that we have not studied this type of tuning extensively 
on account of the more difficult mechanical problems 
in  
Fig. 8 shows two geometries which result in efficient 

oscillator operation. The sharp angle is used for wide-
range, capacitively tuned oscillators. If the tube were 
inductively tuned, the flat nozzle and flat repeller could 
be used. This would allow for greater heat dissipation 
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Fig. 6—Typical Rieke diagram for reflex oscillator with waveguide output. The diagram was made at a center wavelength of 2.25 cm. 
The repeller voltage was adjusted for maximum output into a matched load. 
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Fig. 7—Tuning curve for inductively tuned retarding field oscillator. 

0 

at the nozzle. Inductive tuning has the intrinsic prop-
erty that the wavelength changes at a slower rate with 
respect to position of tuner than in the case of ca-
pacitive tuning. If there are no losses in the tuner, the 
shunt resistance of the cavity is higher throughout the 

range. Since the repeller does not move, the electron 
mechanism is more uniform. 

THE ELECTRON GUN 

The gun design used in all of the tests described in 
this report is shown in Fig. 9. This gun was developed 

from a gun designed by Heil for use in power kly-
strolls. The geometry of the focusing elements of the 
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ELECTRODE  GEOMETRY 

SHARP ANGLE 

CATHODE 

NOSE 

REPELLER 

CATHODE 

NOSE 

REPELLER 

ELECTRODE GEOMETRY 

FLAT NOSE 

Fig. 8 —Electrode geometries which result in efficient oscillation 
in retarding field oscillators. 

new gun design is the same as in the original, with the 
exception that the projection on the beam-forming 
electrode is removed. This increases the spacings between 
gun elements. With this modification, the critical di-
mensions of the new design are scaled down by a factor 

/- HEATER 

HOT CATHODE -I  BEAM FORMING ELECTRODE 

CERAMIC INSULATORS ACCELERATING ANODE 

Fig. 9—Electron-gun design for demountable tube. 

of 5 from the original. No difference in the performance 
of the tube, or gun, could be detected as a result of the 
change in the beam-forming electrode. In the design as 
shown in Fig. 9, the details are assembled into the anode 
shell and are held in place by the mica retainer. The 
parts are properly aligned only after the cathode is up 
to temperature because of the differences in the co-
efficient of expansion. This gun design has the particular 
advantage that the parts are easily salvageable—an 
important consideration in experimental work on a de-

. mountable tube. 

With a 0.120-inch aperture, the original gun would 
deliver 140-ma beam current at 1,000-volts potential. 
All of the cathode current is focused through the aper-
ture. According to linear scaling theory, the voltages 
and current relations should remain constant regardless 
of the scale to which the gun is built. Unfortunately, 
however, cathode activity and the difficulty of fabrica-
tion of the gun parts become limitations. 
In the scaled gun, the cathode area is 0.18 cm2. The 

current density is increased from the cathode surface 
to the minimum cross section of the beam by a factor 
of approximately 60. The first gun was built as nearly 
as possible to the exact scale of the original gun. Over 
96 per cent of the cathode current was focused through a 
0.024-inch aperture. For an opening of 0.0183 inch it 
was found that 80 per cent of the cathode current was 
focused into the beam. At 1,200 volts the beam current 
was 120 ma and the cathode current was 150 ma. 

CONCLUSIONS AND RECOMMENDATIONS 

Inductive tuning offers what appear to be intrinsic 
advantages over capacitive tuning. These advantages 
have not been realized in the retarding field oscillator 

as yet. The problems to be solved before this type of 
tuning can be used to an advantage are the mechanical 
problems of moving the tuner and maintaining proper 
spacings in the tube. In addition to the mechanical 
problems of tuning, there is the electrical problem of 
maintaining the proper loaded shunt resistance, or 
loaded Q throughout the tuning range. 
In addition to the problems of developing an in-

ductively tuned tube, there is the question of extending 
the operating range of the oscillators to higher frequen-
cies. Experiments indicate that the 0.020- inch diameter 
aperture is working at the limit of its frequency cap-
ability, at wavelengths of 2 cm. Thus, to go to higher 
frequencies would require a smaller aperture or higher 

voltage. 
Another possibility is to use a gridded aperture and 

smaller beam voltages. No attempt has been made thus 
far to investigate this type of coupling to the beam. 
With present techniques and knowledge, a wide-

range-tunable retarding field oscillator has been pro-
duced to cover the range of wavelengths from ap-
proximately 2.2 to 4 cm. Maximum over-all efficiencies 
are of the order of 4 per cent and efficiencies of 2 per 
cent are maintained over the tuning range. 

ACKNOWLEDGMENTS 

The authors wish to thank their associates in the 
Electron Tube Laboratory for help in devising and 
carrying out the experiments described in this paper. 
Mr. Stanley Taylor should be mentioned in particular 
for his help with machine work and with the mechanical 
design, as should Mr. Peter Whibley, who did all of the 
attendant glass work. 



818 PROCEEDINGS OF THE I.R.E. July 

A High-Voltage, Cold-Cathode Rectifier* 
E. G. LINDERt, SENIOR MEMBER, I.R.E., J. H. COLEMAN , ASSOCIATE, I.R.E., AND E. G. APGARt 

Summary—A new cold-cathode, high-voltage rectifier is de-
scribed. Both theory and extensive experimental data are included. 
The operation of the tube is based upon an improved type of electron 
trapping similar to that occurring in a cylindrical magnetron in the 
cutoff condition, but augmented because of the use of end plates on 
the cathode. Mercury vapor is used, which at normal operating tem-

peratures, provides a gas at a pressure of from 10-3 to 10-2 mm of 
Hg. Because of this low pressure and the small dimensions of the 
tube, ionization is inhibited when the cathode is positive, and high-
peak inverse voltages are possible. However, when the anode is 
positive, the improved. electron trapping results in conduction in 
spite of the low pressure and small dimensions. 

Experimentally, this rectifier has been operated up to 40-kv peak 
inverse voltage. Life tests at 30-kv peak inverse voltage and a cur-

rent of 0.4 ma, at 60 cps, have run to 3,000 hours. Satisfactory opera-
tion has been obtained over a temperature range from 20 to 80 de-
grees C. The upper frequency limit lies between 120 and 240 kcps. 
This tube appears to offer, for the first time, a practical cold-

cathode rectifier for output voltages up to 14 kv and currents up to 

one ma. Its advantages are particularly valuable in the case of 
voltage-multiplier rectifier circuits, since high-voltage insulated 

cathode-heater transformer windings are not necessary. 

I. INTRODUCTION 'ir .  1HIS ARTICLE deals with a co ld-cat hode, high-
voltage, rectifier tube, which was developed as a 
part of a project on electron-trapping devices. 

The general principle of electron trapping is herein dis-
cussed, as involved in the operation of this rectifier. It 
is a type of trapping which is produced by the combined 
action of electric and magnetic fields, and is similar to 
that which occurs in a cylindrical magnetron. It results 
in an electrical discharge resembling a glow discharge, 
but differing in that a magnetic field is required to main-
tain it. 

The history of gas discharges in electric and magnetic 
fields goes back to 1898, when such a discharge was ob-
served by Phillips.'. e On that occasion, Phillips, had 
reduced the pressure in a vessel sufficiently low to extin-
guish a glow discharge between two electrodes, and 
then switched on a magnetic field along the axis of the 
two electrodes. A luminous ring was observed to form 
between the electrodes and the glass wall, as indicated 
in Fig. 1(A). This glow was interpreted by Strutt 3 in 
1913 as being caused by ionization of the gas in the ves-
sel, by negative ions following long paths, on going 
transverse to the magnetic field, from the two center 
electrodes to the glass wall, which had been charged 
positive by the previous discharge. To check this ex-

* Decimal classification: R337. Original manuscript received by 
the Institute, June 25, 1951; revised manuscript received, February 
4, 1952. 

I Radio Corporation of America, RCA Laboratories Division, 
Princeton, N. J. 
I Formerly with RCA Laboratories Division; now with the Ra-

diation Research Corporation, West Palm Beach, Fla. 
l C. E. S. Phillips, Proc. Roy. Soc. A., vol. 64, p. 172; 1898. 
2 C. E. S. Phillips, Phil. Trans. (London), vol. 197A, p. 135; 1901. 
3 R. J. Strutt, Proc. Roy. Soc. A., vol. 89A, p. 68; 1913. 

planation, Strutt placed a cylindrical electrode close to 
the inside of the glass wall and concentric with the 
center electrodes. When this outer electrode was held 
at certain positive potentials, a discharge was main-
tained, with appropriate magnetic field strengths, be-
tween this electrode and the center electrodes, which 
were at ground potential. A conducting cylindrical 
jacket over the two center electrodes, as shown in Fig. 
1(B), gave the same result. The effect was investigated 
later by several other workers,4 and was applied as a 
rectifier by Bush and Smith.° 

SECTION 

(B) 

;- - 

(SAME As CC, ExCERT 
AS  sHOwN) 

/*CONDUCTING 
R GION 

CONDUCTING 
// REGION. 

(C) 

- v  + v 
OUTER  ELECTRODE POTENTIAL 

Fig. 1— (A) and (II), early types of tubes; (C) typical 
cutoff characteristies. 

Bush and Smith used the structure of Strutt, shown 
in Fig. 1(B), with a magnetic field adjusted too low for 
conduction when the outer cylinder was positive, but 
sufficiently high for conduction when it was negative. 
These characteristics are illustrated in Fig. 1(C). The 
difference in magnetic field required by the different 
polarities was explained on the basis of Hull's' mag-
netron equations as being caused by the smaller mag-
netic field required for cutoff in the external-cathode 

magnetron compared to the same structure operating 
as an internal-cathode magnetron. This design was 

4M. Wehrli, Ann. der Phys., vol. 69, p. 289; 1922. 
V. Bush and C. G. Smith, Paoc. I.R.E., vol. 10, p. 41; 1922. 

6 A. W. Hull, Phys. Rev., vol. 18, p. 31; 1921. 
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found to have appreciable back current above a few 
thousand volts, and was replaced by the thermionic 
gas rectifier, which was more reliable with the same in-
verse voltage rating. An application of the effect, which 
I  i  i 1.s still n use, was made by Penning" as an ionization 

• gauge. 
Penning was first to make an analysis of the known 

cutoff curves (Fig. 1(C)) by applying Hull's equations 
to the case of electrons originating throughout the space 
between the electrodes. Using this procedure, he cal-
culated the ranges of voltages and magnetic fields under 
which electrons could pick up enough energy for ioniza-
tion. These calculations qualitatively fit the observed 
data of cutoff. No attempt was made to determine time-
variable characteristics, either theoretically or experi-
mentally. After the cutoff analysis, Penning used the 
structure of Strutt' (Fig. 1(B) without the center sleeve) 
as a pressure gauge. Some further use9 of the effect was 
made in 1946 by pulsing the magnetic field to obtain 
conduction in radar modulator circuits. 

I THEORY OF OPERATION 

The formulation of a complete theory of the opera-
tion of this rectifier has not as yet been carried out be-
cause of mathematical difficulties in meeting the exact 
boundary conditions. For example, the electron paths 
are dependent upon complicated electric and magnetic 
field distributions, upon space charge, and upon colli-

(C) 

Fig. 2- Electrode structure and electron-path data. 

sions with molecules and ions. However, a quite useful 
idea of the operation of this type of tube can be gained 
from a simplified theory in which the exact structure is 
replaced by one of more amenable geometry. This has 
been done in the following discussion. Although the re-
sults do not admit of a quantitative check by experi-
ment on all points, yet the qualitative agreement is 
good. The theory has been very helpful in the under-
standing and development of the tube. 

7 F. M. Penning, Physica, vol. 3, p. 873; 1936. 
F. M. Penning, Physica, vol. 4, p. 71; 1937. 
R. E. B. Makinson, J. M. Somerville, K. R. Makinson, and 

P. Thonemann, Jour. A pp,. Phys., vol. 17, p. 567: 1946. 

The electrode geometry of the tube is shown sche-
matically in Fig. 2(A), and in detail in Figs. 3 and 4. The 
tube consists of a spool-shaped cathode K, and a ring-
shaped anode A, immersed in an axial magnetic field H. 
For the purpose of analysis, this structure is here re-

0  2 lo 

Fig. 3 - 1 ulie components arid completed tube with magnet. 

placed by the concentric cylinder arrangement shown in 
Fig. 2(B). 
Electrons leaving cathode K (Fig. 2(B)) travel in 

radial paths to anode A in the absence of a magnetic 
field. However, if a field is present, the paths become 

KOVA R 

7 / 

020 

GLASS 

2 

;DIA SS, !O D 38-1 D. 

Fig. 4—Scale drawing. 

KOVAR ROD 

curved, and at a critical field, the curvature is so great 
that they fail to reach the anode and return toward the 
cathode. The same is true of electrons originating at 
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any point in the interlectrode space, providing that the 
magnetic field is sufficiently large. Referring to Fig. 
2(C), an electron originating at P, a distance r1, from the 
center, will traverse a path such as shown, for fields 
such that II>11,. 

Fom Hull's magnetron theory, H. is given by 

II,, = 4/8mV2 
e  R2 — r12 

where the quantities are defined in Fig. 2(C). This will 
now be modified by introducing an expression for l. 
Normally, in a concentric cylinder arrangement, the 
potential varies logarithmically between the cylinders; 
however, in the pres6nt case, because of the cathode end 
plates, and the ring-shaped anode, this potential N'aria-

tion becomes more linear. Hence it will be assumed that 

5 

4 

FIG 

Hco  3 

R— ri 
V2 = V  

R — ro 

1.,•1111  

oo .2  .4  .6 

Fig. 5—Cutoff fields for electrons originating in the inter-
electrode space. 

.8  10 

(1) 

Using this expression, and also letting the cutoff field 

for r1= ro be /Lop yields 

1 iL 2 —  1 

r ) 2 ( ro) 
)  R 

11,0 (1 +  L!.\ 2 !:!1.\ 

R i k  R ) 

(2) 

This result is plotted in Fig. 5, for the case where 
ro/R = 0.25. This graph shows that if //,=//co all elec-
trons originating between the cathode surface, ri/R 
=0.25, and the surface, ?YR =0.45, are cut off and fail 
to reach the anode, as shown in Fig. 6(A), where the 
cross-hatched area represents the region of origin of all 
cutoff electrons. If  the cutoff region extends 
from the cathode to about r =0.92R, as shown in Fig. 
6(B). An electron originating at r= 0.92R will just graze 
the anode, as shown at a. An electron originating in 

(A) 

(B) 

Fig. 6—Typical orbits with coaxial cylinders. 

the central region (r =---R/2) will have an orbit such as 
shown at b. 

The orbits of Fig. 6 are those of the simple cylindrical 
arrangement of Fig. 2(B). In the structure of Fig. 2(A) 
they become more complicated in that motion in the 
axial direction also occurs. 

In Fig. 7 side views of the tube are included. The case 
where the electron originates in the equatorial plane is 
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shown at A. Here the orbit is planar, and has already 
been shown in Fig. 6. If the electron originates off the 
equatorial plane, it will have an axial component of 

I
motion. This will be oscillatory, back and forth through 
the equatorial plane, since the electron will be attracted 
by the anode and repelled by the end plates. This oscil-
latory motion will be accompanied by a curvilinear 
, azimuthal motion, as shown in Fig. 7(B). 

0-

Fig. 7 "Fypical electron orbits. 

The situation is significantly different when the anode 
is negative. The equatorial electrons then move as 
shown in I. ig. 7(C); the nonequatorial electrons move 
in short spiral paths to the end plates, where they are 
collected, as shown at D. 
These orbits illustrate the principle of "electron trap-

ping." For example, in the orbits of Figs. 7(A) and 
the electrons are unable to reach any electrode. 

The magnetic field curves their paths in such a way that 
no electrons reach the anode. The cathode exerts a re-
pelling effect since its potential is negative with respect 
to the point of origin of the electrons, except for the 
small fraction which originate at the cathode itself. 
I fence, substantially all electrons are trapped. They re-
main in the interelectrode space until disturbances, such 
as collisions, deflect them into new paths, and eventually 
to t he anode. 
When the anode is negative, this trapping effect is 

greal ly reduced. The paths are then as shown in Figs. 
7(( ) and 7(1)). The equatorial electrons are trapped, 
as at (( ), but the nonequatorial ones, which actually 
constitute almost the entire number, move in short 
paths directly to I lw cathode end plates, as shown at I). 

Hence, when the anode is positive, there is a pro-
nounced trapping effect so that a high density of long-
path electrons is built up; whereas if the anode is nega-
tive, the electrons are quickly removed, the density is 
low, and the path length short. These conditions greatly 
affect the conduction through the tube, and are respon-
sible for its rectifying action. 
The relation of the trapping effect to conduction may 

be explained by use of the Townsend theory of conduc-
tion in gases.'° Briefly, this theory assumes that elec-
trons emitted from the cathode build up an electron 
avalanche by a process of cumulative ionization. Posi-
tive ions, formed in this process, return to the cathode 
and cause new electrons to be emitted. This is a 
feedback phenomenon. Under proper conditions the 
feedback may be large enough so that a continuous, 
self-sustaining discharge is formed. 
The current i in a Townsend discharge is related to 

the primary current io at the cathode by the relation 

1 — 7(e" — 1) 
(3) 

where a is the average number of electrons, or ions, 
formed per centimeter of path per electron, 7 is the 
number of electrons emitted from the cathode per posi-
tive ion striking its surface, and x is the electron-path 
length between cathode and anode. It is evident that for 
certain values of ax and 7, m will be infinite. This cor-
responds to the onset of a self-sustaining discharge. The 
quantity m is plotted as a function of ax and 7 in Fig. 
8(A). 
From this figure it is seen that, for example, at point 

P1 a self-sustaining discharge will not occur. This point 
might correspond to the present rectifier with anode 
negative since x is then small. However, if the anode is 
positive, electron trapping occurs, and x becomes large, 
corresponding to point P2. A self-sustaining discharge 
will then start since conditions are such that the 
boundary m = is crossed. The tube will act as a recti-
fier whenever P1 and P2 are on opposite sides of this 

boundary. 
It is clear that the shape of the orbit, especially its 

length, affects the value of x. The orbit also affects the 
value of a. This may be seen from Fig. 8(B), which 
shows a typical orbit of a trapped electron. Assuming 
that the initial velocity of the electron is negligible, the 
maximum energy that it may have in the illustrated 
orbit is Ve. A necessary comfit ion for the formation of 
a discharge is that A V exceed the ionization potential. 
the amount of this excess is determined by the value 
of a required to satisfy the Townsend condition and 
yield a value of m = 00. 
As before, assuming a linear potenti.il distribution be-

tween cathode and anode, the following relations are 
valid: 

J. D. Cobitte, "Gaseous Conductors," McGraw-Hill Book Co., 
Inc., New York, N. Y., p. t56 and following; 1941. 
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R  V 
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Ar  AV 

E = V = AV  • 
R  Ar 

From the equation of electron motion," 

2mE 
Ar = - - • 

112e 

From (4), (5), and (6), 

H = 4/ !  2m V —   - 
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(A) 

(B) 
Fig. 8—Illustrating criteria for initiation of discharge. 

u K. R. Spangenberg, "Vacuum Tubes," McGraw-Hill Book Co., 
Inc., New York, N. Y., p. 116 and following; 1948. 

For magnetic fields greater than those given by (7) 
the loops of the orbit would be too small, so that A V 
would not exceed the ionization potential. Therefore, a 
discharge would not occur. Hence, it may be said that 
H controls the value of a because if II exceeds the value. 
given (7) the number of ionizations per electron per 
centimeter will be small, i.e., a will be small. 
The quantity 7 is determined in an important man-

ner by the voltage, since this controls the energy with 
which the positive ions strike the cathode. Below several 
hundred volts, 7 is too small to permit a self-sustaining I 
discharge. 
From the foregoing discussion three regions may be 

outlined wherein a self-sustaining discharge cannot oc-
cur. These are as stated on the following page: 

(A) 

V 

(C) 

V 

(0) 

V 

Fig. 9— Composition of cutoff curve. 
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' 1. The region below cutoff, where H is less than the 
value given by (1). Here no long paths are possible, and 
hence x is too small. 
2. A region of small V, where  is too small, since the 

tcathode is bombarded by ions of insufficient energy. 
3. A region where the magnetic field is too high, so 

that the path loops are too small to permit the electrons 
to gain enough energy for efficient ionization. Thus, a is 
too small. 
These three regions are shown in Figs. 9(A), (B), and 

(C), and are combined in Fig. 9(D) to show the com-
plete characteristic. Experimental curves of this type 
will be discussed later, and it will be seen that there is 
fair agreement with the above theory. 
A somewhat more complete theoretical discussion will 

be given in a forthcoming paper on this tube in the 
Proceedings of the National Electronics Conference for 
1 9 5 . 12 

III. DETERMINATION OF RECTIFICATION CRITERIA 

To make a preliminary study of various electrode 
geometries a tube was constructed as shown in Fig. 
10(D). Separate leads were brought out from the end 
plates, inner cylinder, ic, and outer cylinder, oc, and 
their potential varied. A summary of the results ob-
tained is given in Table I. 

TABLE 1 

ELECTRODE CONNECTIONS FOR TUBE OF FIG. 10 

Test 
no. 

Inner 
cylinder 
potential 

Outer 
cylinder 
potential 

End-plate  Conduction 
potential 

Ground 
2  Positive 
3 Positive 
4 Positive 
5 Ground 
6 Ground 

Positive 
Ground 
Positive 
Ground 
Positive 
Ground 

Ground 
Ground 
Ground 
Positive 
Positive 
Positive 

Yes 
Yes 
Yes 
No 
No 
No 

All combinations of electrode polarities were tried. It 
was found that Tests Nos. 1, 2, and 3 showed conduction 
in the normal manner; whereas Tests Nos. 4, 5, and 6 
showed no conduction under any magnetic field, up to 
the flashover voltage point. These tests indicate that 
any of the structures of arrangements nos. 1, 2, and 3 

i will rectify. Arrangement no. 4 is the reversal of poten-
tials on no. 1, 4 the reversal of 2, and 6 the reversal of 3. 
A sketch of structures based on these arrangements is 
shown in Fig. 10(A), (13), and (C), with the electrode 

I representing the cathode indicated as K. The letters 
A, B, and C represent arrangements nos. 1, 2, and 3, 
respei t ively. 
These tests indicated that the structure used in the 

present rectifier withstood higher inverse voltages than 
the rect ifier of Bush and Smith' because of the presence 
ip of the end plates. Also, these tests showed that the 

1
 i 12  E. G. Linder, J. II. Coleman, and E. G. Apgar, "A high-voltage 
electron-trap rectifier," Prnc. NEC (Chicago); 1951. 
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structure of Strum' as used in a vacuum gage by Pen-
ning,' would rectify as in Fig. 10(B). The structure of 
Fig. 10(A) had not been tried previously as a rectifier. 
Tests were then made to determine the relative merits 
of the three structures. 
In these tests, separate tubes were built, and tests 

were made at 60 cps. Structure 10(C) was consistently 
inferior in inverse voltage insulation to the other two. 
Thus it was decided to explore the various geometries 
of 10(A) and 10(B), as a practical rectifier. 

R 

K 

(A) 

I C 

(B) 

END PLATES 

.C. 

(D) 

Fig. 10—Electroie geometries surveyed. 

cm(r 

C =11 

IV. DC CHARACTERISTICS 

Two types of dc characteristics, magnetic-cutoff and 
current-voltage, were taken for different geometries. 
Three geometrical dimensions were varied, anode radius 
(R), cathode radius (ro), and end-plate separation (D), 
indicated in Fig. 10(A). The structure of Fig. 10(B) was 
treated as the limiting case of Fig. 10(A) with zero ro. 

A. Magnetic Cutoff 

A range of anode radii, (R) from one inch to 3/32 inch, 

was used to determine the general variation in cutoff 
with geometry. Two anode radii (R), 3/16 and 3/32, 
were then selected in the practical range for a rectifier 
and their cathode radii (ro), and the end-plate separa-
tion varied. 
For the 3/16 inch R, D was made in three dimensions, 
inch, inch, and inch. For each D the ro was made 
I inch,  inch, and inch, giving a total of nine varia-
tions. Typical curves are plotted in Fig. 11. The tube 
with no center pin (ro = 0) is included. The large differ-
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ence between curves I and 2 is caused by the cathode 
radius approaching that of the anode. As is seen from 
(1), //, increases rapidly as ro(=ri) approaches R. 

I 1_ —  

ANODE RADIUS ri 
END PLATE  1" 
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SEPARATION  1 _  
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Fig. 12—Relation between anode diametei and cutoff field. 

The almost vertical sections of these curves were 
taken with a fixed magnetic field and by noting the volt- 1 
age at which current first began to flow. The sloping 
lower sections were taken with a fixed voltage and by 
noting the start of conduction as the magnetic field was 
increased. 
The cutoff field at 1,000 volts is plotted in Fig. 12 for 

the series of tubes with different anode radii and small 
cathode radii. As the minimum magnetic field occurs 
near the 1,000-volt point, for all tubes in this series, 
this curve, including the extrapolated dashed sections, 
serves as a guide in predicting the operating magnetic 
field for any desired anode radius. The relationship 
shown here represents that of (1), for R>>ri and ri=ro. 
To check the effect of cathode radius for a particular 

anode radius, the magnetic field was calculated from (1) 
and plotted as a function of ro in Fig. 13, for the two R, 
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Fig. 13—Cutoff field versus cathode radius. 

3/16 inch and 3/32 inch. It is seen that the tubes with 
the widest end-plate separation (D) approach closest to 
the theoretical curve. The experimental values are 

higher than the theoretical, probably because electrons 
originating in the interelectrode space, as 'ell as at the 
cathode, must be cut off. See Fig. 5 and its discussion. 
Again these curves can be used to predict the minimum 
magnetic field for a particular ro. 
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B. Current-Voltage 
The anode current was measured at constant mag-

netic field as a function of voltage across the tube for 
currents up to 100 microamps. Higher currents were 
not used in these dc tests because of temperature 
changes arising from the increased power input. Typical 
results are shown in Fig. 14. It is seen that below 20 
microamperes there is an unstable region. Between 20 
and 100 microamperes the voltage drop varies but 

slightly with current. 

V. AC CHARACTERISTICS 

The rectification efficiency at different frequencies is 
affected by two factors: starting time for conduction 
on the positive cycle; and deionization time, which may 
lead to conduction on the negative cycle. 

A. Starting Time 
The time required for the residual charges in the 

interelectrode space to build up to a steady discharge 
by cumulative ionization after the anode voltage is 
applied is termed the "starting time." The experi-
mental results are shown in Fig. 15, where the starting 
time is plotted as a function of the magnetic field for 
different voltage amplitudes of an applied square pulse. 
The time was measured by an oscilloscope across a 200-
ohm resistance in- series with the tube. 

B. Deionization Time 

The second factor, deionization time, was found to be 
the predominant one in frequency limitation. A tube 
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Fig. 15—Starting time. 
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with one-half-inch R operated satisfactorily at 90 kc 
with neon gas at 10-3 -mm Hg pressure, but gave no dc 
output with mercury vapor at the same pressure. Cal-
culations of ambipolar diffusion rates showed the posi-
tive-ion current would decrease to 1/e of the initial value 
in 0.6 microsecond for neon, but would take 11.6 micro-
seconds with mercury vapor. At 90 kc, this diffusion 
time for mercury is long compared to the duration (of 6 
microseconds) of the positive half cycle, resulting in 
positive ions remaining in the interelectrode space on 
the negative half cycle. As the decay time varies with 
the square of the electrode spacing, calculations showed 
that for R equal to 3/16 inch the characteristic time 
should be reduced to 2 microseconds. A tube based on 
these calculations gave satisfactory operation at 90 kr 

C. Frequency Characteristics 

To determine the rectification efficiency and the 
regulation characteristics as functions of frequency, the 
tubes were tested at 60 cps, 60 kcps, 120 kcps, and 240 
kcps. The results for 60 cps are shown in Fig. 16, to-
gether with similar data for the 1B3-GT thermionic 
vacuum rectifier for comparison. A tube having slightly 
convex end plates is also included. As the frequency in-
creases, the internal voltage drop, for all tubes, increases 
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Fig. 16 —Single-tube rectifier data at 60 cps. 

slightly. The 120 kcps data are shown in Fig. 17. The 
60 kcps results are intermediate between these and the 
60 cps data, while the 240 kcps results show an output 
of about 7.5 kv for no current, dropping to 4 kv at one 
ma. However, the 240 kcps tests showed erratic per-
formance. Some tubes did not conduct at all except with 

OF THE I.R.E. July' 

excessive magnetic fields. This frequency appears to lie 
beyond the limit for satisfactory operation for this par-. 
ticular design of rectifier. 

2 

TUBE NO 
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E P 
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I/16  FLAT 

I 2 I 4  16 
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Fig. 17 —Single-tube rectifier data at 117 kcps. 

The variation of the cutoff characteristic with fre-
quency is shown in Fig. 18 (see following page). It is 
seen that as frequency increases the voltage required to 
initiate conduction also increases. For example, at 
11=2,000 gauss, the starting voltage is about 500 volts 
higher at 200 kcps than at 60 cps. This difference is of 
the same magnitude as the increase in tube drop when 
this tube is used as a rectifier at these same frequencies. 

VI. TEMPERATURE CHARACTERISTICS AND PEAK 
INVERSE VOLTAGE 

The use of saturated mercury vapor in this rectifier 
imposes both low- and high-temperature limits. Vhen 
the temperature is reduced below room temperature, 
conduction requires a higher magnetic field because of a 
shift of the cutoff curves upward along the magnetic 
axis. For example, the minimum magnetic field for curve 
2 of Fig 11 rises to 1,000 gauss at 0 degrees C, whereas 
it is 600 gauss at 20 degrees C. 

When used in a half-wave rectifier circuit at 60 cps, 
the output voltage decreases as the temperature falls 
below 20 degrees C, decreasing by about 25 per cent at 
0 degrees C. However, between 20 and 75 degrees C (the 
highest tried) the output voltage is substantially con-
stant. 

As the temperature rises, the inverse breakdown volt-
age is reduced because of the increase in mercury-vapor 
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pressure. A plot of the peak inverse voltage as a function 
of temperature (and pressure) is shown in Fig. 19 for 
two geometries. The larger tube shown in curve 2 breaks 
down at lower voltages in accordance with Paschen's 

law. 
No inverse breakdown voltage data were taken with 

dc voltages above 25 kv. However, tubes were operated 
at 60 cps with inverse breakdown voltages up to about 
40 kv. 

VII. LIFE TESTS 

Extensive life tests have not been made because of 
lack of sufficient time. However, a life up to 3,000 hours 
has been obtained with operation at 11-kv output and 
0.4 ma of current. At an output of 14 kv and 0.4 ma, a 
tube currently under test has operated 900 hours with 
, no evidence of deterioration. 

In early models of the tube, cathode sputtering se-
verely limited life. The low gas pressure used in this type 
of tube, coupled with the high voltage, permits high-
energy positive ion bombardment of the cathode re-
sulting in rapid cathode sputtering. This caused the 
walls of the tube to become coated with metal, and led 
to eventual breakdown of insulation. In tests of a series 
of materials, both graphite and tantalum were found to 
have low sputtering rates. Tantalum was eventually 
used for the cathode center pin since graphite did, after 
about 1,000 hours, form a carbon desposit on the walls 
which flaked off and caused flashovers in the tube. 
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Fig. 19—Inverse breakdown voltage as a function of tem-
perature and mercury vapor pressure. 
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Gas cleanup also was a serious limitation in early 
tests. Gases such as neon, argon, helium, and xenon 
lasted less than an hour or so. These were quickly 
abandoned in favor of saturated mercury vapor. 

VIII. DOUBLER AND TRIPLER APPLICATIONS 

The advantages of a cold-cathode, high-voltage recti-
fier such as the present tube are especially evident in 
the case of voltage multiplier rectifier circuits. Valu-
able simplification of the circuit results since heater 
transformer windings with high-voltage insulation are 
no longer required. 

Data obtained with a voltage-doubling rectifier are 
plotted in Fig. 20..A curve with 1B3-GT tubes is in-
cluded for comparison. The peak input voltage was 10 
kv for both tubes. 

Similar data were taken for a tripler circuit. With a 
peak input voltage of 10 kv, an output of 28 kv was ob-
tained at zero current, dropping to 22 kv at 0.7 ma. 
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Piezoelectric Transducers for Ultrasonic Delay Lines* 
H. N. BEVERIDGEt, ASSOCIATE, IRE, AND W. W. KEITHt 

Summary—The over-all frequency response and loss of the trans-
ducers of a delay line are derived from Roth's equivalent circuit. The 
transient response of a delay line is computed from an equivalent 

transmission-line circuit. The bandwidths and transient responses 
measured on practical delay lines are given for comparison with 
theoretical values. 

INTRODUCTION 

ULTRASONIC DELAY LINES are useful for the 
dynamic storage of wide-band intelligence in 
applications such as the high-speed memory of 

a digital computer' and the canceller of a moving target 
indicator.' The following discussion involves the theory 
of the piezoelectric transducer as used in delay lines, 
or similar ultrasonic devices, where the acoustic loading 
is much greater than for high-Q crystals in frequency 
stabilizing circuits or narrow-band filters. In most cases 
the electromechanical coupling is small, allowing simpli-
fying approximations to be made with respect to the 
interaction of electrical circuitry on acoustic frequency 
response. The resulting expressions for the acoustic 

• Decimal classification: R265 X R117.19. Original manuscript re-
ceived by the Institute, May 20, 1951; revised manuscript received, 
March 10, 1952. 
t Raytheon Mfg. Co., Newton, Mass. 
1 C. F. West and J. E. DeTurk, "A digital computer for scien-

tific applications," PROc. I.R.E., vol. 36, pp. 1452-1460; December, 
1948. 

2 L. N. Ridenour, "Radar System Engineering," McGraw-Hill 
Book Co., New York, N.Y., pp. 626-679; 1948. 

steady-state and transient responses are independent ot 
all factors except normalized acoustic loading. 
Only the longitudinal !nude of vibration in thicklh — 

is considered in this analysis, but the normalized ac, 0. - 
tic frequency and transient responses of a transdu( 
operating in the shear mode is the same as for tin 
longitudinal mode due to identical boundary condithm , 
when shear group velocities and acoustic impedance-
are substituted in 1,1.(ce d the corresponding longitu-
dinal values. 'dent ic.11 transmitting and receiving trans-
ducers are assumed. For purposes of analysis, the load-
ing media at the transducer faces are assumed to extend 
to infinity; hence, reflections in the media are neglected 
In practice, the attenuation of the media usually is suf-
ficient to minimize the effect of reflections. 

Except where otherwise indicated, the rationalized 
mks system of units is used. 

I. STEADY-STATE A NA LYSIS 

Steady-state analysis of the piezoelectric transducer 
is based on an equivalent circuit derived from funda-
mental physical equations by Dr. \V. Roth. his circuit 
is valid for all conditions of loading, and perfectly gen-
eral expressions result from its use. The general expres-

W. Roth, "Piezoelectric transducers," PROC. I.R.E., vol. 37, 
pp. 750-758; July, 1949. 
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sions are involved, however, and cannot be made 
independent of crystal dimensions and external circuit 
constants unless simplifying approximations are valid. 

Transmitting Transducer 

• Medium 1 of acoustic impedance z1 is arbitrarily 
designated as the transmission medium, and medium 2 
of acoustic impedance z2 is designated as the transducer 
backing material. In this analysis the acoustic imped-
ances are assumed to be resistive and independent of 
frequency. Assuming a zero impedance source E3 for 
e'ectrical drive, the equivalent circuit is solved by 
straightforward network analysis for the volume ve-
locity Ay' in mesh 1 using (30) and (34), page 757 of 
footnote reference 3. 

E3 

jok„, 
(1) 

z N't+c2) cos r+ j(1+12) sin 61 

jwCr.l L cos Or — 1+ ji-2 sin Or 

•  1  [  cos br— 1+  sin 6r1 
  1+   
co2C„2 cos 67r —1+ ji-2 sin 6.7d 

where C„ is the piezoelectric capacity, CE is the electro-
static capacity of the active area A of the transducer, 
z is the acoustic impedance of the transducer crystal 

( =pc), and where 

and 

The normalized frequency 6 is given by 

= — =  , 
WO JO 

where Jo is the frequency of fundamental resonance of 
the transducer. Using the relation that' 

rACE 

(2a) 

(2b) 

C„2 = 
K 2Z0.70 

(3) 

(4) 

it can be shown that, if 

  >>  1.0,  (5) 
4K2 

the left-hand term of the denominator in (1) is much 
greater than the right-hand term, and 

— E3CEA I  cos 45r — 1 -FB'2 sin Sr 1  (6)  

zCp  kri+  cos or+ j(1-1-N-2) sin Sri 

The electromechanical coupling coefficient K is a di-
; mensionless constant of the transducer crystal. For X-
; cut quartz, K'-. 0.1; hence, (6) is valid for most delay 

ip lines. 
4 Equation (4) is derived from (29) and (34), ibid., page 757, using 

the relation that s pt. 

At fundamental resonance, 6= I, and 

— 2E3CEA 

+ 3'2) 
Normalizing Avi with respect to AN, 

Avi cos Or —1-1- A-2 sin Sr 
Avio 2 i(6-1-1-2) cos Or+ All-rig-2) sin Sir 

A V10 (7) 

(8) 

which is the normalized volume-velocity. When the 
magnitude or phase angle of (8) is plotted against nor-
malized frequency for various loading conditions, the 
resulting family of universal response curves is inde-
pendent of crystal constants, crystal dimensions, and 

circuit constants. 
The normalized volume-velocity is a periodic function 

of frequency, having a magnitude of unity at funda-
mental resonance and at odd harmonics (6=1, 3, 5, 
and so on), and a magnitude of zero at zero frequency 
and at even harmonics (6=0, 2, 4, etc.). The magnitude 
response curve is symmetrical about the resonant fre-
quencies. For certain loading conditions, two equal 
peaks greater than unity are symmetrically located 
about the resonant frequencies. 
The transmitting transducer is frequently driven 

from the plate of a pentode tube using an inductance 
L which tunes the transducer capacity CE and stray 
capacity Cs to the fundamental resonant frequency and 
a suitable damping resistance R in parallel with L for 
the appropriate electrical bandwidth. In practical cases 
the loading due to the radiation resistance of the trans-
ducer may be neglected; hence, the input impedance is 
the reactance of CE, and the input voltage E3 of the 
transducer is 

E3 = gm egZL,  (9) 

where ZL is the impedance of the tuned circuit, g„, is the 
transconductance, and e5 is the grid voltage. When 
driven by a tube, the frequency response of the trans-
ducer is the product of the acoustic response given by 
(8) and the response of the tuned circuit of R, L, CE, 
and Cs in parallel. Since the frequency response and 
bandwidth of a parallel resonant circuit are well known, 
it is convenient to deal with the acoustic response and 
the response of the circuitry separately. 
Since z1 is resistive, the acoustic power W1 radiated 

into the transmission medium is proportional to the 
square of volume-velocity magnitude. It follows that, 
for the normalized power, 

WI I Avi 

W10 I Avio 

where Avi/Avio is given by (8) for a zero impedance 
source.2 Shown in Fig. 1 is the acoustic power response 
over the fundamental mode for X-cut quartz crystals 
and mercury as the transmission medium ('t= 1.29), 
with several values of backing impedance. The "acoustic 

Equation (10) gives the same results as (15) in the following: 
H. B. Huntington, A. G. Emslie, and V. W. Hughes, "Ultrasonic 
delay lines 1," Jour. Frank. Inst., vol. 245, page 10; January, 1948. 

2 
(10) 
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power response" is a plot of (10) versus normalized fre-
quency. This equation may be solved for the acoustic 
power bandwidth Af at a fractional power level WI/ Wi r, 
=h. 

I 2 

1 0 

0 .2 .4 .6 .8 P.O 1.2 1.4 16 1.8 2.0 

Fig. 1-Power response for mercury (I-, =1.29). 

Of importance in delay line design are the special 
cases of symmetrical loading (1=2=) and air back-
ing (*2-'..L.'0). By virtue of the crystal being a half-wave 

_ 

5 1.0 1.5 2.0 2.5  3.0  3.5 

Fig. 2-Fractional bandwidths for symmetrical loading (r 

in thickness at resonance, reflection of incident energy 
at the transducers can be reduced by a backing material 
having the same acoustic impedance as the transmission 
medium. When reflections are unimportant, however, 
lower losses result if the transducers are backed by air. 
In mercury delay lines a metal plate not in intimate 
contact with the transducers is used as a backing for 
mechanical support. The air trapped in surface irregu-
larities of the backing plate destroys the acoustic con-
tact, approximating the conditions for air backing. 

Fractional half-power and-0.707-lumer acoustic band-
widths Af/fo as (inlet ions of loading are shown in Figs. 
2 and 3 for miniu m-n.11 lo.uling .ind air backing, respec-

SINGLE 

PEAKS 

r, • 5 

Al 

DOUBLE 

PEAKS 

5 I 0 

h • 707 

1 5 2.0  2.5  3.0  3.5 

Fig. 3-Fractional bandwidths for air hacking Q.2=0). 

tively. It should be noted double-peaking does not °CCU: 
for symmetrical loading. For air backing, the fractional 
bandwidth between peaks and height of peaks in re-
sponse as functions of loading are shown in Fig. 4. 
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Fig. 4-Bandwidth and height of peaks for air backing 

For X-cut quartz transducers, and mercury as the 
transmission medium Q1=1.29), the fractional band-
widths are shown in Fig. 5 as functions of the backing 
material impedance. 

Over-All Delay Line Response 

The over-all frequency response and attenuation of a 
delay line are functions of the transducers, their cir-
cuitry, and propagation effects such as the ultrasonic 
absorption in the transmission medium and losses due 
to beam spreading. Propagation effects are neglected 

1 
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in the following analysis because of their wide variation 
f vith the type of transmitting material, with path length, 
tnd path configuration.6.7.8 If for a given delay line the 
)ropagation losses are known as a function of fre-

1.7 
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1 
I I I 

SINGLE 1 DOUBLE — 
PEAKS , PEAKS 

, 

h • .5 
• • • 

• .707 

I 

I —  

0 5 i0 5  2 0  2 5  30  3.5 

t 2 

Fig. 5—Fractional bandwidths for mercury  =1.29) 

quency, the absolute over-all attenuation can be found 
from the Principle of Superposition. 
1. Frequency Response: A parallel circuit of L, Cs, and 

R usually is connected to the electrical terminals of the 
receiving transducer, as ir the case of the transmitting 
transducer. Assuming identical transmitting and re-
ceiving circuit parameters and constant volume ve-
locity incident on the receiving transducer, it can be 
shown by means of the Reciprocity Theorem that the 
normalized output voltage of the receiving transducer 
is identical to the normalized volume velocity radiated 
by the transmitting transducer. 
In consequence of volume velocity on the receiving 

transducer being proportional to volume velocity radi-
ated by the transmitting transducer, the over-all fre-
quency response of the delay line is the square of the 
product of (8) and the response of the parallel resonant 
circuit of R, L, Cs and CE. The magnitude of the acous-
tic response is identical to the normalized power given 
by (10). Therefore, all curves relating to the acoustic 
power response, bandwidth, or peaks of one transducer 
may be converted to the over-all frequency response, 
bandwidth, or peaks of the delay line in voltage, except 
for the effects of the driving and receiving circuits, by 
substituting E for W. The frequency response of the 
transducer's circuitry is well known and can be com-
puted separately. 
2. Transducer Loss: Because of the low coefficient of 

electromechanical coupling in piezoelectric transducers, 
the transducer loss at fundamental resonance accounts 

6 II. 13. Huntington, "On ultrasonic propagation through mer-
cup/ in tubes," Jour. Acous. Soc. Amer., vol. 20, pp. 424-432; July, 
•1948. 

7 W. Roth, "Scattering of Ultrasonic Radiation in Polycrystalline 
Metals," Research Laboratory of Electronics, m.I.T., Technical Re-
port No. 52; November 26, 1947. 
• D. L. Arenberg, "Ultrasonic Solid Delay Lines," Jour. Acous. 

1 Soc. Amer., vol. 20, pp. 1-26; January, 1948. 

for a substantial part of the delay line attenuation. In 
accordance with the commonly accepted method of 
measurement, the transducer loss is defined as the ratio 
of the voltage Er at the electrical terminals of the 
transmitting transducer to the voltage ER at the elec-
trical terminals of the receiving transducer with 
propagation losses assumed to be negligible. The output 
voltage of the receiving transducer ER is found by solv-
ing Roth's circuit with the proper connections made for 
the receiving case. A parallel circuit of L, Cs, and R is 
connected to the electrical terminals, and a volume-
velocity generator Avs is connected across zi/A in 
mesh 1. Solving for ER at resonance, 

2RCE?*1 
ER = — AVR   

C al +  ?* 

AVR can be found by applying Thevenin's Theorem at 
the receiving end of the transmission medium. Looking 
back towa.rd the transmitting transducer (assumed to 
be at infinity), an acoustic impedance zi/A in shunt 
with a volume velocity generator 2 Avio is seen, where 
A tho is the volume-velocity radiated by the trans-
mitting transducer and is given by (7), where E3 is re-
placed by Er. Hence, 

Substituting 
transucer loss, 

—4ETCEA 
:AVR =   (12) 

zCp(rt 

(4) and (12) in (11) and solving for the 

ET ro2  
ER - 8 K26 W3CE R 

In the case of circular, X-cut quartz crystals, 

CE = 7.28 d2f0 micromicrofarads, 

(13) 

(14) 

where d is the diameter of the active area of the crystal 
in inches, and ft is the fundamental resonant frequency 
in megacycles. 

II. TRANSIENT ANALYSIS 

In relatively narrow-band applications the over-all 
transient response of a memory device is chiefly deter-
mined by the amplifier used with the delay line. In the 
high-speed memory of a large scale computer, however, 
the transient response of the delay line is the ultimate 
limitation on digital storage capacity and is therefore 
an important consideration in the logical design. The 
acoustic transient response of the delay line, neglecting 
propagation effects and the response of the transducers' 
circuitry, is developed in the following analysis. 
Roth's circuit has served as a basis for the develop-

ment of the steady-state theory of the piezoelectric 
transducer as presented above, but, for obvious reasons, 
it is not suitable for direct application to the transient 
analysis. The procedure adopted here is to devise an 
electrical transmission-line circuit having a steady-state 
response identical to that of the transducer in the ap-
proximate case and having a transient response which 
can be calculated in a straightforward manner. More-
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over, the transmission-line circuit presents a clear physi-
cal picture of the mechanism involved in both the 
steady-state and the transient operation of the trans-
ducer. 

Equivalent Circuit 

The equivalent transmission-line circuit, which has a 
steady-state response identical to the acoustic response 
of a piezoelectric transducer in the approximate case, is 
shown in Fig. 6. Heavy lines indicate ideal uniform 
transmission-line sections of characteristic impedances 
Z, Z1, and Z2, where the central section Z, of length 1, is 
analogous to the transducing crystal and sections Zi 
and Z2 are analogous to the acoustic loading media at 
.he faces of the transducer. For purposes of analysis, 
sections Zi and /2 are assumed to ex t end to in  

=  E_, 

E2c1wh1c1 = E.+ '' c 

In general, for a positively traveling wave, 

E+ = 142, 

and for a negatively traveling wave, 

E_ = - 

Therefore (16) may be written 

Z(1+ - 

f2e —icollc V2 = Z(f+t —italle  L ej,01/9.  

July 

(16a) 

(17a) 

(16b)I 

(17b) 

(18a) 

(18b) 

Equations (15) and (18) are simultaneous equations in 
four unknowns (II, /2, I., I ), which may be solved for 
II by means of Cramer's Rule 

I, = I 3Z 12Z2  (Z - Z2) "" - (Z  _ • . 
- ei'lf'(Z2 ZZ1 Z1Z2  ZZ2) - ZZ1 Z1Z2 - ZZ2) 

R R 

z,  2 

L— _ 

Fig. 6—Equivalent transmission-line circuit. 

