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ELECTROSTATIC STORAGE UNIT 

The illustrated electrostatic storage unit, from a high-speed 
calculator, provides for parallel storage and read-out of thirty 
six-bit binary words. In it are three-inch cathode ray tubes of 
special design. 
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How to tell Quality 
in TEFLON* 

I. 

Uniform 
STRENGTH 

Unifortn 
DENSITY 

Uniform 
"MEMORY" 

Uniform 
DIMENSIONS 

Uniform 
MACHINABILITY 

You'll have all these properties 

with FLUOROFLEXT 
• "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 tetrafluoroethylene resin. 
Resistoiler trade mark for products from fluorocarbon resins. 

"Fluoroflex" means the best in Fluorocarbons 

RESR MLEX 

RESISTOFLEX CORPORATION, Belleville 9, N. J. 

SEND NEW BULLETIN containing technical data and information on 

Fluoroflex-T. 

NAME  TITLE   

COMPANY 

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

A 

October  ember I 

Audio Fair Hotel Na  taker. New 
York, N.Y. 

Exhibits: Harry N. Reites. 67 West 
44th Street, Ne%. York. N.Y. 

A 

December 10, II & 12, /952 
Joint IRE-AIEE Computers Con-
ference Park Sheraton Hotel 
Exhibits: Perry Crawford, 373 Fourth 
A‘enoe. New York City. 

a 
January 26, 27, 19.53 
1953 7th Regional IRE Confer-
ence, University of Ne%% Mexico, 
Albuquerque, N.M. 

Exhibits: Hoyt Westcott, 107 So.. 
Washington St., Albuquerque, N.M. 

Chairman: C. W. Carnahan, 3169 
41st Place, Sandia Base, Albuquer-
que. 

a 
Februari 5, 6 & 7, 19.53 

Southwestern  IRE  Conference 
Plaza lintel. San Antonio. Tex. 

Accept Exhibits 

a 
11 arch 23, 24, 2.5 & 26, 19.53 

Radio Engineering Show Grand 
Central Palace, New York City 

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

a 
April II, 1953 

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

Exhibits: H. W. Sundius, The South-
ern New England Tel. Co., 227 
Church St., New Haven, Conn. 

a 
April 18, 19.53 

Spring Technical Conference of 
the Cincinnati Section, Cincin-
nati. Ohio 

Chairman: J. P. Quitter, B. Baldwin 
Company. 1801 Gilbert Ave., Cut-
cinnati 2. Ohio 

May II, 12 & 13, 19.53 

National Conference on .1irhorne 
Electronics Hotel Biltmore. Day-
ton, Ohio. 

Exhibits:  Paul D. Hauser.  1430 
Gascho Drive, Dayton 3. 
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PUT YOUR FINGER ON THE 

RIGHT PULSE NET WORK 

Hundreds of combinations 

for the right size • • • voltage • • • 

pulse shape 

W'hatever your needs in pulse-forming networks—whateser 

your requirements for size, voltage, number of meshes. 

pulse lengths, or pulse repetition rates—Sprague has 

the right answer for that need. 

Providing the right network for each application 

has been a Sprague specialty since Sprague made the 

Very first networks for radar during World War II. 

Literally hundreds of pulse-forming networks ha'e 

been designed and built by Sprague 

since then. Among these standard 

types can usually be found the solu-

tion to a specific requirement. If not, 

you'll find Sprague ready, willing, 

and able to manufacture networks to 

your exact order. 

For details, write for our special 

bulletin "Pulse-Forming Networks." 

SPRAGUE ELECTRIC COMPARY 
235 Marshall Street • North Adams, Mass. 

W ORLD'S LARGEST 

CAPACITOR MANUFACTURER 
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Same wires— 
many more voices 

Connecting new multi-voice system to open-wire 
lines, near Albany, Georgia. With new system, 
150,000 miles of short open-wire telephone lines 
can be made to carry up to 16 simultaneous 
messages economically. 

• 

Mucti of your Long Distance telephone 
system works through cable but open-
wire lines are still the most economical in 
many places. Thousands of these circuits 
are so short that little would be saved by 
using elaborate carrier telephone systems 
which are better suited for long-haul 
routes. But a new carrier system ... the 
Type 0 designed especially for short 
hauls... is changing the picture. It is 
economical on lines as short as 15 miles. 
With Type 0 thousands of lines will 

carry as many as 16 conversations apiece. 

Type 0 is a happy combination of 
many elements, some new, some used in 
new ways. As a result, terminal equip-
ment takes up one-eighth as much space 
as before. Little service work is required 
on location; entire apparatus units can 
be removed and replaced as easily as 

vacuum tubes. 

Moreover, the new carrier system saves 
copper by multiplying the usefulness of 
existing lines. For telephone users it 
means more service ... while the cost 

stays low. 

Itepeater equipment 
cabinet at  right  in 
hand cabinet houses e 
employs t%vjlI-,IIalI lit 

C11:11111e k 011 a single ( 
,1111.11:110 II. A single 

is llllll inted at base of pole in 
easy to service position.  Left-
mergency power supply. System 
I technique.  transmitting two 
•arrier by using upper and lower 
oscillator serves two channels. 

BELL TELEPHONE  LABORATORIES 
Improving telephone service for America provides careers for creative men in scientific and technical fields 



What Rauland means by 
"Perfection Through Research" 

Rauland is one of the few companies 
devoting so much top engineering talent 
full time to picture tube improvement 
and perfection. 

The result has been to give you more 
picture tube advancements since the 
war than any other manufacturer... 
first chance at the latest developments 

--3  

Rauland large-screen projectors using 
three different optical systems, all of which 
give theater-size pictures. 

All-electronic tri-color tube in electronic 
receiver system (left) in comparison with 
mechanical system (right). 

-11  — 111" 

Examination with polarimeter permits 
careful control of strains for superior 
glass-to-metal sealing. 

Careful study of the formation of thin 
metallic films in a vacuum ... basis for 
the aluminizing of tubes. 

for companies using Rauland tubes as 
original equipment . . . and a real selling 
edge at the retail level because of the 
extra satisfaction which Rauland advan-
tages offer. 
That's why so many alert manufac-

turers look to Rauland for the best in 
picture tubes. 

Rubber model for studying electron opti-
cal designing—basis for Rauland's exclu-
sive Indicator Ion Trap. 

Inspection and checking of perforations 
.0075'' in diameter in masks of tri-color 
picture tubes. 

Alignment of the screen and parallax 
mask of tri-color tube containing approxi-
mately a million fluorescent dots. 

A physicist using a Rauland-developed 
radiation meter in checking X-ray radia-
tions from cathode ray apparatus. 

THE RAULAND CORPORATION 

flut_crayk 
4245 N. KNOX AVENUE  • CHICAGO 41, ILLINOIS 
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PRECISION ELECTRONIC MEAS 

FM AM SIGNAL 
GENERATOR 
TYPE 2021 

SIGNAL 
GENERATOR 
TYPE 211-11 

0-METER 
TYPE 190-A 

0-METER 
TYPE 160-A 

G INSTRUMENTS 

Signal Generators 
Frequency and Amplitude Modulated 

Crystal Monitored 

For Mobile Communications Receivers 

Q Meters 
Low, Medium and High Frequencies 

Very High Frequencies 

Univerters 
Low, Medium and High Frequencies 

VHF for Glide Slope Receivers 

Write for complete information 

0 METERS 

Type Freq. Range 0 Range 

Tuning 
Capacity Range 0 Accuracy Price 

160-A 
190-A 

50 kc to 75 mc 
20 mc to 260 mc 

20 to 625 
5 to 1200 

30-450 mmf 
7.5 to 100 mmf 

5% to  30 mc 
5% to 100 mc 

$625. 
$625. _ 

FM-AM SIGNAL GENERATORS 

Type Freq. Range Output Range 

Modulation 
FM  AM Application Price 

202-B 
202-C 
202-0 

54-216 mc 
54-216 Inc 
175-250 mc 

0.1 to 200,000 ',IV 
0.1 to 200,000 yiv 
0.1 to 200,000 pv 

0-240 kc  0-50 % 
0-240 kc  0-50 % 
0-240 kc  0-100 % 

General 
Mobile 

Telemetering 

$975. 
$1090. 
$980. 

M SIGNAL GENERATOR (For Mobile Communications Receivers) 

Type Freq. Range Output Range Modulation Application Price 

206-A 146-176 mc 0.1 to 200,000 pv 0-250 kc Mobile $910. 

OMNI-RANGE SIGNAL GENERATOR (Crystal Monitored) 

Type Freq. Range Output Range Modulation Application Price 

211-A 88-140 0.1 to 200,000 yiv 0-100 % am Omni-Range Rcvrs. $1800. 

GLIDE SLOPE TEST SET 

Type Freq. Range Output Range Modulation Accessory to Price 

212-A 329-335 mc 0.1 to 200,000 pv 0-100 % am 211-A $875. 

UNIVERTERS 

Type Freq. Range Output Range Modulation 
FM  AM 

Accessory to Price 

207-A 
207-6 
207-C 

0.1 to 55 mc 
0.1 to 55 mc 
0.1 to 50 mc 

0.1 to 100,000 pv 
0.1 to 100,000 pv 
0.1 to 100,000 pv 

0-240 kc  0-50 % 
0-240 kc  0-50 % 
0-240 kc 

202-6 202-C 
202-0 
206-A 

$345 
345. 
345 

111111111111111•1111111 BOONTON RADIO U NU M • Ill 
etaZ7.Ok ǹi 

BOONTON • PI•J• U.S.A. 



44- Warplane Radio 
*4-
.-).-

COVER A WIDE RANGE OF APPLICATIONS... 

Radio Diathermy 

BY GUARDIAN 

In equipment that guides warplanes in flight or conditions personnel with radio diathermy—"Relays 

by Guardian" are most popular control units. For example, radio diathermy machines usually employ a 

time delay relay such as the Guardian T-100 to "warm up" the filaments of oscillator type tubes. 

The time delay is adjustable between 10 and 60 seconds; contact capacity is 1500 watts on 110 v., 60 cycles 

non-inductive A.C.  Power Consumption of coil and time delay during closing of thermostat blade is 
approximately 10 VA and after closing, 5.5 VA.  A similar relay, the Guardian T-110 may be equipped with 

an extra set of open or closed contacts. Both relays may be used in applications requiring the changing of 
circuits after a predetermined interval. Consult Guardian wherever automatic control is desired for 

making, breaking, or changing the characteristics of electrical circuits. 

T-100 Laminated Time Delay Relay T-110 Time Delay Relay (not laminated) 

GUARDIAN KIELECTRIC 
1628-L  W. WALNUT STREET  CHICAGO 12, ILLINOIS 

a comPLITI LINE OF ICLAYS SERVING AMERICAN  INDUSTRY 

pnr,( /  I)/  //II  I I,/ 



Units shown magnified approximately 21/2  times 

Make sure of meeting government "specs" • • • 

see C.T.C. for ceramic insulated components 

You have to be 100 ' on-the-beam if 
your equipment is to withstand the 
conditions it must undergo in military 
service. 
That's why manufacturers using 

electrical and electronic components 
turn to C.T.C. for their ceramic insu-
lated units. Our long experience and 
constant dealing with government re-
quirements have gained us a wide ac-
ceptance as an outstanding supplier to 
those working on U. S. contracts. 
especially for the armed forces. 
Whatever your needs in ceramic in-

sulated terminals, feed-throughs or 
terminal boards you can depend on 
C.T.C. We meet the most exacting 
government standards for materials, 
tolerances, finishes, moisture preven-
tion and anti-fungus treatment. Fin-

ishes on metal surfaces for instance, can 
be hot tinned, electro-tinned, cadmium 
plated, silver plated or gold plated to 
your requirements. All ceramic units in 
our standard line are grade L-5, silicone 
impregnated. 
C.T.C. offers a consulting service at 

no extra charge to help solve your spe-

cial problems. For all specifications and 
prices, write to Cambridge Thermionic 
Corporation,  456 Concord Avenue, 
Cambridge 38, Mass. West Coast Man-
ufacturers contact: E. V. Roberts, 5068 
West Washington Boulevard, Los 
Angeles 16 and 988 Market Street, 
San Francisco, California. 

CA M B RI D G E  TH E R MI O NI C 
C O R PO R ATI O N  ,A3,441 

custom or standard... the guaranteed components '\ 

8A PROCEEDINGS OF TIIE I.R.E. Ort,,ber, 19.42 



CLOSE 
DOESN'T COUNT 

A tired bull hhter ti.at almost dodaed in time 

yr••  nr that •-i!rn ,st adv.. 

M OLDED  MICA ICA  TRI M MER 

II.  M I 1.11.11111'.. 

Ir  fur uslaltow 

asid ftaa111111•••• 

CF 
JOBBERS AND DISTRIBUTORS:  For information 
write to Arco Electronics, Inc., 103 Lafayette St., 
New York, N. Y.—Sole Agent for Jobbers and 
:fistributors in U. S. and Canada. 

CAP A CIT ORS 
Illnel•• end 1•1•Irot•••• Montelettur•to D•••••••0., ond I re,ein  0..•  W •  In. , 

THE ELECTRO MO W MFG. CO., INC.  WILLIMANTIC, CONNECTICUT 

I. 'I  I I, I I I. I 



NE WS and NE W PRODUCTS 
October 1952 

Meters 
Sun Electric Corp., 6323 Avondale 

Ave., Chicago 31, Ill., announced 
that they are now producing meters to 
meet Military Specification MIL-M-10304. 

Some of the features of the new 
gedized" Meters are: Meter movement 
shock mounted and housed in rubber-lined 
case, observation window rubber groin-
meted and sealed to ruliber lining of cast-
providing hermetical seal of high dielectric 
materials; terminals side-tapped and pro-
vided with tinned binding screa... to facili-
tate wiring with or without wire lugs or by 
pressure, soldering or both. Meters are 
available as dc voltmeters, ammeters, 
milliammeters, and microammeters and 
also may be ordered as rectifier type ac in-
struments. 

Standing Wave Detector 
A new standing-wave detector (Type 

1022) has been developed by Microwave 
Associates, Inc., 22 Cununington St., 
Boston 15, Mass. It is designed for pre-
cision low-level impedance measurem ents 
in the millimeter region when used with a 
suitable source and amplier. k'SWR's as 
low as 1.01 can be read accurately in the 
region from 34 to 36 kw. 

The unit consists of a slotted section 
of RG-96/U waveguide milled from a solid 

These  manufacturers have Invited PRO-
CEEDINGS readers to writs for literature 
and further technical information. Ple•se 
mention your I.R.E. affiliation. 

piece of brass and silver plaits&  liii rum-
carriage is provided carryinv  -Tung -

loaded adjustable coupling poky, .1 silit inn 

diode detector socket, attn I oa‘ial output 
fitting which will mate v. it h a I .G-88/1'or 
equivalent liNC cable (oilituctor. This 
carriage rests on a souk')I  Ii cal 
bearing surface and is positioned by 
micrometer drive. A total longitudinal 
probe displacement of 0.750 inch is at :ill-
able. The probe position can be read .tc-
curately to 0.001 inch. The total insertion 
length of the unit is 3.25 inches. 
For flexibility two sets of tapped holes 

are available to mate %kith I C. I and 
600/U waveguide eon nun'  fa. 

wave Associates' special v,aveguide choke 
flanges 1' 1001. 
A high level version of this standing-

wave detector, as well as a roving stub 
tuner of similar design, .tre also available. 

Spectrum Analyzer Adapter 
Microwave Associates, Inc., 22 Cum-

mington St., Boston 15, NI ass., has made 
available its Spectrum Analyzer Adapter, 
Type P-530. This adapter consists of a 
complete set of rf plumbing to convert any 
existing S or X band spectrum analyzer to 
the frequency range centered at 35,000 mc. 
Although the unit is designed for primary 
use from 34 to 36 kmc., it will operate satis-
factorily over a substantially larger range. 
The input sensitivity will wiry with the 
noise figure of the spectrum analyzer re-
ceiver with which it is used. However, 
threshold sensitivities of 70 db below 1 
milliwatt are to be expected. 

— The unit is composed of a 2K25 kly-
stroll operating at X-band and powered 
from the spectrum anal •zer power supply. 
The oscillator output is fed through it 
variable attenuator to a mixer where its 
fourth harmonic is mixed with the incom-
ing millimeter signal. The signal input 
enters through a UG-381/U connector and 
RG-96/U waveguide. The I F output of 
the mixer is a type N connector. A cali-
brated X-band reaction type wavemeter is 
provided which covers the X-band funda-
mental of the 2K25. A calibration reading 
of the wavemeter is also supplied. 

Plug In Units 
I Ili.  I Hist:age is 

II% Technical Development Corp., 
.105ti  I III  Culver City, Calil. 
I 111,1.tvi•  s1.11 1 0111.11111ed 111111 .1h.4•1111,IN 
nu Ii .111 /  went, neces,ary 

II.,11.11  1111 lilt.  art. :iv:tillable to .tr-

10111111.311.111 . MI\  ii ,1111111 Milfill frO M 

Ito  I 1111,1 . 11111111., 

Unistage is offered to the design engi-
neer in its basic form, so that any desired 
circuitry may be installed. This basic unit 
comprises essentially: the die cast alumi-
num housing; a terminal board having a 
large number of single and through termi-
nals which are coded for easy assembly 
of components; the tube plate which allows 
the use of standard miniature and nova! 
sockets; and the tube well or wells. Pro-
duction and process engineering informa-
tion is included. Technical Development 
Corp., also custom-manufactures com-
pleted Unistage units with the specified 
circuitry. 

Half- Wave Vacuum Rectifier 

Tube Department, Radio Corp., of 
America, 415 S. Fifth 4t., Harrison. N. 
recently all  a half-wave vacti mm 
rectifier tube (6AX4-CT) of the heater-
cathode type. It is intended particularly 
for use as it damper tube in horizontal de-
flection circuits of television receivers. 

Designed to withstand negative peak 
pulses between heater and cathode of as 
much as 4000 volts with a dc component 
up to 900 volts, the 6AX4-GT provides 
flexibility in choice of deflection circuits. 

(( ,, outlisned  tape  44.4) 

PRO( LI14.1;(..s (4. I /IF I kF,  Li, b4per, 
10A 
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T H E S E  A R E  T H E 

W H Y  (AV M IS THE 

LEADER  IN  THE 

AUDIO  ATTENUATOR 

FIEL D 

LA-I 30 Series, 
Ladder Network 
Steps, I 3/4  Diameter 

WORLD' 

(5 

"KNEE-ACTION" ROTOR ... gives positive contact 

and low contact resistance under all conditions. 

BRASS CASE OF 2-PIECE CONSTRUCTION .. gives 

excellent shielding and allows more compact 

equipment design. 

"lOCK•TITE" DUST COVER . . . designed to with-

stand severe vibration and at the same time 

allow easy accessibility. 

ENCLOSED ROLLER-TYPE EVENT MECHANISM . 

gives positive indexing, but does not increase 

depth of unit. 

LOW-LOSS MOLDED TERMINAL BOARD.  has high 

resistance to leakage. 

Write for complete catalog data 

ATT1NUATORS 

195 Central Ave , Newark 4, N. J. 



It -takes iz 

of Copper 

-to toke_Q Lot of themicok I 

These photographs show a lot of copper bus bar in a 
new plant of a great chemical company, whose name 
and location cannot be disclosed. The copper carries 
heavy currents to electro-chemical equipment for the 
production of valuable products used in national defense 
and in industry. Revere furnished 325,000 pounds of 
bus bar for this service, the bar going into substations, 
rectifier stations, and cell houses. In addition, at the 
time of installation the Revere Technical Advisory 
Service collaborated with the customer in working out 
some difficult details in the design of switches. If you 
need electrical conductors, remember that copper has 
the highest electrical conductivity of all the commercial 
metals, that Revere makes bus bar, and that the Revere 

Technical Advisory Service is always ready to work with 
you on any problem concerning copper and its alloys 
or aluminum alloys. Call the nearest Revere Sales Office. 

REPERE' 
COPPER AND BRASS INCORPORATED 

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

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

Los Angeles and Riverside, Calif.; New Bedford, Mass.; Rome. N. Y.— 
Sales Offices in Principal Cities. Distributors Ever) where 

SEE REVERE'S "MEET THE PRESS" ON NBC TELEVISION EVERY SUNDAY 

12% •••• 



Initiated types 

Writs for Bullet n 

let complete details 

RC1 
RC20 
RC21 

Fixed Composition 
Resistors 

in accordance with 

JAN-W-11 
specifications 
Electronic Components Division 

STACKPOLE CARBON COMPANY, St. Marys, Pa. 

RC41 
RC42 

A DEPENDABLE SOURCE OF RESISTOR SUPPLY dot doer 20 YEARS 

PROCEEDING) OF THE I.R.E.  oci,ber, 1952 



Which part 
interests 
YO U?... 

Perhaps that's one qucstion that rightfully belongs with your 
future planning. 
For, like ourselves, your .manufocturing divisions may be 

toiling night and day in the interests of America's safety. 
But to research scientists—seeking the solution to sonic in-

tricate problem of instrumentation and control—Kollsman 
offers an experienced hand. A reputation based on inventive 
ingenuity, precision craftsmanship and world-over 'acceptance 
of its products. 
In manufacture or research, there is no finer name than 

Kollsman—designers, developers and makers of: 

Aircraft Instruments and Controls 

Miniature AC Motors for Indicating and Remote Control 

Applications • • • Optical Parts and Optical Devices 

Radio Communications and Navigation Equipment 

KOLLSMAN INSTRUMENT CORPORATION 
ELMHURST, NE W YORK  GLENDALE, CALIFORNIA 

,\ut3 SIIDIA P‘f 

S ta./IC/24 d  COIL PRODUCTS CO INC. 

14 \ PROCEEDINGS OF THE I.R.E.  tober, 1952 



HAVE1 YO U  A N 

"hplosise/X/e"refaieemem̀ 
FO R  TEC H NIC AL  CE R A MICS ? 

These parts ore enlarged approximately one and one half times 

Many people are kind enough to say we're the first to try 
for any "impossible" technical ceramic. It's probably true 
that we've made more different sizes, types and shapes 
than anybody. 
Through cooperation, and a little give and take on both 

sides, we've been able to make a lot of "impossible" 

P. S.  A couple of new plonts in pro. 

duction nowt On  most things we can 

give you pretty foot deliveries. 

k l k 

ceramics. If you have an "impossible" requirement, let us 
know. We might be able to work it out with you. Anyway, 

we'd be caught trying. 
We don't make a thing but technical ceramics. We've 

been doing it for over fifty years. It might pay you to give 
us first crack at anything in technical ceramics. 

51 S T  YE A R  OF  CE R A MI C  LE A D E R S HIP 

AMERICAN LAVA CORPORATION 
CH ATT A N O O G A  5,  TE N NESSEE 

OFFICES,  METROPOLITAN  AREA.  671  Brood St.,  N•work,  N.  J.,  Mitchell  2-8159  •  PHILADELPHIA,  1649 North Broad  St , Stevenson 4.2823 

SOUTH WEST: John A  Green Co , 6815  Oriole Drive, Dallas 9, Dixon 9918  •  NE W ENGLAND,  1374 Massachusetts Ave , Cambridge,  Moss , Kiritland 7.4498 

LOS ANGELES, 5603 North Huntington Drive, Capitol 1-9114 • CHICAGO, 228 North LaSalle St., Central 6.1721  • ST. LOUIS, 1123 Washington Ave , Garfield .4959 



ZENITH RADIO CORPORATION 

........... ....... G 0 01  D.CPI C M g  A V C..61 a  C MI C A G O  39 

august 14, 102 

linters Chemicals Division 
' General Dyestuff Corporation 
455 Hudson Strist 
New Sorg 14, N. 7. 

114. consider our new "Super-1" radio chassis to be the finest, most dependable in 
1'94ton/a history -- second to none for power and eensitivity.  Tor all O  ur IF oir - 
Gentlemen' 

cults we make our own II Snits -- using threaded core, molded of 0 A & f Carbonyl 

Iron Powder,. I. use your I and TB types -- as we have for Dose 10 years. 

In our ',Matrons FM Core Tuning Snits we have recently avatohed from your sr typ• 
to your newly developed "J 0 Powder•  le find that we get the soma stability wi th 

141 ar e always on the search for finer materials.  lS  are happy to acknowle dge and • higher  value. 

sive credit, When VO find thea. Very truly yours, 

ZENITH RADIO 03RPORATION 

Vide  President in Charge of Engineering 
G. E. Gustafson 

G A & F Carbonyl 
10.\ 

, 
PROCEEIYI NGS OF THE I.R.E. 



G A & F Carbonyl Iron Powders are used to 
produce cores for transformer and inductor coils 
of every form —to increase Q values, to vary 
coil inductances, to reduce the size of coils, to 
confine stray fields and to increase transformer 
coupling factors. 
For use in TV and in Radio, including FM, the 
extremely small size of the particles is of enor-
mous value, since eddy currents develop only 
is ithin each particle—proportional to the square 
of the particle diameter. In core-making, the 
particles are insulated from each other by coat-
ing them, before compounding, with an efficient 
in,ulating agent. 

These powders are microscopic, almost perfect 
sphere, of extremely pure iron. They are pro-
duced in seven carefully controlled types, rang-

ing in average particle-size from three to twenty 
microns in diameter. 
Similarly, their properties vary, making them 
useful in many different applications. Engineers 
have commented on the fact that cores made from 
these powders lend themselves to smoothness of 
adjustment and to ease of grinding. The new 
Ferromagnetic Powder "J" was designed for high 
Q cored coils at VHF. At high frequencies, it has 
the lowest losses for its relatively high perme-
ability. 