Terminals 3 are analogous to the electrical terminals 
of the transducer formed by the conducting coatings on 
its faces. By analogy with the low electromechanical 
coupling in a transducer, the coupling resistances R, 
are assumed to be much greater than the characteristic 
impedance Z of the center section. Consequently, the 
shunting effect of R, on the transmission-line imped-
ances is neglected in setting up the boundary conditions. 
1. Steady-State Response: Assuming—for the trans-

mitting case—a sinusoidal constant-voltage generator 
E3 connected to terminals 3 of the equivalent circuit, 
traveling waves are seen to be set up in the transmis-
sion lines: waves of voltage Elei'xIci and current 

propagating to the left in Zi, waves of voltage 
E2e-iwzir2 and current /2e-i'xi'2 propagating to the right 
in Z2, waves of voltage Ef.e-/ic and current Lfe-i..ic 
propagating to the right in Z, and waves of voltage 
E_eiwx/c and current  propagating to the left in 

Z, where the time factor tiwg is implicit in the amplitude 
coefficients. The velocities of propagation are c, ch and 
c2 in the corresponding sections. 
Since R„>>Z, the current 13 flowing in R, is as-

sumed to be independent of impedances Z1 and Z2. 
Taking boundary 1 as the origin (x =0), and applying 
Kirchoff's laws at the boundaries: 

/1 = /4- ± r_+ 13,  (15a) 

= + /3,  (15b) 

Using the relat ions 

= 

= 

and rearranging, 

cos 0 j sin 0, 

cos 0 - j sin 0; 

(19) 
0 

4, 
(20a) • 

(200) : 

[cos - 1 + ji-2 sin ( 1] 

1, =   (21) 
co/ 

+ I-2) cos (—) :/(1 + I-II-2) sin (—) 

where 

At fundamental resonance 

1 = 
X0 
-  1 

2 

where X0 is the wavelength at resonance; hence, 

co/ 
— = 

—  • (25) 
I-1 -I- I-2 

Normalizing Ii with respect to 110, 

and 

(-1-H-2) f  cos Sir- 1  sin or t 

/10 2  t(I-1+I-2) cos or-f- j(1-H-ii-2) sin owi 

(22a) 

(22b) 

(23 

• (26) 

Since Z1 is resistive, the normalized voltage E1/E10 is 
identical to (26). It is clear from the identity of (26) 
with (8) that the normalized output voltage or current 
of the transmission-line circuit is identical to the nor-
malized volume velocity radiated by a transmitting 
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transducer or to the normalized output voltage of a re-
ceiving transducer for constant received volume velocity. 
For fundamental resonance at the same frequency, the 
time delay Td of electromagnetic energy through Z is 
.identical to the time delay of acoustic energy through 
the transducer. 
Since the steady-state responses are identical, it fol-

lows that the transient responses are the same. The 
transient solution of the transmission-line circuit is read-
ily established by well-known methods.9 
2. Impulse Response: The following analysis assumes 

an impulse driving source—a generator of a voltage 
pulse ea of zero width occurring at zero time—connected 
to terminals 3 of the transmission-line circuit. Using the 
notation that e= E f(T), where the function f(T) =1 for 
time t=T, and f(T)= 0 for t > T or t < T, it follows that 
ea= E3 f(0). In the simplest case of symmetrical loading 
when -1=- = 1, as shown in Fig. 7, voltage pulses of 
equal amplitude and opposite polarity are developed at 
boundaries 1 and 2 at 1=0. Arbitrarily assume that the 
pulse at boundary 1 is positive. A positive pulse (a) then 
propagates to the left of boundary 1 at velocity ci, and 
a positive pulse (b) propagates to the right of boundary 
1 at velocity c. A negative pulse (c) simultaneously 
propagates to the left of boundary 2 at velocity c, and 
a negative pulse (d) propagates to the right of boundary 

2 at velocity C2. 

• 

AT • 0: 2 

ZI -'- Z T  Z2 

AT t • It :  I  2 
2 

(a) 1 11a)1_ 
T(c)  

AT t Td 2 

RESULTING TRANSIENT IN Z, 

(d) 
T 

Fig. 7—Transient analysis when ri =(-2= I. 

The pulses transmitted into Zi are of interest. At 
1= Td, pulse (a) will have reached a position —x( = 
in Z1, pulse (b) will have passed into Z2 with no reflection 
at boundary 2, and pulse (c) will have passed into Z1 
with no reflection at boundary 1. Therefore, the voltage 
wave propagated by Z1 is a positive pulse followed by a 
negative pulse of the same amplitude which is delayed 
by Td. In impulse notation the wave at boundary 1 is 

El f(0)  — E2 f (Td). 

9 See, for example, S. Ramo and J. R. Whinnery, "Fields and 
Waves in Modern Radio," John Wiley and Sons, Inc., New York, 
N. Y., pp. 22-32; 1944. 
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In general, the pulses initially developed at the bound-
aries are unequal due to nonsymmetrical loading, and 
multiple reflections occur in Z due to mismatches at the 
boundaries. Change of polarity on reflection also occurs 
for certain loading conditions. 
For a traveling wave in Z incident on boundary 1 or 

2, 
Z1 — Z  1 — • 
  = y 
Z2 + Z  1 +  

and 

(27a) 

1 — 
a2 =   (27b) 

I + 

where a, the reflection coefficient, is the ratio of reflected 
voltage to incident voltage. The transmission coefficient 
(3, the ratio of voltage transmitted to voltage in the inci-

dent wave, is given by 

and 

2Z1 2 
131 =   z+ z, ri+t 

02 =.* 
2 

+ 1 

At 1=0, the v- oltages E1 and E2 are developed at 
boundaries 1 and 2 by the current / f(0) due to the im-
pulse generator. Hence, 

(28a) 

(28b) 

ZZ1 /43i 
— /  (29a) 

Z  Zi 2 

and 

/ZZ2 — /Z02 
E2 =  =   (29b) 

Z.-F Z2 2 

Following the same procedure as in the case of sym-
metrical loading, but taking into account the losses on 
transmission and reflection at the boundaries, the gen-
eral expression for the voltage wave el at boundary 1 

may be written: 

ei = Elf(0) 01E2f(Td) «201Eif(2T4 

aia2131E2f(3Td) a1a22131Elf(4Td) • • • ,  (30a) 

where the terms represent impulses spaced by time Li. 
Evaluating E2 in (30a) by means of (29b) and nor-

malizing with respect to the initial pulse voltage Ei, 

ei 
= f(0) — 02f(Td)  «2131./(27',/) — otta2132A3Td) 

ata2201/(4Td) • •  (30b) 

which is the impulse response of one transducer. 

Over-All Transient Response for Delay Lines 

1. Theoretical Transient Response: It has been shown 
that the transient response of output voltage for a re-
ceiving transducer with an impulse of volume velocity 
incident on interface 1 is identical to (30b). In a delay 
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line driven by an impulse generator, the wave incident 
on the receiving transducer is a train of pulses generated 
by the transmitting transducer, as given by (30b). Each 
incident pulse produces at the output a train of voltage 
pulses spaced by Td and proportional to the amplitude 
and polarity of the incident pulse. Addition of the pulse 
trains in the proper time relationship gives the over-all 
impulse response of the delay line exclusive of circuitry 
and of propagation effects. For identical transducers, 
corresponding pulses in the trains are coincident in time 
due to identical delay times in both transducers. Addi-
tion of coincident pulses gives the normalized over-all 
response 

—E- = AO) — 202f(Ta) (2a2131 $22).f(2Td) 

— 2a202(ai + 01)1(3Td) 

a2(2ala2/31 + 2(4122 + «2012)fi4Td)  (31) 

— 2a1a2202(at  201).A5Ta) • • • , 

where the terms under a bar represent a composite 
pulse, the pulses being spaced by Td. Fewest pulses re-
sult when t 2 = 1, giving 

= f(0) — 2f(Td)  .A2Td), (32) 

which is independent of ri.10 Theoretically, if the trans-
ducers were backed by a medium which matched the 
transducer acoustic impedance, optimum transient re-
sponse would result for any transmission medium be-
tween the transducers. Furthermore, the reflection of 
incident waves at the transducers would be minimized. 
It should be noted from (13), however, that in this 
instance the transducer loss is proportional to (6 +1) 2/6, 
which is large when 6 is small. 

The response of the delay line to any applied wave-
form can be found by applying the Principle of Super-
position. The method is to assume that the applied 
wave results from the addition of a large number of 
impulses of the proper amplitude, polarity, and position 
in time. Equation (31) gives the response of each im-
pulse, and the sum of all the responses in the proper 
time and amplitude relations is the response to the ap-
plied wave. When the number of impulses is infinite, the 
superposition integral results. 

2. Measured Transient Responses and Steady-State 
Bandwidths: The following measurements of over-all 
transient response used a 0.02-microsecond input pulse 
to approximate an impulse. The output of the delay 
line was viewed on a wide-band video amplifier and 
synchroscope. Input and output impedances of the delay 
line were 50 ohms. Propagation effects were minimized 
by a short path length, all the measurements on mer-
cury utilizing a f-inch diameter path two inches in 
length. X-cut quartz crystals were used as transducers 
in all measurements. The following over-all fractional 

10 This is in agreement with the steady-state response, which is 
independent of ri when r, = 1; hence, the curve for re ...1 in Fig. 1 
corresponds to optimum transient response for any 

July 

bandwidths were measured on the same delay lines using 
rf pulse techniques. 
The fundamental resonant frequencies of the trans-

ducers were in the range of 6.5 to 10 mc. Unfortunately, 
cut-off of the video amplifier at 18 mc limited the pass 
band to the fundamental mode of the transducers, re-
sulting in the 0.02-microsecond input pulse being re-
shaped as alternations of the fundamental resonant fre-
quency at the output. 

( b)  (d) 

Fig. 8—Theoretical and measured transient responses. 

Shown in Fig. 8(a) are the theoretical and measured 
transient responses for a mercury delay line with mer-
cury backed transducers (6 =6= 1.29). Higher order 
pulses of low ami litude are neglected in this curve and 
in the following curves for theoretical transient re-
sponse. 

The transient response of a mercury delay line with 
air-backed transducers (steel backing plates) is given in 
Fig. 8(b) (6=1.29,  The measured 3-db band-
width was 0.62; in comparison, the theoretical band-
width is 0.76 (Fig. 5). 

The transient response of a mercury delay line with 
lead backings in. intimate contact with the transducers 
is shown in Fig. 8(c) (6 =1.29, 6 =1.58). The measured 
3-db bandwidth was 0.93; the theoretical bandwidth is 
1.1 

A steel delay line, made from a gauge block I inch in 
diameter and one inch in length, with air-backed trans-
ducers, gave the transient response shown in Fig. 8(d) 
(6=2.83, In both the measured and theoretical 
responses, higher order pulses of decreasing amplitude 
follow the eleven pulses shown. The measured band-
width between peaks was 0.93, and the peaks were 4 
db greater than the response at resonance. Theoreti-
cally, the bandwidth between peaks is 0.91, and the 
peaks are 7 db greater than the response at resonance 
(Fig. 4). 

From a comparison of the transient measurements 
with calculated values it is concluded that the agree-
ment is not exact, but that the theory exhibits the cor-
rect trends with sufficient accuracy for most engineering 
problems. In general, the measured bandwidths are less 
than the theoretical bandwidths, and the transducer loss 
measured at resonance is 3 to 6 db greater than the 
theoretical transducer loss from (13) and (14). 
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The theory assumes ideal loading conditions which 
are only approximated in practice. In the case of the 
mercury delay line with air-backed crystals, for ex-
ample, the steel backing plates apparently reflect a small 
acoustic load to the back fares of the crystals, which ac-
counts for the measured bandwidth being less than, and 
the transducer loss being higher than, the theoretical 
values as can be seen from Fig. 5 and (13). 
Although exact numerical values do not result from 

the theory as presented above, it should be clear that 
the theory is fundamentally correct and is of practical 
importance in the design of ultrasonic delay lines. 
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Note on Safe Resonator Current 
Elements* 
E. J. POSTt 

Summary—An unambiguous quotation of crystal data is proposed 
combined with some numerical values of much-used quartz cuts. The 
aim is to prevent a misunderstanding which sometimes exists about 
maximum electrical loading of piezoelectric elements. 

I
N THE APRIL ISSUE of Electronics (1951) E. A. 
Gerber' emphasized that the ratio of amplitude of 
crystal vibration and current in the lead wires de-

pends strongly on the operating conditions of the crys-
tal. To prevent ambiguity in quoting data for maximum 
crystal current, the limiting data for crystal performance 
could be given in terms of optimum current in the me-
chanical branch of the crystal two-terminal.' The ficti-
tious (piezo-electric) current in the mechanical branch 
is directly proportional to the amplitude of vibration, 
and may be identified with the current in the lead wires 
in almost any case of a crystal operating in its series 

resonance. 
A dimensional analysis shows that for uniformly vi-

brating, fully plated crystals the piezoelectric current 
can be written as 

/ = C • 0; 

IP is a function depending upon the geometrical dimen-
sions of the crystal and its mode of vibration only, 
whereas C is a constant depending on physical and tech-
nical quantities characteristic for the crystal cut in 
question. In Table I particulars about C and 4 are given 
for computing the optimum current in the mechanical 
branch of some quartz cuts. 
Appropriate use of the table prevents crystal break-

age due to electrical overloading. This statement is 
based on about three years of practical application in 
the Post Office Laboratory in the Hague in Holland. 

• Decimal classification: R214.211. Original manuscript received 
by the Institute, June 23, 1951; revised manuscript received, January 
9, 1952. 
t Radio Laboratory of the Netherlands Postal and Telecommuni-

cations Services, 's-Gravenhage, Netherlands. 
E. A. Gerber, "Amplitude of vibration in piezoelectric crystals," 

Ekctronies, vol. 24, p. 143; April, 1951. 
I A more elaborate form of this note was published in Dutch as an 

appendix to a paper on oscillator design (Post and Pit, PTT Bedrijf, 
vol. III, p. 39; May, 1950). The material on oscillator design was 
published in English (PRoc. I.R.E., vol. 39, pp. 169-174; February, 
1951). Details covered in Gerber's paper have been deleted. 

of Piezoelectric 

TABLE I 

FORMULA FOR OPTIMUM CURRENT IN MECHANICAL BRANCH OF 
RECTANGULAR PLATES 

/,,,= w, 1) (mA) 
1= length  w = width  t= thickness of resonator 

Mode of 
vibration 
and cut 

0(1, w, t) 
(mm) (m.A.mm-') 

Remarks 

Thickness 
Ar, Br, X 

wilt 

Longitudinal 
X bar, Gr 

Face shear 
Cr, DT 

Face shear 
HT 

Flexure 
Curie strip of 
X bars 

Ar, C=0.12 
Br, C=0.12 
X, C=0.4 

X cut 5°, 
c=0.55 

GT cut, 
C=0.30 

Cr, C°0.25 
Dr, C=0.15 

GT  1<w 

C=0.25 

w =1 

will C=0.3 
C=0.6 

No center electrode 
center electrode 

A direct computation of optimum piezoelectric cur-
rent based on tensile strength of the material may be 
found in Cady's "Piezoelectricity." More information 
about rupture strain of quartz for different orientations 
is needed to extend the derivation to other crystal cuts. 
Moreover, one has to take into account the additional 
stresses due to interfering modes disturbing the uniform 
vibration pattern in thickness vibrators, and for par-
tially plated crystals one has to take into account the 
decreased area of the electrode surface. For overtone 
excitation of thickness vibrators it is worthwhile to point 
out that some further analysis shows that C is unaf-
fected by the order of the overtone. 
No doubt some figures for C are susceptible to correc-

tion by those who have more experimental data avail-
able. The principle aim of this note is to provide a fair 
working basis for safe crystal-oscillator performance. 

3 E. J. Post, Apial. Sci. Res., vol. B1, p. 420; 1950. 
' W. G. Cady, "Piezoelectricity," McGraw-Hill Book Co.. Inc., 

New York, N. Y., p. 324; 1946. 
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An Experimental Study of Low-Power CW 
Magnetrons Having Few Segments* 

E. B. CALLICKt, SENIOR MEMBER, IRE 

Summary—It is shown that, apart from having intrinsically lower 
efficiency, two- and four-segment magnetrons differ very little in 
characteristics from multisegment types if the ratio of cathode-to-
anode diameter is the same in each case. High efficiency, comparable 
under some conditions to that of multisegment magnetrons, can be 
obtained from tubes having few segments when the cathode is rela-
tively much smaller. This results in a number of observable differ-
ences between the behavior of the two types, notably a variation of 
efficiency with diameter in two- and four-segment tubes, which is 
accompanied by nonconformity to the voltage scaling laws. 

1. INTRODUCTION 

TT HAS BEEN SHOWN' that an approximate value for the theoretical maximum efficiency of a magne-
  tron may be derived from the assumption that all 
electrons arriving at the anode do so tangentially with 
an angular velocity equal to that of the rotating rf 
field, and that the energy of the electrons returning to 
the cathode may be neglected. Then 

l m  cor  2. 
= I — —  

2 

where 

co is the rf angular velocity 
X the corresponding wavelength 
n the mode number 
V the anode voltage 
H the magnetic field 

and 

ra the anode radius. 

By substituting for V the threshold voltage 171 de-
rived by Hartree and Bunemann and introducing the 
Hull cutoff voltage V, this may be written 

1 _ iy _r _C\ 1/2  _ (VC _ 1) 1 2 

L \  \ VT 
which, by manipulation and introduction of the reduced2 

Decimal classification: R355.912.1. Original manuscript re-
ceived by the Institute, July 20, 1951; revised manuscript received, 
February 18, 1952. 
t P. 0. Box 165, Benjamin Franklin Sta., Washington, D. C. 
W. E. Willshaw, L. Rushforth, A. G. Stainby, R. Latham, 

A. W. Balls and A. H. King, "The high power pulsed magnetron; 
development and design for radar applications," Jour. IEE (Lon-
dm), vol. 93, no. 5, pp. 991, 992; 1946. See also K. Posthumus, 
"Oscillations in a split anode magnetron," Wireless Eng., vol. 12, pp. 
126-132; March, 1935. Reference to this work is made by Spangen-
berg in "Vacuum Tubes," McGraw-Hill Book Co., Inc., New York, 
N. Y., pp. 654-660; 1948. 

2 In their original form, as derived by Hartree and Bunemann, 
the reduced variables do not include the mode number n. Those in 
common use today, which take n into account, are due to Slater. See. 
for example, G. B. Collins "Microwave Magnetrons," Radiation 
Laboratory Series No. 6, McGraw-Hill Book Co., Inc., New York, 
N. Y., pp. 414-417; 1948. 

values of operating magnetic field (MH) and applied 
voltage ( V/ Vo), gives 

or 

where 

and 

n= 1 
1 

211 
—  1 
110 

1. 0 

= 1 — 
T 

2 

Ito =  (- -) • (2r2c2 

tzX 

r,2)2 
=  X 106) 

/ix 

Ho = 
1 

2 

/1X (I —  -?1c — ) 

ra2 

1 
= —• (21.4 X 103) 
nX 

(e 1 
m  471-c) 

if rc, the cathode radius, is small compared to ro. 
Comparisons of the predicted and measured values of 

efficiency of both two- and four-segment magnetrons 
have been made by Herriger and Hiilster,2 showing that 
the measured efficiency is never greater than about one 
half the predicted maximum value. A comparison4 of 
available data on multisegment magnetrons of the kind 
commonly used in radar systems showed that whereas 
with H/Ho around 3 the measured efficiency, like that 
of the types examined by Herriger and Hiilster, is about 
one half of the theoretical maximum value, it rises to 
within 5 to 10 per cent of that value when H/H0 is 
equal to 5. 

It will be shown here that efficiencies greater than 
those found by Herriger and Hulster may be obtained 
from two- and four-segment magnetrons by the proper 
choice of geometry and operating conditions, that the 
difference in efficiency so obtained can be simply and 
directly related to differences in tube dimensions, and 
that under certain conditions the efficiency of two- and 

3 F. Herriger and F. Hidster, "Die Schwingungen der Magnet-
feldrohren," Hochfreq. und Ekktroak., Band 49, p. 129; April, 1937. 

K. R. Spangenberg, "Vacuum Tubes," McGraw-Hill Pub-
lishing Co., New York, N. Y., pp. 665-667; 1948. 
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four-segment magnetrons is comparable if not almost 
equal to that of multisegment types. High efficiency 
can be obtained from tubes having few segments only 
if the cathode is relatively much smaller than that in 
multisegment magnetrons. The experimental work to be 
described has related this difference to differences in the 
characteristics of the two types, and in particular to a 
considerable variation of efficiency with diameter in 
two- and four-segment magnetrons, which is shown to 
be accompanied by nonconformity to the "voltage-scal-
ing" laws. It has also shown that when the relative size 
of the cathode is greater than that giving maximum ef-
ficiency in magnetrons having few segments, and is the 
same for these and multisegment tubes, there is little 
if any fundamental difference between the characteris-
tics of the two types. They differ significantly only in 
that the magnetrons with fewer segments have in-

trinsically lower efficiency. 

2. EXPERIMENTAL RESULTS 

Two-Segment Magnetrons 

Fig. 1 shows the relation between efficiency, anode 
current, field, and frequency. With Hand f fixed, n and 
I, are inversely proportional over most of the range of 
current in which oscillation is maintained. 
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lg. 1—Efficiency of a two-segment magnetron as a function of 
anode current and magnetic field. 

Near the lower limit of oscillation, there is a charac-
teristic "tail" or rise in efficiency with current as il-
lustrated at "a." This was found in nearly all the tubes 
examined, but to varying degree, so that it may pass 
unnoticed, particularly when r,, is small. Large tubes, on 
the other hand, may give a rise in efficiency with cur-
rent over a large part of the operating range, and inter-
mediate sizes show the tail as a region of constant 
efficiency at the low current end of the mode. At the 
high current limit there may be either an abrupt cessa-
tion of oscillation or a falling off in efficiency as il-
lustrated at "b." In both cases, approach to the upper 
mode boundary is characterized by no increase or, al-
ternatively, a fall in current as the anode voltage is in-
creased, even though the primary emission available 
from the cathode is many times the oscillating current 
at any part of the mode. 
If the loading is set to give maximum efficiency at 

low values of H/Ho, and then H/Ho is increased, there 
is an abrupt change in the n//„ characteristic at some 
particular value of H/Ho, as illustrated by the broken 
curve "X" of Fig. 1. The efficiency no longer shows in-
verse proportionality to anode current, but appears to 
be sensibly independent of it. A slight reduction in 
loading restores the inverse relationship, the value of 
noun being then roughly the same as the efficiency pre-
viously obtained over the whole range of operating 

current. 
Changes in the relative dimensions of the gaps and 

the interaction space displace the lower and upper 
mode boundaries in the same direction, and affect the 
incidence of tail. A tube with narrow gaps ( <7.0/5) will 
oscillate at lower current and show little backlash at 
the lower mode boundary and more tail than a similar 
one with relatively large gaps (about r./2), which will 
jump into oscillation at a higher minimum current, 
have considerable backlash, and little if any tail. At 
the upper mode boundary, tubes with narrow gaps drop 
abruptly out of oscillation at lower current and there-
fore give less maximum power output than those having 
wide gaps. The efficiency and operating current in the 
central linear part of the curve are not greatly affected 

by gap width. 
At any fixed frequency, as H is increased above a 

critical value for a particular tube, the mode boundaries 
move very close together, the average current in the 
mode remains constant or falls, and the measured values 
of efficiency show little or no increase. When H exceeds 
another critical value slightly higher than the first, 
some tubes show a rapid decrease in operating current 
and measured efficiency with increasing H, and in some 
extreme cases cannot be made to oscillate at all. The 
fall off may be minimized or possibly eliminated by the 
presence of a minute trace of gas, or by an increase in 
temperature of the cathode, even though the emission 
available at the lower temperature is several times the 
oscillating current. It is particularly sensitive to changes 
in cathode radius, even though this is small compared to 
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the diameter of the interaction space. Control by the 
cathode is a function of size only, and not of any in-
crease in available emission that may be a result of an 
increase in radius, which raises the critical value or II, 
and will, in most cases, eliminate the falling-off effect or 
the refusal to oscillate above some critical field. In one 
particular experiment, by a change in radius from 
roughly rail° to r„/5, normal operation was obtained 
from a tube which had previously failed to oscillate at 
all except at very low field. Similar, but not so marked 
effects may be obtained by off-centering a small cath-
ode. 

It 
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Fig. 2—Efficiency of a number of two-segment magnetrons as a 
function of reduced magnetic field, showing effect of changing 
anode diameter. 

Fig. 2 shows a family of curves of efficiency against 
a reduced magnetic field for tubes of different anode di-
ameter, together with a curve taken from the Herriger 
and Mister paper: ti„,,,„ is the measured maximum ef-
ficiency; no the efficiency at very low current, obtained 
by extrapolating curves like those of Fig. 1 to Ip= 0. 
The former, flmax. shows little or no increase above some 
critical value of II/110 that depends upon anode diam-
eter, but no shows a steady but diminishing increase 
with H/Ho over the whole range of measurement. For 
fixed values of H/Ho, there is a small but definite in-
crease of Nu,x with frequency; but for convenience in 
comparison, a single curve is drawn to represent the 
relation between 7jmax and Hai, no was found to be 
entirely independent of frequency and anode diameter. 
When H/Ho is less than 5, one obtains the empirical 

relationship 

0.42D„'n•no > 

where Dais in mm, and it is assumed that the leveling off 
of nn,.x above the critical value of H/Ho has not taken 
place. The value of H/Ho at which leveling off in nmaz 
occurs may also be related to the anode diameter by the 
approximate empirical formula 

(H/Ho): r 30/D0. 

Both formulas give good agreement with the results of 
our experiments, but do not fit those obtained by Her-
riger and Hillster. 

Four-Segment iIagnetrons 

When curves of efficiency against current of four-seg-
ment tubes were first examined, it appeared that apart 
from a fall in efficiency near the mode boundaries, the 
efficiency was sensibly constant over the whole of the 
operating range. Closer examination of curves taken on 
a number of tubes and measurements made with load-
ing slightly lighter than that found to give maximum ef-
ficiency near the low-current-mode boundary showed, 
however, that the curves for four-segment tubes are not 
fundamentally different from those for two-segment 
types. The curves consist, in general, of an extended re-
gion of constant efficiency near the low-current-mode 
boundary, corresponding to the "tail" in the two-seg-
ment characteristic, and a region of linearly decreasing 
efficiency near the upper limit. As the loading is in-
creased, the curve is flattened out and n appears to be 
almost independent of I„. A similar effect can be pro-
duced by heavy loading of two-segment types. It is char-
acteristic of the four-segment tubes that however the 
are loaded, the measured values of n,nax and n„„„ differ 
less than those of two-segment types. The effect of 
changes in loading and gap dimensions is similar but not 
so pronounced as in two-segment types. The fall-off ef-
fects in high magnetic fields are affected by changes in 
cathode diameter in a similar way. 
Fig. 3 shows a. set of three families of curves of ef-

ficiency against a reduced magnetic field for magnetrons 
of three different sizes. Above a critical frequency for 
each size of tube, which decreases as the anode diameter 
increases, the curves of Nu,x closely resemble those of 
two-segment magnetrons of similar size, except that ef-
ficiency is always higher at the same values of H/Ho 
and the leveling off in efficiency occurs at higher values 
of TN.. and H/Ho for the four-segment types. As the fre-
quency is reduced, the curves of  versus H/Ho show 
a broad peak at values of H/Ho which increase as the 
anode diameter decreases. The peak becomes more pro-
nounced until a critical frequency is reached, when no 
further changes are observed. 
In Fig. 4, curves of th„„x taken from Fig. 3 and the 

curve of no are shown for comparison with the curve of 
theoretical maximum efficiency, an averaged curve for 
multisegment magnetrons, and a curve given by Her-
riger and Hiilster for a magnetron having D.= 10 mm. 
As in the case of two-segment magnetrons, the larger 
tubes are more efficient when H/Ho is low but show a 

•Ir 
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limiting value of nu.z lower than that of the smaller 
tubes, and no is independent of diameter and frequency. 
If nmsx is read from the upper branches and H/Ho is 

less than 5, efficiency is given by the approximate em-
pirical expression 

nmax -t• 0- 41,.112 • no > no, 

where D. is in mm. This is almost the same formula as 
that obtained for two-segment tubes. The efficiency in 
the lower branches of the curves of n„,.. is independent 
of diameter and is approximately equal to 2n0/3. The 
values ofH/Ho,after which no great increase in efficiency 
is obtained in the lower family of curves, are related by 
the approximate formula 

(H//30):  40/Da, 

and the position of the peaks in the upper branches by 

(H/H0)„ -4 30/Da, 

which is the same formula as that obtained for the lev-
eling-off point in two-segment types. 
Herriger and Hillster, attribute the trough in their 
n versus H/Ho curve to an unfavorable spatial relation-
ship between the RF gaps and the loops in the electron 
paths from cathode to anode. No sign of such a trough 
was found during our measurements of the efficiency of 
the 3-, 4-, and 6-mm tubes. The 6-mm tube was made to 
give a characteristic somewhat similar to the Herriger 
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Fig. 3—Efficiency of a number of four-segment magnetrons as a 
function of reduced magnetic field, showing effect of changing 
anode diameter and frequency. 

and Mister curve by deliberately undercoupling the 
load when the curve "Z" of Fig. 3 was obtained. The 
tube then generated a large amount of second harmonic 

• in the region of the depression in n,„„.. This could be 
eliminated, and the normal characteristic obtained, by 
an increase in loading too small to affect the measured 

values of efficiency at low values of H/Ho. This genera-
tion of harmonics was found in all the tubes examined 
if the loading was not properly adjusted, being more 
pronounced in the larger types. It therefore seems pos-
sible that the trough in the Herriger and Htilster curve 
might be explained by an effect of this kind. 
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Fig. 4—Efficiency of four-segment magnetrons as a function of re-
duced magnetic field compared with the theoretical maximum 
efficiency and that of multisegment types. 

The Relation between Anode Diameter and Efficiency 

Having seen that magnetrons having few segments 
and relatively small cathodes show considerable varia-
tion of efficiency with anode diameter, one asks whether 
this is associated with a corresponding variation in some 
other electrical characteristic, for it seems improbable 
that efficiency should be affected by changes of dimen-
sion alone. It may be argued that if I „' , the oscillating 
current per unit length of tube, increases with anode 
diameter less rapidly than the applied voltage V„, condi-
tions are more favorable to electron bunching and spoke 
formation in the larger tubes; so their efficiency should 
be higher. If the ratio V,//„' varies with anode diam-
eter, one cannot apply to magnetrons having few seg-
ments the voltage scaling laws applicable to multiseg-
ment types, whose efficiency is generally assumed to be 
independent of anode diameter. 
For two-segment magnetrons, direct comparison 

measurements of the minimum and maximum operating 
current were made at selected fixed frequencies in the 
range 150 to 300 mc with the magnetic field chosen to 
make H/Ho vary in steps from 2 to 10. Interpretation of 
the results was complicated by the effect of gap dimen-
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sions, waste current, and minor irregularities in con-
struction; but it was concluded that: 

(a) For low values of /////o, where rim., is roughly 
proportional to DP', V,is more nearly proportional 
to D." than to D‘,2. For higher values, where the 
levelling off in efficiency takes place, V, is ap-
proximately proportional to D.2. 

(b) I„,', the minimum oscillating current per unit 
length of tube, is roughly the same for all tubes at 
a given value of ///1/0. 

(c) The maximum value of oscillating current per unit 
length is roughly proportional to the diameter. 

Thus there appears to be at least an empirical connec-
tion between nmax and the ratio Vp//,,,'; for when II/ Ho 
is less than 5, and ri„,„x is proportional to D."2, so also is 
the corresponding value of V„//„,'. 
For four-segment magnetrons, direct-comparison 

measurements were limited to values of II/ Ho between 
3 and 8. Interpretation of data was complicated in the 
same way as for two-segment types, and also by the abil-
ity of the four-segment tubes to operate anywhere in the 
region bounded by the upper and lower curves of Fig. 4. 
Even so, there is evidence to show that: 

(a) V„ is proportional to D.' to within the limits of 
measurement. 

(b) When II/110 is less than 5, and the tubes are op-
erating on the lower branches of the efficiency 
curves, I„,' is roughly proportional to D.', and so 
to V,. Under these conditions, n,„„„ varies very 
little with anode diameter. 

(c) When H/Ho is greater than 5, I.' increases more 
rapidly than .D„2 and V. Under these conditions, 
the larger tubes have lower efficiency. 

(d) If comparisons are made between tubes operating 
on the upper branches of the curves, or between 
one on the upper and one on the lower, the rela-
tion of  to D., and so to V,, is modified in a way 
that is compatible with the initial assumption 
that efficiency is in some way proportional to 
V,//,'. 

The measured characteristics of four-segment magne-
trons are therefore intermediate between those of two-
segment and multisegment types. Operating on the 
lower branches of the curves, their efficiency is sensibly 
independent of anode diameter, and they conform to the 
voltage scaling laws that are applied to multisegment 
tubes. On the upper branches, they show the lack of 
proportionality of V, and /„,' to D.' and the variation of 
efficiency with diameter that is characteristic of two-
segment magnetrons. In this connection, the agreement 
between the empirical formulas for (/////0)/ for two-seg-
ment tubes and (H///0)„ for four-segment magnetrons 
may be more than coincidence. 

The Effect of Changes in Cathode-to-Anode Ratio 

The two types have one great difference in geometry 

if high efficiency is obtained from each—the relative sizes 
of cathode and anode. In multisegment tubes, D. is 
roughly equal to or greater than D./2, whereas the 
cathodes in our tubes were relatively much smaller, D. 
being never more than D„/5. One therefore asks whether 
this could account for the difference in characteristics. 
Fig. 5 shows a family of curves for a 6-mm tube with 

various sizes of cathode. Similar results were obtained 
from a 3-mm tube, and from the two sets of observations 
it was concluded that when D. is roughly equal to or 
greater than D„/4 efficiency is not significantly depend-
ent on anode diameter. Under these conditions there is 
no peak in the efficiency curves and the tubes conform to 
the scaling laws. They differ from multisegment magne-
trons only in having intrinsic:ally lower efficiency. 

De .011 Mit 
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Fig. 5—Efficiency of a four-segment magnetron as a function of 
reduced magnetic field, showing effect of increasing cathode 
diameter. 

The disappearance of the peaks in 7).„x as the cathode 
diameter is increased suggests that the upper branches 
of Fig. 4 may correspond to the peak and trough in the 
Herriger and Mister curve for their 10-mm tube, par-
ticularly if they used a filamentary cathode and so ob-
tained a cathode-to-anode ratio very much lower than 
the  of the 3-, 4-, and 6-mm types used in the experi-
ments described above. 

3. SUMMARY OF EXPERIMENTAL RESULTS 

It has been shown that efficiency comparable with 
that of multisegment magnetrons can be obtained from 
two- and four-segment types by suitable choice of geom-
etry and operating conditions. For high efficiency, the 
cathodes are relatively much smaller in the tubes having 

• 

• 
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few segments, which show a variation of efficiency with 
anode diameter. 
This variation is accompanied by a corresponding 

variation in the ratio of applied voltage to the current 
per unit length of tube, so that tubes of this kind do not 
conform to the voltage scaling laws that are commonly 
applied to multisegment types. In other respects, nota-
bly the restriction of the range of oscillating current as 
the magnetic field is increased and the rise in efficiency 
with current near the low-current boundary, the behav-
ior of two- and four-segment magnetrons closely resem-
bles that of multisegment types, as does that of the 
four-segment tubes in the apparently small variation of 

efficiency with operating current. 
Finally, it has been shown that the differences in the 

measured characteristics of multisegment magnetrons 
and of those having few segments can be related to the 
difference in the relative size of the cathode that is nec-
essary if both types are to give their maximum possible 
efficiency. When the cathode-to-anode ratio is compara-
ble for the two types, tubes having few segments have 
intrinsically lower efficiency, but their characteristics 
show no fundamental dissimilarity to those of multiseg-
ment magnetrons. 

4. COMMENT 

It has been suggested that a relatively small cathode 
gives high efficiency because electrons that might other-
wise dissipate their energy in back-bombardment of the 
cathode can pass through the center of the interaction 
space and give up their energy to the rf fields during a 
subsequent traverse to the anode. However, experi-
ments made during this study have shown that six-seg-
ment magnetrons with small cathodes either fail to 
-oscillate at all, or will oscillate only with low values of 
reduced magnetic field and then give very low efficiency. 
The same effect was also found in four-segment tubes, 
though not so marked. In both cases it could be elimi-
nated by an increase in cathode diameter, or by equiv-
alent off-centering of a small cathode. 
An alternative explanation of the role of the cathode 

in determining magnetron characteristics assumes that 
too small a cathode will prevent build-up of a stable elec-
tron spoke system, because this would result in regions 
near the cathode having a space-charge density exceeding 
that which the fields therein could maintain in equilib-
rium. Thus for easy starting and efficient operation in 
the normal magnetron mode, a tube of given size re-

quires a particular minimum size of cathode. As the 
number of segments is increased, penetration of the rf 
fields into the interaction space will decrease, and so the 
minimum size of cathode will increase. By reason of the 
greater bunching and possibly higher operating current 
density, one would also expect an increase with increas-
ing field and applied voltage, or alternatively, a drop 
out of oscillation above some critical field dependent 
upon cathode-to-anode ratio. Off-centering a small cath-
ode will move it into a region of higher fields, and so per-

mit build-up of oscillation, even though efficiency would 
probably be lower than that obtained with a larger ax-
ially mounted cathode. The results of our experiments 
agree with all these conclusions. 
If the cathode-to-anode ratio is greater than the per-

missible minimum, space-charge defocusing and collec-
tion of electrons before they give up their energy to the 
rf fields will be more pronounced in magnetrons having 
few segments, and so their efficiency should be lower 
than that of multisegment types.6 This effect will be-
come more marked as the cathode-to-anode ratio is 
increased. If the reduced magnetic field and applied volt-
age are increased, the higher operating current density 
and greater degree of bunching will accentuate these 
effects. One would therefore expect the difference in ef-
ficiency of the two types to increase with both Dc/Da 
and H/Ho. Experimentally this is so. 
If the cathode is too small for operation in the normal 

magnetron mode, the tubes can oscillate only in the 
"minimum voltage" regime' described by Willshaw and 
Robertshaw, in which the fields near the cathode have 
no part in the mechanism of oscillation. Using a block 
with a large number of segments, they have found that 
with the low cathode-to-anode ratio required for effi-
cient operation in the minimum voltage regime, the 
normal magnetron mode of operation is suppressed. An 
increase in cathode diameter permits the tube to operate 
either in the minimum voltage regime or in the normal 
mode with low values of reduced field. A further in-
crease results in suppression of the minimum voltage 
mode and extension of the normal magnetron mode to 
higher values of reduced magnetic field. This effect of 
changing cathode-to-anode ratio is much the same as 
that which has been found in our experiments with two - . 
four-, and six-segment magnetrons. Operation in the 
minimum voltage regime is limited to values of H/Ho 
around 1.5. Under these conditions the power output 
from the magnetrons used in our experiments would be 
too small to be measured by our apparatus. However, 
some of the four-segment tubes, but none of the two-
segmen t ones, gave some indication of operation in the 
minimum voltage regime. Curves of efficiency against a 
reduced magnetic field, such as those of Figs. 3 and 4, 
should theoretically pass through zero efficiency at 
H/Ho =1; and in the case of two-segment magnetrons, 
the experimental curves do likewise, apart from a slight 
falling away near the origin of the curves, which can be 
attributed to an imperfect cutoff characteristic. Some 
four-segment tubes, however, gave curves of efficiency 
which fell away from these curves and would, if extra-
polated, have passed through zero efficiency at H/Ho be-

Slater's rule cannot be applied to magnetrons having four seg-
ments or less, for it gives r,=0. Experimentally, the optimum 
cathode-to-anode ratio for two- and four-segment tubes is between 
1:10 and 1:8. For six-segment tubes the rule gives r,/r,, =1/5. Ex-
perimentally, the optimum value is found to be somewhat higher than 
this. 
' W. E. Willshaw and R. G. Robertshaw, "The behaviour of 

multiple circuit magnetrons in the neighbourhood of the critical 
anode voltage," Proc. Phys. Soc., vol. 63, p. 41; January, 1950. 
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tween 1.5 and 2. At the same time, measured efficiencies 
of a few per cent were obtained at these values of re-
duced magnetic field. In some extreme cases, when very 
small cathodes were used, operation was limited to val-
ues of H/Ho below 2, when only by careful adjustment 
of field and applied voltage could a measurable efficiency 
be obtained. 

5. CONCLUSION 

Experiment has shown that there are no fundamental 
differences between the characteristics of multisegment 
magnetrons and those of tubes having few segments. 
Observed differences in their behavior have been related 
to the difference in the ratio of cathode-to-anode diam-
eter which is necessary if maximum efficiency is to be 
obtained from each type. 
It appears that for all magnetrons the cathode-to-

anode ratio must exceed a certain minimum if oscilla-
tion is to be in the normal mode. It must not exceed a 
certain maximum if high efficiency is required. Both 
minimum and maximum increase with the number of 
segments. 
The effect of variations in cathode-to-anode ratio has 

been explained in terms of the maximum permissible 
space-charge density near the cathode and of space-
charge defocusing of the rotating electron cloud. But 
this explanation is purely qualitative and deals only in 
very general terms with the phenomena involved. It 
must be concluded that the exact role of cathode in de-
termining magnetron characteristics is still a matter for 
speculation. 
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APPENDIX 

Details of the Experimental Method 

The construction of some typical tubes used in the ex-
periments here reviewed is illustrated in Fig. 6. The 
interaction space is enclosed by a comparatively massive 
copper anode which permitted operation of the tubes 
without overheating or other adverse effects at high 
values of reduced field. In nearly all tubes the length of 
the anode was roughly twice the diameter of the inter-
action space, and in no case was it less than one and a 
quarter times the diameter. The width of the gaps be-
tween the segments in both two- and four-segment types 
was approximately one fifth of the internal diameter of 
the anodes. Earlier experiments had indicated that the 
size and position of cathode end-discs had little effect on 
efficiency, and therefore no end-discs were incorporated, 

except those formed by the flanges of the eyelets into 
which the ends of the cathodes were anchored. The avail-
able primary emission was usually several times the 
oscillating current, even when operating with the maxi-
mum permissible power input. 
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Fig. 6—Construction of two typical experimental tubes. 
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To avoid as far as possible any freak results due to 
some undiscovered imperfection or peculiarity of any 
one tube, measurements, with one or two exceptions, 
were made on two or more samples of each type. At the 
beginning of each set of measurements, the tube being 
tested was checked for cutoff characteristic and aligned 
in the field to give maximum efficiency at some conven-
ient field strength. In general, the alignment found to 
give highest efficiency also gave the best cutoff char-
acteristic. A few tubes, however, showed a small but 
definite increase in efficiency when given a few degrees 
displacement from the optimum alignment for cutoff. 
Power output was measured by visual comparison of the 
brilliance of the rf load lamp with that of a similar lamp 
placed next to it and operated from a variable dc supply. 
In general, positioning of the load lamp with respect to 
the shorting bar was not critically dependent on mag-
netic field, a minor readjustment being required only 
when the field was set to values much higher than that 
for which the optimum position was selected. The load 
and comparison lamps were selected to have the same 
resistance when cold and to have similarly shaped fila-
ments. Measurements of power output by three differ-
ent observers gave general agreement to within 5 per 
cent of the measured power, as did substitution of one 
load lamp by another of a different kind, thus indicating 
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that the accuracy of measurement was high enough for 
reliable and self-consistent results to be obtained. This 

, was confirmed by the close agreement between measure-
ments repeated at considerable time intervals. Measure-
ment of the loaded and unloaded Q's of the rf circuit 
indicated that the circuit efficiency was of the order 95 

per cent or greater, so that the efficiency as measured 
was taken as the electronic efficiency of the tube being 
tested. No correction was made for anode input power 
dissipated in back bombardment of the cathode, which, 
over most of the range of measurement, appeared to be 
an insignificant fraction of the total input. 

Heater-Voltage Compensation for Alternating-
Current Amplifiers* 

N. W . BROTENt, ASSOCIATE MEMBER, IRE 

Summary—By the use of a direct-current feedback network 
which minimizes variations in plate current, the output of a radio-
frequency amplifier can be made to be independent of heater-voltage 
fluctuations. Under- or over-compensation may be obtained by choice 
of circuit components to meet individual requirements. The design 
procedure for this network is indicated, and the experimental results 
for a compensated 30-me broad-band intermediate-frequency am-

plifier are shown. 

INTRODUCTION 

H
EATER-VOLTAGE variations cause changes in 
the characteristics of vacuum tubes, with a re-
sultant deterioration of gain stability. Methods 

of reducing and eliminating this troublesome effect have 
been devised for electrometer circuits'.2 and direct-cur-
rent amplifiers,'.4.6 but little has been done to compen-
sate for these changes in alternating-current amplifiers, 
especially at high frequencies. In high-gain applica-
tions where gain stability is of any consequence some 
method of controlling heater voltage or compensating 
for changes in heater voltage must be used. Since the 
change in output of a high-gain amplifier may be several 
times the change in heater voltage, methods of obtaining 
sufficient heater-voltage control become increasingly 
difficult as greater gain stability is required. Seeger6 
has shown that large cathode and screen-grid resistors 
greatly improve the stability of tube types 6AK5 and 
6AG5. In this paper a feedback network (Fig. 1) for 

Decimal classification: R363.1. Original manuscript received 
by the Institute, June 27, 1951; revised manuscript received, Feb-
ruary 25, 1952. 
t Radio and Electrical Eng. Div., National Research Council, 

Ottawa, Canada. 
F. E. O'Meara, "Circuits and tubes for ultra-sensitive electrom-

eters, Rev. Sci. Inst., vol. 22, pp. 106-108; February, 1951. 
2 J. J. Dowling and C. O'Ceallaigh, "The balancing of valve 

circuits," Phil. Meg., vol. 20, pp. 532-542; September, 1935, 
3 A. G. Bousquet, "Random emission compensation," Gen. Red. 

Exper.; May, 1944. 
4 G. E. Valley, Jr., and H. Waltman, "Vacuum Tube Amplifiers," 

McGraw-Hill Book Co., Inc., New York, N. Y., M.I.T. Radiation 
Laboratories Series No. 18, pp. 458-467; 1948. 

J. M. Sowerby, "Reducing drift in d-c amplifiers," Wireless 
V  World, vol. LVI, pp. 293-295; August, 1950; and pp. 350-352; Octo-

ber, 1950. 
• C. L. Seeger, "Notes on the Design of Extra-terrestrial Radio 

Noise Receivers," URSI Convention, Washington, D.C.; April, 1950. 

Fig. 1—Basic circuit for heater-voltage compensation. 

stabilizing tube characteristics and completely com-
pensating for heater-voltage changes is described, and 
the experimental results for a 30-mc compensated am-
plifier and a conventional 30-mc amplifier are shown for 
purposes of comparison. 

sg 

GENERAL 

For a tube operated under space-charge conditions, 
variations of the cathode temperature vary the average 
initial electron velocity, resulting in a change of plate 
current. Since transconductance is approximately pro-
portional to the plate current,' a change in heater volt-
age results in a change in transconductance. Con-
versely—any method of preventing plate current from 
changing will stabilize the transconductance. The cir-
cuit shown in Fig. 1 operates on the above principle. 
Any tendency for plate and screen-grid current to 
change is counteracted by a change of bias voltage 
applied to the grid by the feedback network R., R61, 
and R.. 

7 For some of the factors affecting this relationship, see: (a) J. 
Deketh, "Fundamentals of Radio Valve Techniques," Book I, N. V. 
Philips Gloeilampenfabrieken, Eindhoven, pp. 431-444; 1949. (b) W. 
Raudorf, "Change of mutual conductance with frequency," Wireless 
Eng., vol. 26, pp. 331-337; October, 1949. 
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THEORY AND DESIGN FORMULAS 

For purposes of solution it is postulated that the 
cathode potential variations (due to heater-voltage 
changes) can be represented in the cathode lead as a 
generator, ef, of zero internal impedance. It is as-
sumed that the effect of the suppressor-grid is negligi-
ble and that the change in plate current due to heater 
voltage variations will have negligible effect on the 
screen-grid current. We may then set up the equivalent 
plate and screen-grid circuits, as shown in Fig. 1. From 
the equivalent plate circuit, we have 

ip(RI  rp  Rk) = e1 — yeut — (1) 

where eo, e„2 are functions of ef, and p2p is the screen-
grid to plate-amplification factor. 
The right-hand side of this equation must be zero in 

order that plate current be independent of ef. Thus 

ef = Atepi  P2pe.2. (2) 

We may solve for ee, e92 from the equivalent screen-
grid circuit by taking loop currents I, and /2, 

Ii(Ru+ Rbl +  rag  Rk) — I2( Rk  rag) = ef — mi2egi 

— Ii(Rk r4g)  I2(Rk  Re g) = — ef + 1212e o 1 

i(R k R9) — I2Rk = ef  e91. 