We are proud to serve the Zenith Radio Corpora-
tion ... We urge you to ask your core maker, 
your coil winder, your industrial designer. how 
G A & F Carbonyl Iron Powders can increase the 
efficiency and performance of the equipment or 
product you make, while reducing both the cost 
and the weight. 

l,it.vviA nrtitv,vt,,,,t. _ 
carbo yl Iroo 

°ardor's 
/ \,- 

THIS WHOLLY NEW 32-
PAGE BOOK offers you the 
most comprehensive treat-
ment yet given to the char-
acteristics and applications 
of C A &F Carbonyl Iron 
Powders. 80% of the story 
is told with photomicro-
graphs, diagrams, perform-
ance charts and tables. 
For your copy — without 
obligation—kindly address 
Department 32. 

A NT AR A. CHE MIC ALS 
DIVISI ON  OF 

GENERAL DYESTUFF CORPORATION 
435  HUDS O N  STREET  • NE W YOR K  14,  NE W  YORK 

Iron Powders... 
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SILECTRON 
"C" CORES 

9a/a( 
delkefy 
IN 

PRODUCTION 
QUANTITIES 

... wound from strip as thin as 0.00025" 

Qual7e; 
agee /teva6 

* 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. 

* and 1/4 -mil core tests by special 
arrangement with the customer. 

Now available—"C" Cores made 

from Silectron (oriented silicon 

steel) thin-gauge strip io the 

highest standards of quality. 

Arnold is now producing these 
cores in a full range of sizes wound 
from 1/4, 1/2, 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 with Westinghouse Electric Corp. LI  a 

THE ARNOLD ENGINEERING COMPANY-1 
SUBSIDIARY OF ALLE3HENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 
—411111111111___ 
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LOW MICROPHONIC 
SUBMINIATURE TRIODE 

FOR 

OF A UNIQUE DESIGN* 

guided missiles 

telemetering 

recorder amplifiers 

and all audio frequency amplifiers 
critical for microphonics 

MICROPHONIC NOISE OUTPUT — NOT 

MORE THAN 2.5 MILLIVOLTS across 

plate resistor of 10,000 ohms with applied 

vibrational acceleration of 15 G at 40 

cycles per second. 

( 

AC TUAL size  

,= AMPLIFICATION FACTOR  60 

• MUTUAL CONDUCTANCE  2500 umhos 

 ̂HEATER 6  3 volts, 200 ma. 

•The low microphonics result from Raytheon's advanced 

design — not from tube selection. 

RAYTHE ON  MANUFACTU RI N G  CO M PA NY 

RAYTHEON MAKES ALL THESE 

RAYTHEON 

1,1'.(,5 ()1: 1111E 1 1? F.  October, 1952 
P)% 



Small in size... 

but big in features 

... THE M ALLORY MIDGETROL 

TWO-POINT  SUSPENSION 

holds the shaft here ...and here 

In all Mallory Midgetrols the control 
shaft is held firmly at two points 
instead of the usual one. The shaft 
simply can't wobble sideways, and 
won't move endways even when heavy 
pressure is exerted to force on the 
knob. This construction makes pos-
sible a shorter shaft bushing. and 
permits use of longer shafts. 

Television 

Here's a carbon volume control that has all the features you need 
... for simplified design, faster production, top performance. Built 
for today's electronic equipment, Mallory Midgetrols offer you this 
unique combination: 

SMALL SIZE: saves chassis space—outside diameter is only %", 
overall depth is only 3344". 

WOBBLE-PROOF CONSTRUCTION: tss o-point suspension, patented 
by Nlallor  holds nhalt firmly, eliminates end and side play ... 
prevents &tillage and uneven W ear of the element when the shaft 
is turned or when heavy pressure is used to apply the knob. 

QUIET OPERATION: exclusive Ma!lory sliding, silvered contact gives 
positive electrical connection without troublesome pigtail wiring. 

STABILITY: unique manufacturing methods for applying and curing 
the resistance element assure constant resistance value even 
when exposed to extremes of humidity and temperature. 

SMOOTH TAPER: a fine molecular carbon structure is deposited 
under precise control. Linear, right and left hand logarithmic 
tapers are available. 

Midgetrols are supplied in a wide range of resistance values, and in 
styles for practically every standard or special application. For full 
details, write or phone Mallory today. 

Tuners, Special Switches, Controls and Resistors 

MALLORY 
RR. MALLORY a ca. Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical —Resistors • Switches • Television Tuners • Vibrators 
Electrochemical —Capacitors • Rectifiers • Mercury Dry Batteries 
Metallurgical —Contacts•Special Metals and Ceramics •Welding Materials 

P.  R.  M ALL O R Y  &  CO.,  INC.,  IN DI A N A P OLI S  6,  IN DI A N A 
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EM'S Dataplotte 

time  now scientists 
ying to develop an  

An Electronic System That Converts 
Digital Data To An Ana log Plot . . • 
Here is a system that will save countless man-hours and costs, and 

will insure accurate and clear presentation of data. 
This new Dataplotter, designed and developed by Electronic Asso-

ciates Inc., will automatically plot a cartesian curve composed of incre-
mental points or symbols from IBM card data at maximum machine 

It will accept data from  other  inputs  — Magnetic  tape,  keyboards,  
reading speed. 

digital computers, etc.  
It will reta in at all times the  basic  accuracy  of the  digital  system.  
Here's what the Dataplotter system consists of: 

Variplotter Model 205G 
Digital-to-analog converter, Model 417 

Data input keyboard  
For further information,  clip  out  and  mail  the  coupon  below.  No  

obligation. 
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New Jersey 

Gentlemen: Would you be kind enough to send me 

detailed information on your Doloplotier. 

.... 
Name  .... 
Company . •  .... ......... ... 1,Ile ........... 

Address ................... ... ................. 

City ..................... Zone ..... Slate ........ . 

na 

the 
ing 
eve 
pro  • 
mest  ene 
duEtr  re, 
with  soc 
ices  du 
ernm  gi 
to 50  lc 
T h 

dates, 
dated 
tific p 
produc 
These 
ideal 
buildin 
feet of 
land in 
coin pan 
original 
well  a 
researc 

The 
laborat 
machi 
and t 
an d to 
iliary 
geare 
depar 
elates 
tied 
Nati 
and 

Ele 

sci 

a 

‹ul 
ar, 
Thi 
rem I 
tronic 
This , 
more 
nerfo 
100% 

Eden 
near 
and 
men 
plott 
,of a 
frad 
dust 
that 
fron 
too 
pent 
der( 
tro 



Eimac Power Tetrodes 
Apendable 

economical 

Years of dependable operation have established Eimac 

tetrodes as economical, incomparable performers. Econ-

omical because of low driving power, long life and 

simple circuit requirements. Incomparable because of the 

many Eimac features, including high power gain, ability 

to withstand great amounts of mechanical and thermal 

shock and stability of operation. Eimac tetrodes range 

in plate dissipation ratings from 65 to 20,000 watts and 

operate over the spectrum from audio frequencies to 

the ultra high frequencies of television. Eimac tetrodes 

are used as oscillators, modulators or amplifiers by those 

who demand the ultimate in transmitter performance. 

We invite consultation concerning your 
electronic problems and needs. For 
free information about any of Eimac's 
complete line of power tetrodes write 
our application engineering department. 

EITEL- McCULL OUGH,  INC. 
SA N  BR U N O,  C A LI F O R NI A 

E.port Agents: Frazer & Hansen, 301 Clay St., Son Francisco, California 

Now available for 25 cents is the Eimac 
application bulletin number eight, "The 
Care and Feeding of Power Tetrodes". 
This 28-page booklet was written by 
vacuum tube engineers to help you 
get the most out of your tetrodes. 
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MODEL M-2 

MEASURES 

SENSITIVITY AND RESISTANCE 

for testing and calibration of D. C. instruments in the 
laboratory and on production lines 

Marion's New Metertester (Model M-2) retains proven Marion fea-
tures but increases application flexibility. In addition to improved 
circuitry for sensitivity measurement it also measures internal resist-

ance of sensitive instruments without exceeding full scale rating of 
the instrument under test. 

FE AT U RES 

• Regulated Power Supply 
• Stepless Vacuum Tube Voltage Control 

• Illuminated 81/2" Mirror-Scale Standard 
Instrument, Hand Calibrated 

• Marion Ruggedized Null Indicator 
movement for bridge balance indication 

• Decade of .1% accurate Manganin 
Wire Wound Resistors  0-25UA 0-200UA  0-800UA 0-10 MA 

• Direct Reading Bridge Circuit using Helipot 0-50UA  0-400UA  0-1 MA  0-100 Volts 

• Complete. No accessories required  0-100UA 0-500UA  0-5 MA 

The New M-2 Model can also be used for additional purposes, 
such as a precise source of DC current and voltage and as a pre-
cision Wheatstone bridge in the 0-5000 ohm range. 
For further information write Marion Electrical Instrument Co., 

407 Canal Street, Manchester, N. H., U. S. A. 

SPECIFIC ATI O NS 

ACCURACY: Overall better than 1/4 of 1% 

RESISTANCE RANGE: 0-5000 ohms 
POWER SOURCE: 115V A C 60 cycles 

CASE SIZE: 151/4" x 10W x 51/4" 

WEIGHT: 15 lbs. 

SENSITIVITY RANGES 

marion meters 
Reg. U.S. Pat. Off. 

MANUFACTURERS  OF RUGGEDIZED, HER METICALLY 

PROCEEDINGS OF THE IRE.  October, 1952 
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TYPE 252, JAN-R-19, Type RA20 

2 watt, 117/(14 " 
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 Type SD 

Resistance  CTS Part  JAN-R-I9 TYPE 

50+10%  B8079  RA20AISD500AK 
100+10%  W6929  RA20AISDIOIAK 
250+10%  X3497  RA20AISD251AK 
500+10%  W693I  RA20AISD501AK 
1000+10%  W6932  RA20AISDIO2AK 
1500+10%  W6933  RA20A1S0152AK 
2500+10%  W6934  RA20AISD252AK 
5000+10%  W6935  RA20AISD502AK 
10,000+10%  W6936  RA20AISDIO3AK 

RA20 Hugh Torque. JAN Shaft Type SO 

CTS Part 

X3496 
19388 
M9879 
X3498 
X3499 
M9809 
19103 
19104 
H8979 

JAN-R-19 TYPE 

RA20A2SD500AK 
RA20A2SDIO1AK 
RA20A2SD251AK 
RA20A2SD501AK 
RA20A2SDIO2AK 
RA20A2SD152AK 
RA20A2SD252AK 
RA20A2SD502AK 
RA20A2SDIO3AK 

TYPE 25, JAN-R-19, Type RA30 (May also be used as Type RA25) 

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. 

RA30. JAN Shaft Type SO 

CTS Part  JAN-11-19 T  L 

50+10%  X3502 
100+10%  X3503 
250+10%  X3505 
500+10%  X3507 
1000+10%  X3508 
1500+10%  X3509 
2500+10%  X3511 
5000+10%  Q1409 
10,000+10%  X3513 
15,000+10%  X35I4 

RA30AISD500AK 
RA30AISDIOIAK 
RA30AISD251AK 
RA30AISD501AK 
RA30AISDIO2AK 
RA30AIS0152AK 
RA30AISD252AK 
RA30AISD502AK 
RA30AISDIO3AK 
RA30AISD153AK 

RA30 H O Torque, JAN Shaft Type SD 

CTS Part  JAN-R-I9 TYPE 

W2837 
X3504 
53506 
M7566 
S2444 
X3510 
S2736 
53512 
RI 561 
19107 

RA30A2SD500AK 
RA30A2SDIO1AK 
RA30A2SD25IAK 
RA30A2SD50IAK 
RA30A2SDIO2AK 
RA30A2SDI52AK 
RA30A2SD252AK 
RA30A2SD502AK 
RA30A2SDIO3AK 
RA30A2SD153AK 

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. 

UNPRECEDENTED PERFORMANCE CHARACTERISTICS 

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 — Describee 

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 

Henry E Sanders 
John B McClatchy Bldg. 

69th & Market St. 
Uooer Darby. Penna 

Phone Flanders 2-4420 

W S Harmon Company 
1638 So La Cienega Blvd 

Los Angeles 35, Calif 
Phone Bradshaw 2-3321 

John A Green Co 
6815 Oriole Dore 
Dallas 9. Telas 

types 
IN CANADA 
C C Meredith & Co 
Streetsyille. Ontario 

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

OTHER EXPORT 
Sytyan Ginsbury 
8 West 40th Street 
Nev. York 18. N Y 

CHICAGO TELEPHONE SUPPLY 
recy,, 

FOUNDED  1896  • ELKHART. INDIANA 

CTS SHA FT TYPE LT-2 
LOCKING BLISH/NG 

/25  

SCRE W DRIVER 
SLOT 

.040 .• oar WIDE 
a.cvo • at-Ep 

- N EA--2 7-No 

MOUNTING HARD WARE ASSEMBLED 

MOUNTING Nuy- jilex •LOCK NNOUTT  HEX o  f 

LOCK WASHER ./9/4A 

MOUNTING HARD WARE As_sE mBc_ED 
MOUNTING NUT  HEX • Ye 
LOCK WASHER ./914.4 



CTS Part 
CTS Part  Locking Bushing 

Resistance  CTS Shaft Type RE  CTS Shaft Type LT-2 

250+10%  X3516  X3530 
500+10%  X3517  X353I 
1000+10%  X3518  X3532 
2500+10%  X3519  X3533 
5000+10%  X3520  X3534 
10,000+10%  X3521  X3535 
25,000+10%  X3522  X3536 
50,000+10%  X3523  X3537 
100,000+10%  X3524  X3538 
250,000+10%  X3525  X3539 
500.000+10%  X3526  X3540 
1 Meg±20%  X3527  X354I 
2.5 Meg±25%  X3528  X3542 

TYPE 65 
V watt 70° C, 2 

diameter 
miniaturized 

variable 
composition 

resistor. 

TYPE 95, JAN-R-94, Type RV4 
JAN-R-94  JAN-R-94  CTS Part 
TYPE RV4  TYPE RV4  Non-JAN Locking Bushing 

Resistance  JAN Shaft Type SD  JAN Shaft Type RJ  CTS Shaft Type LT-1 

100+10%  RV4ATSDIOIA  RV4ATR.1101A  W3I60 
250+10%  RV4ATSD251A  RV4ATR.1251A  W3I61 
500+10%  RV4ATSD501A  RV4ATR.1501A  W3162 
1000+10%  RV4ATSDIO2A  RV4ATR1102A  W3166 
2500+10%  RV4ATSD252A  RV4ATR.1252A  W3163 
5000+10%  RV4ATSD502A  RV4ATR1502A  W31 64 
10,000+10%  RV4ATSD103A  RV4ATR.1103A  W3167 
25,000+10%  RV4ATSD253A  RV4ATR1253A  W3I68 
50,000+10%  RV4ATSD503A  RV4ATR.1503A  W3169 
100.000+10%  RV4ATSD10411  RV4ATRJ104A  W3170 
250,000+10%  RV4ATSD254A  RV4ATR.1254A  W3I71 
500,000+10%  RV4ATSD504A  RV4ATRJ504A  W3172 
I Meg±20%  RV4ATSD10513  RVOATRJ1058  W3I73 
2.5 Meg±20%  RV4ATSD255B  RV4ATR.1255B  W3165 
5 Meg±20%  RV4ATSD505B  RV4ATR1505B  W3159 

2 watt 70°C, Ws" 
diameter variable 

composition 
resistor. Also 
available with 
other special 

military features 
not covered by 

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

TYPE 45, JAN-R-94, Type RV2 

CTS Part 
RV2 JAN Shaft Type SD  Non-JAN Locking Bushing 

Realatence  CTS Part  JAN-R-90 TYPE  CTS Shaft Type LT-I 

100+10%  A5876  RV2ATSDIO1A  A5922 
250+10%  A5877  RV2ATSD251A  A5923 
500+10%  A5878  RV2ATSD501A  A5924 
1000+10%  A5879  RV2ATSDIO2A  A5925 
2500+10%  A5880  RV2ATSD252A  A5926 
5000±10%  A5881  RV2ATSD502A  A5927 
10,000+10%  A5882  RV2ATSDIO3A  A5928 
25,000+10%  A5883  RV2ATSD253A  A5929 
50,000+10%  A5884  RV2ATSD503A  .A5930 
100.000+10%  A5885  RV2ATSDIO4A  A5931 
250,000+10%  A5886  RV2ATSD254A  A5932 
500,000+10%  A5887  RV2ATSD504A  A5933 
I Meg±20%  A5888  RV2ATSDIO5B  A5934 
2.5 Meg±20%  A5889  RV2ATS0255B  A5935 

watt, 15Ae 
diameter variable 

composition 
resistor. Also 
available with 
other special 

military features 
not covered by 

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

TYPE 35, JAN-R-94, Type RV3 
CTS Part 

RV3, JAN Shaft Type SD  Non-JAN Locking Bushoi 
Resistance  CTS Part  JAN-R-94 TYPE  CTS Shaft Type LT-1 

100+10%  A5861  RV3ATSD101A  A5907 
250+10%  A5862  RV3ATSD251A  A5908 
500+10%  A5863  RV3ATSD501A  A5909 
1000+10%  A5864  RV3ATSD102A  A5910 
2500+10%  A5865  RV3ATSD252A  A5911 
5000+10%  A5866  RV3ATSD502A  A5912 
10,000+10%  A5867  RV3ATS0103A  A5913 
25,000+10%  A5868  RV3ATSD253A  A5914 
50,000+10%  A5869  RV3ATSD503A  A59I5 
100,000+10%  A5870  RV3ATSDIO4A  A5916 
250,000+10%  A5871  RV3ATSD254A  A5917 
500,000+10%  A5872  RV3ATS0504A  A5918 
I Meg±20%  A5873  RV3ATSD10513  A59I9 
2.5 Meg±20%  A5874  RV3ATSD255B  A5920 
5 Meg±20%  A5875  RV3ATSD5058  A592I 

JAN SHAFT TYPE 5,0 

250" goo/ 
SCREW DR/VeR 
SLOT 

.047 - E cos W/DE 
043"  ae-ER 

1.-3202-/VEP-2 THD 

7 a-
MOUNTING HARDWARE ASSEMBLED 
MOU/V77/VG Nur g -HEX A ..12. 
LOCK WASHER •/.9.20A 

watt, VA" 
diameter variable 

composition 
resistor. Also 
available with 
other special 

military features 
not covered by 
• JAN-R-94. 

Attached Switch 
can be supplied. 

JAN _SHAFT TYPE RJ  CT5 SHAFT TYPE LT-/ 

250" ocv 

MOUNTING HARDWARE ASSEMBLED 
MOUNTING NUT I nex A l2 

LOCR WASHER '/-920A 

LOCH/N6 BUSHING 
250"* co," 

SCREW DRIVER 
SLOT 

047"E oos' WIDE 
.063".zso 1 pczy, 

1••••- i \- 1 — A 2 THD. 

MOUNTING HARDWARE ASSE/48LED 
mo vv -rilv6 NUT f"Hex 
LOCH NUT  HEX. 
LOCH WASHER °/920A 



improve your product wifh - 

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 410 

Tuning Coil Form 

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  0.0015 
Dielectric constant, 1 megacycle  9.2 
Loss factor, 1 megacycle  0.014 
Dielectric strength, volts/mil  400 
Volume resistivity, ohm-cm  I x 10f 5 
Arc resistance, seconds  250 
Impact strength, Izod, 
ft.-lb/in, of notch  0.7 

Maximum safe operating 
temperature, °C  350 

Maximum safe operating 
temperature, °F  650 

Water absorption % in 24 hours  nil 
Coefficient of linear expansion, °C  II x 10-6 
Tensile strength, psi  6000 

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

Mycalex 410 
Solenoid Type Coil Form 

Myralex 410 Terminal Bas0 
and Cap Assembly for 
Fire Detection Equipment 

THE OUTSTANDING 

L O W  L O S S 

HIGH FREQUENCY 

INSUL A TI O N 

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. 

Mrcale. 410 
Tuning Switch Plate 

• 
• 

• 

• 

MYcales Al 0 
Rotary Switch Stator 

Mycalen 410 
Teeing Stator Plate 

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

'locative IMices: 30 ROCKEFELLER PLAZA, NEW YORK 20 —Plant & General Offices: CLIFTON, N.J. 
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TAKES UP TO 10,000 VOLTS TEST 

A/eiti 
HIGH VOLTAGE 
TERMINAL 

Rocep 
FOOPROOF 

HERMETIC's new high voltage terminal is 
a glass-metal header that can take up to 

10,000 volts and yet occupies only 1/2" 
diameter on the mounting surface.  It is 
amazingly rugged and will insure foolproof 
operation because of the diaphragm con-
struction of the mounting. It is available 
with solid or tubular center conductors. 
Applications are many, among which are 
its use in transformers, choke coils, capaci-

tors and pulsed circuits. 

What are your requirements in hermetic 
sealing? Contact HERMETIC, the one and only 

dependable source of supply, and be sure that 
your problems, too, will be solved to your com-
plete satisfaction. 

Write for your FREE copy of HERMET1C's 
informative new 32-page brochure, the 
most complete presentation ever offered 

on hermetic seals. 

HERMETIC SEAL PRODUCTS CO. 29 So. Sixth St., Newark 7, N. J. 
FI R S T  8  F O R E M O S T  IN  M I NI A T U RI Z A TI O N 
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DIFFERENTIALLY TEMPERED 

The tinned leads of Bradley-
units are differentially tem-
pered. This graduated softness 
of leads near the body of the 
resistor prevents sharp bends 
and damage to the resistor. 

I••• 

STRONG INSULATING SHELL 

The  resistor  element of all 
Bradleyunits is encased in a 
strong plastic shell, which in-
sulates the resistor complete-
ly. Hence, these units con be 
closely grouped with safety. 

STANDARD R.T.M.A. CODING 

Bradleyunits are made in all 
standard R.T.M.A. values from 
10 ohms to 22 megohms in 1/2  
and 2 watt sizes, and from 2.7 
ohms to 22 megohms in 1 watt 
size. Standard color coding. 

\ 44444 :wiltiolit j 

IMBEDDED TINNED LEADS 

The leads of all Bradleyunits 
ore enlarged at the resistor 
end to produce a conical sec-
tion. Ample contact and great-
er  mechanical  strength  are 
thereby obtained. 

ACCURATE RESISTANCE VALUES 

For stability and permanence. 
Bradleyunits are rated at 70 C 
. . . not 40 C. Available in 
three tolerances—plus or minus 
5%, 10%, or 20%. They with-
stand heat, cold, and moisture. 

L thi2. for ALLEN-BRADLEY RESISTOR QUALITY 

Bradleyunits are solid molded resistors with high me-
chanical strength. Due to the plastic shell in which they 
are encased, they need no wax impregnation to pass salt 

water immersion tests. 
Bradleyunits are small in size . . . but super in quality 

performance demanded by electronic engineers. Under 

Allen-Bradley Co., 114 West 

continuous full load for 1000 hours, the resistance change 
is less than 5 per cent. 
They are packed in honeycomb cartons that keep the 

leads straight and avoid tangling of the resistors during 
assembling operations. 
Let us send you a complete Allen-Bradley resistor chart. 

Greenfield Ave., Milwaukee 4, Wis. 

/v 
ALLEV, -BRADLEY 
FIXED & ADJUSTABLE RADIO RESISTORS 

Sold -1-1" —"f""̀" Qufaiiv 
of radio and electronic equipment 

78‘ PR,  I/11%,  I /II / 1,. / H.t,her. 



Mobile Radio Operators... 

RADIOTELEPHONE 

MICROPHONE CONTROL 
With Microfoot Switch Operation 

Here at last is a microphone control that increases dispatch operator 
efficiency! ... makes it easy to handle more calls faster! 

This new microphone control unit makes it possible to use a single 

microphone for any two communications systems. It provides an 

efficient method for switching a single microphone from one com-
munications system to another, simultaneously holding connection 

with either system. It is so designed that there is no interference be-

tween systems ... privacy of message transmission is assured on 

either system. Confusion resulting from open circuits and use of sep-
arate hand-phones and microphones is eliminated ... speech qual-

ity is improved ... room noises eliminated. Neat, compact, highest 

quality construction. Can be installed quick, easy without altering 

present radio equipment. Uses any standard headset. 

• 

• 
RADIOTELEPHONE 
COMPANY, INC. 
ST. PETERSBURG, FLORIDA 

ANS WER 
INCOMING 
CALLS... 

TALK TO 
YOUR 
MOBILE 
UNITS 

...Without 
Switching 
Microphones! 

Model DFS-100 (Patent Pend-
ing) W•3 1/16'. 1•1•3 3 6'. 

Foot Switch Operated ... Equipped with microfoot switch. Leaves oper-

ator's hands free for logging calls. 

Multiple Assembly .... Can be installed in multiple where more than one 

operator receives and relays messages. Lockout device and warning indi-

cator prevents operator interference or overloading of communications 

equipment. 

ORDER THIS EQUIPMENT TODAY! Make a test installation. You'll be 

amazed with the increased efficiency gain ... how it speeds up transmission 

and saves air time. MODEL DFS-100 $75.00 plus $7.50 Federal tan, Micro-

Switch foot switch included. Shipped complete with instructions. 

EFFICIENT • DEPENDABLE • EASY TO INSTALL • GUARANTEED 

1 

American Radio Telephone Co., Inc., Dept. PI-1, 3505 4th St. No., St. Petersburg, Florida 
Please ship  Model DFS-100 Microphone Control Switch, including Micro-Switch toot 

switch, (a $75.00 plus $7.50 Federal tax. 
0 Check enclosed  0 Purchase Order Enclosed  0 Ship C.O.D.  0 Please send literature 

NAME  TITLE   

COMPANY   

ADDRESS   

CITY  ZONE  STATE   

plo( FF-1)1,%'(,.S•  1/IF. I R   2'1 



M ALLORY 
paper 
dielectric 
capacitors 
JAN-C-25 types 

For use in military electronic equipment, Mallory manufactures a 
line of paper dielectric capacitors which will conform to Character-
istic E of Specification JAN-C-25. Included in the Mallory line arc 
the following types: 

CP-25, CP-26, CP-27, CP-28 
CP-29, CP-53, CP-54, CP-55 

Into these military-type capacitors go the same engineering know-hou 
and production craftsmanship which have made Mallory capacitors 
the standard of quality in the industrial and electronic fields. They 
are now in quantity production and your inquiry will receive prompt 
attention. 