Solvinr„, 

and, 

where 

(3) 

a 
1 — — 

eui = ef   (4) 
a 

1 + )212 — 

R.,(R, ± Rbi)  (1 + 1212) 
e,2 = ef • (5) 

a = R,(Rk  Rg) Rk(R  Rb1) 

= R,,g(Rbi Rg Rk roc?) +  (R. + Rtd)(Rk  r.9). 

The conditions for 4=0 may be obtained by substitut-
ing (4) and (5) into (2); 

a R,(Rg Rol) 
1 ± Pi2  = 122p (1 + 1212) 

(6) 
a 

Equation (6) may be expanded and, in most practical 
cases, simplified into 

Rbi[r•u(1 — R•u(ii2p — 1) J 

— R giRs 0(1 ± i42,1 — 1412 — 1) — r..(1  /1)] 

ra.1?..(1  /2) = 0. 
(7) 

Since the amplification factors and the screen-grid 
resistance r1„ become fixed when the operating poten-
tials are chosen, (7) becomes a function of RH, Rg, and 
R„. If R„ is determined, values of RH and R, that satis-
fy (7) may be chosen. 
The following procedure may be followed if it is de-

sirable to employ a common voltage source for the 
plate and screen-grid circuits: 
(a) The grid bias Egl, the screen-cathode voltage 

E,2, and the plate-cathode voltage E„ are chosen. The 
characteristics of the tube operated under these condi-
tions are determined. For the average 6AK5, with 
= —2v, E02 = 110v, and E,,=180v, the amplifica-

tion factors /I, pi2, and µ2,, were found to be 2,300, 26.0, 
and 88.8, respectively. The plate and screen-grid cur-
rents I, and I., were 7.6 and 2.5 ma, and the internal 
screen-grid resistance was approximately 19 k. 
(b) Neglecting the bleeder current, R,„ is calculated 

from the approximate formula 

/pRL Ep — E.2 
Rao —  • (8) 

and is approximately 39 k for the 6AK5 operated 
under the above conditions. 
(c) R, and Rbi are chosen from (7). Substituting the 

above values into (7), we have 

Rea — 1.20R,  0.04 = 0, 

which is plotted in Fig. 2. 
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One megohm and 820,000 ohms were selected for 
Rki and Rp in this experimental circuit. It can be seen 
that this is in the region of over-compensation, but it was 
desirable to use standard values as far as possible. If 

1 
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R, and Rki are made smaller, bleeder current must be 
taken into consideration in step (2). It may be neces-
sary to determine the correct values of resistors by a 
series of successive approximations. 
. (d) The cathode resistance that will provide the cor-
rect grid bias is given by 

EoR,  E01 Rki R, 
Rk =   

kR61 I k R61 

where Ik is the total cathode current. For the above 
conditions Rk was 9,600 ohms. 

EXPERIMENTAL RESULTS 

Fig. 3 shows the average change in transconductance 
with heater voltage for the 6A K5 tube. Component 
values as developed in the example above were used 
in the compensating circuit of Fig. 1. 
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Fig. 3--Average transconductance versus heater-voltage 
characteristics for the 6AK5. 

(10) 

ing stages. If complete compensation of a single stage is 
required, the qircuit components may be adjusted to 
give compensation for any tube; however, in practice it 
may be easier to select a tube which nearly conforms to 

the average amplification factors. 
Where several stages are compensated, as in a multi-

stage amplifier, the over-compensation that may occur 
in one stage may be counteracted by the under-com-
pensation of one of the remaining stages. As a conse-
quence of this probable distribution, the over-all heater-
voltage compensation may be several times better than 
that of one stage; and there will be less stringent re-
quirements on the uniformity of tube characteristics. 
The values of the resistors in the compensating network 
may be altered, or the supply voltage may be changed 
slightly to achieve the best compensation. 

Characteristics of individual tubes varied as much as 
+ 15 per cent from the average values, resulting in some 
tubes showing either under- or over-compensation when 
tested in the circuit of Fig. 1. Approximately half of the 
tubes tested showed excellent compensation, while 
about 10 per cent had such extreme changes in trans-
conductance with heater voltage that they were un-
acceptable for highly stable amplifiers. In every case 
compensation decreased the change in transconduct-
ance with heater-voltage changes. 
It is possible to obtain under- or over-compensation 

by a suitable choice of the circuit resistors. In a multi-
stage amplifier, over-compensation may be applied to 
a single stage to counteract the changes in the remain-
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Fig. 4—Percentage change in output voltage versus heater voltage 
for two 30-mc intermediate-frequency amplifiers, identical in 
gain, bandwidth, and noise figure. 
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Fig. 4 is a comparison between two 30-mc inter-
mediate-frequency amplifiers of the feedback-pair type. 
They had a bandwidth of 10 mc, a gain of 125 db, and 
nearly equal noise figures. The compensated amplifier 
employed the dc network of Fig. 1 in each of the ten 
stages. For a heater-voltage change of + 1 per cent from 
6.3 volts, the output of the uncompensated amplifier 
changed by ± 3 per cent, while the output of the com-
pensated amplifier changed by only —0.05 per cent. 
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Design of Opt im tun Buried-Con dii Ct O 1 R F 
Ground System* 
FRANK R. ABBOTTf 

Summary—From the design equations developed, a radial-
conductor ground system may be constructed which will provide 
maximum power radiated per dollar of over-all cost. The fundamental 
equations are particularly applicable to any installation operating in 
the frequency range below 1,000 kc. A radial-conductor ground 
system based on the design parameters here presented will assure 
low-frequency antenna efficiencies of 50 per cent or better as com-
pared to efficiencies of 24 per cent or less usually encountered in 
similar antennas without such a ground system. 

A technique for achieving optimum design of radial-conductor 
ground systems was developed. Curves were prepared which facili-
tate the determination of optimum spacing and length of the ground 
radials. A typical computation is included. 

INTRODUCTION 

iT IS AN ACCEPTED FACT that transmitting an-tennas operating in the frequenc y range below 1,000 
kc are in most cases rather inefficient radiators. The 

greatest single factor leading to this inefficiency is usu-
ally the ground system. With few exceptions' (see list of 
references), rules for ground-system design are empirical 
and based on results from existing installations. 

The problem of obtaining optimum design in a radial-
conductor ground system lies in attaining maximum 
power radiated per dollar of over-all cost. The design of 
such a system is analogous to determining optimum 
conductor size by Kelvin's Law.2 The method offered 
here is more involved, but provides a precise and defini-
tive procedure for the design of an optimum ground 
system for any antenna installation, provided the soil 
conductivity is accurately known. Both calculations and 
measurements indicate that the use of such properly de-
signed radial-conductor ground systems should lead to 
antenna-radiation efficiencies of 50 per cent or more 
compared to the 25 per cent or less now tolerated. 
In the following text, the step-by-step analytical pro-

cedures are explained, and a typical problem is solved 
in detail. Appendix I contains a derivation of the admit-
tance of a single conductor in the system, a factor re-
quired in the analysis. 

THEORY OF DESIGN 

Optimum design of the ground system, when the de-

* Decimal classification: R126 X R320.3. Original manuscript re-
ceived by the Institute, September 10, 1951; revised manuscript 
received, February 25, 1952. This report covers work to October 30, 
1950. 
t Development Division, U. S. Navy Electronics Laboratory, San 

Diego, Calif. 
1 H. E. Girhing and G. H. Brown, 'General considerations of 

tower antennas for broadcast use," PROC. I.R.E., vol. 23, pp. 311-
356; April, 1935 and G. H. Brown, R. F. Lewis, and J. Epstein, 
"Ground systems as a factor in antenna efficiency," Paoc. I.R.E., 
vol. 25, pp. 753-787; June, 1937. 

2 "Standard Handbook for Electrical Engineers," McGraw-Hill 
Book Co., Inc., New York, N. Y., 6th ed., p. 1488; 1933. 

sign of the antenna and the transmittcl  fixed, is ac-
complished when the total annual expense of. such a 
ground system is at a minimum. The annual expense 
includes amortization cost of copper and its installation, 
plus the cost of the power dissipated in the ground. Op-
timum design, therefore, requires investigation of proper 
spacing of conductors in any area over which the total 
ground-system current density remains reasonably in-
dependent of the ground conductivity. 
Copper costs are determined by wire diameter and 

conductor spacing, Wire diameter is dictated by prac-
tical .considerations. Assume a wire of radius a, costing, 
when placed a safe distance under the surface, K1 dol-
lars per meter-year. Then the yearly cost per square 
meter is K,/d, where d is the space between wires meas-
ured in meters. 

The second factor in the annual expense is the cost of 
the power dissipated in the ground. This cost is deter-
mined by adding the amortization cost of the station, 
exclusive of the ground system, to the annual operating 
costs of the station, dividing the sum by the mean an-
tenna input power in watts and multiplying by the 
watts dissipated per square meter, w, with a conductor 
spacing d. This cost term obviously increases with in-
creased spacing of conductors. The total annual cost 
per meter, Ki, to be minimized by varying d then becomes 

in which 

K 1 

K g =  IC2 W1 (1) 

C a + 

K2 =  7  (2) 

where C„ is the annual amortization cost of the station 
exclusive of the ground system, CI, is the annual operat-
ing cost of the station, and W is the average input power 
to the antenna in watts. 
The power dissipated per square meter of ground sur-

face is given by the real part of I J21 Z, in which J is the 
total current flowing across a square meter of area and 
Z is the impedance of a square meter. Since the current 
divides between the embedded conductors and the sur-
rounding soil, it is easier to work with admittances. 
Thus the loss, w, is expressed as the real part of  I / Y, 
in which Y is the sum of Y., the characteristic admit-
tance of the soil, and Y., the admittance of the grid of 
wires on the surface of the meter square, which will be 
almost purely susceptive. 
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The characteristic admittance of the soil, Y,, is given 

by' 

Y. = 

In the notation employed, 
is the permeability of the soil, 

a is the conductivity of the soil, 
e is the dielectric constant of the soil, 
co is 2r times the frequency, f, and 
j is equal to  

In the case of a low frequency installation, any rea-
sonable soil conductivity makes (alco)>> e and the ad-

mittance becomes 

Y, 
— ja  WL 

1—j 
=    = (1 — y.) V  mhos. 

‘72- co,u 47;1l c 

The grid susceptance to uniformly distributed excita-
tion will be designated Y., and is a function of the spac-
ing, d, and radius, a, of the conductors. 
It is shown analytically in Appendix I, and has been 

confirmed experimentally,4 that for d<<one wavelength, 
X, the admittance of soil covered by a grid assumes a 
simple form, given by 

Y = Y. + Y. 

It is further shown in Appendix I that 

1 
Yu =  j mhos. 

ftcd log. —27ra  

Thus the total admittance of the soil and grid becomes 

Y = Y. + Y. ••=e. (1 — j) mhos. 

hid log. —27a  

Recalling that the power dissipated per square meter, 
w watts, is equal to the real part of 1J21/ Y, we obtain 

!PI V6  Crfti 

w — 
a  cr 1 
—  +   -I-
474A  Wiz d 

g• — 
27ra 

  watts/meter2. 
2 

(3) 

This analytical expression relating watts lost per square 
meter and the grid spacing, d, permits expression of an-

3 S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
and Co., Inc., New York, N. Y., p. 243; 1943. 

F. R. Abbott, "Standard Radial Ground Systems for LF and 
MF Monopole Transmitting Antennas," Navy Electronics Labora-
tory Report 219; February 9, 1951. 

nual cost of power lost, wK2, and finally the total annual 
cost associated with one square meter of ground surface, 
in terms of the grid spacing, d. 
In cases where the frequency is high and/or the soil 

conductivity is low, the dielectric constant, e, is no 
longer unimportant compared to alco. In these cases, the 
admittance of the soil is given by 

a 
Y. = — — j 

1.1 com 

which can be expressed as 

Y. = U  jV. 

The power dissipated into the ground, w, then becomes 
the real part of 

I P I 

U -FjV 

W = 

1 

.h.td log, — 
27r a 

or 

U2 (V  

.44 log. — 
d 

2ra 

(4) 

DETERMINATION OF OPTIMUM NUMBER OF 
RADIAL CONDUCTORS 

In the region where the ground system is effect:ve, the 
final quantity in the denominator of (3) is dominant, 
and the expression for power dissipated into the ground 

reduces to 

cr 

w j21  t4-r-f-a(fild log. —d \2 2ra) 

(TV 
",--1121d2 /1/  log —  • 

47r 27ra 
(5) 

Because log. (d/2ra) varies slowly with changing val-
ues of d, the yearly cost of power lost in the ground may 
be expressed as 

in which 

wK2 Cid2, 

crrihs 
CI r,•-• (1 121  log.2— )K2. (6) 

4r 2 ra 

The total cost, Kg, then becomes 

Kg = Cid2 Kdd dollars per year. (7) 

Differentiating (7) with respect to d, and setting the de-
rivative equal to zero to obtain a minimum, leads to 

K1 
2Cid — —  = 0, 

d2 
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Substituting the expression for CI from (6) gives 

( 1 PI 4/6i1128  d K„i2 = K1  , (9) 47r  27ra/  2d 

so that 

K1 
d' log,' =  • 

27ra 0131,3 

2 K2  J 2 I /1/  - 
47r 

Let 

(10) 

K1 yearly cost of one meter of buried conductor 
a 

K2 cost of one watt year of rf power 

By assuming nonferromagnetic ground, the evalua-
tion of 

2 0-3-
4_7r = 2 /(47r X 10-7)3 
4 V 47r  = 7.9 X 10-10  

reduces (10) to 

d  2.38 X 108 X a 
d3 log102 — =   

27ra I ph v-730. = F1 ' 

where F1, a function of wire diameter and conductor 
spacing, becomes the optimum-spacing parameter. 
Just as (3) leads to (11) defining the optimum-spac-

ing parameter where the earth conductivity is relatively 
good, (4) leads to a value of F1 for the case where both 
terms in the complex admittance of the soil are impor-
tant. In this case, 

d  0.094a 
F1 = d3 logio2 —  =   

27ra I J2 I t,212 U 

103 

102 

10 

I 
u-

= 0 

10-

0 

10-

10 —4  L   

10-2  

Q,13 
0', • rt) 
t  4) 

0r. 

(12) 

If the dielectric character of the soil becomes dom-
inant, 

0.094a 
Pi -   _ • 

J21.12-0 ,3e 
(13) 

In mks units, the ground-surface current is numeri-
cally equal to the field of magnetic intensity, II, just 
above the surface. If the antenna system is energized, 
II may be established by a field-strength meter, and the 
spacing at any point may be determined by evaluat-
ing F1. 
For simple vertical radiators, the surface current 

density, J, can be calculated as a function of the radial 
distance from the base of the antenna.' 

  =  1 (e-j0P - e-or cos 1311),  (14) 
10  r 

27r — sin tik 
)1/4 

where 

(3 is the 
p is the 
r is the 

propagation constant, 27r/X, 
distance from the top of the antenna, and 
distance from the base of the antenna. 

Fig. 1 presents computed& values of (X I JI  )//o versus 
the distance, r/X, enabling the rapid evaluation of sur-
face current density, JI  as a function of antenna base 
current, /0 and antenna height, h/X. 
Specification of the most appropriate values for cur-

rent density, J, ground conductivity, a, frequency, f, 
and the annual-cost ratio, a, enables evaluation of the 
right-hand side of (11), designated by Ft. 

Sine-wave current distribution is assumed. 

_    •  =-

.  RADIAL CURRENT DENSITY IN AMPERES PER METER 

BASE CURRENT TO ANTENNA 

h/A = HEIGHT OF ANTENNA IN WAVELENGTHS 
.4- 

-  —— 
0 •-v,  0_c̀' 
43 0 19. 4tp 

*s!i  14 P P 
A — Or/A)4 (h/eq-

1111ii  1 

DISTANCE IN WAVELENGTHS (r/A) 

ft I  
10 -2  

• • . 

PHASE  360°2 - — 900 
A 

FOR  P > X 

PHASE CONTOURS NOT 

APPLICABLE FOR h A — 0.5 

!111 

10  102 .103 
Fig. 1—Phase and density of radial ground current. 
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Curve I of Fig. 2 gives optimum spacing, d, as a func-
ion of the parameter F1, using No. 8 awg wire (diam-
!ter equals 0.00325 meter) as conductor size. 

10' 

10 - 

10 
10' 10  10 

' F lg. 2 —Optimum and terminal spacing of buried conductors. 

F o,F. 

10'  10'  10'  10' 10' 10' 

II I III 
10'  10' 

Having determined from Fig. 2 the appropriate con-
ductor spacing at several distances, r, the desirable num-
ber of radials at any distance is given by 

2rr 
= — = optimum number of radial conductors. (15) 

Usually the number remains substantially constant 
and permits selection of a fixed number for the system. 
The application of infinite parallel-wire grid theory to 

the foregoing problem leads to valid results only when 
the optimum number of radial conductors is large 
enough that the angle between adjacent conductors is 
small, and the electrical length of the conductors in the 
soil exceeds one wavelength. The latter condition can 
be violated in the case of a ground system for a low-
power, very low-frequency installation if soil conduc-
tivity is extremely poor. Such cases are unusual, and 
generally require special consideration. 

DETERMINATION OF OPTIMUM LENGTH OF 
RADIAL CONDUCTORS 

Consider the second term in the denominator of (3), 

A r o-  1 

V 
(Ad log, — 

2ra 

As previously stated, the final quantity is dominant 
in the region where the radials are essential. However, 

T 

the total number of radials automatically 
determines a radial distance past which an increase in 
I the spacing, d, makes the first term become the larger. 

Since the optimum spacing increases very rapidly be-
yond this point, it becomes unimportant to continue the 

radials farther. 
The proper length for the N radials is then obtained 

when 

_fiat  log.  —de V 47rfiA 

2ira 
(16) 

where de is the terminal spacing. 
Rewriting (16) and changing the logarithm base gives 

de 2.36 
de7 logio7 —   =  F2, (17) 

2ra  flu, 

in which F2 becomes the length parameter. 
Where no ferromagnetic material is present, 

= 4r X 10-7 , 

and 

de  1.88 X 106 
loge — =  = F2. 

2ra   
(18) 

Curve II of Fig. 2, which is a plot of de versus 2.36 
/buy, defines the terminal spacing for a conductor of No. 
8 awg wire. Since d=2rr/N, the value of r at d=de gives 
the length of the radial conductors. Thus, 

de 
re = N — I 

27r 
(19) 

which is the recommended length of the ground system. 
For the case where earth conductivity is relatively 

good (a>>cot), the approximate equality, Y.  Y., leads 
to a value of the recommended length parameter given 
by 

de 0.188 
F2 = d,2 10 g102 =    

2ra  f2m2 
; (20) 

and again, if the conductivity may be neglected 
(cr<<we), the length parameter reduces to 

0.188 
F2 —   - • 

12- 0 43 * 

(21) 

POWER Loss IN AN OPTIMUM RADIAL 
GROUND SYSTEM 

The integrated power loss, P, in a radial ground sys-
tem as derived from (5) can be expressed by 

2r ri,ovoi  _1021-2TrUll 
logio  

Jo  Jr, 1 N2 L x kr. Na 
(22) 

in which ri is the effective radius of the transmission 
line exciting the antenna. Curves of the quantity in the 
brackets have been prepared for various antenna 
heights, and are available. 
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A simpler approximation for the power absorbed in 
the soil, from the antenna to the extremity of an opti-
mum ground system, is easily derivable from (8), which 
states that, with an optimum system, the annual cost of 
power dissipated in the ground is one-half the annual 
cost of the buried copper. Since the annual cost for 
buried copper is KINN, the annual cost for power dis-
sipated is 

or 

Ki 
PK2 =  dollars, 

2 

aNrs 
P = —  watts. 

2 
(23) 

APPLICATION OF THEORY TO A 
SPECIFIC INSTALLATION 

Assume a broadcast station operating at 600 kc 
(X =500 meters) with a power of one kw. The antenna 
is a monopole 125 meters, or one-quarter wavelength 
high, whose radiation resistance is 40 ohms; the ground 
conductivity is 0.002 mho per meter; and the base cur-
rent, /0, is v'1,000/40, or 5 amperes. The cost of one watt 
year of rf power, K 2, is one dollar, and the amortization 
cost of one meter of buried No. 8 copper wire is 0.01 dol-
lar. The cost ratio, a, is then 0.01. Evaluating the opti-
mum-length parameter gives 

1.88 X 106 1.88 X 106 
F2 =     = 1.566 X 103. 

ft  6x105x2x10-3 

From curve 11 of Fig. 2, the terminal spacing, dg, is 
found to be 12.5 meters. From curve I of Fig. 2, the 
spacing parameter, F1, is then found to be 1.86 X104. 
The expression 

= 
1.121 Vf—ra. 

2.38 X 106 X a 

can now be solved for I Pl. 

I J21  = 1.86X 104X N/0.002 X (6 X106)3 

and 

2.38X108X10-2 
 =6.15X10-6 ; 

1.11 = 2.48 X10-3  imperes per meter, 

PI X = 0.248. 
/0 

(24) 

Entering Fig. 1 with this value shows that r/X is 0.64, 
from which r is determined to be 0.64 X500 or 320 me-
ters. This immediately gives the optimum number of 
radials as 

27r X 320 
N =   - 161. 

12.5 

It is apparent from the analysis, in which the number 
of radials, N, is treated as a continuous dependent vari-
able function of current density, that no specific number 
can be a precise optimum number over any great radial 
distance. Thus, the optimum number at several radii 
must be calculated, and, from inspection of the values, 
engineering judgment used to specify a number reason-
ably close to the optimum at all radial distances. 
In order to illustrate this process, the optimum num-

ber at approximately two-thirds the terminal distance, 
or 200 meters, is calculated below. 
At r =200, r/X =0.4. From Fig. 1, this gives a value 

for I JI X//0 of 0.396, from which I JI is determined to 
be 3.96 X10-3 , and PI = 1.57 X10'. 
Now by substituting values in (11), the spacing pa-

rameter, F1, is evaluated. 

2.38 X 108 X 2 X 10-2 
=   = 7.29 X 103. 
1.57 X 10-6 X 2.08 X 107 

Curve 1 of Fig. 2 gives a value for optimum spacing, d, 
of 9.4 meters, from which 

20- X 200 
N =   = 134 radials. 

9.4 

The optimum number of radials may be computed for 
several other distances, and the results set down in tabu-
lar form: 

r 50  100  150 200 250 300 320 

N  70  102  119  134  145  157  161 

From this table, 145 is selected as being a convenient 
and reasonable number of radials for the system. The 
12:5-meter terminal spacing now defines the terminal 
length as 290 meters. 

The power dissipated in the derived system as given 
by (23) becomes 

aNrg 
P = 

2 

where a =0.01, N =145, and r, = 290 meters, from which 
P is found to be 210 watts. 

APPENDIX I 

Calculation of the Inductance of a Wire Grid' 

Assume an infinite grid of perfectly conducting wires. 
Let E equal the rms longitudinal impressed electric field 
at the surface of a conductor. 
Let d equal the spacing between wires (assumed 

<<X), a equal the radius of the wires (assumed <<d), and 
X equal the wavelength of radiation. 

6 W. Wessel, "Passage of electric waves through wire gratings" 
(in German), Hochfreq. und Elektroak., vol. 54, pp. 62-69; August, 
1939. An alternate derivation is given by G. G. MacFarlane, "Surface 
impedance of an infinite parallel-wire grid at oblique angles of in-
cidence," Jour. IRE (London), vol. 93, pt. IIIA, pp. 1523-1527; 
October, 1947. 

dr. 
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On the surface of each wire a field, E, is produced by 
the current in the wires. 
Let J. be the surface current density on a conductor. 
Then I equals the total current in any wire (equal to 

r2raJ.). Furthermore, let µ equal the permeability of the 
medium, e equal the dielectric constant of the medium, 
co equal 2r times the frequency, f, 7 equal the propaga-
tion constant of the medium = Vjus gcr-Ficoe), A equal 
the magnetic vector potential due to a total current, I, 
per wire, and j equal v'-1. 
The inductance per unit length of a wire is defined as 

longitudinal field 
L= =   

2r(frequency)(current per wire) 

In mks units, E =jcoaA , and 

/1 00 

A = 
2r rap r  

 dzada., 
-or 0 4rR 

the summation being carried over all the wires. 
We are concerned only with the value of E on the sur-

face of a conductor. The value of R for the wire consid-
ered becomes, as shown in Fig. 3, 

i and 

0. a 

Fig. 3—Co-ordinate system for wire. 

RI Vz2 ± (2a sin 1/20)2 

I = f2r 0 
For all other wires, 

R„= N/z2 

• and the current, 

r 
2r 

I = Ladd). 
Jo 

Iis considered to flow along the axis of the conductor. For simplicity, let 4., =0/2; then we have for E, 
' 1 , 
' 

E = 
:16) 12 [ f I 6+-7 (8‘-1-4a4 ',ins tip) 

47r 0 r(z2 4a2 sin21/./)112 chPdz 

+ 2 nEe f Ie-7(124-ntd2)1   dz].  (25) 
n—i ,  (z2 n2d2)1/2 

Consider the expression 

F=I 

e ,2)_   
  dz. 
(z2 n2)1/2  

Let V(z2/n2) +1 = cosh 1. 
Then z/n =sinh 1, and dz = n cosh tdt. For z= co , 1= co 
and the integral becomes 

CO 

F = - 'di. 

As shown by Watson,' this is equal to the Hankel func-

tion, firHou) (.1777)• Thus we have 

E = —  I[ f jHo(i)(2jya sin 4,)thP 

j2r E 110(1) (j'Ynd)]•  (26) 

To evaluate the first term of (26), we recall that How (z) 
= Jo(z)±jNo(z), where Jo is a Bessel function of zero 
order and No is a Weber function of zero order. Since we 
are concerned with cases where trial <<1., we may write, 
Jo(z) 1, and No(z) (2/r)(log. z+ C- log. 2), where C 
is Euler's constant, 0.5772. Let C= logek. Then 

2  kz 
No(z) — log. — • 

7r  2 

We have for the first term in (26), 

f170(1) (2jya sin 0)4, 

= f r [1 ±  log e (jyka sin 11] 

= j[r + 2j log. j7ka - 2j log. 2] 

jyka 
= jir - 2 log.   

2 
(27) 

To evaluate the second term in (26), we again express 
110") in parts as Ho") (z) = Jo(z)-FjNo(z). It has been 
shown by von Ignatowsky" that for d <X 

.10(jn-yd) =  - 
yd  2 

1 G. N. Watson, "Bessel Functions," Cambridge University 
Press, Cambridge, England, 2nd. ed., p. 180, eq. (10); 1944. 

W. Von Ignatowsky, "Reihen mit Zylinderfunktionen nach dem 
Vielfachen des Argumentes," Archly der Math. und Phys., series 3, 
vol. 23, pp. 193-220; 1914. 

W. Von Ignatowsky, "Zur Theorie der Gitter," Ann. der Phys., 
series 4, vol. 44, pp. 369-436; 1914. 
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and 
—1  j'ykd E No(jrryd) = —  log. 

1  ir 

so that 

2jr E How(jnyd) = 2jr[(-:21- — —1 ) 
1  -yd 2 

4r 

j  j-ykd 
— — log. . (28) 

4r 

Substituting (27) and (28) in (26), we obtain 

—  — —  , E 2 
2 -yd  27r  2ra 

or 

1 
E = — ± jfild log„ —d )  (29) 

2  2ra 

in which J=Ild is the current in a strip of unit width, 
no= —j042/7 is the characteristic impedance of the me-
dia, and f=-4.)/27r is the excitation frequency. The 
first term, —(40/2d), leads to the energy absorbed by 
the space on either side of the grid when the excitation 
field, E, is applied to the grid alone. The admittance, Y, 
of a unit area of grid and surrounding media in parallel 
becomes the sum of their individual admittances. Thus 

I. = 
1  1 

j   
n d 

fiad log. — 
2ra 

=  j 

l'Ad log. — 
2ra 

in which V. is the soil admittance. 

APPENDIX II 

1 

Glossary of Symbols'° 

a Radius, in meters, of wire used in grid. 
• Annual amortization cost of the station, exclusive 
of ground system. 

Cb Annual operating cost of the station. 
C1 Parameter defined by (6). 
d Spacing between buried conductors in meters. 
d, Terminal spacing of conductors in meters. 
FL Optimum spacing parameter defined by (11). 

IS Meter-kilogram-second units are used. 

F2 Length parameter defined by (17). 
f Frequency of incident rf energy in cps. 
II Field of magnetic intensity in ampere-turns per 
meter. 

h Height of monopole antenna, or equivalent height 
of top-loaded monopole, in meters. 

/0 Current at base of antenna in amperes. 
J Ground-system current density in amperes per 
meter. 

j 
IC: Total annual cost for one meter of ground system. 
K1 Annual cost of one meter of buried copper. 
K 2 Cost of amortization and operation in dollars per 
watt year. 

N Optimum number of radials. 
P Integrated power loss in the ground system. 
r Radial distance from base of antenna in meters. 
r, Optimum length of radials in meters. 
U The real part of the admittance of the soil. 
✓ The imaginary part of the admittance of the soil. 
IV Mean input power to the antenna in watts. 
w Power dissipated per square meter in the ground 
in watts. 

• .Admittance of one square meter of ground surface 
in mhos. 

17„ Admittance of buried grid of wires in mhos. 
Y. Characteristic admittance of the soil in mhos. 
Z Characteristic impedance of the soil in ohms. 
a Ratio of annual cost of one meter of buried con-
ductor to cost of one watt year of rf power. 

i3 Propagation constant =277-/X. 
e Dielectric constant of the soil in farads per meter 
X Wavelength of exciting rf energy in meters. 
pi Permeability of the soil in henrys per melt'-
Equal to 4r X10-7 for nonferromagnetic groin. 

p Distance from top of antenna in meters. 
a Conductivity of the soil in mhos per meter. 
co 2rf. 
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The Absorption Gain and Back-Scattering Cross 
Section of the Cylindrical Antenna* 
S. H. DIKEt, SENIOR MEMBER, IRE AND D. D. KINGt, MEMBER, IRE 

Summary—The method of Haller' as modified by King and 
Middleton is applied to the case of the receiving dipole antenna 
whose axis is parallel to the electric vector of a far-zone field. First-
)rder formulas are given for gain and broadside back-scattering 
:.ross section. Measured values of broadside gain and of broadside 
pack-scattering cross section for both unloaded and matched-loaded 
lipoles are compared with the theory. 

1. INTRODUCTION 

U
P TO the present time, the study of the dipole 
antenna has consisted primarily of the theoretical 
and experimental determination of the current 

distribution and the input impedance. The remainder 
of the antenna properties consisting of absorption or 
.transmitting gain, scattering gain, effective length, and 
absorption and scattering cross sections have received 
less attention. 
In this paper, formulas are developed, using the 

method of Halle& as modified by King and Middle-
ton," for the power gain and back-scattering cross 
section of the cylindrical dipole antenna. The theoretical 
expressions obtained for the above quantities are com-
pared with measured values of absorption gain and of 
back-scattering cross section for both shorted and 
matched-loaded dipole receiving antennas. Both the 
experimental results and the detailed calculations from 
the theory are limited to the values in the plane per-
pendicular to the axis of the dipole at its center. Sig-
nificant differences exist between theory and experiment. 
However, the discrepancies may be logically ascribed 
to specific limitations in both the theoretical and ex-
perimental techniques. 

II. THE GENERAL FORMULAS 

It can be shown by the use of the reciprocity theorem 
and the bilateral quality of mutual impedance between 
two antennas that the absorption gain of a receiving 
antenna is equal to its transmitting gain." In other 

• Decimal classification: R326.611. Original manuscript received 
by the Institute, July 20, 1951; revised manuscript received, Feb-
ruary 28, 1952. 
t Formerly, Radiation Laboratory, Johns Hopkins University, 

Baltimore, Md.; now, Research Dept., Sandia Corp., Albuquerque, 
N. M. 
t Radiation Laboratory, Johns Hopkins University, Baltimore, 

Md. 
1 E. Hallen, Nova Ada Upsala, Royal Soc. Sciences, vol. 11, pp. 

1-14; November, 1938. 
2 R. King and D. Middleton, "The cylindrical antenna: a com-

parison of theories,"Quart.Appl. Math.,vol. 3, pp. 302-335; January 
1946. 

3 D. Middleton and R. King, "The thin cylindrical antenna: a 
comparison of theories," Jour. A ppl. Phys., vol. 17, pp. 273-284; 

• April, 1946. 
4 S. Silver, "Microwave Antenna Theory and Design," McGraw-

Hill Book Co., Inc., New York, N. Y., chap. 2; 1949. 
J. Aharoni, "Antennae," Oxford University Press, London, p. 

205; 1946. 

words the radiation and reception patterns of a given 

antenna are equal. 
Using the notation of Schelkunoff,' the power gain 

of a linear antenna is given by 

G =  (1) 

where for an antenna of length 2h located along the z 
axis, with its center at the origin of the usual spherical 
co-ordinate system, 

, „, 
= —  a 0 1- ,  = 120r, 
8X2 

No = — sin U .1  I(z)e'8' co ° 9dz, 
-h 

and W, the total power radiated, is 

or 

I. 

W = 2r f  sin OA 

w = 41 I0 12R.. 

R. is the radiation resistance, and is defined as the real 
part of the ratio of the terminal voltage, 170, to the 
terminal current, /0. Substitution of (5) in (1) gives 

Ge —   • (6) 
R. 1 /01 2 

If P is the power scattered back toward the source per 
unit solid angle, then the back-scattering cross section, 

a, is defined as 

= 471-P/S. 

The incident power density is 

= I El 2 / 2r 

(7) 

(8) 

where /*= Vi.t/e =120r ohms and E is the electric field. 
This allows (7) to be expressed in terms of the incident 
and scattered fields, Ei and E„ and the range R; 

a = 4irRI E. I2/ I Eilo. (9) 

Since the field radiated by a linear antenna at a great 
distance R is given by 

E —  Ar  
4rR 

(10) 

where (3 = 2r/X and the time factor is omitted, the back-
scattering cross section may be written as 

S. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Co., New York, N. Y., p. 335 II; 1943. 
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cr = 87rr chi I Ei 12.  (11) 

The symbol 4),g signifies that the current distribution 
along a receiving antenna is to be used in the formula 
for cI). The symbol (13,, in (6) denotes that the trans-
mitting current distribution is involved. In general, 
these two distributions are not the same even for 
matched loads. 
Insofar as the load is concerned, a receiving antenna 

acts like a generator, and the equivalent circuit of Fig. 
1 applies. The equivalent generator impedance is the 

Fig. 1—Equivalent circuit of receiving antenna. 

input impedance of the antenna, Z., when it is driven 
as a transmitter.4.7 The voltage, V., of the generator is 
proportional to the incident field. The factor of propor-
tionality, d, is called the effective length of the antenna. 

V. = dEi.  (12) 

The effective length of a dipole is 

d = — No/I0, (13) 

where the currents involved are those on the same 
antenna when driven as a transmitter.8 
It has been shown' that the total terminal current 

may be written as 

Jo = Ioz — 1o,  (14) 

where h e is the current due to the external field at the 
center of an unloaded antenna, and /0„ is the terminal 
current in a driven antenna with the voltage VL main-
tained at its terminals. The voltage VL is given in 
terms of the external field by 

VL = rosZaZLAZ.  ZL)•  (15) 

By the principle of superposition, (14) is true not 
only at the center of the antenna but also at any point 
z on the antenna.° Thus the total current distribution 
on a receiving antenna is 

/,(z) = I(z) — (16) 

It must be emphasized that the circuit of Fig. 1 is 
valid only for absorption of power by the load. The 

7 C. Bouwkamp, "Hallen's theory for a straight perfectly con-
ducting wire, used as a transmitting or receiving aerial," Physica, 
vol. 9, p. 609; July, 1942. 
• E. Jordan, "Electromagnetic Waves and Radiating Systems," 

Prentice-Hall, Inc., New York, N. Y., p. 335; 1950. 
7 R. King, H. Mimno, and A. Wing, "Transmission Lines, An-

tennas, and Wave Guides," McGraw-Hill Book Co., Inc., New York, 
N. Y., p. 163; 1945. 

17 R. King and C. Harrison, "The receiving antenna," PROC. 
I.R.E., vol. 32, pp. 18-34; January, 1944. 

Power dissipated in the internal impedance of the equiva-
lent generator has no direct relation to the energy reradi-
ated by the antenna and in general cannot be used in 
discussing the scattering cross section.* The current dis-
tribution of (16) must be used in calculating the scat-
tering properties of a receiving antenna. 

III. THE CURRENT DISTRIBUTIONS 

The discussion in the previous section indicates that 
the determination of any of the properties of an antenna 
requires a knowledge of the current distribution along 
the antenna. In the classical theory of antennas, the 
assumption is made that the distribution of current is 
sinusoidal. The gains of dipole antennas usually given 
in standard texts are subject to this restriction. The 
sinusoidal distribution is correct for an indefinitely thin, 
perfectly conducting linear radiator." In recent years 
various attempts have been made to solve the current-
distribution problem for antennas of finite cross section. 
The method of Haller] forms the basis for the present 
calculations. IIallen's integral equation for the trans-
mitting distribution of current in the absence of an 
external field is 

r h 
j  _h r(S)r- 'e- ifir ds 

where 

= — j4ir [ 1 
  C1 cos /3z — Vo sin /31 z I] , (17) 

2 

= V(z — s)2 a2; (18) 

z is a point on the dipole axis, — h..5z h, s is a point on 
the surface of the dipole, —h s h, and a is the dipole 
radius. Vo is the potential of a generator of negligible 
thickness at z =O. The constant CI is determined from 
the condition that 

I(± h) = 0. (19) 

The integral equation involving the current in an 
unloaded receiving antenna which is immersed in a 
field, E parallel to the dipole axis, is 

h Li I(s)r-le-o'ds =-117r r [C, cos os + E03]. (20) 
The general solution of this equation is the superposition 
of two solutions, 

/(z) = I( — z)  (21a) 

and 

/(z) = — I(—z). (21b) 

The first or symmetrical solution gives a current which 
is unidirectional through the center so that a potential 
difference is established across the load. The anti-

u S. Schelkunoff, op. cit., p. 142. 

1 

••• 
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symmetrical solution (21b), on the other hand, calls for 
zero current at the center. If one is interested in the 
voltage across the load, only the symmetrical solution 
need be considered. But in the determination of scat-
tered fields where the current at all points is of interest, 
both solutions must be included. However, for the 
special case in which the receiving antenna is placed 
parallel to the incident field, the antisyminetrical cur-
rent vanishes, and the total current is given by the 
symmetrical solution alone.i° Furthermore, in the meas-
urements to be described, the antenna is placed over an 
image plane. By the principle of images, only the sym-
metrical current distribution can exist. 
The first-order solution of (17), given by King and 

Middleton, is' 

/.(z) = j271'0f,(z)(0i/12)-1 ,  (22) 

where 

fo(z) = fp'(z)  jf„"(z) = bl cos Oz 

C(z) sin #h S(z) cos Oh, 

= [211i s E(h) ] sin Oh -  

b2 = [24,, + E(h)] cos 0h - C(h), 

112 = H2'  j112" =  E(h)1 cos Oh - C(h),  (25) 

C(z) = f r-1 cos Os e-is'ds, (26) 

b2sinf thi 

(23) 

(24a) 

(24b) 

• - h • 

S(Z) = f sin 0 I sle-"o'ds, 
-h 

E(z) = 
-h 

(27) 

(28) 

- The functions of (26), (27), and (28) are solved in 
footnote reference 2. These functions depend upon the 
thickness of the dipole. It is customary to designate 
this thickness parameter by 12, where 

2h 
= 2 log. — • (29) 

a 

The expansion parameter, 1h, of King and Middleton 

is defined as 

= 

I C(0) sin Oh - S(0) cos fth I (sin 0h)-', 

Oh 5 7/2 

X  (30) 
(h - --) sin flh - S (h - cos Oh 

4  4 

Ph  7r/2. 

The first-order solution for the current is considered 
here because higher-order solutions involve functions 
which cannot be evaluated by ordinary methods.7 
Similarly, the first-order solution of (20) for the cur-

rent on an unloaded receiving antenna is 

j4 T Ejfg(Z) 

1E(z) = 

O OP, H 

where 

TE(z) = fE1(z)  jfE"(z) = 24,, cos fiz  E(z) cos #k 

- C(z)  C(h) - cos Ph[24,,  E(h)1, (32) 

111=  + 

= Ili, cos fith  E(h) cos Ph - C(h), (33) 

and where /E(z) is used to denote the current in an 

unloaded receiving antenna. 
By arguments analogous to those used by King and 

Nliddleton, the expansion parameter 4/, is found to be 

I C(0) - E(0) cos fthI (1 - 

= 
C.  

I C(0)  E(0) I , 

For Ph<<1, 44=12-1. 

cos #h)-', # 6 r 
(34) 

# 

IV. CALCULATION OF BROADSIDE ABSORPTION 
OR TRANSMITTING GAIN 

The computation of gain first requires the calculation 
of 43.. From (2) and (22) the value of 43, for the broad-
side case (0=90 degrees) is 

where 

72  I V01 2 I gv(h)1 2 
= 

2X2N s2 I H2 1 2 2 
(35) 

g„(h) = a(h)  jg,,"(h) = f f .(z)dz.  (36) 
-h 

Substitution of (35) into (6) gives the broadside gain as 

Gs = rIZ„121#g,(h)12 (37) 
t7Ra, I H212 

The function #g„(h) is found to be12 

fig,,(h) =  s - 2S1-1- 2 Cin 213h + 2j Si 2Ph 

-I- cos /3h(2i2 - + 2 Cin 2Pis - Cin 4Ph 

- 4 Cin 13h + 2j Si 201: - j Si Oh 

- j4 Si #h) + sin Ph(Si 4Ph - j Cin 40). (38) 

For the first-order theory, 

Z. I2/ (27)-7 1 H 2 I2 t[H vt (0) - H ." (0) 1-1 . (39) 

Substituting this in (36) gives the first-order gain as 

Gs -= 01-'1 Ogy(h)12[1 0.'(0) - H27."(0)]-1 . (40 ) 

Equation (40) is plotted in Fig. 2. 
If the antenna is very thin, 12-, co , then (37) reduces 

to 

Gs = 4(1 - cos #h) 7[sin 20h(Si 4Ph - 2 Si 2#h) 

- cos 2fth Cin  + 4 cos7 Oh Cin 2#14-7.  (41) 

These values of Gs are the same as those obtained by 
assuming a sinusoidal current distribution, and are the 

1 —cost  • sin 8 
(31)  '2 Cin (x) fee  dl; Si(x) —  di. 

• 
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values generally given in standard texts for center-fed 
dipoles." They are, of course, valid only for the indefi-
nitely thin dipole. 

Note that the curves of Fig. 2 do not approach Ge 
=1.5 as f3h—,0. The relation for G. in the limit of very 
short Ph becomes independent of Ph, but does remain a 
function of p. This is a questionable result and may be 
ascribed to the particular choice of C. 

40 

35 

30 

25 

— G, 

20 — 
— 

Is 

5 — 

0 

ADSORPTION  GAIN 

/ //. \ -- FIRST  O RDER THEORY 

— •  125 

11. .10 

. 

.15 

I Oh 

2  3  4 6  7 

Fig. 2—Broadside absorption gain. First-order theory. 

V. CALCULATION OF THE BROADSIDE BACK-
SCATTERING CROSS SECTION 

The back-scattering cross section was given by (11). 
The evaluation of cl)R in this relation requires the current 
distribution given by (16). From (31) and (22), the 
current distribution is given by 

j2w [ 2E; 
I(z) =   fR(z) 

ofr,H, 

Using (15), this becomes 

j4rEi [  j2r 
f(z) =   fE(z) 

PriLrlli  PP,H. 

—  Vz, ].  (42) 
C H2 

Z.ZL  
.1E(0).1.(z)] ZL • Z.   

u R. King, H. Mimno, and A. Wing, op. cit., pp. 186-187. 

Thus, from (2) with (3), for the broadside case, 

= 1 Ei 12(20,21 H112)-1 1 ge(h) — I3Z efE(0)g.(h) 12, (44) 

where 

gE(h) = f fE(z)dz, (45) 

B = :122r(0111 2)-1 = 27r(1-1 2" + if- 12' )(Oil 112 12)-1 (46) 

Z. = R. + jX. = Zi/o/(ZL  Z.)• (47) 

From (11) and (44), 

6/X2=  I Ags(h)  BZ efE(0)Pg„(h) 12(74,2 I 11,12)-1. (48) 

It is evident from (48) that the back-scattering cross 
section depends upon the antenna-load impedance. For 
the unloaded receiving antenna, Ze =ZL = 0, and for 
this case, 

oix2 = ogE (h)12,-10,-2 I H11-2, ZL = 0. (49) 

For the match-loaded case  

Z. = R. = Z. r-72Ro. (50) 

Using the result of (39) for Z. in (48), the first-order 
formula becomes 

—  = 

X2 

(H2" + j112')JE(0).3g„(h) ,2 
PgE(h) 

2 [H27,/(0) — H2y,"(o); 

• [74,2111,1 2p, ZL = Z.*.  (51) 

The function PgE(h) is found to be 

13gw(h) = sin /3h(40, — 212  13h Si 4.3h — 4 log 2 

± 2 Cin  Cin 4fth — jj3h Cin 

j Si 4Ph  j2 Si 2010 + cos 0[2 0(2 — 

+ 2 log 2) —i9h  Cin  — 2.311 Cin 2I3h 

— 2 sin 20  Si 40: — ji3 Si 413/1 

— j2Ph Si 2Ph — j2 cos 213/1  j2 

— j Cin 413 4 (52) 

The broadside back-scattering cross section for ZL= 0 
and  =Z.* is plotted in Figs. 3 and 4 for several 
values of 11 
The curves for cr/X2 with matched load do not ap-

proach the value 9/16r =0.179 as (3h—A3. The same 
difficulty with the expansion parameters occurs here as 
in the case of absorption gain. 

VI. EXPERIMENTAL MEASUREMENTS 

Measurements were made of relative absorption gain 
(43)  as a function of Ph by mounting a dipole on  an  image  

plane and measuring the relative power absorbed in a 
matched load. The frequency used was 3,000 mc and a 
block diagram of the experimental equipment is shown 

MP% 
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in Fig. 5. The image plane was eight by twelve feet in 
size and was made from 3/16-inch aluminum sheet. 
The location of the dipole on the image plane was 

determined after making measurements of the standing 

.0 

BACK - SCATTERING  CROSS SECTION 

FOR ZL 0 

FIRST ORDER TNEORv 

A 

-••• 

Fig. 3--Broadside back-scattering cross section of unloaded dipole. 
First-order theory. 
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Fig. 4—Broadside back-scattering cross section of dipole with 
matched load. First-order theory. 
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Fig. 5---Block diagram of measuring system. 

waves on the plane. These measurements were made 
with a surface probe. Fig. 6 shows the result of one run 
down the center line of the plane in the region from 130 
to 230 cm from the radiating horn aperture. The region 
around 180 cm was further explored with two different 
probe lengths "and found to be reasonably uniform in 
amplitude and phase. The dipole was accordingly 
mounted at 183.5 cm from the radiating aperture D 
(D2/X= 102 cm). 

7 

STAMPING WAVE PATTERN ON • 

PORTION OF THE IMAGE PLANE 

r • OISTANGE FROM HORN IN CM 

0,30  140  ISO  MO  170  180  150  200  210  220  230 

Fig. 6- Standing-wave pattern along center line of the image plane. 

The scattering receiver horn was adjusted in location 
so that the power received in the absence of the scatter-
ing dipole was minimized, and yet the power received 
from a very short scatterer was easily readable. In the 
absence of the dipole to be measured the power in the 
scattering receiver was more than 10 db below that re-
ceived from the shortest dipole length measured. It was 
also confirmed that the presence or absence of the scat-
tering horn did not perceptibly alter the power absorbed 
by the dipole. 

• 
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ADSORPTION GAIN OF MO. 
DIANE TER DIPOLE FOR 2.I: 
—  FIRST ORDER THEORY 
•••• MEASURED 
(ADJUSTED TO EQUAL THEORY_ 
AT $6.3) 

THEORY FOR R., 5 
OHMS 

Fig. 7—Broadside absorption gain of 0.010-inch diameter dipole. 
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Fig. 8—Broadside absorption gain of 0.080-inch diameter dipole. 
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Fig. 9—Broadside back-scattering cross section of unloaded 
0.010-inch diameter dipole. 

The antenna was matched with a triple-stub tuner 
capable of developing a vswr as high as 100 at 3,000 mc. 
As the antenna becomes short, its impedance becomes 
more reactive with a decreasing resistive component. 
For short antenna lengths, a match cannot be obtained 
because of the high vswr required of the tuner. The 
combination of mismatch and ohmic losses in the system 
causes the experimental data for G 1 and a./X2 to tend 
rapidly toward zero as length becomes less than about 
(3h =1. 

Two different dipole diameters were measured and 
theoretical curves were computed for each size. These 
curves were required since SI is not constant as 13h is 
varied at constant diameter. The experimental results 
are shown in Figs. 7 and 8. In each case the experi-
mental data were normalized to equal the theory at 
fill =3. The theoretical gain for short lengths due to a 
loss resistance of 5 ohms is shown as the dashed line in 
Fig. 7. From both sets of experimental results there 
appears to be rather conclusive evidence that the 
"bulge" in the theoretical gain curves below 13h =3 does 
not exist in actuality. One would, of course, expect 
closer agreement between theory and experiment for 
the smaller diameter wire, and this is evident from the 
two figures. 

The back-scattering cross section as measured for the 
two diameters for both zero (shorted) and matched loads 

.r. 
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FOR 080 DIAMETER DIPOLE 
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•••• MEASURED 

(ADJUSTED TO EQUAL THEORY 

AT FAST RESONANCE PEAK) 

2c• 0 

2  3 • 

Fig. 10—Broadside back-scattering cross section of unloaded 
0.080-inch diameter dipole. 

is compared with theory in Figs. 9 to 12. The data indi-
cate that this is an antenna parameter which is ex-
tremely sensitive to prediction by present theory. 

VII. CONCLUSION 

Various difficulties have become apparent in the 
King-Middleton type of first-order solution of the 
Hallen integral equation. These are particularly appar-

ent in the scattering problem. In order to illustrate the 
sensitivity of the back-scattering cross section to dipole 
radius, Fig. 13 compares the first-order theoretical re-
sults using the methods of previous authors. In the 
figure are presented the results using IA.; the Ike of King 
and Middleton; the expansion parameter of Gray ;14  the 
simple expansion parameter, SI, of Hallen; and also the 
results of Van Vleck, et al.3 These are plotted for 
=10, and may be compared at the longer lengths with 
the experimental results of Fig. 10 since, for the 0.080-
inch diameter dipole, the value of f t varies from 10 at 
13/t=37/2 to 10.78 at f3h=7. It is interesting to note 
that the results of Van Vleck compare most favorably 

" M. Gray, "A modification of Hallen's solution of the antenna 
problem," Jour. A ppl. Phys., vol. 15, pp. 1-65; January, 1944. 

lb  J. Van Vleck, F. Bloch, and M. Hamermesh, "Theory of radar 
• reflection from wires or thin metallic strips," Jour. App!. Phys., vol. 

18, p. 274; March, 1947. 
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Fig. 11--Broadside back-scattering cross section of 0.010-inch 
diameter dipole with matched load. 
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Fig. 12—Broadside back-scattering cross section of 0.080-inch 
diameter dipole with matched load. 
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Fig. I3 —Broadside back-scattering cross section of unloaded dipole. 
A comparison of several solutions for 11= 10. 

with these experimental values. Fig. 14 compares the 
first-order gain using the Og of King and Middleton with 
that obtained when 4,, is used as the expansion parame-
ter. In the latter case, the bulge near 1311=2 is not ob-
tained. 
Thus it is seen that the differences between theory 

0 

1 0 

1 
1 

1 

1 

FIRST ORDER ABSORRTiON 

GAIN FOR 11. 10 

—  USING 4,, 

  USING 4,, 
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Fig. 14—Comparison of first-order solutions for absorption gain 
using  and Oe with f2= 10. 

and experiment are drastically influenced by the choice 
of the expansion parameter in a first-order theory. A 
discussion of some of the difficulties is presented else-
where."' 

II S. H. Dike, "Difficulties with present solutions of the Hallen 
integral equation," Quart. A ppi. Math. (to be published). 

CORRECTION 

H. C. Hurley, S. R. Anderson, and H. F. Keary, co-
authors of the paper, "The Civil Aeronautics Admin-
istration VHF Omnirange," which appeared on pages 
1506-1520 of the December, 1951 issue of the PROCEED-
INGS OF THE I.R.E., have requested that the editors pub-
lish the following corrections: 
Interchange El' and E2' in Fig. 13 (a), page 1513. 
Interchange EVAR and EREF in the first and third 

lines under the section entitled "Phase Comparison 
Methods," page 1513. 
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Single- and Multi-Iris Resonant Structures* 
IRVING REINGOLDt, JOHN L. C1RTERt, AND KENTON GAROFFt, ASSOCIATE, IRE 

Summary —An experimental investigation has been made of the 
characteristics of single- and multi-iris rectangular structures of 
various dimensions in a thin diaphragm which is placed transversely 

across a rectangular, standard S-band waveguide. The irises (or 
windows) are parallel to the "a" dimension of the waveguide, and 

varied in position along the "b" dimension of the waveguide. Meas-
ured values of resonant frequency, bandpass and Q, and the correla-
tion between single- and double-iris structures are presented as a 
function of the position of the iris in the diaphragm. Data are also 

presented for other parameters of interest, such as the impedance. 
It is shown that the Q of a single iris of fixed dimensions in the center 

of a thin diaphragm can be appreciably increased by moving it closer 
to the wide waveguide wall. In addition, a low-Q multi-iris structure 
can be realized in which the Q of each iris is comparatively high. 

it  
I. INTRODUCTION 

T IS A \\TELL-KNOWN FACT that various sized 
and shaped openings in a transverse diaphragm in 
a waveguide may be chosen so that they are reso-

nant at a particular frequency, with practically all of 
the energy incident on the diaphragm being transmitted. 
However, comparatively little information is available 
on the effect of varying the position of a rectangular 
window in a thin diaphragm along the "b" dimension 
of a waveguide. As far as the authors of this paper can 
ascertain, no information is available concerning the 
characteristics of multi-iris structures or the relation-
ship between single- and multi-iris structures in a thin 
diaphragm. It is the objective of this paper to present 
experimental data concerning the characteristics of 
single- and multi-iris structures in a thin diaphragm, 
their behavior as a function of position in the dia-
phragm, and the correlation between the single- and 

double-iris structures. 

II. TEST PROCEDURE AND MEASUREMENTS 

Data are presented for diaphragms with rectangular 
windows of three separate dimensions: 2.111 inches 
X0.075 inch X0.050 inch, 2.113 inches X0.100 inch 
X0.050 inch, and 2.119 inches X0.150 inch X0.050 inch. 
Since it was desired to have a common starting point 
for all of the data presented, each case of a single iris 
in the center of the diaphragm was designed for the 
same resonant frequency. 
The diaphragm was placed in the waveguide perpen-

dicular to the direction of propagation. Measurements 
for the single-window cases were made for windows 
which varied in position along the "b" dimension of the 
waveguide. Measurements for the double-window cases 

• Decimal classification: RI18.1. Original manuscript received by 
the Institute, July 17, 1951; revised manuscript received, February 

15, 1952. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 

CROSS SECTION  SIDE VIEW  

were made for windows which were equidistant from 
the center of the diaphragm and varied in position along 
the "b" dimension of the waveguide. The larger dimen-
sion of the rectangular window is parallel to the "a" 
dimension of the waveguide in all cases. Spacing from 
the center line of the diaphragm, which is also the 
center line of the waveguide, to the center line of the 
window is the variable against which the data are pre-
sented. (See Fig. 1.) 
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Fig. 1—(a) Single-iris diaphragm. (b) Double-iris diaphragm. 

Measurements were made in a conventional manner, 
using a klystron signal source, calibrated attenuators, a 
waveguide slotted line, and a matched load. 
The band pass, Af, is arbitrarily chosen as the differ-

ence in frequency between the voltage standing-wave 
ratio values of 1.4 on either side of the resonant fre-
quency, fo. Q is calculated from the relationship, 

Q — 1\ Jo\ 

\2 \r/r i\Afi 
(1) 
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where r is the voltage standing-wave ratio. Equation (1) 
is derived from the relationships for the parameters of 
a resonant element such as an iris in a thin diaphragm, 
as given in volume 14 of the Radiation Laboratory 
Series.' 

The insertion loss of the various structures measured 
was spot checked throughout the tests. impedance data 
as a function of frequency are presented for one single-
iris and one double-iris structure. The characteristics of 
one triple-iris structure were explored, and its resonant 
frequency, band pass, and Q determined. The behavior 
of two double-iris structures separated by Xg/4 in the 
waveguide, and of three double-iris structures, each sep-
arated by Xg/4, W aS also determined. Proper precautions 
were taken to minimize the inherent sources of error in 
the series of measurements performed. 
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Fig. 2—Band pass and resonant frequency as a function of position of 
a single iris in a thin diaphragm. Curve A, iris dimensions = 2.111 
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inches X 0.100 inch X0.050 inch. Curve C, iris dimensions =2.119 
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0.600 

Ill. RESULTS 

The curves shown in Fig. 2 indicate the relationships 
between the resonant frequency and band pass as a 
function of the position in the diaphragm of a single 
iris. As expected, the band pass increases as the iris 
width is increased. It will be noted that in each case 
the resonant frequency decreases as the iris spacing 
from the center of the guide increases. Note, also, that 
for any one particular iris the band pass decreases with 
increasing iris spacing from the center of the guide. 

Smullin and Montgomery, "Microwave Duplexers," Rad. Lab 
Series, McGraw-Iiill Book Co., Inc., New York. N. Y., vol. 14, p. 73; 
1948. 

This increase, which is linear for the narrowest iris, 
departs from linearity as the iris width is increased, the 
point of departure moving closer to the center of the 
waveguide with increasing iris width. This phenomenon 
is also observed in Fig. 3, where Q is shown as a function 
of the position of the iris in the diaphragm. 
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The curves shown in Fig. 4 indicate the relationship 
between the resonant frequency and band pass as a 
function of position in the diaphragm of the double 
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iris. In each case, the resonant frequency increases to a 
maximum value at some intermediate value of the iris 
spacing from the center of the guide and then drops 
off as this spacing is increased further. The band pass 
also rises to a peak value for an intermediate value of the 
iris spacing from the center of the guide and then de-
creases with a further increase in the spacing. Note, 
also, that the resonant frequency is greater than for the 
corresponding single-iris cases. Curves for Q as a func-
tion of the position in the diaphragm of the double iris 
are shown in Fig. 5. As a consequence of the behavior 
of the resonant frequency and band pass, Q reaches a 
minimum value at an intermediate value of the spacing 
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from the center of the waveguide to the center of the 
iris, the minimum moving closer to the center of the 
guide as the iris width is increased. Note, also, that the 
total deviation in Q decreases as the iris width is in-

creased. 
Fig. 6 indicates the correlation between Q for the 

single-iris cases and Q for the corresponding double-iris 
cases as a function of the iris position in the diaphragm. 
The Q-ratio curves for each iris dimension vary slightly 
for small spacings between the center of the guide and 
the center of the iris, but these curves diverge as this 
spacing is increased. 
A typical plot of frequency versus vswr for one single-

iris and the corresponding double-iris diaphragm is 
shown in Fig. 7. These curves are characteristic of the 
frequency versus vswr relationship for a shunt resonant 
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Fig. 7—Typical frequency versus vswr curves for single- and double-
iris structures. Iris dimensions =2.113 inchesX0.100 inch X0.050 
inch. Spacing from t of waveguide to t of iris =0.220 inch. 

element, that is, a resultant curve where the vswr rises 
smoothly on either side of resonance as the frequency 
deviation from resonance is increased. 
Impedance data for the single-iris and double-iris 

diaphragms discussed above are shown on an expanded-
scale Smith chart in Fig. 8. Here again the resultant 
curves are characteristic of that of a shunt resonant 
element; that is, a reactive component of opposite sign 
exists on either side of resonance and diminishes stead-
ily as the resonant frequency is approached until, at 
resonance, the impedance is purely resistive. 
The band pass for two double-iris structures and 

three double-iris structures in which the spacing be-
tween elements is Ng/4, is characteristic of the behavior 
of multi-element structures separated by approximately 
a quarter guide wavelength; that is, the band pass in-
creases as the number of elements increases.' The curve 
for the two-element case has one minimum, and the 
curve for the three-element case has two minima. 

2 Mid., p. 73. 
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— — — DOUBLE IRIS 

  SINGLE IRIS 

Fig. 8--Expanded Smith chart showing impedance as a fu iction of frequency ior the resonant structures of Fig. 7. 

The insertion loss of the various resonant structures 
was negligible in all cases, being in the order of 0.1-
0.2 db. 
An examination of the data for the single- and 

double-iris diaphragms would lead one to predict that 
triple-iris structures would have larger band-pass char-
acteristics and consequently a lower Q than single- or 
double-iris structures. The characteristics of the one 
triple-irisdiaphragm investigated, which had one iris in the 
center of the diaphragm and the other two spaced sym-
metrically above and below the center of the diaphragm, 
are as follows: resonant frequency =2,920 mc; band pass 
=1,050 mc; and Q=0.46. The values obtained, there-
fore, verify the predicted increase in band pass and 
decrease in Q. 

IV. DISCUSSION OF THE RESULTS 

An important factor involved in the behavior of the 
resonant iris is the proximity effect of the waveguide 
wall as the irises are moved further away from the 
center of the waveguide. Since the data are presented 
as a function of the spacing from the center of the iris 

1July   

to the center of the Nvaveguide, this effect will first be-
come apparent for the wider iris. This will explain, at 
least qualitatively, the departure from linearity of the 
band pass and Q curves for the wider single irises, and 
the fact that this point of departure is first evident in 
the diaphragms with the widest iris. Similarly, the slope 
of the resonant-frequency curve for., the single-iris di-
aphragm is steepest for the widest iris, an indication 
again that the proximity effect of the waveguide wall 
becomes an important factor in the behavior of the 
iris as the iris is moved further away from the center 
of the waveguide. 

In the case of the double-iris diaphragm several 
effects are present. The two irises appear to act like a 
single iris of twice the width for the closest spacing be-
tween the irises, since for each size iris the ratio of the 
Q of the single iris to the Q of the corresponding double 
iris is very close to two. As the spacing is increased, a 
coupling effect is introduced which results in lowering 
the Q to some minimum value. The proximity effect of 
the waveguide wall appears to be the predominant 
factor as the iris separation is increased. The portion of 

.sib tort'. 
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the Q curves over which this effect is apparent is quite 
similar in appearance to the curves for the single-iris 
diaphragms. It will be noted that the ratio of the Q 
curves are similar to each other for each size iris when 
the irises are close to the center of the waveguide. The 
ratio changes rapidly, however, as the spacing between 
the irises increases and the irises begin to approach the 
waveguide wall. 
The magnitude of the effect of using multiresonant 

elements is best illustrated by the triple iris. The Q 
of the two off-center irises individually is 3.25, while 
their combined Q is equal to 1.02. The center iris alone 
has a Q of 2.4. The combination of all three irises into a 
triple iris results in a Q of 0.46. It should be noted that 
the band pass (vswr = 1.4) associated with this Q is 
approximately 80 per cent of the recommended band 
pass of the standard S-band waveguide.' 

3 Moreno, "Microwave Transmission Design Data," McGraw-
Hill Book Co., Inc., New York, N. Y., p. 128; 1948. 

V. CONCLUSIONS 

The investigation discussed in this paper has shown 
that the Q of an iris of fixed dimensions in the center of 
a thin diaphragm placed transversely in a waveguide 
can be appreciably increased by moving it closer to the 
wider waveguide wall. In addition, a low-Q multi-iris 
structure can be realized in which the Q of each iris is 
comparatively high. The resonant structures described 
can be used as filter elements of desired characteristics 
by judiciously positioning and dimensioning the irises. 
Experimental evidence has been presented which 

shows that the double-iris diaphragm behaves in a 
manner similar to a single-resonant structure. Q for 
both the single- and multi-iris structures varies 
smoothly as a function of the position of the iris in the 
diaphragm. Therefore, it should be possible to describe 
this phenomenon by the evaluation of the proper equiv-
alent circuit. To date, however, efforts in this direction 
have not been successful. 

On the Excitation of Surface Waves* 
GEORG GOUBAUt, ASSOCIATE, IRE 

Summary—It is shown that surface waves are actually contained 
in complete solutions of excitation problems of cylindrical surface 
waveguides. The total field can be divided into surface waves and a 
supplementary field; these field components satisfy certain orthog-
onality relations between each other. The amplitude of a surface wave 
which is excited by a dipole or any other power source can be deter-
mined without solving the entire excitation problem. 

I NTRODI7CTION 

S
l: I( FACE WAVES are waves which are guided by 
and along an interface of two different media with-

  out losing energy by radiation. The physical reality 
of such waves (particularly the Uller-Zenneck wave' 
and Sommerfeld's single wire wave') has been questioned 
frequently. The fact that such waves are solutions of 
Maxwell's equations is not, a priori, a proof for their 
existence. Such solutions may have the meaning of 
asymptotic solutions and describe the field infinitely re-
mote from the power source where the field intensity 
approaches zero. 
The two-wire, or Lecher wave has been commonly 

accepted as real since it can be easily established by 
experiments. Actually it is much more complicated from 
the theoretical point of view than, for example, Som-
merfeld's wave. It only exists if both conductors have 

Decimal classification: R118. Original manuscript received by 
the Institute, July 19, 1951; revised manuscript received, March 13, 
1952. Presented, 1951 IRE National Convention. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 
' J. A. St rat ton, "Electromagnetic Theory," McGraw-Hill Book 

Co., Inc., New York, p. 584; 1941. 
2 Ibid., pp. 527-531. 

infinite conductivity or if they are of identical struc-
ture.' If a two-wire line section is excited by a concen-
trated power source acting at one end the measured field 
is in very good agreement with the field of a Lecher 
wave. If a similar experiment is made with a single wire, 
for instance by exciting it in the middle, the result is 
quite different. The field shows no indication of Som-
merfeld's wire wave. From such an experiment one 
might conclude that the single-conductor wave is non-
existent. The explanation, however, is that the guided 
wave is overshadowed by the supplementary field, a 
field component which is required in order to preserve 
the continuity of the total field in the vicinity of the 
power source and at the ends of the wire. 
Although surface waves other than the two-wire wave 

have been established by experiments,' still missing is a 
general theoretical proof of their existence. (For the sin-
gle conductor wave this proof has been recently given 
by T. E. Roberts' who treated the excitation problem of 
a wire with modified surface.) It is the object of this pa-

3 Shown by A. Meyerhoff, Signal Corps Engineering Labora-
tory Technical Memorandum M-1376, the two-wire line should 
actually be considered as system of two coupled single wires. 

4 C. H. Chandler, "An Investigation of Dielectric Rod as Wave-
guide," Jour. App.!. Phys., vol. 20, p. 1188; December, 1949. G. 
Goubau, "Surface Waves and Their Application to Transmission 
Lines," Ibid., vol. 21, p. 1119; November, 1950; "Single Conductor 
Surface Wave Transmission Line," PROC. IRE, vol. 39, p. 619; June 
1951. 

6 T. E. Roberts, Jr., "Currents Induced on an Infinitely Long 
Wire by a Slice Generator," and, 'Properties of A Single-Wire Line," 
Technical Report Nos. 129 and 134, Cruft Laboratory, Harvard 
University, Cambridge, Mass.; May 2, 1951 and November I, 1952. 
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per to present such proof and to show that the supple-
mentary fields and the surface waves are mathemati-
cally separable by means of orthogonality relations 
which are also valid in the case of closed waveguides. 
The amplitude of a surface wave which is excited by a 
given power source can be calculated without solving 
the entire excitation problem. From the analysis it will 
become obvious that there is no fundamental difference 
between the excitation problem of an ordinary two-wire 
line and that of any other open waveguide. 

RELATIONS BETWEEN SURFACE WAVES 

Assuming there are two or more possible solutions of 
Maxwell's equations describing surface waves, as for in-
stance in the case of dielectric rods, there exist the fol-
lowing relations between the field components of any 
two of these waves: 

(Es, X Hs„)ndf = f (Es, X Hs,)ndf = 0,  (1) 

where Es,11s, and Esmlls„ are the fields of these waves 
and n is a unit vector normal to the surface of integra-
tion. The integration is performed over the entire area 
of a plane perpendicular to the guide. The relations are 
well-known for closed waveguides, and they are valid 
also for open waveguides.6 They can be easily derived by 
means of the reciprocity theorem. 

RELATIONS BETWEEN SURFACE WAVES AND 
SUPPLEMENTARY FIELDS FOR LOSSLESS 

WA VEGUIDES 

We consider first a lossless surface waveguide of un-
limited length excited by an electric dipole as shown in 
Fig. 1. Provided one or more surface waves are excited, 
they represent the asymptotic solution of the problem 

IE gift+E ir  S R 

DIPOLE 

Er rafs+ER: 
  SURFACE 

///e/././/////1/ 
1+.9 WAVEGU1DE 

Fig. 1--Excitation of a surface waveguide by a dipole. 

since their amplitudes remain constant along the line, 
while the amplitude of the radiating field decreases. The 
total field Er, 11r can be written in the form: 

—) 

4— 4--  4— 4— 

< 0; ET =  E a, Es, En Hr =  41, Hs-, + HR. 

(2) 

1 R. Adler, "Waves on inhomogeneous cylindrical structures," 
PROC. IRE, vol. 40, pp. 339-348; March, 1952. 

—0  —0  4—  4— 
Es, , 11s, and Es,, lIsP, are the field compon.ents of sur-

face waves of unit amplitude traveling in the positive 
and negative z-direction  and a,, the corresponding 
amplitude factors. EB, t he is the supplementary field. 
The summation is performed over all the surface waves. 
The total field and the unit surface waves are solu-

tions of Maxwell's equations. Therefore they satisfy the 
reciprocity relations 

(ET X Hs, — Esm X HT)ndf = 0. (3) 

n is the unit vector normal to the surface of integration. 
The integral shall be taken over the surface of the space 
between the two cross planes F1 and 1%2 with the excep-
tion of a small sphere F3 inclosing the dipole. The inte-
gral over the cylindrical part of the surface, which is 
located at infinity, vanishes since the field of the surface 
wave decreases in the radial direction exponentially or 
with 1/r2 (in the case of a two-wire line). 
If ET and Hr are expressed in terms of the surface 

waves and the radiating field according to (2) and if 
the orthogonality relations (1) are observed, the re-
ciprocity integrals over F1 and F2 become 

IF' 

P2 

(Er X Hs, — Esm X Iir)ndf 

f  --0 1=;  --0 
= am (Fsi, X Hsu — Es, X H Sµ)Fldf 

F 

(El, X lls„ —  ES,A X IIR)Ildf 

Jr, ( 4a) 
1=; 

(Er X H sm — Esm X /IT) ndf 

f4— 4-- .4-- t= 
= — am (Es, X Hs, — Esm X Hsm)ndf 

F2 

1= 

—  (ER X  H SA Esm X Hir)ndf. (4b) 
,F 2 

The transverse field components of the unit surface 
waves can be written in the form: 

Esm• = Eme-ihz • i 

Esm •t = Eme4 ih:  • i 

sm- t = IIme-)h‘ • 

ifs,.! = — 11„e+ihz • t 
(5) 

with E„, Hs being transverse vectors. t is a unit vector in 
any transverse direction. The subscript j z on the propa-
gation constant h is omitted. Thus (4a) and (4b) with 
the upper arrows become 

f( )ndf = — 2-)am f (E, X /4)ndf 
Fi  Pi 

- f(ER X Hm Em X IIR)e)h'Indf (6a) 
F, 
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f)ndi = F2 (ER 11  X  , E, X HR)e)̂zindf, (6b) 

and with the lower arrows: 

IF 

( Puff = f (ER X 11„ - E„ X II R)e-ihzIndf (7a) F 
( )ndf = - 2a14 f (E. X llm)ndf 

- f (ER X II, - E„ X Ili)e-ih‘ndf. (7b) 

If the position of one of the cross planes, say F1 is 
changed, the reciprocity integrals over F2 and F3 are 
unchanged. Therefore we obtain from (6a): 

f(ER X II, ± E„ X f/R)ndf = constant,  (8a) 

and from 7.1 : 

e-ih" f (ER X II„ - E,, X /JR oidj = constant. (8b) 
PI 

Since we consider a lossless guide, h is real. If the posi-
tion of F1 approaches z1= 00 , ER, IIR approach zero. 
Therefore the constants in (8a) and (8b) are zero. The 
same pertains to the integrals over F2. Thus, 

F (ER X H,)ndf = f (E, X HR)ndf = 0 (9) 

for any cross plane on either side of the dipole. 
The reciprocity integral which is taken over the 

sphere surrounding the dipole can be evaluated easily:" 

(Er X Hsu - Es„ X Hr)ndf 

- jwl'Es, (electric dipole) 
(10) 

.iw3111,- s,,  (magnetic dipole) 

. Where P is the moment of an electric dipole and M the 

moment of a magnetic dipole, Es, and He,. are the field 
components of the unit waves in the direction of the 

dipoles. 
Thus, all parts of the reciprocity integral (3) are 

evaluated. With (6), (7), (9) and (10) substituted in 
(3) we obtain the amplitudes a„ of the surface waves 
excited in both directions. 

5=F 

4=* jwPEs„  jwM Hs„ 
- 2N  or  a, =  2N (11) 

0 

with 

N = f (E„ X 11„)ndf. (12) 

N is the power of a unit surface wave if E, and ll„ are 

defined as real quantities. 
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The relations (11) do not contain the radiating field. 
Therefore the amplitudes of the surface waves excited 
by a dipole or any given power source can be deter-
mined without solving the entire excitation problem. 
Furthermore, (11) shows that surface waves are actu-
ally excited by an electric or magnetic dipole provided 
the unit waves have the proper field component in the 

direction of the dipole. 

WAVEGUIDE WITH LOSSES 

If the losses are taken into account, the preceding 
considerations must be revised since h is now complex 
and e z and e-Az approach infinite values at z=  GO 

and z = - 00 respectively. Thus, we cannot conclude 
that the constant in (8a) is zero. Instead of (9) we ob-

tain then 

eihti f (ER X 171,)ndf = e2h" f (E, X I/R)ndf 
Pi  Ft 

= constant 

and correspondingl, 

e-ik" f (ER X H,)ndf = e-ihn (E, X I1R)ndf 
P.  P2 

= constant.  (13b) 

If we consider_ waveguides for which the conductivity 
is not essential for the existence of the surface wave, for 
instance in the case of a two-wire line or a single-wire 
line having a dielectric coat, the field distribution close 
to the dipole will be practically the same whether the 
line has losses or not—provided the dipole is not so far 
removed from the line that at its location the field dis-
tribution of the surface waves is noticeably modified. 
Therefore the amplitudes of the excited surface waves 
are essentially the same as in the lossless case, and given 
by (11). From this it follows that the orthogonality 
relations (9) between the radiating field and the surface 

waves remain valid. 
The situation is different in the case of Sommerfeld's 

wire wave, since this wave exists only by reason of the 
finite conductivity, and the field structure depends to 
a high degree on the conductivity. If we consider the 
total field, Er, Hr and subtract from this field surface 
waves going in both directions, each of which has an 
amplitude as given by equation (11), then the remainder 
of the field satisfies the. orthogonality relations with the 
surface waves [equation (9)]. Therefore it is reasonable 
to consider the amplitudes of the surface waves given by 
equation (11) as the true amplitudes and the remainder 
as the supplementary field. This does not mean that 
these amplitudes of the surface waves actually could be 
measured since we know from experience they are over-
shadowed by the radiating field. However, if we consider 
a power source which would excite Sommerfeld's wave 
only, i.e., a layer of properly distributed dipoles, and if 
we then calculate the amplitude of this wave, using 
equation (11) for each individual dipole, we obtain the 

correct result. 

(13a) 
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It should be mentioned that in the case of lossy wave-
guides, particularly in the case of Sommerfeld's wave, 
the total energy delivered by the power source is not the 
sum of the power propagated by the surface waves and 
the power radiated by the supplementary field, since 
both fields are---if dissipation is present—not orthog-
onal with regard to power considerations. 

EXAMPLES 

A lossless single conductor guide with a dielectric 
coating is excited by a concentrated voltage source 
(Fig. 2). The voltage source is represented by a mag-
netic current ring around the wire producing a voltage 

MAGNETIC CURRENT  RING 

-v/z :+v/z izo 
Fig. 2—Excitation of a single conductor guide by a 

concentrated voltage source. 

step from — V/2 at the left side of the ring to + V/2 on 
the right side. In this case there is only one surface wave 
existing, provided the dielectric layer is small compared 
with the wavelength. According to the proce.dure out-
lined before we exclude the power source by a snugly 
fitting surface F3 and evaluate the reciprocity integral 
for this surface. If we express the unit surface waves in 

terms of their currents Is and /s in the wire we obtain 

fp3 (ET X //s — Es X Hr)ndf = — V /s. (14) 

—0  4— 
W e define the unit waves so that at z = 0, /s=/s =/s. 
The integral in (14) replaces the integral which before 
was taken over the sphere surrounding the dipole. Thus 
we obtain with (11) the amplitudes of the surface waves 
excited by the voltage source: 

4- 1" 
a Is = a Is =  with Zs =   (15) 

2Z5 lisl 2 

where the amplitudes are expressed in terms of the cur-
rents of the unit waves at z =O. N is the power of a unit 
wave; Zs can be called the characteristic impedance of 
the guide. 

This result may appear obvious if the two halves of 
the line, the one to the left and the one to the right of 
the power source are considered as two transmission 
lines which are connected in series with the voltage 
source. But we must remember that the definition of the 
characteristic impedance in (15) is arbitrary and pur-
posely chosen so that this simple result is obtained. 
Usually the impedance is defined as the ratio of the 
transverse electric and magnetic field components. Us-

ing this definition the result is different. It shall be 
noticed that the current determined by equation (15) is 
not the total current delivered by the voltage source. 
The total input impedance of the line consists of two 
impedances acting in parallel: one (24s) representing 
the surface waves and the other one representing the 
supplementary field. The latter one is unknown. It con-
tains a positive resistive component due to the radiation 
loss. In order to have little radiation loss a power source 
of large extension is required. 
As another example a two-wire line is considered in 

Fig. 3. First let the line be excited by a voltage source 
acting on one wire only (Fig. 3a). The voltage source is 

(CV 

(b) 

+1 0 

VOLTAGE SOURCE 

Cgs 717; 

Fig. 3—Excitation of a two-wire line. 

represented again by a magnetic current. If we assume 
no losses, the only type of existing surface wave is the 
ordinary two-wire or Lecher wave. The result is the 
same as in the preceding example. Besides the Lecher 
wave, a considerable radi:iting field is excited. The char-
acteristic impedance defined by N/Is2 is here identical 
with the impedance defined by the ratio of the trans-
verse field components. If the losses are considered or if 
the wires have a dielectric coating, the problem becomes 
more complicated since in addition to the Lecher wave 
a wave like that on a single conductor is possible, and 
this wave also is excited. Moreover, there are waves of 
the Hondros type' present, but these are of no practical 
consequence. 

If the power source is split into two halves which act 
on both wires but in opposite directions (Fig. 3b), the 
amplitude of the Lecher wave is the same as before. 
However, since the supplementary fields for both power 
sources have the same structure but opposite direction, 
they almost cancel. Therefore only a small radiation 
will remain due to the displacement of the two fields. 
This compensation of the radiating field is the reason 
why a two-wire line can be excited efficiently with a 
concentrated power source provided the excitation is 
symmetrical. All other surface waveguides requires 
launching devices of comparatively large extension in 
order to avoid excessive radiation loss. 

7 D. Hondros, Ann. der Phys., vol. 30, p. 905; 1909. 
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ter-wave plate converts left-hand circular 
back to vertical linear polarization. If the 
plates or their alignments are not perfect, a 
small amount of circularly polarized energy 
of wrong sense will be generated. Thus, the 
first-order effect of errors will be to produce 
a cross-polarized component in the output 
which, if absorbed by a horizontal resistance 
card, will not affect linearity of phase shift. 
Consider the second quarter-wave plate 

first. Incident upon it is mainly a left-hand 
circular, and also a small right-hand com-
ponent due to imperfections. The left hand 
is converted mainly into linear vertical 
(u hose phase is certainly determined by the 
phase of the left-hand circular), plus a small 
amount of horizontal which is absorbed in a 
resistance card. The small right-hand com-
ponent is converted mainly to horizontal, 
which is also absorbed, and a fractional 

right hand 

Correspondence 

Errors in a Microwave Rotary 
Phase Shifter* 

An interesting microwave phase shifter, 
making use of two fixed quarter-wave plates 
with a rotatable half-wave plate between 
them, was described in a paper by Fox 
(see Fig. 1).1 Such a device is useful in the 
laboratory since the phase shift in degrees 
equals twice the mechanical angle of rota-
tion of the half-wave plate in degrees. The 
deviation from linearity of phase shift versus 
rotation depends on the deviation from cor-
rect positioning of the two fixed plates and 
the errors in phase shift of the individual 
plates. Some time ago M. A. Nleyer2 showed, 
in an unpublished calculation, that small de-
viations in the design of the phase-shifter 
components could be tolerated since the 
deviation from linearity depended only to 
the second order on the variations in the 
dielectric plates. This fact was thought of suf-
ficient interest to warrant being brought to 
the attention of PROCEEDINGS readers. 
The proof of the above assertion may be 

demonstrated in several ways. Perhaps the 
most systematic are the use of complex 
vectors to represent the magnitude and 
phase of the electric field and the use of a 
different x-y co-ordinate system in each 
section with the x axis always parallel to the 

40 

(11 

4i= 4o 

particular plate, as shown in the figure. The 
field in each section may be resolved into 
linear x and y components and a relationship 
between output and input establishcd. This 
was essentially the method used by Meyer. 
A qualitative physical proof may be 

based on a consideration of circularly polar-
ized waves. When operating perfectly, the 
first quarter-wave plate converts vertical 
linear to right-hand circular polarization. 
The half-wave plate converts this to left 
hand, whose phase is determined by the 
angle of rotation. Finally, the second guar-

* Received by the Institute. October 11,1951. 
A. Gardner Fox. "An adjustable wave-guide 

phase changer.• PROC. IR E.. vol. 35, pp. 1489-1498: 
December, 1947. 

Formerly of the Research Laboratory of Elec-
tronics. M.I.T. 

4o 
92.  

Rel. phase shift eslinit 

left hand 

mainly to right hand, which also does not 
contribute, in first order, to final output. 
It remains merely to be shown, there-

fore, that the phase of the left-hand circular 
output of the half-wave plate with respect to 
a fixed-ph4se right-hand circular input is a 
linear function of the angle of rotation. From 
symmetry considerations the incident right-
hand circularly polarized wave looks the 
same to the half-wave plate for any angle of 
rotation and thus the output will be the same 
when referred to a set of axes moving with 
the plate. The transformation of the refer-
ence phase from the moving axes to a fixed 
set of axes introduces exactly the linear 
dependence of phase on rotation. (Thus, if 
the quarter-wave plates are perfect, an im-
perfect half-wave plate will not affect the 
linearity of the phase shifter at all, but will 
only cause a loss in power because of the 

go 

Rd.  phase shift, e1 a ft 

Fig. 1—Rotary phase shifter, schematic. 

amount of vertical. This fractional amount 
of a small quantity is of second order. Thus, 
at the second quarter-wave plate, only the 
left-hand-circular component contributes, 
to the first order, to the vertically polarized 
output signal. 
A similar argument may be carried 

through for the first plate. A large amount 
of right-hand plus a small left-hand circular 
component is produced by this plate. The 
large amount of right hand is largely con-
verted to left hand in passing through the 
half-wave plate; the fraction of this signal 
that is converted to right hand is discarded, 
as seen in the preceding paragraph. The 
small left-hand component from the first 
plate is converted through half-wave plate 

EM. 

Re I. phase shift 

83 a 'VI 

setting up of a cross-polarized component.) 
For purposes of obtaining a quantitative 

example, only errors in phase shift and in 
positioning of the quarter-wave plates were 
assumed. For ease of calculation, the errors 
were assumed to occur in the following way: 

=  = 111 =  7r/4 — e, e << 1 

01 = 03 = 7/2 — 5,  92 = 7 — 25, 5<< 1. 

Then, letting  =e1)2 —03 = — (01 — 0), an ex-
pression for the output voltage divided by 
the input voltage is 

E51 
— = cos 2e cos 8 e-21 ge-20  
Eyi 
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cerned principallY with theelectromechanica 
design of radiotelephone receivers and trans-
mitters, except during World War I I, when 
he had special mifitary assignments. 
Mr. Munn is a member of Eta Kappa 

No. 

Joseph Nedelka was born in Bohemia on 
November 13, 1905; he came to I I 'lilted 
States six months later with hi, family. In 

1937 he re, /-i% ed an 
E. E. deg ree  loan 
Brooklyn  Polytech-
nic Institute. 
Mr. Nedelka 

joined %Vestern Ele(--
tric Company's Engi-
neering 1)epartment, 
now known as Bell 
Telephone  Labora-
tories, in 1922. While 
in the drafting de-
partment, he took .1 
technical assistant's 

course provided by the company. He was en-
gaged in systems engineering and drafting 
until 1940 when he worked on the design 
of radar equipment. After World War II, he 
engaged in the design of overseas radio-
telephone work, and is currently occupied 
with the design of television toeminal and 
coaxial carrier equipment. 

J. NEDELKA 

Evert J. Post was born in Rotterdam, 
Netherlands, on October 20, 1914. lie re-
ceived the degree of Physical Engineer from 

the Delft Institute of 
Technology. 
In 1946 Mr. Post 

joined  the Central 
Laboratory  of  the 
Netherlands Postal 
and Telecommunica-
tions Services at The 
Hague where he has 
been primarily con-
cerned with the de-
velopment of quartz 
crystals and  oscil-
lators. 
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IRVING REINGOLD 

Contributors to the Proceedings of the I.R.E. 

Irving Reingold was born in Newark, 
N. J., on November 13, 1921. He received 
the degree of B.S. in mechanical engineering 

in 1942, and the pro-
fessional  engineers' 
degree in 1949, both 
from the Newark Col-
lege of Engineering. 
He has also done 
graduate  work  in 
electronics  at  the 
Brooklyn  Polytech-
nic Institute. 
From 1943 until 

1945 he was an elec-
tronics manufactur-
ing engineer in the 

Electronic-Tube Section of the Westinghouse 
Electric Company, Bloomfield, N. J. 
From 1945 until 1951, Mr. Reingold was 

a project engineer in the Radar Section of 
the Watson Laboratories, Air Materiel Com-
mand, Red Bank, N. J., where he was en-
gaged in the development and application of 
microwave radar-systems transmission-line 
and antenna components. 
He joined the Thermionics Branch of the 

Signal Corps Engineering Laboratories at 
Fort Monmouth, N. J., in 1951, as a project 
engineer engaged in the development of 
microwave duplexers. Mr. Reingold is a 
licensed professional engineer in the State 
of New Jersey. 

Char!ell'. I'. Rose (A'22 -N1'40-SM'43) 
was born in Montclair, New Jersey, Septem-
ber 19, 1901. Ile entered the Radio Research 

Department of the 
1Vestern  Electric 
Company in 1920. He 
was graduated as a 
Student Assistant in 
1924, and subse-
quently attended Co-

-lumbia  University 
Extension School. 
Since 1925, he has 
served as a member 
of the technical staff 
of the Bell Telephone 
Laboratories. 

Mr. Rose has been engaged in designing, 
de% eloping, installing. and testing short-wave 
ri iiso( eanic radio telephone transmitters for 
tic 1011 System in New Jersey, Argentina, 
and California. During the war he was en-
gaged in developing special electronic equip-
ment iised by the U. S. government. In 1944, 
he was transferred from the Radio Research 
Department to the Transmission Develop-
ment Department where he is continuing 
circuit development work for radio systems. 

C. F. P 

E. A. SPEAKMAN 

Edwin A. Speakman (A'43-M'44-S111.48) 
received his B.S. degree in physics in 1931 
from Haverford College, Haverford, Pa., 

where  he  was  a 
scholarship student. 
From 1931 to 1934, 
he was an instructor 
in physics at Haver-
ford College and as 
part of his graduate 
study,  invented  a 
photoelectric timing 
system, the first us-
ing a light beam for 
timing races auto-
matically and to ac-
curacy of 0.01 sec. 

From 1934 to 1939 Mr. Speakman was a 
radio engineer in the research laboratories 
of the l'hilco Corporation, where he in-
vented the telescopic rod antenna which is 
used on radio-equipped automobiles. 
After serving as a physicist with the 

Curtis Publishing Company for a brief 
period in 1939, Mr. Speakman was ap-
pointed to the Naval Research Laboratory, 
where he held the positions of assistant 
superintendent of the Radio Division and 
head of the Countermeasures Branch, from 
1940 to 1949, receiving the Navy's Mefi-
torious Civilian Service Award in 1946 for 
his research on naval radar equipment. He 
also served as a civilian scientific expert on 
several special Naval missions to the Medi-
terranean and Pacific areas during the war. 
Mr. Speakman joined the staff of the 

Research and Development Board in May, 
1949 as executive director of the Committee 
on Electronics. Hels a member of the Ameri-
can l'hysical Society and former member of 
the U. S. Civil Service Board of Examiners 
for Scientific and Technical personnel. 

Ludovicus R.NI. Vos de Wad l was born 
in Westervoort, the Netherlands, on July 21, 
1905. He took his degree of electrotechnical 

engineer at the Tech-
nical University at 
Delft in 1930, and 
was  appointed  an 
engineer  of  the 
Netherlands  Postal 
and Telecommunica-
tions Services in the 
same year. 
For some years he 

was engineer  in 
charge of the trans-
mitting  station  at 
Kootwijk, and was 

also engaged there in development work on 

R N1 
Vos ta WAI 

L. G. YOUNG 

R. W. WitmARTit 

the first short wave ssb equipment for the 
radio telephone channel with Bandung. 
After World War II he was, for a short 

time, in charge of the receiver station, and in 
1947 he joined the Radio Laboratory at the 
Hague. 
Mr. Vos de Wael was appointed chief 

engineer in 1948 and is now engaged in re-
search work on frequency standards, auxili-
ary measuring equipment, and receiver de-
sign. 

• • 

Robert W. Wilmarth (S'47-A'51-M'52) 
was born on May 18, 1922, in Yonkers, N. Y. 
He received the B.E.E. degree in 1949, 

and the M.S. degree 
in 1950 from Ohio 
State  University. 
From 1940 to 1945, 
Mr. Wilmarth was 
engaged in the con-
struction of electron 
tube  at  the  Bell 
Telephone  Labora-
tories, Inc. During 
the years of 1945 to 
1950, he was em-
ployed on a part time 
basis as a research as-

sociate at the Electron Tube Laboratory at 
the Ohio State I -niversity. 
Since April 1951, Mr. Wilmarth has been 

a senior engineer in the vacuum tube group 
at the Federal Telecommunications Labora-
tories, Inc. He is a member of Sigma Xi, 
Tau Beta l'i, and Eta Kappa No. 

Laurence G. Young (A'37, SM'48) is 
a native of Pittsburgh,  Penn., where 
he was born January 15, 1897. He was 

graduated from Car-
negie  Institute  of 
Technology in 1919 
with a B.S. degree 
in E.E. 
The  following 

year he joined Bell 
Telephone  Labora-
tories and  for six 
years worked on coil 
design. In 1926 he 
transferred to a radio 
development group, 
where at first he was 

engaged in antenna design, and later, high-
power radio transmitter design. During 
World War II, Mr. Young worked on high-
power amplifiers and, also, radar and other 
equipment. At present he is studying short-
wave radio transmit lers used in transoceanic 
service. 
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NOMINATIONS-1953 

At its May 7, 1953, meeting, the IRE 
Board of Directors received the recommend-
ations of the Nominations Committee and 
the reports of the Regional Committees for 
officers and directors for 1953. They am: 
President, 1953: J. W. McRae 
Vice-President, 1953: S. R. Kantebet 
Director-al-Large,  1953-1955  (two to be 
elected): S. L. Bailey, K. C. Black, B. E. 
Shackelford, L. C. Van Atta 

Regional Directors, 1953-1954 (one to be 
elected in each Region): 
Region 2.—F. M. Bailey, R. I). Chipp, 
J. R. Ragazzini 

Region 4.—S. J. Begun, H. R. Ilegbar, 
C. A. Priest, B. R. Teare, Jr. 

Region 6.—M. C. Scott, Jr., A. \V. Strai-
ton 

Region 8.—J. T. Henderson, A. B. Oxley 
According to Article VI, Section 1, of the 

IRE Constitution, nominations by petition 
for any of the above offices may be made by 
letter to the Board of Directors, setting 
forth the name of the proposed candidate 
and the office for which it is desired he be 
nominated. For acceptance, a letter of peti-
tion must reach the executive office before 
twelve o'clock noon on August 14, 1952, and 
shall be signed by at least 100 voting mem-
bers qualified to vote for the office of the 
candidate nominated. 

Calendar of 

COMING EVENTS 

AIEE-IRE Telemetering Conference, 
Los Angeles, Calif., August 26-27 

1952 IRE Western Convention, Mu-
nicipal Auditorium, Long Beach, 
Calif., August 27-29 

Cedar Rapids IRE Technical Confer-
ence,  Roosevelt Hotel, Cedar 
Rapids, Iowa, September 19-20 

National Electronics  Conference, 
Sherman  Hotel,  Chicago, Ill., 
September 29-October 1 

IRE-RTMA Radio Fall  Meeting, 
Syracuse, N. Y., October 20-22 

IRE-AIEE Computers Conference, 
New York, N. Y., December 10-12 

IRE-AIEE Meeting on High-Fre-
quency Measurements, Washing-
ton, D. C., January 14-16 

Radar Weather Conference, McGill 
l'niversity,  Montreal,  Canada, 
September 15-17 

Southwestern IRE Conference and 
Electronics Show, Plaza Hotel, 
San Antonio, Tex., February 5-7 

1953 IRE National Conference on 
Airborne Electronics, Dayton, 
Ohio, May 11-13 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 

RADIO PROUAGATION DISTURIt.t‘. i. 
WARNINGS 

On July 1, 1952, the National Bureau of 
Standards started broadcasting new short-
wave radio disturbance forecasts via the 
NBS standard frequency broadcasting sta-
tion W WV. The new service replaces the 
radio disturbance warning notices that have 
been transmitted by W WV since 1946. The 
broadcasts tell users of radio transmission 
paths over the North Atlantic the condition 
of the ionosphere at the time of the an 
nouncement and communication conditions 
to be expected for the next 12 hours. 
The NBS radio disturbance forecasts, 

prepared four times daily, are transmitted 
in Morse code twice each hour  191 and 491 
minutes past the hour—on ‘VWV standard 
frequencies of 2.5, 5, 10, 15, 20, and 25 Inc, 
as was done prior to July I. The notices 
heretofore have included a letter indicating 
present radio reception conditions. As be 
fore, the letters used are "N," "U," and 

" signifying that radio propagation con-
ditions are normal, unsettled, or disturbed, 
respectively. The new notices also contain 
a digit indicating the expected quality of 
future reception. The digit is the forecast of 
expected quality of transmitting condition 
on the NBS-CRPL scale of 1 (impossible) to 
9 (excellent). 