Look to Mallory for all your capacitor needs . . . whether for military 
or civilian applications. 

MALLORY 
P. R. MALLORY 8. CO.. Inc. 

New Folder Describes 

JAN-C-62 Capacitor Types 

In addition to paper dielectric 
capacitors Mallory produces a 
full line of electrolyt 
capacitors conf ,,rming to 
JAN-C-62. Write for your copy 
of the new Technical 
Information Bulletin. It is an 
ideal reference for everyone 
who uses or specifies 
clectrolytic capacitor,. 

SERVING INDUSTRY WITH THESE PR ODUCTS: 

Electromechanical  Resistors • Switches • Television Tuners • Vibrators 

Electrochemical —Capacitors • Rectifiers • Mercury Dry Batter ies 

Metallurgical—Contacts•Speciol Metals and Ceramics Welding Materials 

P.  R.  M A L L O R Y  &  CO.,  INC.,  INDI A N AP OLIS  6 
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HERMETICALLY SEALED 

Diameter  3/16" to 1.1/4" 
Length  9/16" to to.. 
Current: holf.wave  1 5 ma to 60 ma 
Voltoge: DC output  20 volts to 

4,000 volts 

SELENIUM DIODES 

A recent month's production 
included Rectifiers to supply 
40 microamperes, 1,000 volts, 
and Rectifiers with a capacity 
of 140,000 amperes, 14 volts. 

Diameter 
Length   
Output Voltage.... 
Output Current...2 
Temperature Range 

EL SEGUNDO 

CALIFORNIA 

Cons' 
single s 
produced 

100" to 0.300" 
210" to 0.250" 
...20V to 80V 
ua to 1.5 ma 
50°C to I00°C 

est 
tack 

PHENOLIC CARTRIDGE 

Diameter  IA" to I" 
Length  1/2 " to 12" 
Current: holf•wave..1.5 ma to 60 mo 
Voltage: DC output  20 volts to 

10,000 volts 

• 

Owned and managed by En-
gineers who are specialists 
in the design and manufac-
ture of Selenium Rectifiers. 
Submit your problems for 
analysis and we will be glad 
to offer our recommendations. 

INTERNATIONAL RECTIFIER 
0  R  A 

General Offices: 1521 E. Grand Ave., El Segundo, Calif. • Phone. El Segundo 1890 

Chicago  Branch  Office  205  West  Wacker  Drive  • Pho ne  Franklin  2- 3 8 8 9 
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keeping communications ON THE BEA M 

FREQUENCY & MODULATION MONITOR 

the JK 
FD-12 

Monitor, any four frequencies anywhere between 25 mc and 
115 rnc, checking both frequency deviation and amount of, 
modulation. Keeps the -beam - on allocation; guarantees 
more solid coverage, tool 

JK STABILIZED 
H-7 CRYSTAL 

CRYSTALS FOR THE CRITICAL 

The 11-7 crystal is in a   use %jilt two. 

way police radio systems. Frequency range: 3 

to 20 me. Water and dust-proof. it is pressure 

tnounted, has stainless steel electrodes. Just 

our of many JK crystals made to serYe EVERY 
crystal need! 

Tune-Saver/ toPtowe ava„Lide-Satsea&Theueandil 
In a split second your police station and the farthest cruising prowl 

car can respond as one man! Such "safety at your doorstep" is 

possible only through compactly efficient two-way radio. 1K crystals 

and monitors are in constant use to keep police radio frequencies 

reliably "on the beam." 

THE JJAAMMEESS  KNIGHTS COMPANY 
SANDWICH 1, ILLINOIS 
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DISC CERAMICONS. 

• 

831  801 

I. 

812 • 

811 817 821 

ERIE offers a complete line of Disc Cera-micons in By-Passing, Temperature 
Compensating, and High Voltage types. 
A distinguishing feature of Erie Disc Cera-
micons is high capacity—up to .02 mfd — 
in extremely compact size. Also, High 
Voltage Disc Ceramicons are available in 
ratings up to 8000 volts D. C. working. 
Basic diameter sizes are 5/16", 3/8", 
19/32", and 3/4" maximum. 

They are amazingly easy to install in 
small spaces . . . they simplify soldering 
and wiring operations, and speed up the 

826 

assembly line. Erie Disc Ceramicons con-
sist of round flat dielectrics with fired on 
silver plates, and leads of tinned copper 
wire firmly soldered to silver electrodes. 
The units are given a protective coating 
of phenolic and vacuum wax impregna-
tion. Dual discs are available in both 
shielded and non-shielded construction. 

Such simplicity of construction results 
in low series inductance an,d unusual effi-
ciency in high frequency by-passing. 

Write for complete information regard-
ing your specific needs, and samples. 

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION 

Main Offices: ERIE, PA. 
Soles Offices  Cliffside, N. J. • Philadelphia, Pa. • Buffalo, N. Y. • Chicago, III. 

Detroit, Mich. • Cincinnati, Ohio • Los Angeles, Calif. 

frirtories  ERIE, PA. • LONDON, ENGLAND • TORONTO, CANADA 
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FO r / Applications 

Triplett 630A Has No Counterpart 

with al Mirror-Scale 

with 'h.% resistors 

Try it at your distributor's 

TRIPLETT ELECTRICAL INSTRUMENT CO., BLUFFTON - OHIO 
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ELECTRIC COMPANY, INC. 
Fourteenth and Chestnut 

Kansas City 1, Missouri, U.S.A. 

Low initial cost 

Dependable— 

large component 

safety factor 

50 watt 

VHF transmitter, 

Type 408A 

Highly selective 

and sensitive receiver, 

Type 305A 

Rapid installation— 

easily moved 

One antenna 

for transmitter and 

receiver 

Spurious responses 

at least 100 db down 

Frequency range 

118-132 mc/s 

All controls 

within easy reach 

Easy maintenance 

Write today for 

complete specifications 



The Spotlight's On 

DALIIHM 
POWER RESISTORS 

r r WIRE W OUND — SILICONE COATED 
RESISTORS 

Complete v,i•Ided (iin.truciion 
from terminal to terminal. Tem-
perature coefficient .0.00002/ deg. 
C. Ranges from 0.1 Ohm to 55.000 
Ohms, depending on Type, Toler-
ance 0.05%, 0.1%, 0.25%f 0.5%, 
1%, 3%, 5%. 

RH TYPE— Available 
in 25. 50 and 250 watt sizes. 
Silicone sealed in die-cast, 
black anodized radiator finned 
housing for maximum heat 
dissipation. 

RS TYPE — Available in 2 
watt. 5 watt. and 10 watt sizes. 
Silicone sealed offering maxi-
mum resistance to abrasion, 
high thermal conductivity and 
high di-electric strength. 

DEPOSITED 
CARBON RESISTORS 

Dalohm precision deposited carbon 
resistors offer the best in accuracy, 
stability, dependable performance 
and economy. Available in  watt, 
1 watt and 2 watt sizes. 

Carefully crafted in every respect, 
Dalohm resistors are true power in 
miniature — provide the answer 
to those space problems. 

Write, wire or phone George Risk 
1302 28th Ave, Columbus, Nebr 
rice and delivery Telephone 

% DALE PRODUCTS, INC 

-74 rI€717 L 
()I N VE R 

leCOS° 

131119  for aircraft, industrial 
and laboratory applications 

HEILAND Series "700" Oscillo-
graph Recorders have been de-
signed and developed to enable 
the testing engineer and scien-
tist to solve the wide variety of 
industrial and laboratory prob-
lems involving the measurement 
of physical phenomena such as 
strains, stresses, vibrations, pres-
sures, temperatures, accelera-
tions, impact, etc. Accurate and 
dependable oscillograph  rec-
ords permit the study of various 
recorded data comparatively, 
individually  and  collectively 
making for better product de-
sign and performance. 

HEILAND Series "700" Oscillo-
graph Recorders are being wide-
ly used today for the analysis 
of static and dynamic strains. 
vibrations, etc. in aircraft and 
guided missile flight testing; 
structural  tests;  performance 
tests; riding quality evaluation; 
voltage and current measure-
ments; medical research; gener-
al industrial problem analysis. 

des 

Exclusive Heiland "700" Features 

A708 
21-channel 
Oscillograph 
Recorders 

Other "700" models up to 60 chan-
nels are available. Write today for 
a complete catalog of Heiland "700" 
oscillograph recorders. 

The Reiland Research Corporation 
130 East Fifth Avenue, Denver 0, Colorado 

e endable instruments 

One surface 
operation, control 
and loading 

Rack or table 
mounting 

it Direct monitoring 
of galvanometer 
light spots 

,-
14( Damping resistor panel 
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with less than 3% Harmonic Distortion 

Made under one or more of the folio 
ing U.S patents: 2.143.745. 2,212.190 
2.346,621: and patents pending. 

for Industrial and Defense PROCESS CONTROL, TESTING and RESEARCH 

Now all the advantages of static-magnetic voltage 
regulation are available for harmonic-sensitive 
applications. All harmonic-neutralized regulators 
deliver • 1% regulated voltage with commercial 

sinusoidal output waveshape. They may be used 
for the most exacting applications in equipment 

having elements which are sensitive to power 
frequencies harmonically related to the funda-

FIXED OUTPUT, Type CVH 

Stock units range in capacities from 
30va to 2000va. 

Type CVH units are especially suitable 
for meter calibration or for input to a 
rectifier when close regulation of the 
dc output is required. Units of 120va 
and under have line cord and output 
receptacle . . 250va and over have 
screw type terminals in outlet boxes. 

mental. In addition, they have all the character-

istics of the standard Solo Type CV static-mag-
netic regulators: no moving parts . . . no tubes or 
other expendable components . . . no manual 
adjustments . . . response 1.5 cycles or less . . . 
continuous, automatic regulation. 
Seven fixed and two variable output models 

are available from stock. 

ADJUSTABLE OUTPUT, Type CVL — 

Two 'loci, tiros of 250 ,ra and 500va 
are ova:fable. 
The "Solavolt" will deliver any voltage 
from 0-130v stabilized within -±-100. and 
total harmonic distortion less than 3°6. 
Each "Solavolt" is portable for labora-
tory or shop use. Any or all of their 
three regulated outputs may be used 
simultaneously within total maximum 

rating. 

LA TRANSFOR MERS 

Solavolt 

The complete line of Sofa Constant Voltage 
Transformers is described in a 24 page 
catalog Write on your letterhead for a copy 

of K-CV-142. 

Transformers for: Constant Voltage • Fluorescent Lighting • Cold Cathode Lighting • Airport Lighting • Sertes lighting • luminous Tube Signs 
Oil Burner Ignition • X-Ro), • Power • Controls • Signal Systems • etc. • SOLA ELECTRIC CO., 4633 W. 16th Street, Chicago 50, Illinois 
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MANIA TUBE SOCKETS 
for Rugged Military Service 

HIGH QUALITY SYLVANIA SOCKETS IMMEDIATELY AVAILABLE 

JAN OCTAL TUBE SOCKETS 

Saddles of these sockets are 
nickel plated brass, either top or 
bottom mounted, with or with-
out ground lugs. Body and con-
tacts are of the same materials as 
the JAN miniature tube sockets. 
Contact tabs and saddle ground 
lugs are hot tin dipped. 

JAN 1- AND 9-PIN MINIATURE 

TUBE SOCKETS 

These sockets are available in 
grade L-4B or better ceramic, or 
type MFE low loss plastic. The 
contacts are either phosphor 
bronze or beryllium copper, sil-
ver plated. Contacts and center 
shield tab are hot tin dipped. 
Nickel plated brass shields 
equipped with sturdy springs 
are available for all 7- and 9-pin 
sockets. 

BUTTON TYPE SUBMINIATURE (T3) 

TUBE SOCKETS 

These sockets are available for 
round 8-pin subminiature tube 
types. Insulation is type MFE 
low loss plastic and contacts are 
beryllium copper silver plated 
with gold flash covering. Con-
tacts especially designed for pos-
itive connection and high pin 
retention even after many inser-
tions. Sockets are of rugged con-
struction for long life. 

When you order Sylvania Tube Sockets you get 
the extra value of Sylvania's experience and 
know-how at no extra cost. Designed for maxi-
mum strength and optimum electrical properties, 
Sylvania Sockets assure high tube retention and 
tube pin contact even under severe vibration. 

Highest quality is guaranteed by Sylvania's own 
exacting quality control. 
For full information on the complete line of 

Sylvania Tube Sockets write: Sylvania Electric 
Products Inc., Dept.A-1310,Parts Sales Division, 
Warren, Pa. 