RADIO FORECAST SCALE 

Digit  Propagation  Letter 
(Forecast)  Condition  (Current) 

1  Impossible W 
2  Very Poor W 
3  Poor \V 
4 Fair to Poor W 
5 Fair  I " 
6 Fair to Good N 
7 Good  N 
8  Very Good N 
9  Excellent N 

In addition, W WV renders the following 
services on standard radio frequencies of 2.5, 
5, 10, 15, 20, 25, 30, and 35 megacycles; time 
announcements at 5-minute intervals by 
voice and International Morse Code; stand-
ard time intervals of 1 second, and 1, 4, and 5 
minutes; and standard audio frequencies of 
440 cycles (the standard musical pitch A 
above middle C) and 600 cycles. 
The audio frequencies are interrupted at 

precisely one minute before the hour and 
are resumed precisely on the hour and each 
five minutes thereafter. Code announce-
ments are in Universal Time using the 24-
hour system beginning with 0000 at mid-
night; voice announcements are in Eastern 
Standard Time. The audio frequencies are 
transmitted alternately: the 600-cycle tone 
starts precisely on the hour and every 10 
minutes thereafter, continuing for 4 minutes; 
the 440-cycle tone starts precisely five 
minutes after the hour and every 10 minutes 
thereafter, continuing for 4 minutes. Each 
carrier frequency is modulated by a seconds 
pulse which is heard as a faint tick; the pulse 
at the beginning of the last second of each 
minute is omitted. 

t I 'ins SECTION TO HOLD 
Co m E R E N( t. 

"Iln• 1kI% Section of Cedar Rapids will 
sponsor a two day c iiiiiiii unicatioils COlifer-
CIICV, September 19--20, 1952, at the Roose-
velt Hotel, CtIlar Rapids, Iowa. 
The tindery:n.1' will feature 4, 111 1̀. ,1,ding 

speakers ni the 11..111 of COMOOHOcationS, 
exhibit  plant i11151 ionS, alld  hantitlet. 

Among Ilie speakers assured for the confer-
CH M and their topics are: L. V. Berkner, 
president , Associa ted  Universit it's,  I if., 
banquet speaker; 1. S. Coggeshall, general 
traffic Inn tiger, Western Union Telegraph 
Company, speaking on information theory; 
M. G. Crosby, president, Crosby Labora-
tories, Inc., speaking on diversity recept intl ; 

G. Q. Iferrick, chief, State Department 
Broadcast Plans and Development, speaking 
on Voice of America opesations; and, I.. M. 
Craft, vice-president, Collins Radio Com-
pany, speaking on equipment design trends. 

TECHNICAL COMMITTEE NOTES 
The Standards Ciiminitace met on April 

10, AI. W. Baldwin, Jr., was acting Chairman 
in the absence of A. G. Jensen. A. G. Clavier 
repfwted on the status of graphical synilad-
for semiconductor devices. The matter had 
been discussed at a meeting of the Symbols 
Committee at which C. I). Mitchell, Ch.iir-
man of the Task Group on Graphical 
Symbols for Semiconductor Devices, re-
ported on the group's activities. The work 
of the Task Group has been delayed for 
s"iiie time to prevent conflict between the 
R F. a lid :SA drafts of proposed Standards. 
Most of the proposed standards coining from 
the Task Group have been adopted by the 
AS. Subcommittee and incorporated in the 
recent ASA draft. The Symbols Committee 
feeling that the work still wasincompleteasked 
Mr. Mitchell to resume the work of his task 

, group. A meeting was planned, and the pre-
vious work will be revised and extended by 
the task group with a view of offering a list 
of symbols for the Standards Committee ap-
proval. Mr. Clavier then proceeded to the 
status of symbols for computers itating that 
\V. B. Call.m ay, Chairman of the Task 
Group on Symbols for.functional Operation 
of Control, Ci anputing aml  Switching 
Equipment, had reported on the work of his 
Group at the last meeting of the Symbols 
Committee. Reviewing the purpose of func-
tional symbols .1, differentiated from stand-
ard graphical symbols, Mr. Callaway told 
the Symbiils (  tee that while the latter 
show how devices, such as relays, are con-
nected, they do not show the operation 
of the devices. Mr. Calla way  displayed 
two sets of drawings utilizing functional 
symbols and expressed the opinion that 
since there was an active demand for 
both systems, it might be advisable to stand-
ardize on both. The Symbols Committee 
agreed that for the present it would be ad-
visable to standardize only the basic sym-
bols used in the two systems and use these 
systems as the "building blocks" for a future 
complete standard. Mr. Callaway has agreed 
to revive the task group and to try to get the 
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telephone and computer people together in 
this work. E. S. Seeley has offered his resig-
nation from the ASA Committee Z24, and 
it was proposed that W. M. Goodale be ap-
pointed IRE Representative and H. Olson 
serve as his alternate. These appointments 
are to be sent to the Executive Committee 
for approval. The Committee reviewed the 
scopes of the technical committees. The next 
item on the agenda concerned the ASA 
(Z57) definition for "Flutter." W. M. 
Goodale pointed out at the March 20th 
meeting that the definition, previously ap-
proved by the Standards Committee, was at 
variance with the Receiver definition ap-
proved at the February 14 meeting. H. E. 
Rays, IRE Representative on ASA Z57, re-
viewed the work leading to approval of the 
ASA definition which was originally pro-
posed and written by SM PTE. It was 
agreed that Mr. Roys should be asked to in-
form ASA that the Standards Committee 
will not withdraw its approval of the ASA 
definition for "Flutter," and that it has also 
approved the Receivers definition. The com-
mittee then turned its attention to a further 
consideration of the Proposed Standards 
on Receivers: Definitions of Terms. 
Under the Chairmanship of A. G. Fox, 

the Antennas and Waveguides Committee 
met on April 15. Detailed consideration of 
the proposed Standard on Wave Propaga-
tion, 51 IRE 24.1 PSI was given by the Com-
mittee. Comments and criticisms received 
from members of the Committee were re-
viewed for the benefit of H. 0. Peterson 
representative of the Wave Propagation 
Committee. The Committee agreed to revise 
the two definitions of Q given in 51 IRE 2, 
PSI. A discussion was given to Cymomotive 
Force but the Committee was unable to 
favor the use of such a term until more data 
on the proposal could be obtained. 
The Circuits Committee convened on 

May 2, under the Chairmanship of C. H. 
Page. The revised feedback definitions were 
discussed, and it was decided that the basic 
term of the feedback set is "feedback loop" 
Two members of the committee were asked 
to submit definitions incorporating their 
concepts of feedback. The use of "port" as a 
general term for input or output access to a 
network was discussed. R M. Foster, W. A. 
Lynch, and H. J. Carlin were asked to make 
a study of the advantages and ramifications 
of the use of this term and to write an essay 
on the subject to be circulated to all techni-
cal committee chairmen for their reaction. 
The list of active circuit definitions of Sub-
committee 4.7 is finished, except for the feed-
back terms, and is to take the grand tour in 

the fall. 
On April 4, the Electron Devices Com-

mittee met under the Chairmanship of A. L. 
Samuel. Chairman G. A. Espersen reported 
that his Magnetron Subcommittee was writ-
ing definitions and methods of test for Q, 
circuit efficiency, pulling figure, etc. They 
had proposed to collaborate with the kly-
stroll and traveling-wave task groups on 
common methods of test but had difficulty 
in arranging this. Chairman T. J. Henry of 
the Small-Signal High-Vacuum Tubes Sub-
Committee reported that their only activity 
was the task groups on klystron and travel-
ing-wave tubes. E. M. Boone, reporting for 
the combined task group on uhf defini-
tions, submitted some general definitions 

Executive Committee. IRE Syracuse Section. D. C. Pinkerton, Chairman of the Syracuse Section. presides 
at a monthly meeting of the local section steering body. (left to right) W. H. Hall, A. D. Haedecke. L. R. Fink. 
D. C. Pinkerton, J. W. Downie, R. A. Galbraith. and Samuel Seeley. 

proposed by this group. Chairman H. L. 
Thorson of the Gas Tubes Subcommittee 
reported no present activity but suggested 
that the development of the plasmatron 
might require future activity. C. E. Fay 
pointed out that T-R tubes had originally 
been assigned to the POHVT Subcommittee 
but since most of these tubes contain gas, 
they might be more appropriately in the 
domain of the Gas Tube Subcommittee. The 
Electron Devices Committee agreed to this 
transfer and suggested that a task group of 
the Gas Tube Subcommittee be formed to 
deal with T-R tubes. The proposed Stand-
ards on Noise Measurements which were 
reviewed and revised were approved, and the 
secretary was instructed to transmit this 
material and that of the Noise Definitions, 
which were approved on January 18, 1952, 
to the Standards Committee. 
The Sound Recording and Reproducing 

Committee met on April 23, under the 
Chairmanship of H. E. Roys. Mr. Roys an-
nounced the new Chairman for 1952-1953, 
A. W. Friend, and the new Vice Chairman 
Lincoln Thompson. Dr. Friend announced 
that A. P. G. Peterson had accepted tempo-
rary Chairmanship of the Subcommittee on 
Magnetic Recording. Lincoln Thompson will 
continue as Chairman of the Mechanical 
Recording Subcommittee and R. M. Fraser 
as Chairman of the Optical Recording Sub-
committee. The Chairman announced that 
the work of the Task Force on Definitions of 
Magnetic Recording in Computer Work 
would cease since a subcommittee of this 
nature was being set up by the Electronic 
Computers Committee. Likewise, the Task 
Group on Symbols, 19.2.1, would be discon-
tinued. The Committee believes that the 
tentative Standard on Methods of Measure-
ment of Noise in Sound Recording and Re-
producing Systems, prepared by the Sub-
committee on Magnetic Recording, is now 
ready for submission to the Standards Com-
mittee. Lincoln Thompson reported that his 
Subcommittee on Mechanical Recording was 
preparing a draft on record calibrations and 
may have something to submit to the Com-
mittee by the end of the year. CCIR is pre-
paring standards on disks and magnetic 
recording for the international exchange of 
program material. One of the big problems 
is the standardization of recording repro-

ducing frequency response characteristics 
for which a method of measurement is 
needed. The Chairman pointed out that the 
Magnetic and Mechanical Recording Sub-
committees could greatly benefit the U. S. 
position by working on this problem. 
Under the Chairmanship of W. J. Poch 

the Video Techniques Committee met on 
April 15. Stephen Doba, Jr. presented a re-
port on measurement of nonlinear character-
istics involved in a television system. It was 
agreed that this report should be circulated 
to Committee members and also to Sub-
committee members. A. J. Baracket re-
viewed the current activities of his Sub-
committee on Video Systems. Activities of 
the Subcommittee on Video Transmission 
were presented by Stephen Doba, Jr. and 
J. L. Jones. R. L. Garman outlined the re-
sults of a recent meeting of his Subcommit-
tee on Video Utilization. A revised tutorial 
paper prepared by L. D. Grignon is ready for 
re-submission, with approval of the Video 
Techniques Committee. Mr. Schade also has 
been asked to prepare a paper in this series 
with special emphasis on the cathode-ray 
tube aspects on the recording problem. The 
Committee reviewed definitions submitted 
by the Receivers Committee and approved 
by the Standards Committee. 
Appointments to the Joint Technical Ad-

visory Committee for the two-year period, 
July I, 1952—June 30, 1954, were recently 
approved. Beginning July 1, 1952, the JTAC 
will consist of the following members: Ralph 
Bown, Chairman; A. V. Loughren, Vice 
Chairmen; L. V. Berkner; D. G. Fink; J. V. 
L. Hogan; D. D. Israel; I. J. Kaar; and P. 
F. Siling. L. G. Cumming will serve as non-
member Secretary. 

RADAR CONFERENCE SLATED 
The Third Annual Radar Weather Con-

ference will be held, September 15-17, 1952, 
at McGill University, Montreal, Canada. 
The conference will provide symposia on 
radar meteorology and related studies, and 
informal discussions of recent advances. 
Those interested in participating should 

communicate with the Committee for 
1952 Radar Weather Conference, McGill 
University, Montreal 2, Canada. 
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Professional Group News  
PROFESSIONAL GROUPS COMMIFIEE 

D. D. Israel has been appointed Chair-
Mall of a Professional Groups Committee 
Subcommittee to evaluate an experimental 
plan for the year 1952, for the administra-
tion and financing of Professional Group 
chapters. This Subcommittee will report on 
September 1, 1952 and January 1, 1953, on 
Professional Group-Section relationship. 
A plan is being formulated to offer 

technical libraries in municipalities and in 
technical schools a minimum number of 
Professional Groups' TRANSACTIONS at a fiat 
rate. 

AUDIO 

F X. Byrnes and M. E. Brady are the 
organizers of a Chapter of the Audio Group 
in San Diego, Calif. 

The Audio Group is planning to publish 
the papers on Audio given at the 4111 South-
western IRE Conference and Radio Engi-
neering show, May, 1952, in Houston, Tex. 
The PGA-8 TRANsAcTioNs will be mailed to 
members of the Group in July. 

ANTENNAS AND PROP:W:1'1'1w.: 

The  Proceedings of the  l'RSI-IRE 
Spring meeting April 21 24, 1952, Washing-
ton, D. C., j1)intly sponsored by the An-
tennas and Propagation Group, will be pub-
lished in the Group's TRANSACTIONS. 
A planning committee recently met in 

Washington, D. C., to discuss the joint 
Nleeting on Radio-Meteorology to be held 
in 1953, at Austin, Tex. The Group Oil An-
tennas and Propagation will be a sponsor to 
the tneeting. 

CIRCUIT THEORY 

Officers of the Circuit Theory Group 
have been elected to serve for the term 
July 1, 1952 to July 1, 1953. They are: 
Chairman, R. L. Dietz°Id; Vice-Chairman, 
C. II. Page; \Vest Coast Chairman, D. L. 
Trautman; Secretary-Treasurer, \V. H Hug-
gins; Symposium Committee, H. J. Carlin 
Chairman, \V. H. Huggins, C. H. Page; Sec-
tions Conunittee Chairman, J. J. Gershon; 
Papers Commit tee, W. N. Tut Ile, Chairman, 
J. L. Bower, C. H. Page, L. Zadeh; New 
Members of the Administrative Committee, 
W. H. Huggins, J. L. Barnes, H. J. Carlin. 
The Group in conjunction with its Los 

Angeles Chapter will present a session on 
broadband amplifiers and a session on gen-
eral advances in network theory at the IRE 
Western Convention. The Circuit Theory 
Group has voted to assess its members $2.00 
to enable them to publish the papers of these 
sessions in the TRANSACTIONS of the Group. 
Plans are also being made by the Circuit 

Theory Group to jointly sponsor the next 
symposium on network synthesis, with the 
Polytechnic Institute of Brooklyn, Micro-
wave Research Institute. It is tentatively 
planned to cover varying parameter and 
nonlinear circuit theory at the symposium. 

INDUSTRIAL ELECTRONICS 

The Group on Industrial Electronics will 
publish in its first TRANSACTIONS the papers 
of the recent symposium on "Electronics and 
Machines," held in Chicago, Ill. 

ELECTRONIC COMPUTERS 

Proceedings of the Electronic Computer 
Symposium "Engineering Tomorrow's Com-
puters," held at the University of California, 
Los Angeles, Calif., will be published and 
distributed to members of the Electronic 
Computers Group. Other persons desiring 
a copy should send $2.00 to George Gour-
rich, 12830 Parkyns Street, Los .Angeles 49, 
Calif. The Proceedings will include the 
papers and transcript'  s of the hitt panel 
discussions on reliability and germanium 
bodies. 
The Group is planning its sessions for the 

joint IRE-AIEE Computers Conference, 
December, 1952, New York, N. Y. Papers 
of the Conference will be published in the 
Group's first TRANSACTIONS. 
W. Buchholtz of the IBM Engineering 

Laboratory, Poughkeepsie, N. V., is the 
new Chairman of the Publications Commit-
tee. 

AnsuottsE Ltax I RosIcs 

The papers from the Aid), trite Elec-
tronics Conference, Nlay 12 14, 1952, in 
Dayton, Ohio, %till Is. published in the 
PGAE-4 TRANsAcTitess of the ( iroup. 
A local chapter of the Airborne Elec-

tronics Group has been establ kited in Balti-
more, Md. Plans are being mole to establkh 
chapters in Syracuse, Philadelphia, Wash-
ington, D. C., Kansas City, Dallas, and 
other cities where there is sufficient  iluterest. 

COMM I .7s: ICA I IONS 

The recently formed Group on Com-
munications held a successful Symposium 
on, "Radio Telegraph Transmission Sys-
tems," at Brentwood, N. Y., June 21, 1952. 
Plans for a membership drive for the 

Group are now under way. 

ENGINEERING NIANAGEMENT 

The Group on Engineering Management 
is planning a symposium in conjunction with 
the 6th Annual Conference on Administra-
tion of Research at the Georgia Institute of 
Technology, September 8-10, 1952, Atlanta, 
Ga. The Group is planning a second Sym-
posium to be held jointly with the National 
Electronics Conference, October, 1952, in 
Chicago, Ill. 

ELECTRON DEVICES 

Papers from the technical sessions on 
Electron Devices, given at the Fall Meeting 
of IRE-RI-NUN, October, 1952, in Syracuse, 
N. Y., and the 1952 IRE Western Conven-
tion in August, will be published in the first 
TRANSACTIONS of this Group. 

VEHICULAR COMMUNICATIONS 

Papers for the Fall meeting of the Vehic-
ular Communications Group should be sub-
mitted to the Chairman of the Papers Com-
mittee, A. A. MacDonald, Westinghouse 
Electric Corp., 2519 Wilkens Ave , Balti-
more, Md. The time and place of the meet-
ing will be announced. 
PGVC-2 TRANSACTIONS Will be mailed to 

members of the Group in July. 

QUALITY CONTROL 

The Group on Quality Control has ap-
pointed the following committees: Papers 
and Speakers Procurement  Ct anni it tee, 
Papers Review Committee, Publit at ion not 
Publit it  C ((((( mittee, Professional Relations 
Committee, Meet Mg and Symposium ( ont 
mittee, Membeiship Committee, and I' I 

Committee. 
The Group plans to publish in its 

TRANSACTION," the papers on Quality Con 
rol front the 1952 IRE National Con - 

tions technical sessions and the Toronto 
Fall Nleeting. 

IN I' )101.1 Ht 0% I IlLORY 

A symposium on, " pplications of Com-
munication l'heory,” is being planned for 
the Fall of 19.52 for the Information Theory 
Group. 

The Administrative Committee of the 
Informatitat Theory Group has been elected 
for the next three-s ear term. They are: NI. 
J. Di Thro, Federal Communications Labs., 
Nutley, N. J.; Me et- Leifer, Sylvania Elec-
tric Products Inc., Bayside, N. Y.; and W. 
D. White, Airborne Instruments Labora-
tory, Mineola, N. Y. 
This group is planning their first publica-

tion of TRANsAct I. /N S ill  the 'tear tut tire, 

MICRoWAVE ELI..CTRONICS 

J. G. McCann of California has been 
elected to the Ad iii i i ilstrative Committee 
and Harald Schutz has been appointed 
Chairman of the Membership Committee of 
the recently formed Microwave Electronics 
Group. 

New plans for the Group include con-
sideration of a Group chapter in Dayton, 
Ohio, and a one day symposium in New 
York City, during the middle of October, or 
November, 1952. A. C. Beck has been ap-
pointed chairman of the symposium. The 
Group is also considering the publication of a 
NUAVSLETTER and a TRANSACTIONS later 
this year. 

INSTRUMENTATION I,* 

Over 1,000 persons attended the Sym 
posium on Quality Electronic Components, 
jointly sponsored by the Group on Instru-
mentation, RTNIA, and AIEE, May 5-7, 
1952, in Washington, D. C. Proceedings of 
this meeting will be published by the middle 
of July and can be obtained through the 
Washington, D. C. office of RntA. 

IRE WESTERN CONVEN tioN 

Eighteen technical sessions at the IRE 
W'estern Convention and Electronics Show 
will be sponsored by the following Profes-
sional Groups: Audio, Airborne Electronics, 
Antennas and Propagation, Broadcast and 
Television  Receivers,  Broadcast  Trans-
mission Systems, Circuit Theory, Electronic 
Computers, Electron Devices, Information 
Theory, Instrumentation, Radio Telemetry 
and Remote Control. 
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OVER 1,100 ATTEND ELECTRONIC 
COMPONENTS SESSIONS 

More than 1,100 engineers and technical 
authorities participated in the second Sym-
posium on Progress in Quality Electronic 
Components, sponsored by IRE, AI EE, and 
RTNIA, held May 5-7, 1952, in Washing-
ton, D. C. This attendance surpassed all 
previous records. More than 40 technical 
papers were presented by leading authorities 
from government, industry, and research 
laboratories. 
The meeting was opened with a welcom-

ing address by J. G. Reid, Jr.. chairman of 
the Joint Symposium Committee. Glen 
McDaniel, president of RTMA, delivered 
the keynote address of the initial session, 
"Electronics Today." Among other out-
standing speakers and subjects presented 
were: J. A. Milling, chairman of the Elec-
tronics Production Board, on "Electronics 
in the Defense Production Program"; Cap-
tain Rawson Bennett, USN, Bureau of 
Ships, former director of the Electronics 
Production Resources Agency on "Some 
Factors in Today's Electronics Production"; 
Lieutenant Colonel  C.  B.  Lindstrand, 
USAF, Electronics Production Resources 
Agency, on the "European Electronic Com-
ponents Industry"; and, W. A. G. Dummer, 
Telecommunications Research  Establish-
ment, London, Eng., on "Electronic Com-
ponents in Great Britain." 
Copies of the addresses given during the 

initial and only general session have been 
mailed  to RTMA  member-companies. 
Copies of the complete proceedings, includ-
ing technical papers, may be obtained from 
RTMA headquarters for S5.00 each, when 
the printing is completed in July. 

IRE CONVENTION SYMPOSIUM 

IL 

Symposium: TV Station Construction and Theater Conversion, sponsored by the Broadcast Transmission 
Systems Group during the IRE National Convention in March. (left to right) J. G. Leitch. WCAC. Philadelphia; 
Carlos Dodd. WFAA-TV. Dallas, Tex.. Newland Smith. WOR-TV; A. B. Chamberlain, CBS; A. A. Walsh. 
NBC; Clure Owen. ABC; and (standing rear) R. F. Guy, NBC. 

NEW IRE SECTION 
FORMED IN HAMILTON, ONTARIO 

The IRE Board of Directors approved 
establishment of the Hamilton, Ontario, 
Canada, IRE Section of Region 8 at its May 
meeting. Formerly a Subsection of Toronto, 
Hamilton brings the total number of IRE 
Sections to sixty-three. 
Also, some changes were made in the 

Subsection group. A Wichita Subsection of 
the Kansas City Section (Region 5) was 
established, and the Urbana Subsection of 

the Chicago Section (Region 5) was dis-
solved. The present total of Subsections is 
fourteen. 
Addition of a Student Branch, operated 

jointly with the Al EE at Brown University, 
brought the Student Branch total to one 
hundted and eleven. 
A list of IRE Sections and Subsections, 

together with respective Chairmen and Sec-
retaries, appears in alternate issues of 
PROCEEDINGS OF THE I.R.E. This issue 
contains a new amended list on pages 881 
and 882. 

IRE Professional Group on Audio 
CHAIRMAN'S FINAL REPORT, 1951-1952 

BENJAMIN B. BAUER, CHAIRMAN 

The Professional Group on Audio has been extremely active and has initiated a number of procedures of 
value. Vie Final Report of its Chairman for 1951-1952 is here presented in the thought that the membership 
will be interested in the progress of this Group and that other Groups may find material of interest to them 

in this report — The Editor. 

The progress of the IRE Professional 
Group on Audio during the past year has 
been threefold: (1) Increase in publications 
a rid services to niembers; (2) Prcinotion of 

individual participation through active or-
ganization of local chapters; (3) Increase in 
the active membership. Equally important, 
though less well publicized, has been the 
latent energy expended by the officers and 
by the Administrative Committee to estab-
lish Group policies and procedures in har-
mony with the IRE objectives; to select and 
appoint capable committees to perform in 
ord.ince with these procedures; and to 

provide for continued development and 
growth of the PGA. 
Among the first actions evident to the 

members was the issue of improved NEWS-

LETTERS, beginning with the July, 1951 
issue, dressed in a distinctly "IRE" cover 
page. Among the features in these NEWS-
LETTERS have been the technical editorials 
contributed especially for the Professional 
Group on Audio by foremost scientists in 
audio and acoustics. These editorials have 
received the unqualified approval of PGA 
members. Requests for republication of some 
of them have already been granted by the 
IRE to foreign publications. 
A large share of the credit for the success 

of PGA publications goes to our Regional 
Editors. Jordan J. Baruch, our Eastern 
Editor and Chairman of the PGA Publica-
tions Review Committee has contributed a 
number of papers and book reviews. Dan 
Martin, Midwestern Editor, and Vincent 

Salmon, Western Editor, have contributed 
immeasurably to sound publication policy, 
and each has written excellent technical 
editorials. 
Our total volume of publications has fal-

len somewhat short of the more optimistic 
expectations, initially because of lack of 
funds, and subsequently because of diffi-
culties in procuring suitable material. Never-
theless, including the March issue of TRAN-
SACTIONS of the IRE-PGA (which has re-
cently been merged with the NEWSLETTER), 
PGA members will have received during the 
year approximately 160 pages of material, 
containing eight technical editorials and 
nine technical papers. With the announce-
ment of the new PGA republication pro-
cedure in the current issue of TRANSACTIONS, 
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it is expected that the amount of available 
material will increase substantially during 
the coming year. 
This new republication procedure is 

among the most important results of inten-
sive and cordial co-operative effort between 
the Editorial Committee of the PGA and 
the Editor of the Institute and its PRO-
CEEDINGS. Briefly speaking, this procedure 
will permit the PGA to make available for 
republication in non-IRE technical journals 
all articles not judged to contain subjects of 
compelling interest to a wide segment of 
IRE membership; many of these papers 
contain important contributions along spe-
cialized lines of audio technology. Mecha-
nism has been set up to provide liaison 
between the authors of these papers and the 
publishers to facilitate arrangements for re-
publication in technical and trade journals. 
While we have not had adequate experience 
with this procedure, initial reactions of all 
the parties concerned have been favorable. 
It is evident that the keystone commit-

tees to implement this republication pro-
cedure are the Papers Procurement Com-
mittee under the chairmanship of Leo L. 
Beranek, and the Papers Study Committee, 
under the Chairmanship of Hugh S. Knowles 
since January, 1952. As a result of the 
efforts of Dr. Beranek's committee, some of 
the papers presented at the IRE Spring 
Convention were transmitted to members 
within two weeks after presentation, and a 
repetition of this performance should be-
come routine matter in the future. Hugh 
Knowles brings to the Papers Study Com-
mittee the degree of expertness, impartiality, 
and judgment which is the "sine-qua-non" 
for this committee to make its recommenda-
tions valuable to the authors and to the 
PROCEEDINGS OF THE I.R.E. 
Another PGA sponsored activity has 

been the presentation of recorded papers. 
Andrew B. Jacobsen has been the leading 
exponent of this idea, and the PGA is happy 
to have espoused this activity. A recorded 
paper procured by I11r. Jacobsen at the 1951 
Fall West Coast IRE Meeting has already 
been presented at the Seattle, Milwaukee, 

IRE People 

and Chicago PG.\ Chapters, and in each 
case it was extremely successful. Plans were 
made to record the technical audio sessions 
at the 1952 IRE National Convention. 
During the past year, program commit-

tees of the Group have sponsored the audio 
sessions at three national conventions, as fol-
lows: 1951 Chicago Electronics Conference, 
Chairman, Benjamin B. Bauer; 1951 Radio 
Fall Meeting in Canada, Chairman, Frank 
Slaymaker; 1952 IRE National Convention 
in New York, Chairman, W. S. Bachman. 
PGA Chapters have been active in spon-

soring programs on audio among IRE Sec-
tions, the details of which have been publi-
cized in past issues of the NEWSLETTER. 
Another manifest activity has been a 

concerted drive to sponsor the formation of 
PGA Chapters, carried on by the Chapters 
Committee under the Chairmanship of Stan 
Almas. Intense correspondence has been 
carried on with the sixty-odd IRE Sections 
and Subsections in an effort to promote the 
formation of chapters. At the present writ-
ing, the PGA has six known active chapters 
in Boston, Mass.; Chicago, Ill.; Cincinnati, 
Ohio; Detroit, Mich.; Milwaukee, Wis.; and 
Seattle, Wash. Several other Sections have 
expressed interest in chapter formation. 
During the past year we have acquired a 

substantial active membership. Before the 
billing of assessments, PGA listed approxi-
tnately 1,000 names. Approximately 400 of 
this number became active members at the 
time the assessment was levied, and an addi-
tional 400 members joined between July, 
1951 and January, 1952, giving us a total 
active membership of approximately 800. 
We believe that our membership will con-
tinue to grow at about the same rate for some 
time to come, and that some of the presently 
inactive members may become active as a 
result of the continued efforts of the PGA 
Membership Committee, under the Chair-
manship of A. M. Wiggins. Recently, ap-
proval was obtained to permit the enroll-
ment of Student Members, and we trust that 
many of them will take this opportunity. 
During the past year, a major task of the 

Administrative Committee was to establish 

a sound financial policy. Last year, IRE 
Headquarters contributed $1,000 in match-
ing funds to help pay direct costs of Group 
operation, and we have been advised that 
this year $500 will be similarly contributed. 
Next year, the matching funds may be with-
drawn altogether. The necessity of raising 
funds by means other than increased assess-
ments scented to be imminent, and several 
means of raising additional revenue were 
studied and submitted for the approval of 
the Professional Groups Committee. From 
this work has emerged the present Institu-
tional List ing scheme, in which six firms are 
already participating. Promotion of Insti-
tutional Listings is administered by the 
PGA Ways and Means Committee, under 
the chairmanship of John Hilliard. 
To mention some additional tasks satis-

factorily completed: the Administrative 
Committee has developed the policy for 
accepting "Situations Wanted" ads at a 
nominal cost to members; several methods 
were studied for prorating assessments of 
members joining after the billing date, with 
the final adoption of a system proposed by 
the IRE Executive Secretary G. W. Bailey; 
assent of Headquarters was obtained to act 
as bursar for the Group, thus relieving the 
Secretary-Treasurer of a major banking 
chore; provisions were made for nominal aid 
to Sections wishing to form PGA Chapters; 
action has been initiated to increase the Ad-
ministrative Committee from six to nine; 
several written procedures for the transac-
tion of the business of the Group have been 
prepared. 
This report would not be complete with-

out recognition and appreciation of the ef-
fort of many friends and associates. We wish 
to mention especially W. R. G. Baker, 
George W. Bailey, L. G. Cumming, E. K. 
Gannett, A. N. Goldsmith, and Miss Emily 
Sirjane for their co-operation and counsel. 
Last but not least, our sincerest thanks are 
due to our Secretary, Miss Henelee Gold-
man of Shure Brothers, Inc., for herefficiency 
in handling the incredible amounts of com-
position and correspondence arising from 
our PGA activities. 

Arnold A. Cohen (A'42—M '47—S W51) 
has been appointed director of telecomput-
ing systems development of Engineering Re-
search Associates, Inc., St. Paul, Minn. In 
his new capacity, he will direct the develop-
ment of special purpose digital computers, 
and the application of digital techniques to 
control, instrumentation, and communica-
tions problems. 
Dr. Cohen was born in 1914, in Min-

nesota, and received the B.E.E. degree in 
1935, and the M.S. and Ph.D. degrees in 
physics, in 1938 and 1947, respectively, from 
the University of Minnesota. 
Dr. Cohen was associated with RCA, 

as an engineer in gas tube and phototube 
development, from 1942-1946, at which time 
he joined the Engineering Research Associ-
ates, Inc. With this company, he formerly 
worked as a project engineer in high-speed 

electronic computing, magnetic recording, 
and ultrasonics. 
Dr. Cohen is a member of the Association 

for Computing Machinery, Sigma Xi, Tau 
Beta Pi, and Eta Kappa Nu. 

Lewis E. Pett (M '52) has been appointed 
western district manager for the television 
transmitter division of the Allen B. Du 
Mont Laboratories, Inc. Mr. Pett has been 
with the Du Mont Laboratories since 1944. 
Mr. Pett received the B.S. degree in 

electrical engineering at Columbia Uni-
versity in 1924, and studied at Harvard for 
two years. He has been associated with the 
radio and TV industries since 1926. 

C. B. RAYBUCK 

Charles B. Ftaybuck (A'43) has been ap-
pointed chief engineer of Melpar, Inc., 
Alexandria, Va. 

Mr. Raybuck was 
born in Chicago, Ill., 
in 1917, and is a grad-
uate of the Armour 
Institute of Chicago 
and the University of 
Maryland, where he 
specialized in micro-
wave theory. From 
1935-1941, he was 
with  the  Belmont 
Radio  Corporation 
working on design of 
radio test equipment 

and special projects. Before joining Melpar, 
Inc., Mr. Raylnick was chief engineer of the 
Maryland Electronics Company. 
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\V. G. TELLER 

I. S. COGGESHALL 

Ivan S. Coggeshall (A'26-M'29-F'42) has 
been promoted to director of planning of 
Western Union Telegraph Company's Inter-

national communica-
tions. 
Dr.  Coggeshall 

was born in Newport, 
R. I., in 1896, and at-
tended  Worcester 
Polytechnic  Insti-
tute, where he later 
received an honorary 
doctor of engineering 
degree. He was an 
early wireless ama-
teur and a telegraph 
operator with Postal 

Telegraph-Cable Company from 1912-1917, 
when he joined the Western Union Tele-
graph Company as an engineering appren-
tice, at Boston, Mass. Transferring to West-
ernUnion's New York headquarters in 1920, 
Dr. Coggeshall has graduated to various 
exec u t ive positions since that time. In 1946, 
he was made general traffic manager of the 
submarine cable system. 
Dr. Coggeshall was on active duty with 

the United States Navy during both World 
Wars. In World War II, he was the repre-
sentative for Western Union on the cable 
committee of the Board of War Communica-
tions, and had active duty assignments 
under the Director of Naval Communications 
in Washington, D. C. 
The Junior Past President of the Insti-

tute, Dr. Coggeshall has been active on 
numerous IRE Committees. He also has 
been closely associated in the communica-
tion division of the American Institute of 
Electrical Engineers and is an AIEE fellow. 

• 

William G. Tuller (S'37-A'40-M '45-
SM '48) has been elected vice president iri 
charge of engineering of Melpar, Inc., 

Alexandria, Va. He 
was formerly the di-
rector of engineering 
of that company. 
Dr. Tuller was 

born on September 8, 
1918, in Rutherford 
N. J. From 1939-
1944, he was a staff 
member of the elec-
trical engineering de-
partment of the Mas-
sachusetts Institute 
of Technology, at-

tached to the ultra-high-frequency labora-
tory, and later became a member of the 
radiation laboratory. From 1941-1947, he 
worked for the Raytheon Manufacturing 
Company as development engineer and con-
sultant. He received the Sc.D. degree from 
MIT in 1947, and has been with Melpar, 
Inc. since that year. 
Dr. Tuller is a member of the IRE 

Standards Committee, and Chairman of the 
IRE Technical Committee on Information 
Theory and Modulation Systems. He is 
chairman of the subpanel on packaged sub-
assemblies of the Research and Develop-
ment Board for the Armed Forces, and a 
member of the Research and Development 
Board Panel on Components. 
Dr. Tuner has been a contributor to the 

PaocssoiNGs and is a member of Sigma Xi. 

IRA KAMEN 

Sir Robert Watson-Watt (SM'46-F'47) 
has accepted a directorship on the Board of 
Canadian Aviation Electronics Ltd., and has 

become a member of 
their executive com-
mittee.Also, recently, 
he was named top 
consultant on radar 
problems to Canada's 
Defense  Research 
Board. 
Sir Robert was 

presented  £50,000, 
this year, by Great 
Britain's Royal Com-
mission on Awards to 
Inventors for his con-

tribution to the development of radar. He is 
the recipient of many other honors and 
awards and has held many notable positions 
with the British Government in the capacity 
of scientific advisor and consultant. 

Arthur C. Weid (M'44), formerly chief 
engineer of Melpar, Inc., has been named 
executive assistant to the executive vice 

president of Melpar, 
Inc., Alexandria, Va. 
Mr.  Weid was 

born in New York, 
N. Y., in 1916, and 
received the B.S. de-
gree in electrical en-
gineering from Ala-
bama Polytechnic 
Institute, and the 
M.Sc. degree in phys-
ics from New York 

A. C. WEID University. He was 
an instructor in phys-

ics in 1938-1939, and an instructor in mathe-
matics in 1939-1942, at the Alabama Poly-
technic Institute. During World War II, 
Mr. Weid was a project engineer with the 
Division of War Research of Columbia Uni-
versity. He also was a project engineer with 
the Airborne Instruments Laboratory, spe-
cializing on uhf measurements and antenna 
patterns, before he joined Melpar in 1947. 

'4 

SIR ROBERT 
WATSON-WATT 

Ira Kamen (M'48) has been appointed 
vice president of the manufacturing corpora-
tion division of the General Bronze Corpora-

tion. He will be re-
sponsible for organiz-
ing the industrial and 
government  sales 
operations of that 
company. 
Mr Kamen was 

born in New York 
City and studied at 
the New York Uni-
versity  College of 
Engineering and the 
College of the City of 
New York. He began 

his career as a development engineer with 
Dictograph Products. In 1941 he was a 
project engineer with the Kurman Electric 
Corporation, and then served as a supervisor 
professional radio engineer with the United 
States Navy Electronics Office. He also has 
been associated with the Intra-Video Corpo-
ration as a general manager, and with RCA 

E. G. SHOWER 

directing the sales and engineering of RCA, 
antenaplex systems. 
Mr. Kamen is the author of three books 

on television and technical articles. 

Edmund G. Shower (A'38-SM'46) has 
been appointed head of the transistor di-
vision of the National Union Radio Corpo-

ration. Prior to his 
recent assignment, he 
served many years 
with the Bell Tele-
phone I.aboratories, 
where he was in 
charge of transistor 
production. 
Mr. Shower was 

born  in 1903, in 
Baltimore, Md., and 
received the B.E. de-
gree in electrical en-
gineering from Johns 

Hopkins University, in 1925. Following this, 
he did graduate work in physics at Columbia. 
On leave of absence from Bell Telephone 

Laboratories, Mr. Shower served with the 
United States Navy, from 1943-1946, as a 
member of the electronics division of the 
Bureau of Ships. He was placed in charge of 
co-ordination of electron tube design for the 
naval establishments with the Army, Air 
Force, Marines, and allied agencies. 
Mr. Shower is the author of a number of 

papers in scientific publications and holds 
four patents on electronic tubes and circuits. 

Fred 0. Grimwood (A'46-SM'49) 
vice-president and sales mar.ager of 
the Gates Radio Company, died re-
cently in Quincy, Ill. He was 41 years 
of age. 
Mr. Grimwood, who was a native 

of Indiana, studied engineering man-
agement at Evansville College, Ind., 
and began his professional career as 
chief engineer of radio station WFIW 
in Hopkinsville, Ky. Later, he became 
a consulting radio engineer in Evans-
ville, Ind., and Washington, D. C. He 
was the former owner of station 
KLCN in Blytheville, Ark., and sta-
tion WTOM, in Bloomington, Ind. 
Mr. Grimwood was the chief engineer 
of the Gates Radio Company from 
1942-1948, when he became vice-
president of the company. 
Mr. Grimwood had supervised the 

manufacture and design of much 
radio equipment for foreign govern-
ments and designed much equipment 
for the United States Signal Corps. 
He was licensed to practice before the 
Federal Communications Commis-
sion, and was one of the first engineers 
in the United States to conduct what 
is known as field measurement of 
radio broadcasting stations,  now 
recognized as the standard measure-
ment of coverage in the broadcasting 
industry. 
Mr. Grimwood was a registered 

professional engineer in Illinois, and 
a member of the National Association 
of Radio and Television Broadcasters. 
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Books 
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The Oxide-Coated Cathode by G. Herrmann 
and S. Wegener 

Published (1951) by Chapman & Hall Ltd.. 37 
Essex St., London W.C. 2, Eng. 298 pages +4-page 
appendix +2-page bibliography +7-page index. 154 
figures. $I Xfili. Price, 42s. 

G. Herrmann is an electrical eng ineer , Ber lin, 
(le mony. and S. Wagener is a member of the Post 
Office Research Station, Donis Hill, London, Eng. 

This is an English edition of a work first 
published in 1944 in Germany. It is not 
simply a translation of the original book; 
revisions have been made and material 
added that is based on literature available 
to about the end of 1949. 

The chapter headings are as follows: (I) 
The thermal emission of electrons from 
metals; (2) Methods of measuring the work 
function of metals; (3) Phenomena in ionic 
solids; (4) The mechanism of the emission 
from an activated oxide coating ill equi-
librium; (5) Oxide coatings of different com-
position; and, (6) Variations in the equi-
librium of the oxide coating. 
It will be noticed that the title is a bit 

misleading since only the last half of the 
book is devoted to the oxide-coated cathode. 
The authors stated that inclusion of the 
first three chapters was needed to provide a 
better understanding of the material pre-
sented in the last half of the book. This is 
true, at least, in regard to chapter 3. 
In the first twochapters, thermionic emis-

sion from metals is discussed in the conven-
tional manlier, beginning with the Fermi-
Dirac energy distribution of the conduction 
electrons. Sections are included on the space-
charge-limited current, current in a retard-
ing field, the effects of absorbed impurities, 
measurement of fundamental quantities. 
Chapter 3 is especially interesting as it 

provides most of the material essential to an 
understanding of conduction in, and thermi-
onic emission from, ionic solids and semi-
conductors. To a degree, this chapter re-
minds one of Mott and Gurney's book, em-
phasis here being on those parts which con-
tribute particularly to clarification of the 
energy-band picture. (A requirement if one 
is to understand the remaining material.) 
While the treatment employed cannot 

be criticized for lack of accuracy, a greater 
service might have been performed by the 
authors if they had developed the band 
picture as it is commonly done now. I refer, 
of course, to the scheme introduced some 
years ago by Slater to show the development 
of energy bands and their overlapping as 
related to interatomic distance. 
In chapter 3, the equation for thermionic 

emission from the usual model of the excess 
semiconductor is derived. The derivation 
follows the general method of Blewett based 
on the concepts discussed in the previous 
chapter. The terminology and symbols em-
ployed are not those most commonly used in 
this country. This is naturally no fault of 
the authors, but the annoyance is often 
great enough to make one hope that efforts 
at standardization will eventually be ex-
tended beyond present aims and geographi-
cal boundaries. 
A rather short chapter 5 discusses the 

effects of variations in electrical results when 
the chemical composition of the coating is 

varied, including the addition of tnaterial, 
other than the alkaline earth oxides. 1 In 
experimental results of numerous woikeis 
are reviewed. 
The final chapter presents a good dis-

cussion of the activation process and the 
influence of the base-metal composition on 
activation and the formation of interface 
layers. Important effects such as the surface 
evaporation of barium, poisoning, and dif-
fusion are covered in sufficient detail for 
most readers. 
In a general over-all appraisal of the 

book, one is apt at first to be rather critical 
of its omissions. For example, pore conduc-
tion is not mentioned and the marked effect 
of a small amount of silicon in the base ma-
terial, as compared with larger amounts of 
other reducing materials, was not pointed 
out. On the other hand the rate at which 
mysteries, in regard to the coated cathode, 
are being cleared up is so rapid that two or 
three years are enough to produce significant 
changes in the state of this branch of elec-
tronic science, and no book on such a lively 
topic can be up to date when published. In 
conclusion, this book warrants careful read-
ing by all concerned with electron emission, 
either from a theoretical or an engineering 
point of view. 

GEORGE D. O'NEILL 
Sylvania Electric Products Inc. 

Bayside, N. Y. 

Materials Technology for Electron Tubes 
by Walter H. Kohl 

Published (1951) by the Reinhold Publishing Cor-
poration. 330 West 42 St., New York. N. Y. 474 
pages +19-page index +xv pages. 217 figures. 6 X9. 
$10.90. 

Walter H. Kohl is the consultant to the director 
of research. Collins Radio Company, Cedar Rapids, 
Iowa. 

Tlis book, which includes many useftd 
tables, gives much information on standard 
materials used as envelopes, structural nn m-

bers, and seals in sealed-off electron vacuum 
tubes. 
Approximately a third of the book is de-

voted to six chapters on various glasses, 
their compositions and properties; while an-
other six chapters discusses the common 
metals used in these glasses: w, mo, (II, In, 

and c. The information and tables are carried 
out to a greater extent than is normally 
needed for the common problems faced in 
the design and fabrication of electron tubes 
however, much enlightening and applicable 
information is also presented on soldering 
and brazing, ceramics and mica, and ceram-
ics to metal seals. Perhaps for the first time, 
such materials of electron vacuum-tube Con-

struction are fully covered in a book whose 
principal concern is with these materials. 
The chapters on high-vacuum techniques 

and thermionic emission contain many prac-
tical aspects on such problems as the speed 
of pumps and the fabrication of cathodes. 
Another two chapters which are concerned 
with electron structure of matter and the 
phase rule are interesting to read, but could 
have been excluded without detracting from 
the value or quality of the book. The chapter 
on phase rule concludes with phase diagrams 
of a glass system. The chapter on electrons, 

/lids attempts to cover  a toms, cry si a Is, a 1/ / 
too much i '.t "ti quantum physics and not 

Ncsertheless, it is hoped 
that  / haw/1-, %% III stimulate the reader 
i„  the ro/1/11/11, listed which 

subjecl,. ill a more funda-
mental %%iv. 

1111 ItI 11,11/Ill' is reviewed by at least (Hie 
-ti silt, I, c‘prrienced in that parti/ 
tlm- bringing us up to date On the is'-.t 

uurreill in.', hues. Well written, this hand-
hises  f//r i•I taw  book gixi, the  al I 

procedin es followed, clial/ling one to acquirc 
soffit. jtlt -leal intuition and understanding 
for doing certain things in a certain way. F. /I 
example, in introducing strain analysis /4 
glas,, a di-,  lirs1 presented oil Ilie 

ttinulauuui'it:.:i ''I polaritation of light by hire-
fringent u -ial, stn.!) as identifying the or-
dinary and extraordinary rays, the optical 
axis, etc. 
This book will be a profitable addition 

in every laboratory with interests in fabrica-
tion, (Iesign, orconstruction of vacuum tubes. 

E. R. P1ORE 
Office of Naval Research 
Washington 25. 1). C 

Fundamentals of Radio Communications by 
Abraham Sheingold 

Published (1951) by the D. Van Nostrand Com-
riany. Inc., 250 Fourth Avenue. New York 3. N. Y. 
431 pages 1-11-page index +v pages. 333 figures. 
0X9. 

Abraham Sheingold is an associate professor of 
elect Tonics. l'nited States Naval Postgraduate School. 

This is the first of a new series of text 
and reference books in communications en-
gineering, which is being edited by H. J. 
Reich, Dunham Laboratory, Yale School 
of Engineering. The aim of the text is to 
provide a basic understanding of principles 
and techniques employed in currently used 
systems. Therefore, elementary concepts 
and theory are treated in detail, while brief 
and qualitative description of systems oc-
cnpy less than 1.5 per cent of the 430 pages 
of the text. 
The material is presented at an inter-

mediate level, and differential equations are 
entirely avoided. The complex ntimber con-
cept, its vector representation ifild the neces-
sary elements of vector analysis, are dis-
cussed. It will be foundo kit algebra and 
trigonometry are prerequisite, as are an 
elementary knowledge of electricity and 
magnetism. Quantitative circuit theory is 
adequately presented with the usual prob-
lems of radio circuit analysis included for 
the student. The newer statistical approach 
to communication theory is appropriately 
omitted. 

Since this is the first edition, one can 
expect to find an occasional error, such as 
the interchange of RI and R2 (On page 203); 
however, this book must not be criticized 
on that account. The concepts of the book 
are presented with a rare combination of 
lucidity and economy of words which 
should win for it a high standing among text-
books in its field. 

R. M. PAGE: 
Naval Research Laboratory 

Washington, D. C. 
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ACOUSTICS AND AUDIO FREQUENCIES 

016: 534 1487 
References to Contemporary Papers on 

Acoustics—R. T. Beyer. (Jour. Acous. Soc. 
.inter., vol. 23, pp. 724-730; November, 1951.) 
Continuation of 293 of March. 

534.121.2.001.362  1488 
Transformer Analogs of  Diaphragms— 

B. B. Bauer. (Jour. Acous. .Soc. Amer., vol. 23, 
680-683; November, 1951.) The action of 

a diaphragm is shown to be analogous to that 
of a system of ideal transformers, each corre-
sponding to a particular area of the diaphragm. 
Equivalents for various types of diaphragm 
are described. 

534.152 1489 
Demonstration of Standing Waves in the 

Free Acoustic Field, and a Simple Receiver 
for Short Acoustic  Waves—R.  W.  Pohl. 
( Naturlifrist., vol. 38, pp. 486-490; November, 
1951.) Two methods of recording a standing-
wave pattern are described. A shadow picture 
is obtained of (a) the disturbance of a liquid 
surface (water or gasoline) over which the 
sound wave is projected, or (b) the turbidity 
in a soap film arranged obliquely in the sound 

Application of the first method in acoustic 
measurements is illustrated. 

534.21-14  1490 
Normal Mode Propagation  in  Three-

Layered Liquid Half-Space by Ray Theory— 
C. B. Officer, Jr. (Geophys., vol. 16, pp. 207-212; 
April, 1951.) The integral expression for the 
field due to a point source is derived by sum-
mation of multiple reflections of waves front 
a plane-wave source. Its physical significance 
is discussed. 

534.21 -14+621.3).001.362  1491 
The Formal Connection between the Cor-

puscular Theory of Sound Propagation in 
Liquids and Problems of Electrical Engineer-
ing, particularly the Theory of Quadripoles — 
K. Altenburg. (Frequent, vol. 5, pp. 285-289; 
October, 1951.) 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February 1951, through January 1952, may be obtained 
for 2s8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London, S.E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

534.213.4  1492 
Propagation of Sound in a Duct with Con-

strictions—U. Ingard and D. Pridmore-Brown. 
(Jour. Acous. Soc. Amer., vol. 23, pp. 689-694; 
November, 1951.) Iris partitions are uniformly 
distributed along the duct. Attenuation is 
determined as a function of frequency for ducts 
with hard and with absorptive walls, charts 
being given for hard-wall ducts. By proper 
choice of wall absorption and iris dimensions 
and spacing, a wide attenuation band can be 
obtained. Measured values of attenuation are 
in good agreement with theory. 

534.231:534.26  1493 
On the  Relation  between the  Sound 

Fields Radiated and Diffracted by Plane 
Obstacles —F. M. Wiener. (Jour. Acous. Soc. 
Amer., vol. 23, pp. 697-700; November, 1951.) 
The analogy between acoustic diffraction and 
radiation problems is discussed; a very simple 
relation exists between a plane rigid scatterer 
exposed to a perpendicularly incident plane 
wave and a plane piston radiator. The radiated 
field is proportional to the scattered field. A 
similar relation exists between the radiation 
impedance and the . force per unit pressure 
exerted on the scatterer. 

534.232:538.652 1494 
Magnetostriction  Transducer Measure-

ments —H. J. Round. (Wireless Eng., vol. 29, 
pp. 101-105; April, 1952.) Description of a 
simplified method, based on equivalent cir-
cuits, for determining the constants of a 
magnetostriction oscillator. 

534.24:534.213.4  1495 
An Analysis of the Effect of the Disconti-

nuity in a Bifurcated Circular Guide upon 
Plane Longitudinal  Waves—L.  L.  Bailin. 
(Bur. Stand. Jour. Res., vol. 47, pp. 315-335; 
October, 1951.) A theoretical treatment of the 
scattering of sound by a semi-infinite tube of 
small diameter inserted axially into a larger 
tube of infinite length. The theory is rigorous 
and explicit provided the waves incident at the 
discontinuity are restricted to the lowest mode 
of propagation. The problem is a particular 
case of the general problem of the effects of 
obstacles on the propagation of acoustic or em 
waves in guides. 

534.321.9.047: 621.431.75  14915 
Ultrasonic Spectra emitted  by Aircraft 

Propulsion Mechanisms, and their Physiologi-
cal Effects -P. t,rognot. (inn. relecommun., 
vol. 6, pp. 341 344; November, 1951.) 

534.373-13 1497 
The Absorption of Sonic and Ultrasonic 

Waves in Gases— M. Dubois. (Jour. Phys. 
Radium, vol. 12, pp. 876-884; November, 
1951.) Theoretical and experimental investiga-
tion of the general problem of the attenuation 
of a plane wave due to the physical properties 
of the medium and to variations of pressure, 
temperature, and molecular energy caused by 
the passage of the wave. 80 references. 

534.422:534.321.9.043 /.047 1498 
A New Improved Type of Ultrasonic Siren— 

L. Pinionow. (Ann.  Telecommun., vol. 6, 
pp. 337-341; November, 1951.) An earlier 
design (1822 of 1951) has been improved by 
truncating the rotor, increasing its speed, and 
introducing a reflecting surface. 

534.522 1499 
Theory of Optical Method of Sound Analy-

sis —J. Picht. (Ann. Phys. (Lpz.), vol. 5, pp. 
117-132 and 1951, vol. 9, pp. 381-400; 1949.) 
Development of the theory and derivation of 
formulas applicable to the method described 
by Schouten (1549 of 1939, 1062 and 1452 of 
1940), and modification of the method for 
combinations of acoustic frequencies with 
arbitrary phase relations. 

534.75  1500 
Compression  Properties  of  the  Ear — 

H. Mol. (Tijdschr. ned. Radiogenoot, vol. 16, 
pp. 277-291; November, 1951.) Analysis of the 
compressive action of the ossicle chain. The 
large dynamic range of the human ear is 
ascribed to this. 

534.79 : 534.839 1501 
On the Measurement of the Loudness of 

White Noise - -I. l'ollack. (Jour. Acous. Soc. 
Amer., vol. 23, pp. 654-657; November, 1951.) 
A scale of loudness for white noise was ob-
tained by independent subjective methods 
which show consistency among themselves. It 
is suggested that this scale forms a better 
measure for complex sounds than a pure-tone 
scale. 

534.79 : 534.839  1502 
On the Threshold and Loudness of Re-

peated Bursts of Noise —I. Pollack. (Jour. 
Aunts% Soc. Amer., vol. 23, pp. 646-650; 
November, 1951.) Full paper. Summary noted 
in 543 of 1951. 

534.79 : 534.839  1503 
Sensitivity to  Differences  in  Intensity 

between Repeated Bursts of Noise —I. Pollack. 
(Jour. Acous. Soc. Amer., vol. 23, pp. 650 -653; 
November, 1951.) 

534.833.4-13/-14 1504 
Absorption of Sound in Fluids —J. J. Mark-

ham, It. T. Beyer, and R. B. Lindsay. (Rev. 
Mod. Phys., vol. 23, pp. 353-411; October, 
1951.) A critical review and unified presenta-
tion of the fundamental theories of absorption 
of sound in gases and liquids, together with 
an outline of experimental techniques. A 
summary .of the reliable experimental results 
(mainly at frequencies between 1 mem' and 
100 mcps) is included and these are inter-
preted in terms of the theoretical concepts. 
225 references. 
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534.846.4  1506 
Speech  Reinforcement  in  St.  Paul's 

Cathedral —P. II. Parkin and J. H. Taylor. 
(Wireless World, vol. 58, pp. 54 -57 and 109-
1 1 1 ; February and March, 1952.) Discussion 
and  illustrated  description of the system 
recommended, showing results of acoustic 
tests. The dome area is served by two 11-ft. 
vertical  arrays  of  loudspeakers  mounted 
beside the pulpit and the lectern; they com-
prise eleven  10-in. and  nine 31-in.  loud-
speakers covering the restricted  range of 
250-4,000 cps with crossover at 1,000 cps. 
Six 6-ft. loudspeaker arrays mounted on piers 
in the nave are fed through a time-delay 
mechanism consisting of a turntable carrying 
an 11-in, disk of plastic magnetic material 
with recording, playback, and erasing heads, 

an ultrasonic erasing head being provided to 
guard against failure of the magnetic erasing 
equipment: 

534.85:681.84  1507 

New Developments in the Gramophone, 
World —L. Alons. (Philips Tech. Rev., vol. 13, 
pp.  134-144; November,  1951.)  Properties 
required of record disks and reproducing appa-
ratus for long playing are discussed; a descrip-
tion is given of Philips apparatus which gives 
a playing time of 221 minutes for a microgroove 
12-in, record and which also takes ordinary 
records. 

534.861.1  1508 
Orchestral Studio Design. Recent Modifica-

tions to the B.B.C. Maida Vale Studio — 
T. Somerville and H. R. Humphreys. (Wireless 
World, vol. 58, pp. 128-131; April, 1952.) 
The acoustic properties of this studio in its 
original state were characterized by excessive 
reverberation time at low frequencies and 
extreme deadness at high frequencies. Archi-
tectural modincations which have led to very 
large  improvements  are  described;  these 
include the application to the walls of box-
type "membrane absorbers" resonant at vari-
ous low frequencies, and the rebuilding of the 
orchestra platform. 

621.395.61/.62:621.395.625.3  1509 
Investigation of Transducers by Repeated 

and  Retrograde Re-recording — W.  Meyer-
Eppler. (Fernmeldetech. Z., vol. 4, pp. 507-512; 
November, 1951.) Analysis showing how slight 
linear distortion occurring in an electro-
acoustic transducing system due to transit-
time effects may be determined by repeated 
re-recording. By reversing the direction of 
motion of the magnetic tape, phase distortion 
can be totally compensated. Application of the 
technique in acoustic tests of rooms is outlined. 

621.395.623.7  1510 
Direct Radiator Loudspeaker Enclosures — 

II. F. Olson. (Audio Eng., vol. 35, pp. 34-38, 
64;  November,  1951.)  A  comprehensive 
analysis of the effects of various shapes of 
cabinet shows that for optimum performance 
the cabinet front must have no sharp edges. 

621.395.625.3 1511 
Magnetic Sound-Recording--F. Duchat eau 

tlIP (Brussels), no. 11, pp. 303 -312; 1951.) 
Discussion of the main technical difficulties 
involved and of the means devised to overcome 
them. 

621.396.645.029.3  1512 
An Ultra-Linear Amplifier— D. Hafler and 

H. I. Keroes. (Audio Eng., vol. 35, pp. 15-17; 
November, 1951.) The screen-grid of a tetrode 
is energized with dc from a low-impedance 
source through a special winding on an Acro-
sound TO-300 output transformer, in which 
the effects of the anode and screen-grid cur-
rents are combined. The screen-grid load 
impedance must be about 18.5 per cent of the 
anode load impedance. A circuit incorporating 
this output stage is shown diagrammatically, 
with component values. The power output of 
over 20 w is undistorted within 1 di) nom 20 

to 20,000 cps, intermodulation being less than 
2 per cent. 

ANTENNAS AND TRANS MISSION LINES 

621.392.26  1513 
The Susceptance of a Thin Iris in Circular 

Wave Guide with the TM, Mode Incident 
K. L. Dunning and it. G. Fellers. (Jour. 
Apy. Phys., vol. 22, pp. 1316-1320; Novem-
ber, 1951.) "Certain waveguide boundary value 
problems can be formulated in terms of lumped-
constant  circuits  and  distributed-constant 
transmission lines. Equivalent circuit voltages 
and currents can be introduced as measures of 
the transverse electric and magnetic fields. 
Making use of these concepts and Schwinger's 
integral equation method, the susceptance of 
a thin circular iris in circular cylindrical 
waveguide with the TMoi mode incident is 
discussed and calculated. Results are com-
pared with experimental data." 

621.392.26.012.3  1514 
TM,,i Waves in Rtctangular Waveguides — 

(Radio and Telev. News, Radio-Electronic Eng. 
Section, vol. 46, p. 32; Sept C M ber,  1951.) 
Nomogram for determination of cut-off fre-
quency from dithensions of guide. 

621.392.43.012.3  1515 
Matching-Stub Calculators—S. Yamasita. 

(Radio and Telev. News, Radio-Electronic Eng. 
Section, vol. 46, pp. 32, 31; August, 1951.) 
A nomogram for determining the position and 
length of matching stubs on Lecher-wire lines. 

621.396.67  1516 
General Theory of Symmetric Biconical 

Antennas—S. A. Schelkunoff. (Jour. App!. 
Phys., vol. 22, pp.  1330-1332; November, 
1951.) The input admittance of a biconical 
antenna of arbitrary angle is expressed as the 
limit of a certain sequence of functions. The 
first term of this sequence approaches the 
exact expressions for input admittance as the 
cone angle approaches either zero or 90'; 
hence it probably constitutes a good first 
approximation for all angles. 

621.396.67:621.397.6 1517 
Antennas for U.H.F. —E. C. Johnson and 

J. D. Callaghan. (F M-TV, vol. 11, pp. 16-18, 

56; November, 1951.) Illustrated descriptions 
of different types of antenna for television 
reception, showing their field patterns and gain 
characteristics. 

621.396.677  1518 
The Necessary Number of Elements in a 

Directional  Ring  Aerial —H,  L. Knudsen. 
(Jour. App!., Phys., vol. 22, pp. 1299-1306; 
November, 1951.) Discussion based on the 
theories of Page (1862 of 1948 and 308 of 1949) 
and Stenzel (1929 Abstracts, p. 4501. An 
expression is derived for the characteristic of 
an array with a finite number of elements. 
This expression shows that no uniform improve-
ment of the approximation of the array char-
acteristic to the ideal is obtained by increasing 
the number of elements, but in this respect 
odd numbers of elements are better than 
even numbers. 

621.396.677.029.6  1519 
Measurement  of Radiation of U.S. W. 

Aerials —J. Delcambe. (BF (Brussels), nos. 
11 and 12, pp. 293-302 and 327-335; 1951.) 
If the antenna aperture field distribution is 
very nearly plane and equiphase, application of 
the Kottler formulas previously noted 12109 
of 1951 (Divoire and Delcambe)) gives numeri-
cal values for the directive properties of 
waveguide, horn, and microwave-lens antennas 
with an accuracy sufficient to meet practical 
requirements. Gain can be estimated to within 
7 per cent. The measurements methods applied 
and precautions taken are detailed. An appen-
dix describes a microwave bolometer-type 
wattmeter developed for the purpose. 

621.396.677.5f:621.318.424  1520 
Ferromagnetic  Loop  Antennas  W.  J. 

Polydot off. ( Radio  Radio. 
Electronic Eng. Section, vol. 4(, pp. 11 13, 24; 
November, 1951.) From results on loops %% ii I> 
ferrite cores it is concluded that, in their 
design, (a) a balance must be struck between 
an acceptable value of  and maximum effec-
tive permeability, a Q of 125-150 being con-
sidered most suitable, (b) cylindrical cores of 
length/diameter 1.1tio >10 give greater effec-
tive height; (c) the winding should over 80 
Per cent of the  ore length; (d) the wire, ii 
insulated by vinylit t• or di,,, lilt- cot ton covering, 
may be wound 'hie( tly on the tote; (e) the 
core should he ii t he shape of hollow tubing. 
Various  .ti ions  where  reduct ion in 
antenna size is important are suggested. St., • 
also 2485 of 1946 (Burgess). 

621.396.677.6.029.6:621.396.931/.933).2  1521 
Rotating H-Type Adcock Direction-Finders 

for  Metre  and  Decimetre  Wavelengths - 
II. (,. 11"pkins and F. llorm•r. (Proc. I EF. 
(London), Part III, vol. 99, pp. 96-97; March, 
1952.) Long summary of 598 of 

CIRCUIT AND CIRCUIT ELE MENTS 

621-52: 621.396.611.3 1522 
Applications of Electrical Methods of Dif-

ferentiation  to  Control  Problems -Rateau. 
(See 1688.) 

621.3.015.7 1523 
A Pulse Mixing Unit -- R. R. Rathbone and 

R. L. Best. (Radio and retry. News, Radio-
Electronic Eng. Section. vol. 46, pp. 10 11, 27; 
September, 1951.) The unit described accepts 
pulses from up to eight external lines, mixes 
them at the input, and delivers them with a 
delay of 0.08 ps as a single output train. 
Positive pulses of random form with amplit tides 
trom 6 to 60 v are converted to pulses of 
half-since-wave form, of duration 0.1 i's, with 
amplitudes varying by not more than 5 per 
cent. 

621.3.015.7 4 
The Pulse Standardizer —R. R. Ratliblo5n2(.. 

(Radio and Telev. News, Radio-Electronic Eng. 
Section, vol. 46, tip. 6-7, 31; November, 1951.) 
Description  of  equipment  which accepts 
pulses of random amplitudes (>6v), with repe-
tition rate up to 3+106/sec, anti converts 
them to a set of pulses of uniform amplitude 
(up to 37v) and with the Saint' recurrence fre-
quency. Pulses with repetition rates up to 
5+104/sec can be accepted if a 10 per cent 
reduction of the maximum output-pulse voltage 
can be tolerated. 

62 1.3.015.7:621.396.6  1525 
Pulse Circuits for they Millimicrosecond 

Range -F. II. Wells. (Jour. Brit. IR E., vol. 
11, pp. 491-503; Noventljer, 1951.) The cir-
cuits described include pulse-shaping circuits, 
pulse  generators,  amplifiers,  scalers,  and 
recording oscilloscopes. Applications to high-
speed coincidence measurements, ruillimicro-
second time-interval measurements, and fast 
counting are described. 

621 .3.01 5.7:621.396.619.16  1526 
Conversion of Rectangular Pulses of Given 

Width and Variable Height into Rectangular 
Pulses of Given Height and Variable Width - 
W. Vogt. (Funk it. Ton, vol. 5, pp. 578-584; 
November, 1951.) In the circuit described, 
AM pulses charge a capacitor in the positively 
biased grid circuit of a switching tube which 
is conductive during the capacitor discharge. 
The discharge time is a function of the charging 
voltage. The nonlinearit y of this relation is 
studied. Methods of improving the linearity 
are indicated. 

621 .314.222.012.3 
1527 

Charts for the Calculation of Mains Trans-
formers  G Pavel. (Funk n. Ton. vol. 5, pp. 
561-577; November, 1951.) Design parameters 
are discussed. The charts relate core size, 
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number of turns, wire diameter, and resistance 
of primary and secondary windings of mains 
transformers for powers up to 150w. Special 
charts are provided for E- and M-shaped 
laminated cores of standard materials. 

621.314.3t:621.314.5  1528 
Magnetic Modulators —E. P. FeIsh, V. E. 

Legg and F. G. Merrill. (Electronics, vol. 25, 
1)1). 113-117; February, 1952.) 

621.316.8  1529 
The Problem of a Non-ohmic Resistor in 

Series with an Impedance—E. B. Moullin. 
(Proc. lEE, Part I, vol. 98, pp. 344-346; 
November, 1951.) Discussion on 2657 of 1951. 

621.316.8.029.5 1530 
Resistors at Radio Frequency —T. J. F. 

Pavlasek and F. S. Howes. (Wireless Eng., 
vol. 29, pp. 31-36; February, 1952.) The rf 
resistance and  distributed capacitance of 
resistors of  the  metallized-filament type 
enclosed in insulating sleeves were investigated 
at frequencies from 0.5 to 40 mc. Curves 
of RI/Rde 2/Rd, and rp are plotted against 
• R,k, RI and /2,fr being respectively the rf and 
(lc resistances, f the frequency and 4) the phase 
angle. A comparison is made with the theoreti-
cal values obtained by considering the resistor 
as a transmission line having distributed 
resistance and capacitance. 

621.318.572: 621.385.2 1531 
R. F. Bursts actuate Gas-Tube Switch — 

Geisler. (See 1786.) 

621.318.572+681.1421:621.385.5.032.216 1532 
The Single-Pulse Dekatron—Acton. (See 

1787.). 

621.385.2:546.2891+621.314.7 1533 
Germanium Crystal  Valves —Bettridge. 

•-;ee 1786.). 

621.392.012:517.63 1534 
Block-Diagram Network Transformation — 

T. D. Graybeal. (Elec. Eng. (N.Y.), vol. 70, 
pp. 985-990; November, 1951.) Essentially full 
text of 1951 AIEE Pacific General Meeting 
paper. A convenient method  particularly 
applicable to the analysis and synthesis of 
servo systems. The Laplace transform equa-
tions of the system are expressed in the form 
of a block diagram. By methods similar to the 
,tar-delta transformation, complicated systems 
may be reduced to one of a few simple forms. 

621.392.5 1535 
NSA Network Theorem—E. E. Zepler. (Wire-
lecs Eng., vol. 29, pp. 44-45; February, 1952.) 
To find the effect of connecting an impedance 
Z across two points of a network, the impe-

, (lance may be replaced by one in parallel with 
the generator. A simple formula is given from 

, which the value of this parallel impedance can 
he found. 

621.392.5 1536 
Minimum Phase Networks —J. A. Tanner. 

(Electronic Eng., vol. 23, pp. 418-423; Novem-
ber, 1951.) A "minimum phase network" is a 
teedback network having a minimum value 
of phase lag at every frequency while satisfying 
a specified gain/frequency characteristic. The 
properties of such networks are summarized in 
relation to their use in servo systems. 

621.392.5:621.396.621.53 1537 
The Parallel-T Network as a Linear Mixer 

-J. S. Nisbet. (Electronic Eng., vol. 23, pp. 
432-433; November, 1951.) Two oscillations 

I are mixed by applying them across opposite 
sides of a parallel-T network and taking the 
output from one of the mid-shunt arms. The 

• circuit operation is analyzed. Coupling between 
is the two oscillators is avoided over a small 
7 frequency band. 

621.392.5: 681.142  1538 
Linear  Networks with  Time-Varying 

I Lumped  Parameters—J. Brodin. (Comp'. 
, Rend. Acad. Sci. (Paris), vol. 233, pp. 11(,8 - 

1170; November 12, 1951.) The equations of a 
system are expressed by means of an integra-
tion operator. The method is applied to the 
calculation of the pass band of an electro-
analogue multiplier with a time-varying net-
work. 

621.392.5.029.3 : 621.3.012.3  1539 
The Prediction of Audio-Frequency Re-

sponse:No. 1—Circuits with Single Reactance 
Element —N. H. Crowhurst. (Electronic Eng., 
vol. 23, pp. 440-443; November, 1951.) The 
first of a series of data sheets; applicability is 
not restricted to the af range. 

621.392.5.029.3: 621.3.012.3  1540 
The Prediction of Audio-Frequency Re-

sponse: No. 2—Circuits with Two Reactance 
Elements— N. H. Crowhurst. (Electronic Eng., 
vols. 23/24, pp. 483-489, 33-38 and 82-86; 
December, 195I —February, 1952.) Formulas 
and charts are presented applicable to circuits 
reducible to a combination of series inductance 
and shunt capacitance, or series capacitance 
and shunt inductance, together with resistances. 

621.392.52  1541 
Tchebyshev Filters and Amplifier Net-

works—V. Belevitch. (Wireless Eng., vol. 29, 
pp. 106-110; April, 1952.) Darlington's method 
of filter synthesis (1361 of 1940) is applied to 
the design of simple low-pass filters composed 
of alternate series coils and shunt capacitors. 
Resistive termination of both ends is considered 
and also the case where one end is on open 
circuit. When filters of this type are used as 
amplifier input or output networks, the pre-
scribed value of the terminal shunt capacitance 
imposes a physical limitation on the gain-
bandwidth product of the stage; this limitation 
has been studied by Bode (583 of 1946), but 
additional precision results from the present 
analysis. More general filters with one open-
circuit termination are mentioned and a new 
method of design is outlined. The results can 
be extended to other than low-pass filters by 
means of frequency transformations. 

621.392.52 1542 
RC  Networks as Filters —H. Pieplow. 

(Arch. tech. Messen, nos. 189 and 191, pp. 
T117-T118 and T141-T142; October and 
December, 1951.) Common types are analyzed 
and tabulated according to their filter proper-
ties. Means of improving the filtering action 
are considered, and it is found possible, by the 
addition of amplitude-stabilizing devices, to 
reduce distortion at the output of an RC 
oscillator to about 0.1-0.2 per cent. Negative 
feedback in conjunction with specially de-
signed networks enables amplifiers to be con-
structed with almost any desired filter proper-
ties and stability of operation. 

621.392.52  1543 
Ladder Filters without Attenuation Fluctua-

tions in the Pass Band (Power-Law Filters) — 
G. Bosse. (Frequenz, vol. 5, pp. 279-284; 
October,  1951.)  An analytical treatment 
deriving design formulas for such filters, the 
over-all group delay of which is expressed by a 
power series. Attenuations, phase delays and 
transfer functions are shown for symmetrical 
low-pass filters with 1, 2, and 3 T-type units. 

621.392.52 1544 
Composite Ladder Filters. Second-Order 

Image Impedances—R. 0. Rowlands. (Wire-
less Eng., vol. 29, pp. 50-55; February, 1952.) 
Design formulas are derived for filters com-
prising up to three halfsections and having 
equal or inverse impedance functions of the 
second order. Their performance is equal to 
that of the conventional m-derived type, but 
fewer components are required. Other filters 
are described  having a second-order im-
pedance function at only one pair of terminals. 

621.392.52  1545 
The Numerical Calculation of Filter Cir-

cuits with Generalized  Parameters, using 

Modern Theory with Special Attention to 
Cauer's work -V. Fetzer. (Arch. elect. Obertra-
gung, vol. 5, pp. 499-508; November, 1951.) 
Cauer applied the operating-parameter theory 
to the calculation of Tchebycheff-type filters; 
in the present paper this theory is applied to 
filters having infinite-attenuation points any-
where in the attenuation band while conform-
ing to Tchebycheff type within the pass band. 
Explicit formulas are derived for the coeffi-
cients of the characteristic function, which is 
developed as a polynomial; the zero-attenuation 
points are found by solving the corresponding 
higher-order equation. The relations between 
Cauer's Q functions and the characteristic 
function are shown for both symmetrical and 
"antimetrical" filters. Darlington's formulas 
(1361 of 1940) for the basic low-pass circuit 
are used to calculate the circuit elements from 
the no-load impedance. 

621.392.52: 518.4  1546 
New Graphical Methods for Analysis and 

Design— W. Saraga and L. Fosgate. (Wireless 
Eng., vol. 29, pp. 68-79; March, 1952.) 
Methods are developed for transforming a 
given performance characteristic into a straight 
line or a set of straight lines. The method is 
demonstrated by applying it to the analysis 
and design of image-parameter and insertion-
parameter filters. 

621.392.6 1547 
Synthesis of Passive Electrical Networks 

with n Pairs of Terminals and Prescribed 
Scattering Matrix [matrice de repartition1 — 
V. Belevitch. (Ann. Telecomtnun., vol. 6, pp. 
302-312; November, 1951. Full paper referred 
to in 2128 of 1951. The term "matrice de 
repartition” is used to denote the matrix 
representing the distribution of power between 
given terminating impedances. 

621.395.661.1  1548 
Repeater Coil with Divided Secondary 

Winding and Single Stray-Resonancs Peak -
0. Illner. (Frequenz, vol. 5, pp. 265-272; 
October, 1951.) From an equivalent circuit 
the conditions are determined under which 
only one resonance peak occurs in the response 
characteristic. In this case the pass band can 
be about 40 per cent wider than that obtainable 
when the response characteristic has two peaks. 
See also 1088 of 1951 (Schmitt and Schrag). 

621.396.6-181.4  1549 
Miniaturization —Crux of Contemporary 

Product Design—W. H. Hannahs and B. S. 
Ellefsen. (Elec. Mfg. (N.Y.) vol. 45, pp. 86-91. 
200; June, 1950.) Review of techniques applied 
to circuit components and subassemblies. 

621.396.611.4  1550 
Some Results from the Theory of Coupled 

Electromagnetic Cavity Resonators—E. Ledin-
egg and P. Urban. (Acta Phys. austriaca, vol. 
4, pp. 180-196; December, 1950.) Based on the 
theory developed previously (1115 of 1951), 
the coupling frequencies are calculated for 
some systems of particular interest, e.g., 
cylindrical cavities coupled at the flat ends 
by windows or coaxial-line sections. Compari-
son is made with experimental results. 

621.396.615  1551 
Blocking-Oscillator Amplitude  Control — 

(Electronic Eng., vol. 23, p. 439; November, 
1951.) Circuits are described in which the 
amplitude of the oscillator output is adjusted 
by varying the bias applied to the suppressor 
grid. 

621.396.615 1552 
Distortion in Beat-Frequency Sources— 

C. G. Mayo. (Wireless Eng., vol. 29, pp. 92-94; 
April, 1952.) At higher beat frequencies than 
that at which the two oscillators of a beat-
frequency source lock, there is distortion of the 
beat-frequency wave form. Analysis shows 
that at any frequency oV2ir the second-har-
monic distortion is co0/20), where 6.10/2.7r is the 
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highest beat frequency at which  locking 
occurs. 

621.396.615.077.2/.3  1553 
An Amplidyne Phase Shift Oscillator— 

J. C. West. (Jour. Sci. lusty., vol. 28, pp. 336-
339; November, 1951.) An oscillator is de-
scribed capable of developing a peak current 
of 3a In a 17-1I load over the frequency range 
0.06-18 cps. The amplidyne with its associated 
electronic amplifier has a local feedback loop 
to reduce the effects of saturation and hystere-
sis in the magnetic circuit. Application is to 
the determination of the frequency response of 
servomechanisms. 

621.396.615.17 1554 
Three-Valve Pulse Generator with Fixed 

Repetit.on Rate—F. A. Benson and G. V. G. 
Lusher. (Wireless Eng., vol. 29, pp. 90-91; 
April, 1952.) A development of the 2-valve 
generator previously described (1244 of June), 
producing short positive pulses of amplitude 
about 50 v, using a square-wave input from 
either a multivibrator or a clipping circuit. 

621.396.615.17:621.314.7 1555 
Transistors as Multivibrators —I. Queen. 

(Radio-Electronics, vol. 22, pp. 92, 94; Septem-
ber, 1951.) A multivibrator using two tran-
sistors, and a flip-flop circuit using a single 
transistor, are described. Both are triggered by 
a differentiated square-wave voltage. 

621.396.615.17.012.3  1556 
A Nomogram for Multivibrator Design — 

W. R. Luckett. (Electronic Eng., vol. 23, p. 448; 
November, 1951.) 

621.396.615.18  1557 
Decade Multivibrator Design. Method of 

Stabilizing Frequency Division from a Crystal 
Drive —J. E. Attew. (Wireless World, vol. 58, 
pp. 114-116; March, 1952.) Spasmodic momen-
tary jumping to the next lower ratio of division 
often occurs in a crystal-driver decade multi-
vibrator, even though synchronized for even 
division. This is prevented by applying a pulse 
of opposite polarity just before the true 
synchronizing pulse. A complete circuit dia-
gram of a stable frequency division system 
embodying this principle is shown. Setting-up 
procedure is outlined. 

621.396.645  1558 
A New Push-Pull Amplifier Circuit—A. P. 

G. Peterson. (Gen. Rod. Exper., vol. 26, pp. 
1-7; October, 1951.) Power-amplifier applica-
tions of the circuit described in 1250 of June 
are considered. 

621.396.645 1559 
Cathode-Coupled Amplifier—J. A. Lyddi-

ard. (Wireless Eng., vol. 29, pp. 63-67; March, 
1952.) Analysis is presented in which the 
cathode-coupled amplifier is treated as a 
cathode  follower  driving  an  earthed-grid 
voltage amplifier. The method is simple, and 
leads to a straightforward design procedure. 

621.396.645:621.3.015.3  1560 
Overvoltage Effect in R. F. Power Ampli-

fiers —E. Rizzoni. (Alta Frequenza, vol. 20, 
pp. 200-209; October, 1951.) The effect of 
overvoltage at the terminals of the anode 
oscillatory circuit of a RF power amplifier, due 
to detuning of the anode circuit, is discussed, 
and a method of calculating it as a function of 
load admittance and amount of detuning is 
described. Calculations and graphs are pre-
sented for the FIVRE beam tetrode Type 4-
0500 and the RCA triode Type 893 A-R. 

621.396.645:621.315.612.4  1561 
Dielectric Amplifier Fundamentals—A. M. 

Vincent. (Electronics, vol. 24, pp. 84-88; 
December, 1951.) The input voltage is applied 
across a capacitor with ferro-electric dielectric, 
whose reactance is thereby varied; the ca-
pacitor is in circuit with an ac power source 
and load, and amplified power variations 
appear across the latter. The impedance of the 

circuit is relatively high. Practical forms of the 
amplifier are described, and its operation is 
compared with that of magnetic and tube 
amplifiers; at present, the frequency range 
appears to have an upper limit at about 10 
mc. Numerous applications are indicated. 

621.396.645:621.392.52  1562 
Broad-Banding by Stagger Tuning - R. C. 

Wittenberg. (Electronics, vol. 25, pp. 118-121; 
February, 1952.) Simplified methods are pre-
sented for design calculations of multicircuit 
stagger-tuned IF amplifiers to have either 
Butterworth or Tchebycheff type of response. 
Tables and charts are given and their use 
illustrated. Circuits with bandwidths up to 
twice the center frequency are designed using 
noncritical values of components. 

621.396.645.37  1563 
Highly-Selective  Amplification  at  Low 

Frequencies—F. II. Hyde. (IVireles5 Eng., 
vol. 29, pp. 85-90; April, 1952.) Analysis is 
presented of the unbalanced twin-T RC filter 
with series arms R and C and shunt arms 
aR/2 and 2C. The locus of the transmission 
vector,  for  0.5 <a <1.0 is approximately 
circular and the phase angle varies continu-
ously from 0 to 2Ir radians. A single-stage 
amplifier with series feedback through a 
balanced twin-T filter (a= 1) has a Q value of 
A/4 when A, the loaded stage gain without 
feedback, is large. Unbalancing of the filter 
by making a<1, gives improved selectivity, 
and a working Q of 20 can be readily ob-
tained. Experimental results are given for 
filters with resonance frequencies of about 
0.25, 0.5, and 360 cps. 

621.396.645.37  1564 
Dual Circuit of a Feedback Amplifier— 

D. A. Bell. (Wireless Eng., vol. 29, pp. 40-43; 
February, 1952.) The dual circuit of a single-
stage amplifier is first obtained. The duals of 
(a) a single-stage amplifier with a voltage-
feedback branch, (b) a combination of two 
amplifiers with local feedback round each and 
additional feedback over both stages, are then 
derived. 

621.396.645.37.012.8  1565 
Equivalent Circuits to Simplify Feedback 

Design—R. S. Bunven. (Audio Eng., vol. 35, 
pp. 11-12, 45; October, 1951.) Equivalent 
circuits are used in analysis of the general 
feedback amplifier. Voltage and current feed-
back are considered separately. The effect of a 
small amount of feedback on power amplifiers 
is studied; a 16-f1 loudspeaker winding in the 
cathode circuit is sufficient to provide 6 db 
feedback in a single-pentode output stage. 
Application of equivalent circuits in the 
design of a preamplifier circuit with a pre-
scribed response curve is described. 

621.396.645.371.011.1 1566 
Expressions for the Reduction of Distor-

tion and Output Impedance in Terms of db 
of Feedback—W. J. Kessler and S. E. Smith. 
(Audio Eng., vol. 35, p. 13; October, 1951.) 
The feedback factor is eliminated from the 
formulas usually applied, in order to obtain 
formulas expressed in terms of parameters 
easily measured. 

621.3.015.7 1567 
Pulse Techniques. [Book Reviewl —S. Mos-

kowitz and J. Racker. Publishers: Prentice-
Hall, New York, 1951, 300 pp., $5.00. (Jour. 
Frank. Inst., vol. 252, p. 203; August, 1951.) 
"The book is apparently intended as a text 
for a brief undergraduate course in the pulse 
aspects of electronics." 

621.392 1568 
Circuits in Electrical Engineering. [Book 

Reviewj —C. L. Vail. Publishers: Prentice-Hall, 
New York, 1950, 560 pp., $5.75. (Jour. Appi. 
Phys., vol. 22, p. 1391; November, 1951.) 
"Primarily intended as a textbook [of circuit 
analysis] and not as a reference work." 

621.396.6+621.385  1569 
Introduction to Electronic Circuits. [Book 

Review]  Feinberg. (See 1792.) 

GENERAL PHYSICS 

519.27:517.433  1570 
Two Classes of "Observation Operators"— 

R. Valh'e. (Compt. Rend. it cad. Sci. (Paris), 
vol. 233, pp. 1350- 1351; November 26, 1951.) 
Two types of linear operators are described, 
with a dual correspondence between the space-
time variables on the one hand and the space-
periodicity variables on the other. Special 
cases of these operators are frequently met 
with in all experimental fields, and they play 
an import ant part in information theory. 

534.014.2  1571 
Predominantly Subharmonic Oscillations - 

C. A. Ludeke. (Jour. App!. Phys., vol. 22, pp. 
1321-1326; November, 1951.) Theory of the 
demultiplication of the frequency applied to a 
nonlinear system. Subharmonic resonances of 
amplitude greater than the applied funda-
mental are particularly considered. Experi-
ments with electromechanical apparatus con-
firmed the theory. Transitions between dif-
ferent subhannonics are discussed. 

534.21+538.56 
Wiener-Hopf Techniques and  Mixed 2 

Boundary-Value Problems—S.  N.  Karp. 
(Commurt. pure app!. Math., vol. 3, pp. 411-
426; December, 1950.) The parallelism between 
the method of separation of variables and the 
Green's function integral-equation method is 
shown to hold as in problems of more classical 
type. This relation leads to a characterization 
(from the standpoint of co-ordinate systems) 
of those problems in which the NViener-llopf 
type of problem (in an extended sense) arises. 
Certain heuristic advantages of the separation-
of-variables procedure are also pointed out. 
Special applications considered include the 
diffraction of a plane wave by a staggered 
array of semi-infinite planes, and the es 
charge distribution on a cone, including the 
special case of a disk. 

535.13: 538.3  1573 
Is there an Aether? -13. A. M. Dirac. 

(Nature, (London, vol.  168, pp. 906-907; 
November 24, 1951.) The difficulty of recon-
ciling the concept of the aether with the princi-
ple of relativitiy is removed by applying quan-
tum mechanics; the existence of an aether is 
implicit in the new theory of electrodynamics 
11574 below). 

537.122 74 
A New Classical Theory of Electrons— 

P. A. M. Dirac. (Proc. Roy. Soc. A., vol. 209, 
pp. 291-296; Novembej 7, 1951.) In the 
theory of the electromagnetic field without 
charges, the potentials are not fixed by the 
field, but are subject to ga ge transformations; 
thus more variables are involved than are 
physically needed. It is possible by destroying 
the gauge transformations to make the super-
fluous variables acquire a physical significance 
and describe electric charges. This leads to a 
simplified classical theory of electrons which 
appears to be more suitable than the usual one 
as a basis for a passage to the quantum theory. 

537.226:539.11 1575 
Note on the Interac tion  of an  Electron and 

a Lattice Oscillator—E. P. Gross. (Phys. Rev., 
vol. 84, pp. 818-823; November 15, 1951.) 

537.311.1 

Application of Collective  Treatment of 
Electron and Ion Vibrations to Theories of 
Conductivity and Superconductivity— 
D. Bohm and T. Stayer. (Phys. Rev., vol. 84, 
pp. 836-837; November 15, 1951.) 

537.311.33 
The Effect of the M ean  Free  Pa  of 

Electrons on the Electrical Properties of N1o57117 
Path - 

metals —R. W. Wright. (Proc. Phys. Soc., 
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; vol. 64, pp. 984-999; November 1, 1951.) The 
, conductivity, thermoelectric power, Hall co-
efficient, fractional change of conductivity in a 
magnetic field and the Nernst, Ettinghausen, 
and Righi-Leduc coefficients are calculated on 
the Lorentz-Sommerfeld theory, using the 
most appropriate mean-free-path fuaction for 

. the  non-metal concerned. The theoretical 
variations of the electrical properties with 
temperature so obtained agree well with experi-
mental results. 

537.531+ 539.181: 535.43  1578 
Multiple Scattering of Waves -M. Lax. 

, Rev.  Mod.  Phys., vol. 23, pp. 287-310; 
October,  1951.)  Coherent  and  incoherent 
scattering of light, X-rays, neutrons, and 
photon waves are fully discussed. Using the 
self-consistent  field  method the scattered 
fields are derived, including the effects of 
,inisotropic scattering, scattering of quantized 
%%ayes, creation and absorption of particles. 
Doppler shifts, and randomly, partially, or 
ompletely ordered systems of scatterers. The 
; onnection between collisions with a multi-
., irticle system and multiple scattering is con-
-1 lere,I. 

538.114  1579 
Application of the Bethe-Weiss Method to 

the  Theory  of  Antiferromagnetism -Vin-
Yuan Li. (Phys. Rev., vol. 84, pp. 721-730; 

• November 15, 1951.) 

1580 
538.311: 621.318.423 513.647.1 621.385.029.6 

Properties of the Electromagnetic Field of 
Helices-E. Roubine. (Compt Rend. Acad. 

(Paris), vol. 233, pp. 1174-1176; Novem-
',..r 12, 1951.) Field distributions corresponding 
• ;) the theory for the thin-wire helix given in 
2978 of 1951 are compared with those corre-
-;,onding to the theory of the continuous-
, ylinder guide; the two agree under certain 
-rated conditions, which are satisfied for 
; raveling-wave tubes with narrow beams, but 
not for wide-beam tubes. 

538.522  1581 
The Proximity Effect and Coefficient of 

Mutual Induction at High Frequency for a 
Wire and Part of a Very Thick Plate, both 
being Conducting and Parallel -A. Colombani. 
'Compt. Rend. Acad. Sc., (Paris), vol. 233, 
pp. 1267-1269; November 19, 1951.) Assuming 
the wire radius is smaller than the depth 
of  penetration  of  the  current  into  the 

, wire, the mutual inductance is given by 
Af  t/d(wer,/) I, where d is the distance of 
the wire from the plane, and  the conductivity 
of the plate. This result is extended to the 
case in which the wire radius is not negligible 
compared with d. 

538.56:535.42  1582 
On Systems of Linear Equations in the 

Theory of Guided Waves -W. Magnus and 
F. Oberhettinger. (Commun. Pure A ppl. Math., 
vol. 3, pp. 393-410; December, 1950.) An 
investigation of the diffraction of an em wave 
by a plane strip between two parallel planes, 
or in a rectangular waveguide, assuming that 
essentially only one type of wave exists. For 
an incoming wave of the type exp(iox)cos 
cm anal 0 being real, the diffracted wave corn-

, ponents can be expanded in a Fourier series, 
whose coefficients are uniquely determined by 
the condition of the finiteness of the total 
energy in any finite part of the space; they are 
given by an infinite set of linear equations. The 
special case of a diffracting strip half the width 
of the waveguide is treated in detail: in this 

, case the linear equations can be dealt with 
by successive approximation, and the first 
steps can be carried out explicitly. 

538.56:535.42  1583 
On the Theory of Electromagnetic-Wave 

Diffraction by an Aperture in an Infinite Plane 
Conducting  Screen-H.  Levine  and  J. 

; Schwinger. (Commun. Pure A ppl. Math., vol. 3, 

pp. 355-391; December, 1950.) A procedure 
for solving this problem exactly has been 
described by Meixner (94 of 1951), but ap-
proximations are required which are suitable 
for computation and accurate over a frequency 
range. This paper, a sequel to previous ones 
concerned with diffraction in a scalar field 
(83 and 1897 of 1950), described variational 
principles for obtaining some of the desired 
information. A formal description is given of 
the fields and boundary conditions involved. 
Expressions for the field vectors in any region 
are derived in terms of the tangential compo-
nents of the electric or magnetic field compo-
nents on its boundary, with the aid of tensor 
Green's functions. These expressions are first 
found for the regions on each side of the screen 
by using integrals involving the tangential 
electric field over the aperture. From the 
equality of the tangential magnetic fields for 
each region in the aperture, an integral equa-
tion for the tangential electric aperture field is 
obtained. From this, a stationary property of 
the radiation field at large distances from the 
aperture is derived. Similarly,  variational 
principles are obtained by consideration of the 
tangential magnetic field over screen and 
aperture, and of the current over the screen. 
The connection between the principles and the 
plane wave "transmission crosssection," which 
is a measure of the ratio of energy passing 
through the aperture per second to that trans-
ported per unit area of the incident wave, is 
demonstrated. Numerical results are given for 
the cross-section of a circular aperture with 
normally incident plane wave, and are com-
pared with those from the Kirchhoff and 
Rayleigh approximations. 

538.566  1584 
The Analytical Expression of Huyghens' 

Principle for Electromagnetic Waves -A. da 
Silveira. (Comps. Rend. Acad. Sci., (Paris), 
vol. 233, pp. 1269-1272; November 19, 1951.) 

538.566  1585 
The Magnetic Dipole over the Horizontally 

Stratified Earth -J. R. Wait. (Caned. Jour. 
Phys., vol. 29, pp. 577-592; November, 1951.) 
Analysis of the radiation characteristics of a 
vertical magnetic dipole above a two-layer or 
three-layer earth, with particular reference 
to the effects produced within the earth. 
Transient effects are considered in some cases. 

538.566  1586 
Transient Electromagnetic Propagation in a 

Conducting Medium-J. R. Wait. (Geophys., 
vol. 16, pp. 213-221; April, 1951.) Expressions 
are developed by Laplace transformation for 
the electric fields due to different types of 
step-function current source in an infinite 
conducting medium. Sources considered are 
the electric dipole, the magnetic dipole, and 
step-function currents in insulated wires of 
finite and infinite length. 

538.566:538.63  1587 
The Influence of Magnetic Fields upon the 

Propagation of Electromagnetic Waves in 
Artificial Dielectrics-E. R. %%richer. (Jour. 
App!. Plays., vol. 22, pp. 1327 1329; November 
1951.) "An effect corresponding to the Faraday 
effect in natural dielectrics is predicted for a 
class of artificial dielectrics because of the 
existence of a Hall effect in the metallic 
components of the structure. A formula for 
Verdet's constant as a function of element 
polarizability and Hall coefficient is obtained. 
The resonance shift to be expected in a cavity 
resonator, filled with an artificial dielectric, 
and subjected to a strong magnetic field, is 
calculated." 

538.691  1588 
The Effect of a Magnetic Field on Electrons 

in a Periodic Potential -J. M. Luttinger. 
(Phys. Rev., vol. 84, pp. 814-817; November 15, 
1951.) A theorem due to Wannier for treating 
the motion of electrons in a perturbed periodic 
field is generalized to include the effect of a 

slowly varying magnetic field. The problem 
reduces to that of solving a Schrodinger equa-
tion. 

546.212: 536.421.4  1589 
Experimental Investigation of Icing Phe-

nomena-D. Melcher. (Z. angew. Math. Phys., 
vol. 2, pp. 421-443; November 15, 1951.) 
Detailed study of the formation of ice (a) 
artificially in a wind tunnel, (b) in the open 
air, taking account of the influence of an 
electric field. 

501: 530.12  1590 
Mathematics of Relativity. [Book Review[-

G. Y. Rainich. Publishers: Chapman and 
Hall,  London,  Eng., 1950, 174 pp., 28s. 
(Beama Jour., vol. 58, pp. 375, 377; November 
1951.) "This book is an admirable survey of 
relativity theory and it can well be recom-
mended on that account." 

537.1 + 538.1  1591 
A History of the Theories of Aether and 

Electricity.  [Book Review] -E.  Whittaker. 
Publishers: Nelson, London, Eng., 1951, 434 
pp., 32s, 6d. (Jour. Frank. Inst., vol. 252, p. 
441; November, 1951.) To be completed in two 
volumes; this first volume deals with classical 
theories. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENOMENA 

523.5:551.510.535  1592 
The Wave-Frequency Dependence of the 

Duration of Radar-Type Echoes from Meteor 
Trails -V. C. Pineo and T. N. Gautier. 
(Science, vol. 114, pp. 460-462; November 2, 
1951.) Simultaneous measurements on 27.2 and 
41.0 mc recorded at the National Bureau of 
Standards between November 1, 1948 and 
October 1, 1949 support Lovell's conclusion 
(3402 of 1948) that the duration of radar 
echoes from meteor trails is approximately 
proportional to the square of the wavelength. 
An indication is given of the methods used. 

523.72:621.396.822  1593 
On Bailey's Theory of Amplified Circularly 

Polarized Waves in an Ionized Medium -R. 
Q. Twiss. (Phys. Rev., vol. 84, pp. 448-457; 
November 1, 1951.) Detailed critical analysis 
of Bailey's theory (1909 of 1950). The growing 
waves, which Bailey interprets as amplified 
waves, can only be excited by reflection. It is 
contended that Bailey's theory can explain 
neither the excess RF radiation from sunspots 
nor that from discharge tubes. Power amplifica-
tion is, however, possible in a drifting ionized 
medium under certain ideal conditions, which 
are discussed. Sec also 624 of 1951. 