Ar SYLVAN IA vk 
Low opts ; TELEVISION PICTURE TUBES, ELECTRONIC PRODUCTS, ELECTRONIC TEST EQUIPMENT; FLUORESCENT TURES, FIXTURES. SIGN TUBING, WIRING DEVICES; LIGHT BULBS; NoRomps; Immo sus 
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HOW MANY 8§..„  AT 5,000 
MEGACYCLES? 

AT 25,000 

MEGACYCLES? 

precision 
variable attenuators 

• METALLIZED 
GLASS ATTENUATING 

ELEMENTS 

• PRECISE, PERMANENT 
CALIBRATION 

• BROADBAND 
CHARACTERISTICS 

• NEGLIGIBLE 
INSERTION LOSS 

• BACKLASH-FREE 

• LOW REFLECTION 

• WELL SHIELDED CASING 

The use of metallic-film-on-glass techniques to provide 
attenuation at microwave frequencies is no longer new. 
This type of PRD attenuator is now well recognized 
for its constancy of attenuation with time as well as for its 
insensitivity to variations of humidity and temperature. 

PRD has now augmented this line of attenuators with 
units employing metallized mica elements to provide 
broader-band characteristics for the millimeter region of 
the microwave spectrum. As a consequence, it is now 
possible to offer complete coverage of the range 
from 2,600 to 40,000 megacycles per second in design.% 
varying from a simple level set attenuator to a 
precisely calibrated secondary standard. Write today foi 
our complete new catalog of microwave test 
equipment — address Dept. R-10. 

RESEARCH 
ILD(VELOPMENT 
COMPANY, Inc. 

55 JOHNSON STREET, BROOKLYN 1, NE W YORK 

W ESTER N  SALES  OFFI rE 

737 NO. SEWARD STREET, HOLLYWOOD 38, CALIF': 
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These "Firsts" Helped 
Westinghouse Customers 

USERS OF WESTINGHOUSE TUBES GET 

FIRST BENEFITS FRO M M ANY NE W 

TUBE DEVELOP MENTS 

These are only a few of the "firsts" 

that Westinghouse created in the 

electronic tube industry. In each 

case, designers using Westinghouse 

Tubes gained advantages by having 

first chance to use these innova-

tions. 

Today, Westinghouse still pioneers 

in electronic tubes and tube mak-

ing. For instance, Westinghouse 40 

KV and 20 KV rectifying tubes are 

under 9 ounces, only 21/4 " high. 

Designers seeking the ultimate in 

space and weight savings will find 

them in these new WL-6102 and 

WL-6I03 tubes. 

Radical new developments in other 

power tubes and receiving and tele-

vision picture tubes are now being 

engineered at the NEW Westing-

house Electronic Tube Division at 

Elmira and Bath, New York. 

NEW SERVICE, 

NEW DISTRIBUTION 

Westinghouse plans for Electronic 

Tube Division expansion are in 

operation. New service facilities, 

new warehousing policies, and new 

distributors are opening rapidly. 

New merchandising methods will 

aid distributors in serving indus-

trial users—many of these business-

building programs are totally new 

in the tube industry. Here, as else-

where, Westinghouse plans to pro-

vide industry leadership in service. 

It pays in profits to deal with Westinghouse and 

with Westinghouse distributors. For full infor-

mation on how Westinghouse can help you with 

problems of design, service, or supply, call pur 

nearest Westinghouse representative, or write to 

Department C-110 

R E L I A T R O PC 

YOU CAN SE SURE ...IF IT'S 

estinghouse 

Westinghouse Makes 
First Dry Battery 
WD-11 Tube 

Westinghouse Testing 
ted 

New Indireetlyllea  

Tube 

WESTINGHOUSE INVENTS 
NEW KU-610 THYRATRON 

ill.0•711  rno St ,,n,u tng 
cbc  c+rn  ••  

ilintoafice /Vele Photo-
Tube and twig-Life 
Cathode Ray Tube 
,,v  

nec•th., r,. 

Westinghouse Patents 
KOV AR for Metal-to-
Glass Tube Sealing 

WeFsirtsintgnhioguhseP ower 

UHF Tube r 

INestiughouse Tells 
New Ignitron Tube 

WL-530 in Radar 
at Pearl Harbor 

„, 

T U B E S 

E L 

T U B 

E C  T R  O N I C 

E  D I V  I S I O N 

Westinghouse Electric Corporation 

Box 284, Elmira, N. Y. 

4,1\ 
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rc-- , JUST ONE-J UMP 414(4Y 

Ra w 4 Pe/ere-T/97/ 

You can use e pogo z 
stkk 71'7 make /Mt.. 
BUT it's simpler to 
design the radio 
around the battery! 
National Carbon oilers a complete range of " Eveready-
"Nine Lives" radio batteries. Just design your new model 
receiver—any type or size—around standard. compact, 
long-lasting "Eveready" batteries and forget you ever 
had a battery problem. 
Users prefer them, too. They enjoy Geller listening 

longer .... and when replacements are necessary. 
"Eveready" brand radio batteries are sure to be available 
wherever radio batteries are sold. 
Write to our Battery Engineering Department for full 

details and specifications °FEVER E A DV " radio batteries. 

"Ereready" No. 964 "A" 
battery and "Ereready" 
No. 4" "13" battery for 
"personal" receirers— 
lowest priced complement 
of its size on the market 
— feature lowest cost Per 
hour of listening phis a 
new !sigh in balanced life 
of the two components. 

vEREADY 

EII ER EA DY 
TRADE- MARK 

RADI O  BATTE RIES 

The terms -Evereody -, -Nine lines - and the Cot Symbol 

are registered trade-marks of Union Carbide and Carbon Corporation 

NATIONAL CARBON COMPANY 
A Division of Union Carbide and Carbon Corporation 

30 East 42nd Strovt, Now York 17. N. Y. 

District Sales Offices: Atlanta. Chicago. Dallas, Kansas City, 
New York, Pittsburgh, San Framisco 

IN CANADA: 
National Carbon Limited, Montreal, Toronto, Winnipeg 
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electronic wire and cables 
for standard and special applications 
Whether your particular requirements are for standard or special 
application, choose LEN Z 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. arid 105 C. 
. temperature requirements. Plastic insulated, with or 
wIlhout braids. 

RF CIRCUIT HOOK-UP AND LEAD WIRE 
for VHF and UHF, AM, FM and TV high frequency cir-
cults. 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. 

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: i36 tinned copper, closely braided, 
with tough durable jacket overall. Capacity per foot: 
29MMF. 

TINNED COPPER SHIELDING AND 
BONDING BRAIDS 

Construction: 934 tinned copper braid, .flattened to 
various widths. Bonding Braids conforming to Federal 
Spec. QQ-B-S75 or Air Force Spec. 94-40229. 

>Nor m 
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 

Our 48th Year in Business 

cords, cable and wire for radio • p. a.. test instruments • component parts 
Ui 



Bring your relay problems to CLARE 

Front View S;de View 

CLARE Type "CP" PO WER RELAY 

•Some of the most important relay developments 
of the past decade have been the result of CLARE 
cooperation with engineering staffs of acknowledged 
leaders in the electrical and electronic industries. 

Development of the CLARE Type CP Power Relay, 
for instance, came about from a consultation with 
a large electrical manufacturer who uses power 
relays extensively in the manufacture of various 
electronic control units. This CLARE customer 
objected to the use of ordinary power relays in 
plate circuit applications because one watt or more 
was required to operate them. Also, this necessi-
tated the use of a high-current thyratron tube, or 
the interposition of another, more sensitive relay. 
He wanted a power relay sensitive enough to oper-
ate in the plate circuit of any triode, including 
miniatures. 

Years of satisfactory service from CLARE tele-

phone-type relays had convinced the customer's 
engineers that the best way to achieve this would 
be to adapt these sensitive, dependable, durable 
relays to suit the special requirements of their use 
as power relays. Valuable contributions to the de-
sign of the CLARE Type CP Power Relay were 
made by the customer's engineers. 

The result of this cooperation between these engi-
neers and the CLARE engineering staff is a relay 
which simplified control equipment, saves money and 
space, and will outwear several ordinary power relays. 

CLARE engineers, both in the field and in the 
plant, are anxious and willing to cooperate with you 
and your engineers to solve perplexing relay prob-
lems. Call the nearest CLARE office or write: C. P. 
Clare St Co., 4719 West Sunnyside Avenue, Chicago 
30, Illinois. In Canada: Canadian Line Materials 
Ltd., Toronto 13. Cable Address: CLARELAY. 

CLARE RELAYS 
First in the Industrial Field 



News—New Products 

BRUSH and the future of 
communications... 

Brush headphones using the exclusive BMIORPH CRYSTAL 
drive element provide flat response, high sensitivity, and 
low distortion . . . are also engineered for comfort. 

THE news Rash "HARDING IS ELECTED" was spoken into an 
unwieldy microphone ... picked up by crude radios ... 

but the era of commercial broadcasting had begun. 

The very next year, Brush began research on piezoelectric 
crystals, the nerve centers of many modern high quality 
acoustical instruments and equipment. 

Brush pioneering has produced light, powerful head-
phones, replacing the heavyweights of yesterday. Smaller, 
more sensitive microphones have been developed. The 
original cumbersome hearing aids have become feather light 
and almost invisible. 

Tomorrow is UHF television—new refinements in electrical 
circuits—new endeavors in electronics. Keeping pace with 
tomorrow is Brush, designing new dimensions in the quality 
of sound reproduction and transmission, working with 
research staffs everywhere to develop new products to meet 
the changing needs of America. Brush's business is the future! 

nor Non 
DEVELOPMENT COMPANY • MI ! MIL 
3405 Perkins Avenue  • Cleveland 14, Ohio 11 1 11,111) 

Piezoelectric Crystals and Ceramics 

Magnetic Recording Equipment 

Acoustic Devices 

Ultrasonics 

Industrial & Research Instruments 

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

(Ciintrnued from page 10.4) 

Attentuation Networks 
The Daven Company., Dept. AN, 191 

Central Ave., Newark 4, N. J., announces 
the availability of its new "T" or Balanced 
"1-1" Attenuation Networks, Series 690. 
These networks are designed for use in gen-
eral laboratory and production testing 
where ruggedness, flexibility and reliability 
are of prime importance. 

Series 690 has a frequency range from 
zero to 50,000 cps. These networks consist 
of "plug in" impedance-adjusting networks 
in compact assemblies with either two or 
three attenuation controls, depending upon 
the loss-per-step desired. The "plug in" 
impedance-matching networks may be ob-
tained in a wide range of impedance and 
loss, with special impedances and losses 
available to meet requirements. 
The level of operation is 20 db (0.6 

watts) maximum input, with accuracy of 
resistor units calibrated at 1 per cent. The 
type of winding for these attenuation net-
works is the rumincluctive, card type. 
A feature of the Series 690 is the use of 

silver alloy for the contacts, slip-rings and 
the Daven patented "knee-action" switch 
rotor. The rotor is tamper-proof and pro-
vides low and uniform contact resistance 
over the life of the unit. 
The networks are available in either 

portable or rack models. 

Single Mike Switch for 
Dual Communication 

the American Radiotelephone Com-
pany Inc., 3505 Fourth St., N. St. Peters-
burg, Fla., has designed a switch that pro-
vides a means of switching an operator's 
headset microphone fibm one communica-
tion system, such as a land line telephone, 
to the transmitter of a second. It holds 
open the connection simultaneously with 
the first system. Thus, a single headset 
microphone can be used with any two com-
munication systems. 
Called the American Radio-Telephone 

Microphone Control, this new unit works 
by a foot operated micro-switch so the 
operator's hands are left free. 
The manufacturer states this new unit 

is adaptable for use in dispatching stations 
where directions are received by land line 
telephone and communicated by an opera-
tor to mobile units by radio. Claim is also 
made that it can be used between any two 
electronic communications systems to in-
crease operator efficiency through faster 
message transmission. 

(Continued on Pape 544) 
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Mica specifications checked to 
thousandth-inch accuracy. 

Completed mounts are inspected 

for visual defects. 

Statistical control assures uni-
formity of quality and per-

formance. 

Life tests prove Tung-Sol Tubes 
can take it. 

Complete control of 
materials and manu-
facturing procedures 
makes Tung-Sol Tubes 
dependable! 

can bull' 
reputation 
Mng-Sol omirt 
TUNG-SOL ELECTRIC INC., Newark 4, N. J. 

So/es Offices: Atlanta, Chicago, Culver City, Dallas, Denver, Detroit, Newark 

TUNG-SOL MAKES All-Glass Sealed Beam Lamps, Miniature Lamps, Signal Flashers, 

Picture Tubes, Radio, TV and Special Purpose Electron Tubes. 

PROCEEDINGS OF THE I.R.E.  October, 1952 
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New 

WAVEGUIDE 
INSTRUMENTS 

-hp- 809B UNIVERSAL PROBE CARRIAGE 
Model 80.9B Carriage is a basic unit in the new line of -hp 
broad band waveguide equipment. It consists of a precision 
built mechanical assembly operating with any of five -hp-
810B Waveguide Slotted Sections covering frequencies from 
3.95 to 18.0 kmc. It also operates with -hp- 80613 Coaxial 
Slotted Section, 3.0 to 12.0 kmc. (Slotted section data on 
opposite page.) 

Model 809B is a compact, lightweight, easily portable in-
strument that simplifies waveguide measurements over many 
frequency bands and eliminates costly special probe carriages 
covering each band. Mating waveguide sections can be inter-
changed in 30 seconds or less. The equipment will operate 
with any -hp- probe or detector mount shown on the oppo-
site page. A centimeter scale with vernier reads to 0.1 mm. 
A dial guage may be mounted for more accurate readings. 
Precision three-point suspension of the carriage utilizes 

two linear and one conventional ball bearings. Each is 
equipped with dust seals and permanent lubrication and 
moves on ground stainless steel rods. Accuracy is superior 
or equal to the most expensive custom-made slotted lines. 
Model 809B—$160.00. (Does not include slotted sections.) 

NEW INTEGRATED INSTRUMENTS GIVE UTMOST 

FLEXIBILITY, CONVENIENCE — LOW COST! 

Hewlett-Packard Broad Band Waveguide Instruments 
are based on an entirely new design approach. The 
fundamentals of this new concept are: 

1. Each instrument is of simplest construction con-
sistent with its basic function and covers the en-
tire frequency range of its waveguide size. 

2. An integrated set of instruments is available for 

each commonly-used waveguide: 3" x 1W, 2" x 1", 
134" x 3/4", 1k" x 5 1" X %" and .702" x .391". 

3. New, simple mechanical design, incorporating 
novel electrical circuitry, insures high accuracy, 

stability and quality, yet makes possible quantity 
production at low cost. 

With new -hp- waveguide equipment, you select 
the exact instruments you need. EaGh is designed in 
its most fundamental form, yet is integrated mechan-

ically and electronically with the complete -hp- wave-
guide line. You are assured maximum operating 
flexibility, efficiency, convenience and economy. 

For complete details, see your -hp- field 
representative or write direct 

HEWLETT-PACKARD COMPANY 
2522D PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U. 5 A. 

Data subject to change without notice. Pricer f.o.b. factory. 

Complete Coverage! HE WLETT-PACKARD 
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BROAD BAND COVERAGE 
(Full Frequency Range of Waveguide) 

I.  HIGH ACCURACY 
INTEGRATED UNITS 
SIMPLIFIED DESIGN 

11 
-hp-810B WAVEGUIDE 
SLOTTED SECTIONS 
The broad band-hp-810B 
series consists of accu-
rately machined wave-
guide sections in which 
small longitudinal slots 
are cut. They fit the -hp-
809B Carriage in a pre-
cisely indexed position. 

An -hp- traveling probe mounted on the Carriage samples 
the waveguide's electric fields and makes possible accurate 
plotting or variations along the entire length of probe travel. 
Slotted sections are carefully machined from normalized 
aluminum castings, and the slot ends are tapered to reduce 
reflection to less than 1.01 VSWR. A high order of accuracy 
is thus maintained. Model 810B is offered in 5 common 
waveguide sizes covering all frequencies 3.95 to 18.0 kmc. 
Sizes: 2" x 1', 1W x  lYs" x  1"x W and .702" x .391". 
Price, $90.00 each. 

-hp- 440A 
DETECTOR MOUNT 
Simple, easy-to-use in-
strument for detecting rf 
energy in waveguide or 
coax systems,2.4 to 12.4 
kmc. Only one tuning 
adjustment. Uses crystal 
or bolometer. Fits Type 
N plug. When used with 
-hp- 442B becomes sen-
sitive, easily tuned wave-
guide detector.  $85.00 

-hp- S810A 
WAVEGUIDE 
SLOTTED SECTION 
This instrument is a 
slotted waveguide sec-
tion complete with a 
built-in, precision probe 
carriage mounted direct-
ly on the waveguide sec-
tion.The instrument uses 
either -hp- 442B Broad Band Probe singly or in combination 
with -hp- 440A Detector; or -hp- 444A Untuned Probe. 
Model S810A is offered in the 3" x 1W waveguide size only 
(2.6 to 3.95 kmc). It measures 12 34" long. Price: $450.00 

-hp- 806B Coaxial Slotted Section. This instrument 
covers all frequencies 3.0 to 12.0 kmc and fits -hp- 809B 
Carriage. Special fittings mate with Type N connectors for 
minimum VS WR. Impedance is 50 ohms to match flex-
ible coaxial cables. Price: $200.00 

-hp- 442B BROAD 
BAND PROBE 
A probe whose penetra-
tion depth is quickly 
adjustable and may be 
locked in place. Sampled 
rf appears at Type N 
jack, permitting direct 
connection to receiver, 
analyzer, etc. Shielded 
and damped against 
spurious resonances. Fits 
-hp- 809B, other 3/t" dia. 
mountings. $50.00 

Data subject to change without notice. Prices f o. b. factory. 

-hp- 444A 
UNTUNED PROBE 
A 1N 2 6 crystal plus a 
small antenna in con-
venient housing. Probe 
penetration quickly and 
easily varied and locked 
in place. No tuning need-
ed; range 2.4 to 18.0 
kmc. Sensitivity better; 
loading more constant 
than tuned probes. Fits 
-hp- 809B, S810A or 
other Yi" dia. holes. In-
cludes crystal, $50.00 

INSTRUMENTS - Complete Coverage! 
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Smallest "The 
Hermetically e 
Transformer 

Miniaturization has become increa 
ingly important in the design 
types of electronic equipment. 

; of improved core materials and 
ter winding techniques in our 
sows permits these great r 
lions in size and weight of low le 
audio transformers. TRIAD JAF T 
formers, as listed below, are 
world's smallest hermetically s 
transformers." All have 45 db sh 
ing and are available in MIL stan 
AF case as shown above. Carrie 
stock items at all Triad jobbers 

Type 
Oki 

A rOt k o ilki  20 East Elizabeth Ave., Linden, New Jersey 
BRANCH OFFICES  

7~i modern plants 
to serve you! Now producing 
for America's leading plane 
and industrial manufacturers. 
Put your specifications 
up to experts. 

inc. BALTIMORE  LOS ANGELES  SEATTLE 
CHICAGO  ST. LOUIS  DAYTON 
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IGNITION SHIELDING 

Complete harness assemblies with 
detachable unit leads or rewirable 
leads. Igniter or ignition lead assem-
blies for jet and reciprocating air-
craft engines and military vehicles. 

FLEXIBLE METAL TUBING 

For electrical shielding, mechanical 
protection, fluid lines, conduits and 
ducts, pressure lines, and high and 
low temperature applications. Mate-
rial, shapes and sizes to specification. 

"AERO-SEAL" HOSE CLAMPS 

Precision worm drive — for aircraft, 
automotive, marine, special-purpose 
and industrial use. Vibration-proof 
— will not work loose. Corrosion-
resistant steel. 

ACTUATING SYSTEMS 

Electrical, mechanical, and hydraulic 
actuators for aircraft controls, valve 
closures, landing gear, or virtually 
any other type of equipment to man-
ufacturer's specifications. 

WELDED DIAPHRAGM BELLOWS 
"Job engineered" to meet your re-
quirements and make possible the 
use of bellows in applications where 
they could not previously be con-
sidered. 

SPECIALIZED CONNECTORS 
For electronic, aircraft, ordnance 
and communications equipment. 
Water-tight or pressure sealed types, 
panel types, quick disconnects, or 
other types for your new and special 
applications. 

A Quarter Century 
of Design 
Experience backs 

products 

You benefit from 25 years of 
engineering design and manufacturing 

experience when you call on Breeze 
for precision production. Breeze offers 
an extensive line of quality products 
for aviation, communications, 
automotive and general industry. 
In addition, Breeze offers complete 
engineering services for the design 
and development of specialized 
electrical and mechanical devices. 

Breeze products meet the latest government specifications. 

41 South Sixth St., Newark 7, N, .1. 

piefa /././,/̂.±,,, of  I IlL I II I  ()(1,;( 



Ihisig,ned hit' Application 

Grid Ilip Meters 
Millen Grid Dip Meters are available to meet all various laboratory and 
servicing requirements. 
The 90662 Industrial Grid Dip Meter completely calibrated for laboratory 
use with a range from 225 kc. 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 case. 
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 available extends range to 220 kc. 
The Millen Grid Dip Meter is a calibrated stable RF 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 teak. The calibrated dial is a large 270° drum dial 
which provides seven direct reading scales, plus an additional universal 
scale, all with the same length and readability. Each range has its indi-
vidual plug-in probe completely enclosed in a contour fining polystyrene 
case for assurance of permanence of calibration as well as to prevent any 
possibility of mechanical damage or of unintentional contact with the 
components of the circuit being tested. 

The Grid Dip Meters may 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 
frequency meter to determine the resonant frequencies of de-energized 
tuned circuits. 

Size of Grid Dip Meter only (less probe): 7 in. x 3% in. x 3% in. 
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kthis sure cure for 
se and cover nerves 

No reason why cases and covers should 

"get your nanny" when hundreds of standard 

Hudson precision drawn shapes and sizes 

are ready for prompt shipment FRO M 

STOCK! If you are an engineer, designer 

or purchasing agent, we suggest you request 

the new Hudson file folder describing scores 

of square, rounds and rectangulars all 

available for quick delivery. Call or write 

for your copy, today. We believe it will 

solve your closure problems and end most 

of your specification metal stamping troubles, 

too! Address inquiries to Desk 212. 

HUDSON TOOL AND DIE COMPANY • INC 
PRODUCERS OF CASES, COVERS AND CUSTOM META STAMPINGS FOR ELECTRICAL, ELECTRONIC AND NUCLEONIC INDUSTRIES 

118-122 SO. FOURTEENTH STREET, NE WARK 7, NE W JERSEY 
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Scope Image 

Want an oscilloscope camera NOW? 

Scope Image  Film Recordi 

▪  Single-frame photography of stationary  p 
• terns using a continuously running sweep. 

Scope IImmaaggee   Film Recording 

eg  Single-frame photography of single transients 
A•• using a single sweep. 

Scope Image  film Recording 

3 Continuous-motion photography employing  film  
• motion as a time base. 

\f\ 

\ k: 

Film Recording 

A Continuous-motion photography employing 
"r• oscilloscope sweep as a time base. 

1 
FILM MOTION  FILM MOTION 
TIME BASE  AND SCOPE SWEEP 

c Continuous-motion photography employ ing  
••P• combination of film motion and oscilloscope 

sweep as a time base. 

Complete information about applications and operation 
of both the Fairchild Oscillo-Record Camera and the 
Fairchild-Polaroid Oscilloscope Camera is available. 
Write today to Fairchild Camera and Instrument Cor-
poration, 88-06 Van Wyck Boulevard, Jamaica 1, New 
York, Department I20-18F2. 

Fairchild Oscillo-Record Cameras are now available from stock for 
immediate shipment. With these units you can make permanent photo-
graphic records of oscilloscope traces, thereby eliminating possible 
errors in making hand sketches from memory. In time-saving and con-
venience alone, these cameras will pay for themselves many times over. 

FAIRCHILD OSCILLO-RECORD CAMERA 

IS UNUSUALLY VERSATILE 

Users of the Fairchild Oscillo-Record Camera like its versatility. De-
signed for both still and continuous-motion photography on 35-mm film, 
it records non-recurring phenomena that are too rapid for visual study, 
others that are so slow that continuity is lost, and ate occasions where 
very high-speed transients are 
combined with very slow-speed 
phenomena. For some idea of the 
types of jobs this instrument can 
do, study the examples at the left. 
Each solves a particular problem. 
Oscillo-Record camera users es-
pecially like its: 

• CONTINUOUSLY VARIABLE 
SPEED CONTROL — 1 in mill. to 
3600 in/min. 

• TOP OF SCOPE MOUNTING 

that leaves controls easily acces-
sible. 

• PROVISION FOR 3 FIL M 
LENGTHS-100, 400 or 1,000 feet. 

1. Camera, 2. periscope, 3. electronic speed 
control. Accessories include A00- and 1,000-
ft. film magazines, magazine adaptor and 
motor, universal mount for camera and peri-
scope, binocular split-beam viewer. 

FAIRCHILD TAKE-UP CASSETTE FOR SHORT RUNS 

Where only a few pictures 
ore required for quick de-

velopment and study, a small 

Take-up Cassette is avail-
able as an accessory. The 
convenience afforded by this 
unit results in the saving of 
considerable time in han-

dling short runs and reduces 

film wastage to a minimum. 
It is easily attached to the 
top of the camera by means 
of an adopter. A built - in 

knife permits short lengths 
of exposed film (up to 10 

feet) to be cut off and re-

moved with the cassette for 
developing. 