538.12:521.15  1594 
A Fundamental Theory of the Magnetism 

of  Massive Rotating Bodies -G. Luchak. 
(Caned. Jour. Phys., vol. 29, pp. 470-479; 
November, 1951.) A theory based on a rela-
tivistically covariant generalization of Max-
well's equations to include gravitational fields. 

550.372 + 550.382  1595 
An Electromagnetic Interpretation Problem 

in Geophysics  L. B. Slichter. (Geophys., vol. 
16, pp. 431 449; July, 1951.) A flat earth in 
which permeability µ, conductivity a, and per-
mittivity e vary only with depth, is considered 
subjkted to an alternating field produced by a 
vertical magnetic dipole above the surface. 
Expressions for the variation of µ, a, and e are 
obtained in the form of Taylor's series, the 
coefficients of which may be determined by 
measurement of the magnetic field intensity H 
at the surface. The horizontal and vertical 
components of H above the surface are shown 
to be mutually dependent, and formulas in-
dependent of the electrical characteristics of 
the ground are derived which connect the two. 

550.381  1596 
Measurements of the Variation with Depth 

of the Main Geomagnetic Field -S. K. Run-
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corn, A. C. Benson, A. F. Moore, and D. II. 
Griffiths. (Phil. Trans., vol. 244, pp. 113-151; 
November 27, 1951.) The main geomagnetic 
field is attributable either to a source seated 
at the core, or to a fundamental property of 
rotating matter corresponding to a source 
distributed throughout the earth. Measure-
ments made in five mines in northern England 
provide evidence in favor of the core theory. 

550.384.4  1597 
The Equatorial Electrojet as Detected from 

the Abnormal Electric Current Distribution 
above Huancayo, Peru, and Elsewhere—S. 
Chapman. (Arch. Met. Geophys. Bioklimatol, A, 
vol. 4, pp. 368-390; 1951. In English.) Ab-
normally large daily variations of the hori-
zontal component of magnetic force observed 
at Huancayo indicate the daily rise and decline 
of a concentrated eastward electric current, 
termed  "equatorial electrojet," above the 
station. Similar effects have been observed at 
stations in Africa and India. The influence on 
the phenomenon of position with respect to 
geographic and magnetic equators is examined, 
and observations required to determine the 
height, intensity, width, and return current 
flow are discussed. 

551.5 + 550.37 4- 550.38  1598 
General Assembly of the International 

Union of Geodesy and Geophysics, Brussels, 
1951 —H. W. L. Absalom. (Met. Meg., vol. 80, 
pp. 326-330; November, 1951.) Brief report of 
the proceedings; recent work in the fields of 
meteorology and terrestrial magnetism and 
electricity was reported and discussed. 

551.510.5  1599 
Abrupt Seasonal Changes in Tropopause 

Level  and  Stratosphere  Temperature  at 
Habbaniya—D. Dewar. (Met. Meg., vol. 80, 
pp. 323-326; November, 1951.) 

551.510.53:551.557  1600 
Evidence for a Stratospheric Circulation in 

Vertical Meridional Planes between Polar and 
Equatorial Regions in Winter—L. S. Clarkson. 
(Mel. Mag., vol. 80, pp. 309-318; November, 
19510 

551.510.535  1601 
Some Characteristics of the Ionosphere E 

Region— K. Rawer and E. Argence. (Comp. 
Rend. Acad. Sci. (Paris), vol. 233, pp. 1208-
1210; November 12, 1951.) Recent observa-
tional data indicate either that the dissociation 
of 02 takes place at a height greater than that 
suggested by Penndorf (2224 of 1949) or that 
the ionization process does not involve the 
dissociation of 02. 

551.510.535  1602 
The Half-Year Period in the Ionization of 

the  F2  Layer-0.  Burkard.  (Arch.  Met. 
Geophys. Bioklimatol, A, vol. 4, pp. 391-402; 
1951. In German.) The amplitude and phase 
of the observed half-yearly variations of 
ionization depend on the geographical location 
of the observation stations. A straightforward 
explanation of the effect is based on the as-
sumption that the intensity of the solar ultra-
violet radiation depends on latitude and is 
least at the solar equator. This theory also ex-
plains the half-yearly variation of apparent 
height of the layer. 

551.510.535: 550.386  1603 
Geomagnetic Bays and their Relation to 

Ionospheric Currents—II. Wiese. (Z. Met., 
vol. 5, pp. 341-347; November, 1951.) Daily 
and yearly variations of the frequency of oc-
currence of bays as shown by the geomagnetic 
records obtained at Niemegk during the period 
1937-1944 are investigated. A tendency to 
repetition at 27-day and 24-hour intervals is 
indicated. Correlation with ionospheric air 
currents is observed; air currents in the iono-
sphere are related to those in lower atmos-
pheric layers, at least in winter. 

551.510.535:551.510.4 1604 
Ozone  Measurements during  Sudden 

Ionospheric Disturbances—S. Fritz. (Arch. 
Met. Geophys. Bioklimatol, A, vol. 4, pp. 343-
350; 1951. In English.) The measurements 
were made in order to study the effect on total 
atmospheric ozone of the enhanced solar emis-
sion of ultraviolet radiation associated with the 
flares causing the ionospheric disturbances. On 
the assumption that the ratio of the extra-
terrestrial intensity of sunlight at 3,110 A to 
that at 3,300 A (the observation wavelengths) 
is unaffected, the observations indicate that 
the variation of ozone content due to the dis-
turbances is small or nil, as would be expected 
from theoretical considerations. 

551.510.535:621.396.11  1605 
Ionosphere Review: 1951. Greatly Reduced 

Rate of Decrease in Sunspot Activity and 
M.U.Fs—T. W. Bennington. (Wireless World, 
vol. 58, pp. 121-122; March, 1952.) Shows the 
monthly mean sunspot numbers and F2-layer 
noon and midnight critical frequencies from 
the last sunspot maximum to 1951, and 12-
month running averages of the same three 
quantities since the last sunspot minimum. 
Solar activity is likely to decrease slowly (luring 
1952. An estimate is made of sw propagation 
conditions during 1952. 

551.510.535: 621.396.72: 621.3.087.47 1606 
Ionospheric Sounding Stations—( U.R.S.I. 

Inform. Bull., no. 72, pp. 20-23; November, 
December, 1951.) Stations in Austria and those 
under the Bureau lonosplierique Francais and 
the Service de Prevision lonospherique Mili-
taire are listed, with operating data. 

551.515.4 1607 
The Electrical and Meteorological Condi-

tions  Inside  Thunderclouds—J. Kuettner. 
(Jour. Met., vol. 7, pp. 322-332; October, 
1950.) 

551.594.12  1608 
Height Variations in the Concentration of 

Ions near the Ground during Quiet Summer 
Nights at Uppsala—H. Norinde t and  R. 
Siksna. ( Tellus, vol. 3, pp. 234-239; November, 
1951.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.9  1609 
Origins of Radar. Background to the 

Awards of the Royal Commission—( Wireless 
World, vol. 58, pp. 95-99; March, 1952.) An 
account of the development of radar in Britain 
from 1935 to the war years, based on evidence 
given before the Royal Commission on Awards 
to Inventors. 

621.396.9:526.9  1610 
The Effect of Meteorological Conditions on 

the Measurement of Long Distances by Elec-
tronics—C. I. Aslakson and 0. 0. Fickeissen. 
(Trans. Amer. Geophys. Union, vol. 31, pp. 
816-826; December, 1950.) Surveying using 
shoran (frequency range 220-350 mc) re-
quires data on meteorological conditions be-
tween the two receiving stations. From these 
the changes in atmospheric refractive index 
with height are computed and the necessary 
corrections to velocity of wave propagation 
and  path  length  determined.  Correction 
methods are described, with numerical ex-
amples. 

621.396.9:526.9  1611 
Accuracy  in  Electromagnetic  Distance 

Measurement—J. Moline. (Radio franc, no. 
11, pp. 1-5; November, 1951.) Principles of 
pulse, FM, and phase-displacement methods of 
distance measurement by means of em waves 
reflected from the distant point are outlined, 
including that combining pulse and phase 
measurement. In phase-displacement systems 
accuracy to within X/I00 is attainable for fre-
quencies up to 30 mc. 

621.396.9 : 551.5  1612 
Abnormal Displacement of some Echoes 

from Rain —R.  LI lermi tte.  (Compt.  Rend. 
Acad. Sci. (Paris), vol. 233, pp. 1210-1212; 
November 12, 1951.) 

621.396.9: 551.578.4  1613 
Some  Quantitative  Measurements  of 

Three-Centimeter Radar Echoes from Falling 
Snow— It. C. Langille and R. S. Th in. (Canud. 
Jour. Phys., vol. 29, pp. 482-490; November, 
1951.) The variation of back-scatter intensity 
with rate of snowfall was observed (luring four 
storms. Analysis of the size distribution of 
snowflakes, which appears to be important in 
calculating radar echo intensity, was only 
carried out for one storm. Observed echo in-
tensities are in fair agreement with values cal-
culated from Ryde's formula (2062 of 1948). 

621.396.91:551.594.22 1614 
Lightning Detection by Radar— M. G. H. 

Ligda. (Bull. Amer. Met. Soc., vol. 31, pp. 279-
283; October, 1950.) Description of the method 
used, showing records obtained. 

621-526:621.396.93 1615 
Analysis and Construction of a Position-

Fixing Servomechanism —Klein. (See 1739.) 

621.396.932 1616 
Radio Aids to Marine Navigation: The 

Seaman's Requirements—F. J. Wylie. (Jour. 
Brit. IR E., vol. 11, pp. 478-490; November, 
195 L) 

621.396.933  1617 
Aircraft  Navigational Aids —(Engincer 

(London), vol. 192, pp. 702-703; November 30, 
1951.) An account of the facilities provided by 
(a) the Marconi vhf (If system for instantaneous 
visual indication of bearings and position fixing 
by the ground station; (b) the Mullard "tele-
scribe" equipment in experimental use at 
London airport, by which written messages, 
maps, etc. are instantaneously reproduced on 
the cathode-ray screen of a distant receiving 
unit; and (c) the Decca "flight log." 

621.396.933 1618 
A Simplified Multiple-Track Range Air-

borne Equipment—k. S. Styles. (Proc. I EE, 
Part III, vol. 99, pp. 88-92; March, 1952.) 
Description of Australian M.T.R. light-weight 
equipment suitable for installation in small 
aircraft. In association with the appropriate 
ground-station installation it provides pilots 
with accurate azimuthal track guidance for a 
range of 100 miles, flying at 5,000 feet, and/or a 
localizer path, for use during final approach 
to a runway, accurate to within ±22 yards at 
the normal touch-down point. 

621.396.933:629.13.053  1619 
Automatic Track-Plotting Instrument for 

Aircraft—( Engineering (London),  vol.  172, 
P. 589; November 9, 1931}.) Description of the 
operation of the Decca "flight log" in use with 
the Mark VII receiver, which displays aircraft 
position and ground track directly on a chart. 
See also 2192 of 1951. 

621.396.933.2.001.4  1620 
ILS Field Test Set --Ellis. (See 1685.) 

629.13.05:538.74  1621 
Stroboscopic Earth-Inductor Compass—S. 

A. Schwartz. (Elec. Eng. (N. 1..), vol. 70, pp. 
1001-1003; November, 1951.) A compass is 
described in which a coil carrying a compass 
card is rotated in the earth's magnetic field by a 
small air turbine. The sinusoidal voltage in-
duced in the coil is amplified and squared, and 
the leading edge of the square wave is used to 
trigger a stroboscopic source of light. When ob-
served by this light the compass card appears 
to be stationary and indicates a direction rela-
tive to magnetic north. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

531.787.7 
1622 

Sensitive Differential Manometer— J. M. 
Los and J. A. Morrison. (Rev. Sci. Instr., vol. 



1052 Abstracts and References  889 

22, pp. 805-809; November, 1951.) The mer-
cury surfaces in the manometer arms serve as 
the moving plates of two separate parallel-
plate capacitors which form part of the oscilla-
tory circuits of two similar 3.6-mc oscillators. 
The capacitance change, due to a differential 
pressure change, varies the beat frequency of 
I he oscillators, which is measured by reference 
to an af signal generator. An accuracy to 
'ithin  0.1-0.2m  is obtained  for  pressure 
changes between 0 and 0.02 cm 11g. For larger 
pressure changes (up to 0.25 cm Hg) the ac-
curacy is within 0.1 per cent. 

535.37 1623 
Recent  Developments in  Luminescent 

Materials -S. T. Henderson. (Research (Lon-
don), vol. 4, pp. 492-497; November, 1951.) 
The subject is considered under the headings 
a) research on known materials to discover 
t he mechanism of luminescence, (h) investiga-
tions to improve utility and extend applica-
tions 01 known materials, and i‘.( discovery of 
new materials. 105 reference, 

537.228.1 546.431.824 31  1624 
Electrical, Particularly Piezoelectric Prop-

erties of Barium Titanate - J. II. van Santen 
And ; II. Jonker.  It yschr. net. Radiogenoot., 

10, pp. 259 -274; November, 1951. Dis-
cussion, pp. 275-276.) These properties are 
.liscussed in relation to crystal structure. The 
piezoelectricity of pre-polarized BaTiO3 can be 
considered as a combination of a linear electro-
st ruction and a piezoelectric effect. Possible ap-
plications of BaTiO3 ceramics are noted. 

537.311.33 4-535.37 1625 
New Views on Oxidic Semi-Conductors and 

Zinc-Sulphide Phosphors -F. J. W. ‘'erwey 
aii.1 I: A. Kroger. (Phi(ips Tech. Rev., vol. 13, 
pp. 90 95; October, 1951.) The mechanism of 
conduction in nonstoichiometric oxidic semi-
conductors is similar to that in other semi-
conductors in which desired changes of valency 
are produced by the admixture of suitable 
impurities. Members of the latter group are not 
characterized by lack of thermal stability (due 
to vacant lattice sites) as are nonstoichiometric 
compounds. Similar considerations are ap-
plicable to ZnS phosphors, in which the 
fluorescence centers consist of activator ions 
surrounded by sulphur ions. The accuracy of 
this hypothesis is confirmed by the fact that 
the role of the halogen ions in the formation of 
Zn phosphors may be taken over by trivalent 

cations. 

537.311.33:517.044  1626 
A Note on the Partial Differential Equations 

describing Steady Current Flow in Intrinsic 
Semiconductors —R. C. Prim. t Jour. .4ppl. 
Phvs, vol. 22, pp.  1388-1389; November, 
1951.) 

537.311.33:537.211 1627 
An Effect of Light on Semiconductors: 

Variation of the Contact Potential Difference — 
W. Veith and G. \Vl rk k. ,('ompt. cad. 
.Sci.( Paris), vol. 233, pp. 1097-1101; November 
5, 1951.) Measurements were made of the con-
tact potential with and without illumination 
for a CilS layer in vacuum, using a retarding. 
potential  method.  The  results support  a 
formula obtained by a classical calculation (see 
e.g., 4444 of 1940 (Mott and Gurney)]. Varia-
tion of the contact potential with temperature 
is also noted. 

537.311.33:546.482.21  1628 
Measurements of the Electrical Conduc-

tivity of CdS Crystals Irradiated by Medium 
Energy Electron Beams—II. Benda.  Ann. 
Phys. (Lpz.), vol. 9, pp. 413-422; November 15, 

•  1951.) 

537.312.8:546.87  1629 
The  Anomalous  Magnetoresistance  of 

Bismuth at Low Temperatures —P. B. Alers 
and R. T. Webber. (Phys. Rev., vol. 84, pp. 
R63--864; November 15, 1951.) Results are re-

ported of measurements made on Bi crystal 
rods 2 mm in diameter and 2-3 cm long, using 
transverse fields of strength 60 kilogauss and 

over. 

537.533.0:537.226  1630 
Direct Demonstration of the Conductivity 

of a Thin Dielectric under Electron Bombard-
ment—C. Dufour. (Jour. Phys. Radium, vol. 

12, pp. 887-888; November, 1951.) Measure-
ments were made of the current through a 

composite target comprising an evaporated 
layer of ZnS between evaporated layers of Al 
across which a variable voltage was applied. 

538.221 1631 
Systematic Relations between Hysteresis, 

Creep of Nonlinearity Products, and the Richter 
After-Effect--R. Feldtkeller, H. Wilde and G. 
Hoffmann. (Z. ante-w. Phys., vol. 3, pp. 401-
409; November, 1951.) Measurements made on 
three similarly treated specimens of Si/Fe-alloy 
stampings are reported; systematic differences 
between them are discussed. The measurement 
equipment is described. 

538.221 1632 
Ferromagnetic Resonance and the Internal 

Field in Ferromagnetic Materials J R Ma, - 
Donald. (Prix. Phys. .tioc , vol. 64, pp. 068-
983; November I, 1951.) "A classical treatment 
of the domain energy terms of a homogeneous 
ferromagnetic solid leads to a formula for the 
internal field contributions from these terms. 
With this result, modifications in the resonance 
condition of ferromagnetic resonance arising 
from self energy, exchange energy, magneto-
crystalline anisotropy and applied or intrinsic 
stress are obtained and are applied to various 
crystalline anisotropy and stress conditions of 
interest in ferromagnetic resonance experi-
ments. Finally, the bearing of the results on the 
anomalous z-values obtained in resonance ex-
periments is considered." 

538.221  1633 
The Magnetization Process in Ferrites --

H. P. J. Wiin and J. J. Went. I Physica,vol 17, 
pp.  976 992;  November/December,  1931 
"The initial magnetization curve of ferrites has 
been measured as a function of frequency up 
to 2 mc. It has been found that the magnetiza-
tion of sintered ceramic ferrites with a high 
permeability is brought about by at least two 
processes, one of which, in the frequency range 
covered, is independent of frequency and deter-
mines the initial permeability.  The other 
process has a relaxation frequency of about 200 
kc and is responsible for the irreversible proc-

esses during magnetization. From measure-
ments on samples of sintered ferrites fired at 
different temperatures it has been concluded 
that the frequency-dependent magnetization is 
caused by irreversible Bloch-wall displace-
ments, while the initial permeability is caused 
by a reversible rotation of the magnetization in 
Weiss domains in the direction of the external 
magnetic field (in contrast to what is believed 
to be the case in cast ferromagnetic metals). A 
discussion shows that neither eddy current 
effects nor any inertia effects so far known are 
responsible for the relaxation frequency of the 
Bloch wall at about 200 kc." 

539.23:537.311.31  1634 
Variation, as a Function of Temperature 

and Applied E. M.F., of the Electrical Re-
sistance of Very Thin Metal Films Deposited 
on  Diamond,  Amber  and  Plexiglass —N. 
Nlostovetch and T. Duhautois. (Comm. Rend. 
Acad. Sci. (Paris), vol. 233, pp. 1265-1267; 
November 19, 1951.) The results do not differ 
appreciably from those previously obtained 
(1701 and 2535 of 1950); they suggest that the 
semiconductivity of very thin films is not an 
impurity-type semiconductivity in which the 
support plays an essential part. 

546.289+ 546.815.7211: 537.311.33  1635 
A Study of Rectification Effects at Surfaces 

of Germanium and Lead Sulphide —C. A. 

Hogarth and J. W. Granville. (Proc. Phys. 
Soc., vol. 64, pp. 992-998; November I, 1951.) 
Chemical etching or thermal treatment in 
vacuo can remove the amorphous surface layer 
produced by polishing. Heat treatments up to 
900° C can improve the rectification charac-
teristics considerably, and may be preferable to 
etching. Surface modifications resulting from 
the various treatments were examined by 
electron diffraction. 

546.289: 539.164.0  1636 
Electron-Hole Production in Germanium 

by Alpha-Particles  K. 4..  Mt-Kay. ( Phys. 
Rey., vol. 84, pp 829-832; November 15, 1951.) 
The number of electron-hole pairs produced in 
Ge by alpha-particle bombardment was deter-
mined by collecting the internally produced 
carriers across a reverse-biased n — p junction. 
There was no evidence of trapping of carriers 
in the barrier region. The energy lost by a 
bombarding particle per electron-hole pair 
produced is 3.0 + 0.4 ev. The difference between 
this and the energy gap is attributed to losses 
to the lattice from the internal carriers. 

546.280:539.185.9  1637 
Evidence for Production of Hole Traps in 

Germanium by Fast Neutron Bombardment— 
J. W. Cleland, J. II. (rawford. Jr., K. Lark-
Ilorovitz, J. C. Pigg and F. W. Young, Jr. 
(Phys. Rev., vol 84, pp. 861 -862; November IS, 
19   

546.289:621.314.7 535.215  1638 
The n-p-n junction as a Model for Sec-

ondary  Photoconductivity— K.  G.  McKay. 
Phy,. Rey., vol. 84, pp. 833-835; November IS, 
1951.) Expe  •nts are discussed in which a 
Ge n-p-n junction is subjected to bombard-
ment by alpha particles, producing excess-hole 
currents in the p region. Since the secondary 
currents observed in photoconductive insula-
tors have similar characteristics, study of the 
n-p-n junction is expected to lead to better 
understanding of secondary photoconductiv-

ity. 

547.476.3: 537.228.1 6 
Rochelle-Salt  Specimens moulded from 0 

Crystal Plates under High Pressure—F. Blaha. 
(Aria Pin,. ausiriaca, vol. 4, pp. 272-277; 
December, 1950.) Disks cut from Rochelle-
salt crystals were moulded into pastilles by 
application of pressure up to 17,000 kg/cm' in 
the direction of the a axis. Conductivity and 
permittivity measurements over a range of 
temperatures are given. 

549.211.001.3  1640 
The  Effect of Inhomogeneities on the 

Electrical  Properties  of  Diamond—A.  J. 
Ahearn. i Phys. Rey., vol. 84, pp. 798-802; 
November 15, 1951.) 

549.514.51  1641 
A New Crystal Cut for Quartz with Zero 

Temperature Coefficient—E. J. Post. (App!. 
Sci. Res., vol. B1, pp. 420-428; 1950.) See 115 
of 1950. 

621.314.634  1642 
Reversible Changes  in  the  Boundary 

Layer of Selenium Rectifiers —A. Hoffmann, 
F. Rose, E. Waldkotter and E. Nitsche. (Z. 
No:w.f., vol. 5a, pp. 465-467; August, 1950.) 
Two observed phenomena are discussed: (a) 
an increase of working resistance on changing 
over from application of forward voltage only 
to application of alternating voltage; (b) a de-
crease of the capacitance of the boundary layer 
with increase of the operating bias voltage, for 
the same instantaneous total voltage. Both 
effects can be explained by assuming a migra-
tion of impurity centers due to increased mean 
field strength at the boundary. 

621.314.7  1643 
Transistors: Part 2—Physics and Construc-

tion of the Transistor —J. Malsch. (Arch. eleki. 
Chertragung, vol. 5, pp. 425-433 and 467-573; 
September and October, 1951.) Addendum. 



890  PROCEEDINGS OF THE I.R.E. 

7 
July 

ibid., vol. 6, pp. 73-79; February, 1952. A sur-
vey paper. Part I: 2726 of 1951. 

621.315.616:547-1281'  1644 
Silicone Rubber emerges as a Dielectric 

Material —J. F. Dexter. (Elec. Mfg. (N. Y.), 
vol. 45, pp. 100-103, 204; June, 1950.) Results 
of tests on the effects of aging and temperature 
on the physical and electrical properties of 
silicone rubber are shown. Samples with brittle 
points at -90°C are serviceable at 250°C and 
withstand temperatures up to about 175°C in-
definitely. They show exceptional resistance to 
heat, cold, moisture, oxidation, corona dis-
charge and fatigue. Points of production tech-
nique are noted. 

621.396.622.63  1645 
The Temperature Dependence of the Static 

Characteristics of Crystal Rectifiers, and its 

Theoretical Significance —K.  Seiler.  (Z. 
Naiad., vol. 5a, pp. 393-397; July, 1950.) An 
experimental investigation was made of recti-
fiers composed of a layer of Si with traces of Al, 
in combination with a Mo contact point; the 
temperature range covered was -80°C to 
+95°C. I/V characteristics are plotted; the sig-
nificance of the results for determining the 
concentration of impurity centers is discussed. 

669.715:537.311.31 1646 
Effect of Alloying Elements on the Electri-

cal Resistivity of Aluminum Alloys —A. T. 
Robinson and J. E. Dorn. (Jour. Metals, vol. 3, 
pp. 457-460; June,  1951.)  "The electrical 
resistivities of aluminum alloys containing Cu, 
Ge, Zn, Ag, Cd, and Mg were found to increase 
linearly with the atomic percentage of the 
solute atoms. Application of Lincle's rule to 
these data suggests that each aluminum atom 
contributes 2.5 electrons to the metallic bond." 

778.3:1621.317.755+621.397.621.2 1647 
Photography of Oscillograms and Tele-

vision Images--H. Aberdam. (route la Radio, 
nos. 160 and 161, pp. 339-342 and 365-368; 
November and December, 1951.) An examina-
tion of the technique, with particular reference 
to the photographic emulsion required, the 
spectral brightness of the scanning spot, and 
the fluorescence of the screen. 

621.315.59 1648 
Semiconducting Materials. [Book Review] 

— H. K. Ilenisch (Ed.). Publishers: Academic 
Press, New York, N. Y., 1951, 281 pp., 86.80. 
(Electronic.; vol. 25, pp. 336-338; February, 
1952.) Proceedings of conference held at the 
University of Reading in July, 1950; contains 
the full text of the 28 papers presented. 

MATHE MATICS 

681.142  1649 
A General Purpose Differential Analyser: 

Part I—Description of Machine —G. L. Ash-
down and K. L. Selig. (Elliott Jour., vol. 1, 
pp. 44-48; September, 1951.) This analyzer is 
designed for robustness and for rapidity of 
problem setting rather than for high accuracy. 
The integrator  is of  ball-and-disk  type. 
Mechanically independent units are connected 
by servo-links  with  electrical  connections 
through a central cross-connection panel. 

681.142  1650 
The Use of the EDSAC for Mathematical 

Computation —M. V. Wilkes. (A ppl. Sci. Res., 
vol. B1, pp. 429-438; 1950.) A simple explana-
tion of the constituent elements of any pro-
gram. 

681.142  1651 
On the Background of Pulse-Coded Com-

putors —T. J. Rey. (Electronic Eng., vol. 24, 
pp. 28-32 and 66-69; January and February, 
1952.) 

681.142  1652 
An Electronic Multiplier— M. J. Somerville. 

(Electronic Eng., vol. 24, pp. 78-80; February, 
1952.) Description of a multiplier circuit with 

negligible time lag for use in an analogue com-
puter. The frequency of a carrier is modulated 
in proportion to one of the multiplicands, while 
its amplitude is modulated in proportion to the 
other. The resulting signal is fed to a phase dis-
criminator, whose output is proportional to 
the required product. The use of the technique 
is illustrated in solving Airey's equation. 

51:62 1653 
Advanced Engineering Mathematics. [Book 

Review[—C. R. Wylie, Jr. Publishers: M. - 
(;r '-llill, New York, N. Y., 1951, 640  
$7.50. (Electronics, vol. 25, p. 330; Ft brit:. y, 
1952.) " . strongly recommended as text 
book or reference for advanced students in elec-
trical engineering." 

519.2  1654 
Statistische Methoden für Naturwissen-

schafter, Mediziner und Ingenieure (Statisti-
cal Methods for Scientists, Physicians and 
Engineers). [Book Review]--A. Linder. Pub-
lishers: Birkhauser,  Basle, Switzerland, 2nd 
enlarged ed., 238 pp., 31.20 Swiss francs. 1951. 
(Z. angrw. Math. Ph)s., vol. 2, pp. 494-495; 
November 15, 1951.) " . . . will have a wide 
circulation and give excellent service in both 
theory and practice." 

681.142  1655 
The Preparation of Programs for an Elec-

tronic Digital Computer. [Book Reviewl— M. 
\ . Wilkes, D. J. Wheeler and S. Gill. Pub-
lishers: Addison- Wesley Press,  Cambridge 
Mass., 1951, 167 pp., $5.00. (Jour. Frank. 
Inst., vol. 252, pp. 445-446; November. 1951.) 
"Although the system of subroutines discussed 
and given in this book might not be applicable 
to all machines, it can serve as a pattern %%Well 
will greatly facilitate the development of such a 
system for a particular machine." 

681.142 1656 
Synthesis of Electronic Computing and 

Control Circuits. [Book Review] - Staff of the 
Computation Laboratory, Harvard University. 
Publishers: Harvard University Press, Cam-
bridge, Mass., 1951, 278 pp., 88.00. (Elec-
tronics, vol. 25, pp. 400, 406; March, 1952.) 
"The book deals entirely with digital comput-
ing circuits, considering no analog devices. The 
control circuits mentioned in the title are of 
the type in which all of the relevant informa-
tion is handled in digital form, rather than of 
the type associated with servoznechanisms." 

MEASURE MENTS AND TEST GEAR 

538.71  1657 
Some Developments in Electronic Mag-

netometers—A. W. Brewer, J. Squires and H. 
NIcG. Ross. (Elliott Jour., vol. 1, pp. 38-43; 
September, 1951.) Developments discussed in-
clude (a) airborne equipment suitable for geo-
physical surveys and capable of measuring 
variations as small as 1 gamma in the total geo-
magnetic field, (b) equipment for absolute 
measurements. 

621.3.018.41(083.74)  1658 
Standard-Frequency Transmissions— 

(Wireless Eng., vol. 29, p. 82; March, 1952.) 
Actual values for the frequencies of the stand-
ard-frequency transmissions from Rugby (1027 
of May) and Droitwich (718 of April), as deter-
mined at the National Physical Laboratory, 
are to be reported regularly in Wireless Engi-
neer. The first report, presented here, gives 
values for February 1952. 

621.3.018.41(083.74)+529.7861:538.569.4 1659 
"Atomic" Clocks and Frequency Stabiliza-

tion on Microwave Spectral Lines—C. H. 
Townes. (Jour. App!. Phys., vol. 22, pp. 1365-
1372; November, 1951.) "Application of the 
various types of radiofrequency spectral lines 
to accurate frequency stabilization and time 
standards is surveyed. Pertinent character-
istics of microwave gas absorption lines and 
the various types of errors in frequency 
stabilization due to the nature of these ab-

sorption lines or to fundamental thermal noise 
are discussed in detail. It is shown that time 
standards synchronized with microwave ab-
sorption in ammonia or resonances in molecular 
or atomic beams have limits of accuracy of t he 
order of 1 part in 10" for a short time, and still 
smaller limiting fractional errors over longer 
periods of time." 

621.317.18.083.4  1660 
Balance Approach in A.C. Measurement 

Circuits:  Part  1—Theoretical Bases —H. 
Poleek. (Arch. Tech. Messen, Id'. T115-T116; 
October, 1951.) An ideal balancing operation is 
characterized by unambiguous indication of 
the direction in which the balancing elements 
must move, and by a single movement of the 
balancing elements to reach zero. Operation of 
null indicators with and wit hoot phase de-
pendence is analyzed. 

621.317.3:621.385.032.216 1661 
A Method of Measuring the Interface Re-

sistance and Capacitance of Oxide Cathodes--
C. C. Eaglesfield and P. E. Douglas. (Brit. 
Jour. Appl. Phys.., vol. 2, pp. 318-320; Novem-
ber, 1951.) The interface impedance, consisting 
of a resistance and a capacitance in parallel, 
causes frequency-dependent feedback. Another 
frequency-dependent network is added to make 
the gain independent of frequency, in which 
case the interface components are equal to the 
measurement components. The apparatus and 
its operation are described briefly. 

621.317.328.029.62  1662 
V.H.F. Microvoltmeter and Field-Strength 

Measurement Set —P. Lygrisse. (Efecironique 
(Paris), pp. 29-31; November, 1951.) Circuit 
diagram and description of an instrument for 
field-strength measurements at levels between 
.5µV/m and 0.1 W m in the frequency range 
75-195 mc. 

621.317.335.3.029.64  1663 
Balance Methods for the Measurement of 

Permittivity in the Microwave Region - T. J. 
Buchanan. (Proc. 1 F.E, Part III, vol. 99, pp. 
61-66; March, 1952.) From measurements of 
propagation constant the permittivity of water 
and aqueous solutions were calculated for wave-
lengths of 3.2 cm and 1.26 cm. 

621.317.335.3.029.64 16t4 

A New Method for Measurement of the 
Dielectric Constant of Low-Conductivity Fluids 
in the Centimetre Waveband—E. Ledinegg, 
P. Urban and F. Reder. (Acta Phys. austriaca, 
vol. 4, pp. 9 -17; July, 1950.) A method using 
a cylindrical cavity resonator is described; 
operation is at fixed frequency and at fixed 

cylinder length. The determination is made by 
measuring the volume of fluid introduced into 
the cavity to make it resosate at the same fre-
quency as when empty. Accuracy to within a 
few parts per thousand is pctssible. 

621.317.336 1665 
Impedance Measurement at High Fre-

quency using Bridged-T and Parallel-T Ele-
ments —K. Lamberts. (Arch. Tech. Messen, 
no. 189, pp. T108-T109; October, 1951.) 

621.317.374 1660 

Determination of Loss Angle of Materials 
with High Dielectric Constant —E. Ledinegg 
and P. Urban. (Acta Phys. austriaca, vol. 4, 
pp. 197-212; December, 1950.) The method is 
based on the introduction into a cylindrical 
cavity resonator of a layer of the dielectric 
material of thickness such that the resonance 
frequency is the same as for the empty cavity. 
See also 1664 above. 

62 1.317.411.029.62/.63  1667 

On the Determination of the Complex 
Permeability of Ferromagnetic Conductors at 
High Frequencies —A.  Wieberdink.  (App!. 
Sci. Res., vol. B1, pp. 439-452; 1950.) The 
complex propagation constant for ern waves 
in a concentric Lecher system, the outer con-
ductor being copper, while the inner conductor 
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is a wire of the material under investigation, is 
measured. From this constant the complex 
permeability of the wire can be calculated. 
Results of measurements on a Ni-Fe wire show 
a decrease of permeability with increasing fre-
quency and a resonance phenomenon at a 
frequency of 320 mc. 

621.317.7:621.396.615.17  1668 
The Multivibrator as Test Apparatus—O. 

1.imann. (Funk u. Ton, vol. 5, pp. 585-599; 
November, 1951.) Description of the circuit 
and its operation and of many applications in 
square-wave testing. 

621.317.723: 621.385.5  1669 
A Stabilized Mains-Supplied Valve Elec-

trometer Circuit—G. Bonfiglioli and G. Mon-
talenti. (Alta Frequen:a, vol. 20, pp. 210-213; 
0 tober, 1951.) 

621.317.725 1670 
Linear Diode Voltmeter—R. E. Burgess. 

(Wireless Eng., vol. 29, p. 80; March, 1952.) 
Correction to paper abstracted in 736 of April. 

621.317.725:621.314.671  1671 
Valve Voltmeter. The Rectifier Section.— 

M. G. Scroggie. (Wireless World, vol. 58, pp. 
89-94; March, 1952.) Detailed discussion of 
the design of a double-diode rectifier unit suit-
able for use in the measurement of alternating 
voltages with the dc instrument described in 
1041 of May. 

621.317.725:621.317.32: 621.396.822  1672 
Slideback and Infinite-Impedance Volt-

meters—R. E. Burgess. (Wireless Eng., vol. 
29, pp. 59-62; March, 1952.) Extension of 
inalysis given previously for diode and anode-
bend voltmeters (189 of February). In the 
slideback voltmeter the increase of mean cur-
rent through a diode or triode on application of 
an input voltage is counterbalanced by addi-
tional negative bias; this type of voltmeter 
gives indications lower than the peak voltage of 
a cw signal and has a square-law response to 
noise. The infinite-impedance voltmeter has 
the same rectification characteristics as a 
simple diode voltmeter, but takes no power 
from the source. Curves are given for the recti-
fication characteristics of the different types of 
_ voltmeter for cw signals and fluctuation noise 
applied separately; formulas are derived for 
the response to any arbitrary mixture of signal 
and noise. 

621.317.73  1673 
A Microwave Swept-Frequency Impedance 

Meter—E. A. N. Whitehead. (Elliott Jour., 
vol. I, pp. 57-58; September, 1951.) Descrip-
tion of an instrument based on the use of direc-
tional couplers, for the rapid testing of wave-
guide components. A klystron oscillator has its 
frequency swept by a mechanical drive, the 
waveband of 3.0 to 3.4 cm being covered once 
in two seconds. The amplitude and phase of the 
voltage reflection coefficient of the component 
on test are displaced on a cro. 

621.317.733.011.21:621.392.26  1674 
A Reflectionless Wave-Guide Termination 

- -R. E. Grantham. (Rev. Sci. Instr., vol. 22, 
pp. 828-834; November, 1951.) Developed as a 
reference standard for microwave impedance 
bridges, the termination, also applicable to 
coaxial transmission lines, consists of a section 
of waveguide with a movable dissipative load, 
and is preceded by a tuner which can be ad-
justed to cancel in magnitude and phase the 
small reflection coefficient of the load. Reflec-
tion coefficients of 0.001 were obtained with 
X-band waveguide terminations. 

621.317.733.011.21:621.396.611.21  1675 
• The Design and Use of an Admittance 

Bridge for Piezoelectric Crystals —J  F. W. 
Bell. (Brit. Jour. Appi. Phys., vol. 2, pp. 324-
327; November, 1951.) A radio-frequency 
bridge for the rapid measurement of resistance 
and 0-factor of piezoelectric crystals is de-
scribed. The limitation of the accuracy of 

measurement due to frequency fluctuations of 
the generator used and to variations in the 
stray capacitance of the variable resistance 
arm of the bridge is discussed. Examples of the 
use of the bridge at 250 kc are given. 

621.317.737  1676 
A Q-Meter based on Free Damped Oscilla-

tions—K. Franz and S. F. Pinasco. (Rev. 
telegr. Electronica (Buenos Aires), vol. 40, pp. 
731-733; November, 1951.) The meter is 
designed for determining accurately the Q 
value of the tank circuits of power oscillators, 
with Q values <20. The circuit under test is 
introduced in the anode lead of a type-6SH7 
pentode with pulsed input. The arrival of a 
pulse charges the tank-circuit capacitor, which 
discharges by free oscillation of the circuit; the 
voltage changes across the capacitor are ap-
plied to the grids of a double triode (the two 
sections connected in parallel) which is cathode 
coupled to a cro. The Q of the tank circuit is 
given by Q=--n11/log (Bo/B.), where Bo is the 
initial amplitude and B,, that of the nth wave 
in the damped wave train displayed on the 
cro. Typical oscillograms corresponding to Q 
values ranging from 63 to <0.5 are shown. 

621.317.755:621.385.012 1677 
Electron-Tube Curve Generator —M. L. 

Kuder. (Electronics, vol. 25, pp. 118-124; 
March, 1952.) Description, with detailed cir-
cuit diagram, of equipmer.t for cro display of 
families of anode characteristics, together with 
the locus of the load line and coordinates for 
direct measurement. 

621.317.755:621.385.012  1678 
Electron  Tube  Curve  Tracer —J.  IL 

Kuykendall. (Radio and Telev. News, Radio-
Electronic Eng. Section, vol. 46, pp. 9-11, 29; 
August, 1951.) Description of cro equipment 
with direct-reading current voltage scales. 

621.317.76.029.3  1679 
Frequency Comparator —P. Riety. (Ann. 

Telecommun., vol. 6, pp. 332-336; November, 
1951.) Description of a circuit designed for the 
calibration of af oscillators at frequencies be-
tween 20 cps and 20 kc. A series of subharmon-
ic frequencies is derived from a standard-
frequency 1-kc oscillator by frequency divi-
sion in a multivibrator circuit. The signal of 
frequency to be measured is made to beat with 
a suitable harmonic of one of the derived fre-
quencies, a magic-eye or loudspeaker being 
used as indicator. Calibration points are avail-
able at the first 50 harmonics of nine fre-
quencies ranging from 20 cps to 1 kc. A circuit 
diagram and component values are shown. 

621.317.784  1680 
Power Meter and Mismatch Indicator— 

R. G. Medhurst and J. A. Knudsen. (Wireless 
Eng., vol. 29, p. 112; April, 1952.) A closed 
expression is given for an integral used by Boff 
(449 of March) in determining the sensitivity 
of a pickup loop. 

621.396.615.11:534.844.1 1681 
Equipment for Acoustic Measurements: 

Part 3—Acoustic Pulse Measurements—C. G. 
Mayo, D. G. Beadle and W. Wharton. (Elec-
tronic Eng., vol. 23, pp. 424-428; November, 
1951.) A tone pulse is radiated into a studio 
under test, and the sound is picked up by a 
microphone connected to a triggered-timebase 
oscilloscope. The equipment weighs <42 lb. 
Details are given of the circuits used. Trigger-
ing pulses at any predetermined interval be-
tween 0.5 and 30 sec are provided automatically 
by a transitron oscillator. 

621.396.615.14+1621.396.664:621.397.6  1682 
Ultra High Instrumentation —R. G. Peters. 

(TV Eng. (N. Y.), vol. 2, pp. 18-20; Novem-
ber, 1951.) R.C.A. test and measurement 
equipment described includes a sweep/marker 
generator and a picture monitor, rf load and 
wattmeter, and frequency and modulation 
monitors for television transmitters. 

621.396.615.17  1683 
Variable-Frequency Clock-Pulse Generator 

— R. R. Rathbone. (Radio ZY Telev. News, 
Radio-Electronic Eng. Section, vol. 46, pp. 19-
20; August, 1951.) Description of a test unit 
developed at the Massachusetts Institute of 
Technology, providing 0.1-ps pulses with 
repetition frequencies from 0.2 to 4.9X 106/sec, 
the frequency being stable to within 20 parts in 
106. The unit is used for building up complex 
circuits for pulse operation, and has standard 
93-Q input and output impedances. 

621.396.615.17:621.397.6.001.4  1684 
Linear Staircase Generator for Television 

Use —A. M. Spooner and F. W. Nicholls. 
(Electronic Eng., vol. 23, pp. 481-482; Decem-
ber, 1951.) A cathode-coupled multivibrator 
is synchronized by line-suppression pulses; at 
the end of each pulse the multivibrator exe-
cutes a train of oscillations, controllable in 
number between S and 30. This output is ap-
plied to a diode counter circuit, which generates 
a pulse with the corresponding number of steps. 
Such a wave form is useful for testing the 
response of television film recording apparatus. 

621.396.933.2.001.4  1685 
ILS Field Test Set—C. L. Ellis. (Radio and 

Telev. News, Radio-Electronic Eng. Section, 
vol. 46, pp. 3-5, 26; November, 1951.) De-
scription of the G-250A set for checking the 
entire aircraft instrument-landing equipment. It 
is of rugged, weatherproof construction and can 
be operated by nontechnical personnel. Three 
independent crystal-controlled generators pro-
vide the marker, localizer and glide-slope fre-
quencies, a choice of 20 being available in the 
localizer and glide-slope bands. A cycling unit 
controls the signal modulation sequence and is 
designed for either automatic or manual opera-
tion. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

532.137 : 621.395.611.62  1686 
Vibrating-Plate Viscometer —J. G. Wood-

ward. (Electronics, vol. 25, pp. 98-100; Feb-
ruary, 1952.) The viscous damping exerted on 
a plate immersed in a liquid and oscillating in 
its own plane is measured by an electro-
mechanical transducer. 

534.321.9: 620.179.1 1687 
Ultrasonic Tyre-Testing Equipment —(En-

gineer (London), vol. 192, pp. 565-566; Novem-
ber 2, 1951.) A nondestructive production test 
developed jointly by the Dunlop and General 
Electric companies is based on the fact that an 
internal discontinuity such as imperfect bond-
ing between rubber and fabric gives rise to an 
air film which reflects ultrasonic waves almost 
completely. The tyres are immersed in water 
during test. The generator used is a quartz 
crystal operating at 50 kc and located 1 inch 
from the rubber, in the well of the tyre; the 
power output is about 1 w. See also Elec. Rev. 
(London), vol. 149, pp. 893-894; November 2, 
1951.) 

621 -52:621.396.611.3 1688 
Applications  of Electrical  Methods  of 

Differentiation to  Control  Problems—J. 
Rateau. (Rev. Gen. Eke., vol. 60, pp. 451-465; 
November, 1951.) Analysis of basic differ-
entiating circuits and discussion of their design 
and application in control mechanisms such as 
an automatic pilot. 

621 -526 1689 
An Electronic Servo Simulator for Unstable 

and Open Loop Systems —N. T. van der Walt. 
(Electronic Eng., vol. 24, pp. 52-57; February, 
1952.) The simulator consists of a number of 
feedback amplifiers in cascade; its response to a 
square-wave input is viewed on a cro. In-
clusion of clamping arrangement, operative 
during the timebase flyback, ensures a stable 
return to datum level. 
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621-57:537.228.1  1690 
High-Speed Crystal Clutch —(Jour. Frank. 

Inst., vol. 252, pp. 427-428; November, 1951.) 
In a clutch developed by Codier at the National 
Bureau of Standards, primarily for URC in high-
speed computers, application of direct voltage 
to the electrodes of three "himorpli" piezo-
electric elements causes them to bend and 
press the clutch output disk against the rotat-
ing input disk. 

621.317.083.7 1691 
Simultaneous A. M. and F. M. in Rocket 

Telemetering —W. C. Moore. (Electronics, vol. 
25, pp. 102-105; March, 1952.) Details of 

receiver and pressurized transmitter operating 
on a single carrier frequency of 183 mc and 
providing two channels, one an AM channel 
5 mc wide  suitable  for  rapidly varying 
phenomena, unusual wave forms, etc., the 
other a FM channel using a reactance modula-
tor. The AM is effected by screen-,grid modula-
tion of the final stage of the transmitter. 

621.365.54t 1692 
Induction Heating in the Drop-Forging 

Industry —G. W. Seulen. (Metal Treat., vol. 
18, pp. 483-489; November, 1951.) Various 
types of medium-frequency (i.e. up to 10 kc) 
generator equipment are discussed and details 
are given of some German-designed plants. 

621.383.001.8: 535.61-15: 778.37  1693 
The Application of Image Converters to 

High Speed Photography —J. A. Jenkins and 
R. A. Chippendale. (Jour. Brit. I.R.E., vol. 11, 
pp. 505-517; November, 1951.) Description of 
the use of a new type of tube, the Mullard 
ME 1201, with a Cs-Sb cathode of very low 
resistance and average sensitivity of 20 NA/lu-
men to tungsten light at 2,700°K, as a high-
speed optical shutter. Exposure times shorter 
than 10-7  sec can be obtained. Numerous test 
photographs are reproduced. 

621.384.6  1694 
The Helix as a Linear Accelerator for 

Protons— D. R. Chick and D. P. R. Petrie. 
(Nature (London), vol.  168, pp. 782-783; 
November 3, 1951.) A circular waveguide con-
sisting of a closely wound wire helix has been 
proposed for accelerating protons up to about 
20 Mev. To counteract the radial component of 
electric field due to the wave, which tends to 
disperse the proton beam, a hollow beam of 
electrons surrounding the proton beam is sug-
gested. 

621.385.833 1695 
Ion Image of an Emissive Anode--G. 

Couchet, M. Gauzit and A. Septier. (Compt. 
Rend. Acad. Sci. (Paris), vol. 233, pp. 1087-
1090; November 5, 1951.) Report of observa-
tions, made with an emission-type electron 
microscope, of the positive-ion emission from a 
plane anode heated by electron bombardment. 
The fluorescent screen is of Ca W04. 

621.385.833 1696 
The Axial Potential of [electron] Lenses 

with Grids —M. Bernard. (Compt. Rend. Acad. 
Sc!. (Paris), vol. 233, pp. 298-299; July 23, 
1951.) A rigorous expression is derived for the 
axial potential of a tense consisting of two 
symmetrical cylindrical or plane equipotential 
elements with circular holes, and an interposed 
plane grid at a potential different from that of 
the other two elements. 

621.385.833  1697 
Gaussian Elements of (electron] Lenses 

with Grids —M. Bernard. (Comp:. Rend. Acad. 
Sci. (Paris), vol. 233, pp. 1354-1356; Novem-
ber 26, 1951.) Calculations from the formulas 
previously derived (1696 above) gave results 
in good agreement with the experimental ob-
servations of Knoll and Weichart (4542 of 
1938). Both convergent and divergent lenses 
are treated. 

621.385.833  1698 
Rigorous Calculation of Typical Electro-

static Electron Lenses — W. Glaser and 11. 
Robl. (Z. angry, Math. Phys., vol. 2, pp. 444-
469; November 15, 1951.) Paraxial electron 
trajectories are determined for configurations 
approximating to cylindrical lenses. 

621.385.833  1699 
Newton's Law of the Formation of Images 

applied to Electron Optics P. Funk. (Alta 
Phys. austriaca, vol. 4, pp.304 -308; I /eceiliber, 
1950.) A simpler solution than those of flutter 
(1004 of 1946) and Glaser and Lammel (202 of 
1942) is presented. 

621.385.833  1700 
High-Resolution  Velocity  Analysis  with 

Magnetic Electron Lenses  F. Lenz. ( Natur-
wiss., vol. 38, pp. 524-525; November, 1951.) 
A method is described for testing lens liv 
stability and investigating electron velocity 
losses by observations on a ring-focus line. 

621.385.833 1701 
Imaging Properties of a Series of Magnetic 

Electron Lenses —G. Liebmann and E. M. 
Grad. (Proc. Phys. Soc., vol. 64, pp. 956-971; 
November I, 1951.) An investigation of the 
dependence of the paraxial image-forming 

properties and the first-order lens aberrations 
on geometrical design and lens excitation. The 
range of gap widths, S. investigated was 
S/D= 0.2 to S/D=2, where D= lens diameter. 
The field distributions within the lenses were 
measured; the lens data derived from the 
measurements are given in a series of graphs 
applicable to the most common magnetic elec-
tron lenses. Application of the results to lens 
design is discussed. 

621.385.833 1702 
Technique of Electron Microscopy —D. G. 

Drummond and G. Liebmann. (Nature (Lon-
don), vol. 168, pp. 819-821; November 10, 
1951.) A report of the proceedings at a con-
ference of the Electron Microscopy Group of 
the Institute of Physics held in St. Andrews 
University, 19th-21st June 1951, with brief 
indications of the subject matter of the various 
papers read. 

621.385.833  1703 
The  Symmetrical  Magnetic  Electron-

Microscope  Objective  Lens  with Lowest 
Spherical Aberration— G. Liebmann. (Proc. 
Phyc. Soc., vol. 64, pp. 972-977; November 1, 
1951.) In the symmetrical magnetic lenses 
already considered (1702 above) there is an 
optimum value of the lens excitation param-
eter which produces minimum spherical aber-
ration. The relation between maximum obtain-
able axial field strength and the maximum field 
strength in the pole-piece gap leads to an opti-
mum design for electron microscope objectives 
giving  minimum spherical  aberration and 
maximum resolving power. A modification of 
this optimum design for practical use is de-
scribed. 

621.387.4  1704 
Self-Quenching Counters containing Small 

Amounts of Polyatomic Constituent —A. D. 
Krumbein. (Rev. Sci. Instr., vol. 22, pp. S21-
827; November, 1951.) 

621.395.625.3 1705 
Ferrography —R. B. Atkinson and S. G. 

Ellis. (Jour. Frank. Inst., vol. 252, pp. 373-381; 
November, 1951.) "Eerrography" is the name 
given to a new magnetic process, here de-
scribed, for recording graphic information and 
reproducing it on paper in visual form. A scan-
ning process similar to that used in facsimile 
produces an electrical signal which is fed to a 
magnetic recording head, and a record is made 
on a film coated with iron oxide. Printed re-
productions are made using magnetic inks, 
either black or colored. The record can be 
used repeatedly and stored indefinitely. 

621 .398 :621 .396.712:621.396.619.13  1706 
Remote-Control System for F. M. Broad-

coast Stations —P. Whitney. (Tele-Tech, vol. 

10, pp. 32 -35 and 44-45, 80; August and Sep-
tember,  1951.) An effective remote-control 
system has enabled the W RFL transmitter, 
installed on a mountain peak, to be controlled 
from equipment in the studios at Winchester, 
Va., more than 20 miles away. No operators 
have been in regular attendance at the trans-
mitter since Ala if 1951. A general description is 
given of the , •lit, with detailed circuit 
diagrams of t  oscillators, band-pass 
mollifier, automatic protective circuits and 
t elemetry equipment. The protective equip-
ment was found very necessary owing to fre-
quent interruption of the transmitter power 
supply due to line surges caused by electrical 
storms, which  operated t he  main circuit 
breaker. A different type a breaker, together 
with a recycling device operating 3-5 times 

within a few seconds, eliminated this difficulty. 

621 52 1707 
Fundamentals of Automatic Control, 11o7ok713    

Review] --G. II. Farrington. Publishers: Chap-
man & hall, London, Eng., 1951, 285 pp., 30s. 
(Electronic Eng., vol. 23, p. 453; November, 
1951.) Gives a thorough analysis of the funda-
mentals of process control, but does not deal 
in detail with servomechanisms as such. 

PROPAGATION OF WAVES 

538.566 1708 
The Jumps of Discontinuous Solutions of 

the Wave Equation -II. Bremner. (Commits. 
pure app!. Math., vol. 4, pp. 419 -426; Novem-
ber, 1951.) There is a correspondence between 
discontinuous changes in an em field, with their 
associated wavefronts, and the amplitudes of 
the geometrical-optical approximations which 
correspond, under steady-state conditions, to 
ray trajectories orthogonal to the wavefronts. 
The theory of this correspondence is developed 
in terms of Dirac's impulse function for any 
discontinuity connected with the scalar wave 
equation. Modifications to the theory required 
in the solution of vector problems related to the 
application of Maxwell's equations are given. 

538.566  1709 
The Transport of Discontinuities in an 

Electromagnetic Field—E. T. Copson. Worn. 
man, pure app!. Math., vol. 4, pp. 427 433; 
November, 1951.) Generalized solutions of the 
vector wave equations are obtained and tla• 
transport equations are derived, the medium 
being assumed isotropic, with variable dielec-
tric constant and permeability. 

538.566.029.64  1710 
Asymptotic  Solutions  of  a Differential 

Equation in the Theory of Microwave Propaga-
tion---R. E. Langer. (Commun. pure app!. 
Math., vol. 3, pp. 427-438; December, 1950.) 
"The purpose of this paper is to show that 
asymptotic formulas for'the solutions of a 
differential equation that is central to the 
theory of microwave propagation may be 
readily derived from results that are available 

in the mathematical literature." The problem 
of determining the normal modes of propaga-
tion in an atmosphere in which the refractive 
index varies only with the height is first briefly 
reviewed. The differential equation under con-
ditions applying respectively to the "leaky" 
and "transitional" modes of propagation is dis-
cussed. In each case the results are compared 
with the analogous results of Pekeris (2211 of 
1947), obtained by power-series methods. 

621.396.11  1711 
The Propagation of E. M. Waves from Land 

to Sea and vice versa: Part 1—P. Miller. (Z. 
angew. Phys., vol. ), pp. 424 432; November, 
1951.) An analytk al approximation method of 
investigation is used in which the wave equa-
tion is first satisfied while neglecting the 
boundary conditions, and the boundary condi-
tions are then satisfied while neglecting the 
wave equation. It is assumed that (a) the earth 
is fiat, (b) sea and land are individually 
homogeneous and the boundary is sharp, (c) 
the sea is an ideal conductor, (d) the complex 
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refractive index of land is not very large, so 
that the simple Weyl solution is applicable, (e) 
the transmitter height is sufficient for refrac-
t ion and reflection at the earth's surface to be 
calculated by geometrical optics, (j) the dis-
tances of both transmitter and receiver from 
t he coast are large compared with the wave-
length. 

621.396.11 1712 
Propagation of Very-High-Frequency Radio 

Waves—E. H. Jones. (Nature (London), vol. 
168, pp. 870-871; November 17, 1951.) Meas-
urements are reported of the strength of the 
field at a height of 90 ft. due to an airborne 
transmitter at a height of 40,000 ft.; operating 
trequencies of 280.2 and 386.6 mc were used. 
t)bserved values are plotted against trans-
mitter/receiver distance and compared with 
values  calculated  from  conventional  ray 
t neory; the agreement is generally better when 
t he earth's radius is taken at its actual value 
rather than at its four-thirds value. Where the 
Indirect ray was reflected from the sea the ob-
served minima were deeper than the calculated 
values, the difference corresponding to an ap-
parent increase in reflection coefficient by a 
factor as great .1, 2.25 in some cases. 

621.396.11:551.510.535 1713 
Ionosphere Review: 1951. Greatly Reduced 

Rate of Decrease in Sunspot Activity and 
M.U.Fs -Bennington. (see 1605.) 

621.396.11:551.510.535 1714 
R.F.  Time-Delay Measurements—D. 
vidson: R. Naisinith and E. N. Bramley. 

ll'irele ,s Eng., vol. 29, pp. 111-112; April, 
1032 ) Comment on 473 of March and authors' 
tettly. 

621.396.81:523.72 1715 
Solar Activity and Inospheric Effects —R. E. 

Burgess and C. S. Fowler. (Wireless Eng., vol. 
29, pp. 46-50; February, 1952.) Ionospheric 
disturbances on short and long waves were in-
vestigated by recording the field strengths of 
two stations on frequencies of 18.89 mc and 
191 kc respectively. These results were com-
pared with solar activity in the form of flares 
and sunspots and with simultaneous recordings 
of solar noise on frequencies of 30, 42, 73 and 
155 mc. The times of commencement of dis-
turbances on short and on long waves and of 
solar flares were all coincident and varied by up 
to 3 minutes from the noise bursts which often 
preceded the other phenomena. 86 per cent 
of the noise bursts and 50 per cent of the ob-
served flares occurred without any accompany-
ing ionospheric effect. 

621.396.812.029.64 1716 
Attenuation of Radio Signals caused by 

Scattering—J. B. Smyth and C. P. Hubbard: 
A. II. LaGrone. (Jour. Appl. Phys., vol. 22, 
pp. 1386-1387; November, 1951.) Comment 
on 2525 of 1951 and reply by one of the authors. 

621.396.812.3.029.64 1717 
An Experimental Study of Fading in Propa-

gation at 3-cm Wavelength over a Sea Path--
D. G. Kiely, and W. R. Carter. (Proc. I EE, 
l'art III, vol. 99, pp. 53-60; March, 1952.) The 
observations were made between July 1950 
and January 1951 over an optical path of 10.6 
nautical miles, using horizontal polarization. 
Associated meteorological observations were 
made at points not far from the transmission 
path. Typical signal records are shown and the 
data analyzed in terms of the monthly mean 
level. No reliable prediction of fading could be 
made from the simple meteorological observa-
tions. The reduction in radar range due to 
fading reached a maximum in July and August, it• being up to 20 per cent for 90 per cent of the 
time. The power level of radar beacons for 
operation up to the radio horizon is estimated. 

RECEPTION 

621.396.621:621.396.822 1718 
On Determining the Presence of Signals in 

Noise —I. L. Davies. (Proc. SEE, Part III, 
vol. 99, pp. 45-51; March, 1952.) A theoretical 
treatment using the concept of existence 
probability, which is evaluated for a signal 
whose form is known precisely and for a 
modulated currier where only the carrier phase 
is unknown. The efficiency of any receiver 
can be derived by comparing existence prob-
abilities at input and output; the practical 
implications of this are discussed. When 
applied to the case of a radar signal, the 
theory shows that the filter giving the optimum 
range information will also yield the greatest 
existence information. 

621.396.621.54  1719 
Calculation of the Sensitivity of Decimetre-

and Centimetre-Wave Receivers using Diodes 
or Detectors as Mixers—H. Belding. (Arch. 
elekt. ebertragung, vol. 5, pp. 489-498 and 
561-564; November and December, 1951.) 
Using the concept of equivalent noise resist-
ance, formulas are developed for calculating 
the  critical  sensitivity  (corresponding  to 
unity signal/noise ratio); from these and the 
characteristics of the mixing circuit (mixer 
tube, first IF tube, IF circuit etc.) it is possible 
to calculate the oscillator power required to 
obtain unity signal/noise ratio at the outuPt 
of the IF amplifier. This calculation is made 
for a crystal mixer, and the influence on the 
sensitivity of the mixer and IF parameters is 
examined. 

STATIONS AND CO M MUNICATION 
SYSTE MS 

517.512.2:621.39.001.11:621.396.67.012.71 
1720 

Fourier Analysis and Negative Frequencies 
— M. L. Telcs. (Wireless Eng., vol. 29, p. 80; 
March, 1952.) Discussion on 1422 of June 
(Shaw). 

621.317.35:621.3.015.7  1721 
Analysis of Non-Recurrent Pulse Groups--

L. S. Schwartz and N. P. Salz. (Radio and Tries. 
News, Radio-Electronic Eng. Section, vol. 46, 
pp. 8-10; November, 1951.) Graphical determi-
nation of the resultant frequency spectrum of 
non-recurrent  groups of  regularly spaced 
pulses such as occur in teletype and pcm 
transmissions. 

621.317.35:621.39.001.11  1722 
Signals of Given Duration and Minimum 

Spectral  Width— K.  Franz.  (Arch.  elekt. 
ebertrogung, vol. 5, pp. 515-516; November, 
1951.) Using Fourier integrals, an equation is 
derived whose solution gives the form of signal, 
for a given duration, for which the energy 
concentration within a given frequency band 
has its maximum value. The spectral concentra-
tion of energy in a rectangular pulse is very 
near the maximum. See also 2376 of 1951. 

621.39.001.11  1723 
The Concept of Information and Trans-

mission Capacity in Communication Technique 
—II. Weber. (Tech. Milt. schweiz. Telegr.-
TelephVerw., vol. 29, pp. 401-406; November 
1951. In German.) Discussion of a coding 
system for German text, making use of Shan-
non's theory. 

621.39.001.11:519.251.6  1724 
Information Theory and Inverse Prob-

ability in Telecommunication—P. M. Wood-
ward and I. L. Davies. (Proc. IRE, Part Ill, 
vol. 99, pp. 37-44; March, 1952.) "The founda-
tions of information theory are presented as 
an extension of the theory of inverse prob-
ability. By postulating that information is 
additive and taking suitable averages, all the 
essential definitions of Shannon's theory for 
discrete and continuous communication chan-
nels, with and without noise, are obtained. 
The theory is based on the idea that receiving 
a communication, or making an observation, 
merely changes the relati.ve probabilities of 
the various possible messages. The whole 
process of reception can therefore be regarded 

as a means of evaluating a posteriori probabili-
ties, and this leads to the idea that the optimum 
receiver in any telecommunication problem 
can always be specified, in principle, by inverse 
probability. The simplest instance is the 
correlation receiver for detecting very weak 
signals in the presence of noise, and its theory 
is briefly discussed." 

621.395.44  1725 
Carrier-Frequency  Systems  free  from 

Linear Distortion—J. Peters. (Arch. elekt. 
ebertragung, vol. 5, pp. 509-515; November, 
1951.) Theory of the modulation and de-
modulation processes in a ssb system is con-
sidered; rigorous conditions for freedom from 
distortion are derived by using the Laplace 
transformation. A network can be found which 
will transmit the envelope free from distortion 
for a sine-voltage input initiated at any phase 
over the part of the cycle when the voltage is 
increasing; for initiation at other parts of the 
cycle  the output  contains an additional 
decaying direct component. Distortion-free 
transmission can still be obtained in this case 
by a tandem arrangement of circuits designed 
according to the analysis given. 

621.395.44:621.395.97  1726 
New Control and Measurement Equipment 

for the Broadcasting 1-network] Repeater 
Stations of the German Post Office —E. A. 
Pavel and  H.  Liersch. (Fermeldetech. Z., 
vol. 4, pp. 513-518; November, 1951.) Descrip-
tion of station equipment for line tests, control 
switching and program monitoring, comprising 
the test rack type 48 and associated loud-
speakers. See also 1238 of June (Pavel el al.). 

621.396.361.1  1727 
Radio Communications in the Australian 

Flying Doctor Service—L. N. Schultz. (Proc. 
I.R.E., (Aust.) vol. 12, pp. 300-302; October, 
1951.) Description of a system which provides 
subscribers distant more than 25 miles from a 
telephone with transceiver facilities. Three 
operating frequencies, of about 2, 4, and 7 
mc, are allotted to each of the eight bases 
together with the associated outposts, the 
actual frequencies being different for each 
group. Base-transmitter power ranges from 
20 w to 300 w. In addition to normal communi-
cation receivers, the bases have a night-alarm 
receiver. Outpost transmitters have an output 
of 3 w and are powered by vibrators, except 
for a few old stations with pedal-driven gener-
ators. Outposts use three fixed frequencies 
together with a variable tuning band for hf 
reception. 

621.396.44:621.315.052.631+621.317.083.7 
1728 

Single Sideband Transmission and its 
Multiple Utilization for Carrier-Current Chan-
nels on High-Voltage Power Lines—A. de 
Quervain (Brown Boveri Rev., vol. 38, pp. 208-
219; July/August, 1951.) See also 801 oh 
April (Block). 

621.396.5:621.396.931 1729 
450-Mc/a Mobile Radio Service—N. E. 

Wunderlich. (F M-TV, vol. 11, pp. 22-25, 38; 
November, 1951.) Description of equipment 
for a dispatch system for at least 1,000 taxis 
operating in Chicago. Five pairs of channels 
100 kc wide are used. Eight 15-w or 100-w 
phm transmissions cover eight zones each 
roughly 5 miles square. The mobile transmitter-
receiver units have a frequency stability of ± 5 
parts in 10° and can be operated on any of 
four switch-selected frequencies. Communica-
tion on 452 me is superior to that on 162 
mc in built-up areas; the average noise 
level is 10 db lower and no ignition interfer-
ence is experienced, while the walls of buildings 
apparently serve as waveguides, thus reducing 
attenuation. 

621.396.65 1730 
New Pennsylvania Turnpike U.H.F. Com-

munications System  I) N.  Lapp. (Eke-
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ironies, vol. 25, pp. 84-87; February, 1952.) 
Description of a system operating over a 327-
mile route between the outskirts of Philadelphia 
and the Ohio border, with 13 intermediate 
stations. Frequencies of 953 mc and 960 
mc are used along the main route, and fre-
quencies in the band 152-162 mc are used 
for local communication networks connected 
to the relay stations. 

621.396.65:621.387.4 1731 
Use of a Radio Link for studying Coinci-

dences between Pulses from Counters sepa-
rated by Large Distances —E. Picard, A. Rogo-
zinski and M. Surclin. (Jour. Phys. Radium, 
vol.  12,  pp.  854-857; November, 1951.) 
Equipment is described for a link operating 
on 10 kmc, with a range of about 20 km. 
When there is no line-of-sight path between 
the two stations a frequency of 5 mc is used. 

621.396.65.029.63:621.316.726 . 1732 
1400-Mc/s Radiophone—J. B. L. Foot. 

(Wireless World, vol. 58, pp. 132-135; April, 
1952.) An experimental radio link is described 
which uses a DET23 disk-seal triode tube 
operated to give an output of about 1 w. The 
range is up to about 30 miles with a signal/noise 
ratio of about 20 db. Each transmitter oscil-
lator acts also as local oscillator for the double-
superheterodyne receiver, a frequency differ-
ence equal to the first IF being maintained 
between the oscillators at the two stations. A 
"master and slave" system is used to keep 
this frequency difference constant in spite of 
oscillator frequency drift, the frequency of the 
slave station being controlled by an electro-
mechanical method in accordance with the 
frequency of the signal received from the master 
station. 

621.396.7.029.62 + 621.396.6211: 621.396.619.13 

1733 
F.M. in Germany—( Wireless World, vol. 

58, pp. 141-144; April, 1952.) Factors which 
have influenced the development of the FM 
vhf broadcasting network in Western Ger-
many are discussed. The disposition of trans-
mitting stations is shown. Some details are 
given of simple FM receivers which dispense 
with the use of limiter and discriminator. 

621.396.712:621.396.619.13:621.398  1734 
Remote-Control System for F.M. Broad-

cast Stations— Whitney. (See 1706.) 

621.396.712.029.55 1735 
The Allouis-Issoudun H.F. Group of Radio-

diffusion Frangaise —A. Gaillard. (Omit elect., 
vol.  31,  pp.  420-433; November,  1951.) 
Description of equipment for the sw broad-
casting service which in 1952 will include 
thirteen 100-kw transmitters, grouped at two 
centers. At Allouis one 100/130-kw transmitter 
operating in the 31, 41 and 49 m bands can 
be switched to any one of six dipoles oriented 
in N-S and E-W directions; two other units 
provide four simultaneous transmissions in the 
bands from 13 to 49 m from a system of 
twelve directive rhombic antennas. At Issoudun 
twelve simultaneous transmissions can be 
made. Features dealt with include the services 
now operating, station layout, power supply 
and tube cooling, circuit arrangement and 
tubes, and transmission characteristics. A 
map and chart show the world-wide coverage 
achieved. 

621.396.712(489)  1736 
Broadcasting Installations for the Two 

Programmes in Denmark (Teleteknik, (Copen-
hagen), vol. 2, pp. 207-249; October, 1951.) 

The Planning of the New Broadcasting 
Stations—G. Pedersen. 

Propagation Conditions for the V.1-IF. 
Range —B. Nielsen. 

The  Broadcasting  Station  at  Skive— 
G. Bramslev. 

The 100-kw Medium- Wave Transmitter 
at Kalundborg—G. Bro mley. 

Transmitters working on the International 
Shared Frequencies and New Stations 
for F. M. —P. Christensen. 

Directive  Aerials  in  Ilerstedvester —J. 
Hansen. 

Construction and Erection of Aerial Masts 
—I. G. Hannemann and B. J. Ramb0II. 

621.396.931:621.395.635  1737 
Selective Calling Applied to Mobile Radio— 

W. T. Muscio. (Proc. IR E., (Aust.), vol. 12, 
pp. 303-311; October, 1951.) Detailed descrip-
tion of the Selecto-Call system. The fixed 
station has a choice of eleven frequencies in 
the range 154-449 cps for AM of a 7-ke sub-
carrier, the main carrier being frequency 
modulated. The mobile receiver includes a 
decoder comprising up to four reeds turned to 
different  transmitter  tones;  actuation  of 
the needs in a given sequence is required to 
produce the calling signal. 

SUBSIDIARY APPARATUS 

621-526  1738 
Stabilization of  Direct-Current  Servo-

mechanisms —M. Cambornac and F. La-
jeunesse. (Onde elect., vol. 31, pp. 434-445; 
November,  1951.) Methods of improving 
stability are discussed. These include the use of 
phase-correcting networks and the coupling 
of an auxiliary dynamo to the servo motor. 
Circuits and characteristics of different low-
power models are given, the response times of 
which range between 0.01 and 0.2 sec. 

621-526:621.396.93 1739 
Analysis and Construction of a Position-

Fixing  Servomechanism--G. Klein.  (Ann. 
Telecommun., vol. 6, pp. 313-324; November, 
1951.) The mechanism is designed to operate 
with the direction discriminator [895 of 1950 
(Loeb et al.)] so that a direct reading of 
azimuth is obtained automatically. A theoreti-
cal analysis defines the specifications for the 
system. 

621.311.6  1740 
Carrier-Type Regulated Power—J. Iloule. 

(Radio and Telev. Neus, Radio-Electronic Eng. 
Section, vol. 46, pp. 14-15. .31; November, 
1951.) A continuously variable dc output 
from 0 to 300 v with regulation to within 0.1 v 
is obtained, using the following principle. An 
oscillator feeds a small signal to an ac amplifier. 
In series with the amplifier input is a Ge diode 
connected so that the dc control signal varies 
the diode bias current. At the amplifier output, 
the de is recovered by means of a rectifier. 

621.311.6  1741 
Regulated 1600-Ampere Filament Supply— 

A. \V. Vance and C. C. Shumard. (Electronics, 
vol. 25, pp. 122-123; February, 1952.) Descrip-
tion of circuit for the 6-V filaments of some 
4,000 tubes used in the Project Typhoon 
analogue-digital computer of the U. S. Navy. 

621.311.6:621.316.722.1 1742 
A Stabilized A. C. Supply for Lamps and 

Valve Heaters--J. C. E. Richards. (Jour. .Sci. 
lusty., vol. 28, pp. 333-335; November, 1951.) 
Description of a system providing up to 150 w 
of ac power with the rms voltage stable to 
within ±0.1 per cent. A saturated diode is 
used as reference element and a saturable 
choke as control element. 

621.311.62.078.3 1743 
A High-Stability  High-Voltage  Power-

Supply Unit—J. Templeton. (N. Z. Jour. Sci. 
Tech. B, vol. 33, pp. 218-223; November, 
1951.) Description of a mains-operated unit 
supplying 1 ma at 3ky steady to within ± 1 
part in 10' over periods of 30 min, and capable 
of modification to give greater output. 

621.314.6  1744 
Rectification of Alternating Currents with 

High  Modulation- -J.  'Wise.  (Arch.  deli. 
Obertragung, vol. 5, pp. 363-376; August, 
1951.) From an approximate equation for the 
static characteristic of rectifiers with essen-
tially constant differential slope, equations 
for the demodulation products (direct-current 
and modulation-frequency) are derived for the 
case of high modulation, when the rectifier 
operates like a tube. The operational parame-
ters, currents, voltages and effective resist-
ances on the input and output sides, as well 
as the demodulation distortion, are represented 
by transcendental functicns of the phase angle 
of the current, so that numerical values of the 
electrical quantities can be taken directly from 
tables and monograms, whose use is explained 
by several examples. 

621.314.6.012.6  1745 
Exact Analysis of the Linear Rectifier 

Circuit: Part 1—Half-Wave Rectification with 
with Capacitive Smoothing—II. N ielirs. (Fre-
quenz, vol. 5, pp. 273-279; October, 1951.) 
Formulas are derived for the amplitude and 
phase of the harmonics and the effective output 
voltage of a half-wave rectifier with sine-wave 
input, assuming negative half cycles to be 
completely blocked and internal resistance of 
the rectifier to be constant. 

621.314.653 1746 
The Time Lag of an Ignitron —N. Warinoltz 

(Philips Res.  Rep., vol. 6, pp. 388-400; 
October, 1951.) Measurements were made of 
the time lag for igniters of widely different 
resistance, using (a) liquid, (b) solid Hg or 
Sn cathodes. The effect of the gas pressure in 
the tube was also investigated. The results 
favor the thermal theory of NI ierdel. 

621.316.722.1  1747 
An Electronic Voltage Stabilizer with Self-

Regulated Heater Supply—C. Morton. (Elec-
tronic Eng., vol. 24, p. 65; February, 1952.) 
The heaters of the tube cathodes are connected 
in series with the load, thus constituting part 
of the output circuit across which the stabilized 
voltage is developed. 

621.316.722.1  1748 
Voltage Stabilization: Demands and Meth-

ods —A. J. Maddock. (Jour. Sci. lusty., vol. 28, 
pp. 325-333; November, 1951.) Typical cases 
are discussed in which stabilized supplies are 
required. The principal types of stabilizer are 
described and details are given of their per-
formance and their voltage and power ratings. 
Mains generator control is not considerrd. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.335:535.623  1749 
N.T.S.C. Color-TV Synchronizing Signal— 

R. B. Dome. (Electronics, vol. 25, pp. 96-97; 
February, 1952.) Discussios of the synchro-
nizing signal required in the field tests on the 
band-sharing system (1750 below) in which a 
local oscillation synchronized to the frequency 
of the color subcarrier is used for demodulating 
the color signal at the receiver. The signal 
chosen is a train of about 10 cycles of the color 
subcarrier frequency, timed to occur about 
midway between the end of the horizontal 
synchronizing pulse and the end of the blanking 
pulse. 

621.397.5:535.623  1750 
Principles of N.T.S.C. Compatible Color 

Television—C. J. Hirsch, \V. F. Bailey and 
B. D. Loughlin. (Electronics, vol. 25, pp. 88-
95; February, 1952.) Discussion of the specifica-
tions formulated by the U. S. National Tele-
vision System Committee to govern field 
tests on the system in which a separate color 
signal is transmitted simultaneously with a 
monochrome signal on a separate subcarrier 
within the 4-mc channel carrying the mono-
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chrome signal 1826 of April (Loughlin)]. 
Factors affecting the choice of the color-
subcarrier frequency and  the modulation 
,ystem are considered. 

621.397.6: 621.396.6641+ 621.396.615.14  1751 
Ultra High Instrumentation—Peters. (See 

r,s2 

621.397.611/.6211.2  1752 
Scanning-Current Linearization by Nega-

tive Feedback—A. W. Keen. (Jour. Telev. Soc. 
vol. 6, pp. 308-315; October/December, 1951.) 
"An introductory qualitative survey of the 
known methods of applying negative feedback 
to the problem of linearizing the output cur-
rent of scanning systems needed in television 
transmitting and receiving equipment. Practi-
cal circuit developments are divided into two 
categories according  as  the  fundamental 
process, termed 'current integration,' is sepa-
rable into two component operations, viz., 
voltage integration and  voltage-to-current 
conversion, which are carried out consecutively 
by separate feedback systems connected in 
cascade, or performed by a single system sub-
ct to over-all feedback." 

621.397.611.2  1753 
Paraxial Image Formation in the "Mag-

netic" Image Iconoscope—J. C. Francken and 
R. Dorrestein. (Philips Res. Rep., vol. 6, pp. 
323-346; October, 1951.) Describes a method 
of computing electron trajectories near the 
axis of a system of es and em fields having 
rotational symmetry. Numerical results are 
given for a case which approximates to con-
ditions in the "magnetic" image iconoscope. 
The mechanism of image formation is dis-
cussed; it differs considerably from that in 
ordinary magnetic lenses. 

621.397.611.2 1754 
The Image Iconoscope, A Camera Tube for 

Television—P. Schagen, 11. Bruining and J. C. 
Francken. (Philips Tech. Rev., vol. 13, pp. 
119-133; Novmeber, 1951.) The different types 
of television camera tube are discussed and a 
detailed description is given of the Philips 
image iconoscope Type 5854. The Cs-Sb-O 
photocathode gives an output of about 45 
IAA/lumen when illuminated by an incan-
descent lamp with color temperature 2,600°K. 
Magnetic focusing and deflection are used for 
the scanning beam, the resolution being 900-
1,000 lines at the middle of the target and as 
high as 700 lines at the edges. The mica target 
is 25 M thick and has a thin coating of MgO 
to increase secondary emission. See also 1452 
of June (Francken). 

621.397.611.2 1755 
Television Camera Tube—R. Barthelemy. 

(Onde elect., vol. 31, pp. 415-419; November, 
1951.) Theory previously given (1499 of 1951) 
is discussed with reference to (a) the use of a 
thin-film target with its potential adjusted by 
an auxiliary electron stream, (b) the optimum 
thickness of the self-polarized target film. A 
few performance details are given of the super-
iconoscope with es deflection and self-polarized 
target. 

621.397.62 1756 
Basic Circuit Description of a R.C.A. Tele-

vision Receiver—Radioironics, vol. 16, pp. 
211-224 and 228-243; October and November, 
1951.)  Description of the R.C.A.  Victor 
630TS receiver, with full circuit details and 
analysis of the functions of the various circuits. 

621.397.62 1757 
Wide Angle Deflection Yokes—H.  E. 

Thomas. (Radio and Telev.  News, Radio-
Electronic Eng. Section, vol. 46, pp. 3-6; 
September, 1951.) A general discussion of 
factors to be considered in designing systems 
with deflection angles up to 90° and with low 
distortion. The length of the yoke is determined 

as a compromise between the requirements 
for high sensitivity and those for avoidance of 
neck shadow. Auxiliary magnetic devices for 
eliminating neck shadow are described. Meth-
ods of obtaining an optimum relation between 
spot distortion and pattern distortion are 
indicated. 

621.397.62:1535.623+535.61-29  1758 
C.B.S. Columbia—First Commercial Color 

plus Black-and-White Set-1. J. Melman, E. S. 
White and S. Cuker. (Radio-Electronics, vol. 
23, pp. 24-27; November, 1951.) Description 
of a receiver for 525-line black-and-white or 
405-line full-color pictures. Normal circuits 
are used together with a color scanning disk 
with silent motor drive and associated disk-
control circuit. 

621.397.62:621.396.662 1759 
Concentric-Lines tune U.H.F. Channels— 

E. E. Harries and M. Cawein. (Electronics, 
vol. 25, pp. 108-112; February, 1952.) Circuit 
and construction details are given of a con-
verter for use with a conventional vhf tele-
vision receiver; a three-section  tuner of 
Inductuner type is used, and the frequency 
range 470-890 mc is covered. The circuit 
consists of preselector, crystal mixer and 
oscillator, followed by an IF stage. The noise 
figure of the converter is discussed. 

621.397.62:621.398  1760 
Remote Controls for TV promote Viewer 

Comfort—R. F. Scott. (Radio-Electronics, vol. 
23, pp. 28-31; November, 1951.) Description of 
electromechanical and electronic  systems 
incorporated in various television receivers 
which permit control from a convenient view-
ing point some distance from the set. 

621.397.621:621.316.721.078.3  1761 
Stabilizing Vertical-Deflection Amplifiers — 

W. B. Whalley, C. Masucci and K. Hillman. 
(Electronics, vol. 25, pp. 116-117; March, 1952.) 
Application of inverse feedback to the vertical-
deflection amplifier makes vertical linearity 
and picture-height stability practically inde-
pendent of tube transconductance. 

621.397.621:621.317.35 1762 
Television Picture Line Selector —J. Fisher. 

(Electronics, vol. 25, pp. 140-143; March, 1952.) 
Description of equipment enabling examination 
of the video wave form in a single selected 
scanning line. The oscilloscope is triggered 
with a single horizontal-synchronization pulse 
which precedes the line to be observed. Appli-
cation to measurement of frequency response 
and transient response of television cameras 
and picture-generating devices, such as the 
monoscope and flying-spot scanner, is de-
scribed. 

621.397.621.2  1763 
Evaluating Performance of TV Picture 

Tubes —J. Green (Electronics, vol. 25, pp. 124-
129; February, 1952.) Methods and apparatus 
are described for accurately determining the 
vertical and horizontal dimensions of the 
spot, using special rasters; the significance of 
the measurements in relation to the design 
of the various parts of the cr tube is discussed. 

621.397.621.2:621.385.832 1764 
TV picture Tubes with Iron Envelopes — 

Szt•gito and Pohl. (See 1790.) 

621.397.8 1765 
Television Ghosts. Effect of Multi-path 

Propagation in Hilly Country —J. A. Hutton. 
(Wireless World, vol. 58, pp. 84-88; March, 
1952.) An investigation of reception with 
twelve different antennas in hilly country 
round the Holme Moss transmitter. A standing. 
wave field due to reflection from hills two or 
three miles away may give rise to positive or 
negative ghost images according to the time 
delay and the modulation amplitude. The 

ghost image is least apparent when the an-
tenna is between a node and antinode of the 
standing-wave field. The double-H antenna 
systems consisting of two H antennas X/2 
apart, with X/4 spacing of the dipoles, was 
found the best of the antennas tested. 

621.397.822:621.397.2  1766 
Random Noise. Rate of Occurrence of 

Peaks —V. J. Francis. (Wireless Eng., vol. 29, 
pp. 37-40; February, 1952.) The number of 
peaks occurring above various amplitude 
levels on a noise trace is calculated and the 
results are compared with those of laboratory 
experiments on a system simulating the Lon-
don-Birmingham television radio relay link. 
The results are related to the perceptible 
level of noise peaks on actual television pic-
tures. 

621.397.822.1  1767 
Observer Reaction to Video Crosstalk— 

A. D. Fowler. (Jour. Soc. Mot. Pict. Telev. 
Eng., vol. 57, pp. 416-424; November,1951.) 

TRANSMISSION 

621.396.618.16.029.58:621.396.933 1768 
Brown Boveri Transmitters in the Service 

of Civil Aviation —A. Vincre. (Brown Boveri 
Rev., vol. 38, pp. 220-226; July/August, 1951.) 
SW transmitters installed for the French 
Ministry of Transport and Public Services 
meteorological service and for Air France 
overseas communications are described. 

TUBES AND THERMIONICS 

537.533.8  1769 
The Angular Distribution of the Secondary 

Electrons of Nickel—J. L. H. Jonker. (Philips 
Res. Rep., vol. 6, pp. 372-387; October, 1951.) 
Description of the measurement tube, and 
graphical presentation of results obtained for 
the distribution of the secondary electrons as 
a function of the angle of incidence and the 
voltage of the primary electrons. 

621.383:546.482.21 1770 
Photoelectric Cells using Activated Cad-

mium Sulphide —P.  Goercke. (Ann.  Tele-
commun., vol. 6, pp. 325-331; November, 
1951.) The photoelectric properties of DdS 
may be enhanced by addition of traces of Cu 
or Ag. The influence of this impurity content 
on spectral sensitivity, electrical resistance 
and noise figure is studied. 

621.383.4: 546.817.231 1771 
The Long- Wave Limit of Infra-Red Photo-

conductivity in PbSe —A. F. Gibson, W. D. 
Lawson and T. S. Moss. (Prot. Phys. Sot., 
vol. 64, pp. 1054-1055; November 1, 1951.) 
Measurements of the photoconductivity of a 
PbSe photo-diode, consisting of a p-type 
crystal with a tungsten whisker, show that the 
long-wave limit, defined as 50 per cent de-
crease from the maximum sensitivity, was 4.7 
at room temperature and 6.8 s at 90°K. 

Another cell with a periclase window had a 
long-wave limit of 8.1 sa at 20°K. 

621.384.5: 621.316.722  1772 
The Characteristics of some Miniature 

High-Stability Glow-Discharge Voltage-Regu-
lator Tubes—F. A. Benson. (Jour. Sci. Instr., 
vol. 28, pp. 339-341; November, 1951.) Three' 
types of tube were studied. The results of 
short- and long-term  tests to determine 
striking-voltage and  running-voltage  vari-
ations are presented. Values are also given for 
temperature coefficient of running voltage and 
for the magnitudes and durations of the initial 
drifts. See also 3159 of 1951. 

621.385  1773 
The  Measurement  of  Microphony in 

Valves —R. Bird. (Electronic Eng., vol. 23, 
pp. 429-431; November, 1951.) Arrangements 
are described for investigating microphony in 
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a tube by using it as the input tube of an af 
amplifier and locating it in the sound field 
of a loudspeaker fed by the amplifier. Optical 
and electrical methods of detecting the vibrat-
ing elements are discussed. 

621.385-71  1774 
Electron-Tube Heat-Transfer Data —B. 0. 

Buckland. (Elec. Eng. (N. Y.), vol. 70, pp. 
962-966; November, 1951.) Essentials of 1951 
A.I.E.E. Summer General Meeting paper. 
The method of calculating heat flow by means 
of equivalent electrical circuits is considered. 
The effects of temperature differences and 
cooling-fin shape on radiation- and air-cooled 
tubes are discussed and design considerations 
for water-cooled and forced-air-cooled tubes 
are summarized. Graphs are given from which 
the data necessary for the design of cooling 
systems may be determined. 

621.385:537.525.92  •  1775 
Two-Way Space-Charge Flow with Plane 

Electrodes —K.  Milller-LUbeck.  (Z.  angew. 
Phys., vol. 3, pp. 409-415; November, 1951.) 
The potential in the space-charge field in the 
presence of electrons and positive ions was 
found graphically by Langmuir (1929 Ab-
stracts, p. 511); a rigorous analytical solution 
is now derived for this potential. 

621.385.004.15  1776 
The Technique of Trustworthy Valves — 

E. G. Rowe (Jour. Brit. I.R.E., vol. 11, pp. 
525-540; November, 1951. Discussion, pp. 
540-543.) A survey of progress in the design, 
manufacture and testing of radio tubes to 
ensure high reliability. Failures occurring in 
manufacture and during the subsequent life 
of the tube are discussed, and the need for 
increased cooperation between user and manu-
facturer is stressed. 

621.385.004.15  1777 
A Survey of Quality and Reliability Stand-

ards in Electronic Valves for Service Equip-
ment —G. L. Hunt. (Jour. Brit. I.R.E., vol. 11, 
pp. 519-524; November, 1951.  Discussion, 
pp. 540-543.) Conditions of use of tubes in 
Service equipment are described and also 
methods adopted for ensuring supplies of satis-
factory tubes. 

621.385.012:621.317.755  1778 
Electron Tube Curve Tracer —Kuykendall. 

(See 1678.) 

1779 
621.385.029.6: 538.311: 621.318.423: 515.647.1 

Properties of the Electromagnetic Field of 
Helices —Roubine. (See 1580.) 

621.385.029.63/.64  1780 
Equivalent Temperature of an Electron 

Beam —M. E. Hines: P. Parzen. (Jour. Appl. 
Phys., vol. 22, pp. 1385-1386; November, 
1951.) Comment on 2580 of 1951 and reply by 
one of the authors. 

621.385.032.216  1781 
The Life of Oxide Cathodes in Modern 

Receiving Valves —G. H. Metson, S. Wagener, 
M. F. Holmes and M. R. Child. (Proc. IEE, 
Part III, vol. 99, pp. 69-81; March, 1952. 
,Discussion pp. 82-87.) A summary of existing 
information, with some results of original 
research. If mechanical faults, the effect of 
gas on cathode emission, and excessive inter-
face feedback can all be avoided, tube life is 
probably limited only by evaporation of the 
activated oxide. 24 references. 

621.385.032.216:539.16  1782 
Contribution to the Study of Electronic 

Tubes by the Use of Radioactive Elements — 
J. Debiesse and G. Neyret. (Le Vide, vol. 6, 
pp. 1098-1102; November, 1951.) Radioactive 
isotopes are used for getter and cathode 
materials to facilitate the investigation of the 

distribution and migration of the materials 
and the origin of the electron emission. Radio-
activity of the metal base in general reduces 
the thermionic emission from the cathode. See 
also 2301 of 1951 (Debiesse a al.) 

621.385.2  1783 
Influence of Initial Velocities on Electron 

Transit Times in Diodes —J. T. Wallmark. 
(Phys. Rev., vol. 84, p. 598; November 1, 1951.) 
Barut (2057 of 1951) has described a method 
for calculating the transit time of electrons 
in diodes with partial space-charge, assuming 
a uniform initial-velocity distribution. A first-
order perturbation method has been applied 
to the calculation of transit times for electrons 
with nonuniform initial-velocity distribution. 
Curves are given showing the spread in transit 
time (a) for a diode with anode voltage 100 v 
and anode-cathode distance of 5 mm, as a 
function of current density in the diode for a 
difference in initial velocity of 0.1 v (roughly 
corresponding to conditions for an oxide 
cathode at 1,100°K), (6) for a reflected beam 
under the same conditions, the spread in 
transit time being in this case much reduced. 
A complete report is in preparation. 

621.385.2  1784 
The Transit-Time Effect in a Cylindrical 

Diode—Way Dong Woo. (Jour. App!. Phys., 
vol. 22, pp. 1333-1339; November, 1951.) 
The impedance offered to a small superposed 
alternating current by a space-charge-limited 
cylindrical diode is expressed in terms of the 
variational anode conductance, the transit-
time angle, and a group of constants which 
are functions of the ratio of the anode and 
cathode radii. The result covers the range of 
transit-time angle up to r radians and of the 
ratio of the anode and cathode radii from unity 
up to 100. 

621.385.2:546.2891+631.314.7  1785 
Germanium Crystal Valves —B.  R.  A. 

Bettridge. (Electronic Eng., vol. 23, pp. 414-
417; November, 1951.) Characteristics of Ge 
diodes are outlined, and television circuit 
applications described. Ge triodes are men-
tioned briefly. 

621.385.2:621.318.572  •  1786 
R. F. Bursts actuate Gas-Tube Switch — 

H. J. Geisler. (Electronics, vol. 25, pp. 104-
105; February, 1952.) Description of tech-
nique for using simple gas-filled diodes as 
switches in storage and other circuits of elec-
tronic computers. Pulses of rf voltage applied 
to external metal bands round the diode 
envelopes cause the diodes to strike at reduced 
dc voltage. Examples of circuit applications 
are given. 

1787 
621.385.5.032.212:1621.318.572+681.142 
The Single-Pulse Dekatron—J. R. Acton. 

(Electronic Eng., vol. 24, pp. 48-51; February, 
1952.) Description of a new type of gas-filled 
cold-cathode counting tube  which  differs 
from the earlier dekatrons [2066 of 1950 (Bacon 
and Pollard)] in requiring only a single input 
pulse to move the cathode glow on a complete 
step. The tentative specification is given for the 
GOIOD development tube, which is reliable 
for pulse rates up to 20,000 per sec. Input 
and output circuits are discussed in relation 
to the nature of the pulses dealt with. 

621.385.832  1788 
Cathode-Ray Tubes. A Review of Progress 

—L. F. Broadway. (Proc. I EE, Part 1, vol. 98, 
pp. 316-320; November, 1951.) 

621.385.832.:621.318.572  1789 
New  Electronic  Tubes  employed  as 

Switches  in  Communication  Engineering: 
Part 2—Switch Tubes —J. L. H. Jonker and 
Z. van Gelder. (Philips Tech. Rev., vol. 13, 

pp.  82-89;  October,  1951.)  Experimental 
multicontact tubes are described in which the 
"contacts" are effected by means of secondary 
emission, the primary electron beam being 
directed electrostatically on to the various 
secondary-emission elements. The use of a rib-
bon-shaped primary beam permits currents of 
several milliamperes with voltages of 200 to 
300 v, and tube dimensions can be kept small. 
Part 1: 1173 of May. 

621.385.832:621.397.621.2  1790 
TV Picture Tubes with Iron Envelopes — 

C. S. Szeglio and R. G. Pohl. ( TV Eng. (N.Y.), 
vol. 2, pp. 8-9, 27; November, 1951.) An 
envelope with an iron cone and Cr/Fe-alloy 
beads for sealing the cone to the glass parts is 
cheaper to make than one with a Cr/Fe-alloy 
cone. As a further development the Cr-Fe-
alloy beads were eliminated and screen glasses 
were developed suitable for sealing to the iron 
cones, using an intermediate glaze at the sealing 
area; technique for this operation is described. 
The requirements for the neck glass are also 
discussed. 

621.396.615.141.2:537.533.8  1791 
Influence of Secondary Emission on the 

Oscillation Process in Whole-Anode Magne-
trons -F. W. Gundlach and K. Schorken. 
,Z. angew. Phys., vol. 3, pp. 416-424; Novem-
ber, 1951.) Measurements are reported of the 
cathode resistance, the back-heating current 
and the hf voltage of the oscillating magnetron 
as functions of anode voltage. Oscillation is 
maintained even when the external cathode-
heater circuit is completely cut off, the cathode 
temperature being then such that no appre-
ciable thermionic emission can occur. Analysis 
of the results leads to the conclusion that the 
magnetron is maintained by secondary emis-
sion. 

621.385+621.396.6  1792 
Introduction to Electronic Circuits. [Book 

Review1—R. Feinberg. Publishers: Longmans, 
Green & Co., London, Eng., 163 pp., 18s. 
(Wireless Eng., vol. 29, p. 113; April, 1952.) 
"The treatment is, on the whole, satisfactory 
although some will find it rather compressed." 

MISCELLANEOUS 

061.3:621.396.029.63  1793 
Report on the First I.R.E. U.H.F. Sym-

posium —B. M. Ely. (TV Eng., (N. Y.), vol. 2, 
pp. 10-13, 28; October, 1951.) Subjects dealt 
with at this symposium, held in Philadelphia, 
included  transmission  tests  at  850  mc, 
apparatus  for  frequency  and  impedance 
measurements, a side-fire helical transmitting 
antenna, and the design of uhf receivers. 

6:061.4 
British Instrument Industries Exhibition — 

London, 1951 —NI. W. Tkring. (Jour. Sci. 
Instr, vol. 28, pp. 293-300; October, 1951.) 
The development of the scientific instrument 
industry in Britain is reviewed, and some of the 
more important exhibits at the first exhibition 
are discussed. 

621.396  1795 
Radio Handbook. [Book Reviewj —Pub-

lishers: Editors and Engineers Ltd. Santa 
Barbara, California, 13th ed., 736 pp., $6.00. 
(Electronics, vol. 24, pp. 322, 326; Decem-
ber,  ..) "Progressive and thorough in its 
coverage of the newest and most helpful 
developments." 

621.396  1796 
Radio Amateur's Handbook. [Book Review] 

—Publishers: American Radio Relay League 
West Hartford, Conn., 20th ed., 618 pp., 
$3.00. (Eby/ macs, vol. 24, pp. 322, 326: 
December,  1951.)  "Contains what is still 
probably the most complete listing of com-
munication types tubes to be found anywhere." 