141C-111ILD 
OSCILLOSCOPE RECORDING CRMERI2S 
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Wherever Electronics 

Play Tag with 
a Plane 

Guided missiles that can chase an enemy plane for miles... 
and eventually catch and destroy it... are just one of the 
many "fantastic weapons.' which electronics have contributed 
to the defense of our nation. And here, as in all other phases 
of this great new science, you'll find HI-C1 components valued 
for their dependable performance, long life and rigid adher-
.ence to specifications. Whether it be disk capacitors ... tubu-
lam, plates or plate assemblies ... high voltage slug types... 
trimmers, wire wound resistors or choke coils... you can 
count on the 111-Q trade mark as a guarantee of quality in 
ceramic units. And you can likewise count on Fle-C1 engi-
neers for skilled cooperation in the design and production of 
new components to meet specialized or unusual needs. 

Hs- O TUB UL AR CAP ACIT ORS 

... may be had with axial leads and a specially 
developed endseal as shown above, or with con-
ventional leads. Hi-C1 tubulars are available in a 
complete range of by-pass, coupling and tem-
perature compensating types as well as in an 
IIVT line developed specifically for use on the 
relatively high pulse voltages encountered in the 
horizontal sweep and deflection sections of tele-
vision circuits. Whatever your needs for tubular 
capacitors or other ceramic components, you are 
invited to consult Hs-Q. 

AEROVOX CORPORATION 
OLEAN, N. Y. 

AEROVOX CORPORATION  WILKOR DIVISION 
NEW BEDFORD MASS.  CLEVELAND, OHIO 

Sawa 41 IL alai IL, Now Tot 17, H. T. • (Aim AMOCAP, N. Y. • Is Commis: AEROVOX CANADA ITO. Hamilton. On, .1011111 ADDRESS. 740 Bonesills An•, New IscHetd, Muse 



high heat resistance... 
low loss... 
Designed for extreme heat conditions, 

such as are encountered in modern 

aircraft, Teflon dielectric performs 

satisfactorily in temperatures as high 

as 500° F. Use of Teflon as dielectric 

in RF cables is an outstanding achiev-

ment of the skilled research team at 

Amphenol. 

In addition to the important feature 

of high heat resistance, Teflon has 

electrical characteristics which ex-

ceed those of Polyethylene. Teflon is 

the one satisfactory cable for use, not 

only in aircraft, jet engines or guided 

missiles, but in covered electronic 

equipment or any application where 

temperatures might run over 185° F. 

TEFLON 
POLYTETRAFLU OR OETHYLE NE 

for insulation in 
cables & connectors 
Expert engineering, highest quality materials 
and stringent continuous inspection make 
Amphenol cables the very best that can be had 
anywhere! Uniform quality and maximum per-
formance from every foot of Amphenol cable 
is assured by constant checking and testing. 
Every shipment of cable is accompanied by a 
notarized affidavit certifying the guaranteed 
construction of the cable. 
Amphenol also 

manufactures a com-
prehensive line of RF 
Connectors with Teflon 
inserts for high voltage 
or extreme heat appli-
cations. 
Write for this free 

literature describing 
Amphenol Teflon cable. 
Address Dept. 13D 

A MERIC A N  PHE N OLIC  CORP OR ATI O N 
1830  SOUTH  54TH  AVE NUE  • CHICA G O  50, ILLIN OIS 

a.MI PHEN oi 

News—New Products 
these manufacturers have Invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your  affiliation. 

(Continued from page 44A) 

Remote Control RF 
Inductor 

The H3M 3H9L INCREDUCTOR • 
controllable inductor has been added to the 
line of available Increductor units manu-
factured by C. G. C. Laboratories, Inc., 391 
Ludlow St., Stamford, Conn. 

The maximum inductance of this unit, 
at zero control current, is 30 mh which can 
be reduced to 1/400 of this value with 100 
ma peak control current. The correspond-
ing frequency variation is 20 times the 
starting frequency. The approximate range 
of starting frequencies for zero current is 
between 10 and 100 kc. The I-13M 3H91. 
type features a linear relationship between 
frequency shift and control curret extend-
ing over at least a 5:1 change of frequency. 
Data sheet upon request. 
• Trademark 

Testor 

Transitron, Inc., 154 Spring St., New 
York 12, N. Y., is now in production on an 
insulation tester with continuously varia-
ble output from 0 to 15 kv dc. The instru-
ment will perform accurate resistance 
measurements and nondestructive break-
down tests on all types of materials. Tests 
may be made on motor windings, ignition 
systems, wiring harnesses, insulators, con-
nectors, etc. Point of breakdown is clearly 
visible. In addition, the unit can be used as 
a laboratory high-voltage power supply. 
Panel meters provide direct indication 

of the applied voltage and leakage current 
through the test specimen with an accuracy 
of 2 per cent. The tester can be used with 
complete safety. It will operate on 115 v 
60 cps and/or 6. 12, 24 and 32 volts dc. 

(Continued on page 754) 



• 7,04Th  
Buss FUSES 
Help Protect Your Product ... 

- Your Profit... Your Reputation 

THE 

kotatua LINE OF FUSES 

for: TELEVISION  INSTRUMENTS 
RADIO  CONTROLS 
RADAR  AVIONICS 

38 year's service to American homes, farms 
and industry is behind every fuse that bears the 
BUSS trademark. Your customers have confidence 
in BUSS . . . they know the BUSS name represents 
fuses of unquestioned high quality. 

To maintain this high standard each and 
every BUSS fuse is tested in a highly sensitive 
electronic device that rejects any fuse that is not 
correctly calibrated — properly constructed 
and right in physical dimensions. 

It's easy to select a BUSS fuse that's right 
for your fuse application. The complete BUSS 
line includes: Dual Element (Fusetron slow 
blowing type fuses), Renewable and One-Time 
types — available in all standard sizes, and 
many special sizes and designs. 

IF YOU HAVE A PROTECTION PROBLEM 
— We welcome requests for help in selecting the 
fuse or fuse mounting best suited to your 
conditions. Submit sketch or description showing 
type of fuse contemplated, number of circuits, 
type of terminals, and the like. Our staff of fuse 
engineers is at your service. 

For More Information 
CLIP THIS HANDY COUPON NOW... 

A COMPLETE LINE OF FUSE CLIPS, 
BLOCKS AND HOLDERS 

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   

Title   

Company 

Address  

•••••• 

bol e 

— 

BUSSMANN MFG. CO., Division McGraw Electric Company 
University at Jefferson  St. Louis 7, Mo. 
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Regardless of conditions 
BLAW-KNOX CAN BUILD YOU 
A BtErra TV TOWER 

Years of experience—more than four decades, in fact— 
have given Blaw-Knox the edge in designing, fabricat-
ing and erecting antenna towers for any purpose and 
any location. Blaw-Knox TV towers are on the job in 
widely separated geographical areas ... in wide open 
fields, atop buildings in crowded cities and even 
grounded in salt water. Some have TV antennas 
already mounted—others have built-in provisions for 
TV when licenses are granted—all are heavily galvan-
ized for longer life. 

Whether you need a 100 ft. self-supporting structure or 
a 1000 ft. guyed tower to meet your requirements— 
whether for AM, FM, TV or Microwave—write or call 
today for capable engineering assistance with your plans. 

BLA W-K N OX CO MPA NY 
Blaw-Knox Division 

2n37 Farmers Bank Bldg 

Pitisburgh 22, Pa. 

RAW-KNOX T 
A ON ;NENE RN SA 
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FERROX UBE le 
cores are I  kel-free 

APPLIC ATI O NS: 

• 

• 

• 

• 

TRANSF OR MERS 

PER MEABILITY TUNING DEVIC 

O W-LOSS INDUCTORS 

TURABLE CORE REACTORS 

ORIZONTAL OUTPUT 

TRANSFORMERS 

EFLECTION YOKES 

LEPHONE LOADING COILS 

When your drawings call for Ferroxcube 3C cores for your 

TV deflection yokes and horizontal output transformers, 

you can forget about procurement problems. These fer-

rite cores are nickel-free .... and delivery will be made 

exactly as scheduled by you! 

Improved temperature stability, high saturation flux 

density, and high permeability are among the other 

advantages of Ferroxcube 3C. 

Complete technical data is yours for the asking in 

Engineering Bulletin FC-5101A, available on letterhead 

requests.  *  *  *  *  *  *  *  *  * 

FERROXCLIBE 
T H E  M O D E N  C O A T E R I A L 

FERROXCUBE CORPORATION OF AMERICA 
A Joint Affiliate of Philips Industries and Sprague Electric Co., Managed by Sprague 

SAUGERTIES, NE W YORK 



CAPACITORS 

VOLTAGE REGULATORS 

DESIGNER'S 
.6„ 

Dt ml w•NI MI 

  oka met 

METERS AND INSTRUMENTS 

RECTIFIERS 

TRANSFORMERS POWER SUPPLIES 

AMPLISTATS 

Ready to serve expanding tv industry 
G-E components for transmitter builders 
Recent lifting of the freeze on new television stations 
has created many design and production problems for 

transmitter manufacturers. General Electric is ready 
to help designers solve one of these problems by pro-

viding a dependable supply of reliable, long-life elec-

trical components. 

To avoid costly delays, G.E. will plan output of its 

ample manufacturing facilities to match your pro-

duction schedules. And recent design improvements 

and important new products resulting from continuing 

GENERAL 

G-E research and development activities will add to 
the performance of your equipment. 

If you are engaged in supplying the huge demand 
for new tv station equipment, you'll find it worthwhile 

time-wise, cost-wise, and quality-wise to investigate 
the full line of applicable General Electric products. 

Your G-E Apparatus Sales Engineer has the story. 
Get in touch with him today, or write, giving full 

details and quantities involved, to General Electric 
Co., Sect. 667-22, Schenectady 5, N. Y. 

ELECTRIC 
58A 
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New drawn-oval capacitors 

are 10 to 20% lower priced 
Here's a new line of General Electric capacitors for electronic 

applications, housed in drawn-oval containers, that features 
size reductions up to 30 per cent and cost reduction up to 20 
percent! These fixed paper-dielectric capacitors also weigh 

less and are mechanically stronger than conventional types 
because of the drawn-steel container's single seam, hermetically 

sealed by double rolling. What's more, shipments are shorter. 
Designed to replace case styles CP70 and CP53, the new units 

are available in ratings from 2.0 muf to 10.0 muf, 600 to 1500 

volts d-c and 330 to 660 volts a-c. See Bulletin GEA-5777. 

New G-E reactor makes d-c 

voltage measurement safer 

G.E.'s new d-c voltage measuring reactor 
minimizes hazard to personnel and equip-
ment by isolating the instrument circuit 
from the d-c power source when making 
d-c voltage measurements. Since special 
safety precautions are not necessary, 
instrumentation costs are reduced. Avail-
able in six models for measurements up 
to 1200 volts. For complete application 
information, check Bulletin GEC-898. 

TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

New G-E program boosts 

electronics in industry 
New analog field plotter 

simplifies field studies 

Electronics equipment engineers will find 
the General Electric analog field plotter 
a valuable aid in design work. Compris-
ing plotting board and associated elec-
tric equipment, it speeds solution to 
problems such as electrode shapes in 
electronic tube design, field patterns in 
wave guides and electron lenses. Ac-
companying 50-page manual explains 
operation. See Bulletin GEC-851. 

Components 

Meters, Instruments 
Dynamotors 
Capacitors 
Transformers 
Pulse-forming  net-
works 

Delay lines 
Reactors 
Thyrite * 
Motor-generator sets 
lnductrols 
Resistors 
Voltage stabilizers 

EQUIPMENT FOR 

ELECTRONICS 

MANUFACTURERS 

Fractional-hp motors 
Rectifiers 
Timers 
Indicating lights 
Control switches 
Generators 
Selsyns 
Relays 
Amplidynes 
Amplistats 
Terminal boards 
Push buttons 
Photovoltaic cells 
Glass bushings 

'Rig. Trode-mork of General Electric Co. 

Development 
and Production 
Equipment 

Soldering irons 
Resistance-welding I 
control 

Current-limited  high- I 
potential tester 

Insulation testers 

Vacuum-tube volt- I 
meter 

Photoelectric recorders' 

Demagnetizers 

GM  MINI 

"Progressive Mechanization," a new 
G-E More Power to America program, 
has just been launched. Consisting of a 
color  movie  and  an  authoritative 
manual, its aim is to help step up in-
dustry's mechanization. One expected 
result is an expansion of the market for 
electronic controls. For details on this 
program which may mean added business 
for you, check Bulletin GEA-5789. 

General Electric Company, Section 8667-22 

Schenectady 5, New York 

Please send me the following bulletins: 

Indicate:  \ for reference only 
X for planning an immediate project 

j GEA-5777 Drawn-Oval Capacitors 
11) GEA-5789 Progressive Mechanization 
D GEC-851 Analog Field Plotter 
LI GEC-898 DC Voltage-Measuring Reactor 

Name 

Company 

City State 

M IN  N MI 
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t JOHNSON 
Broadcast/Communication 
Transmitting Accessories 

JOHNSON COAXIAL LINE 

JOHNSON hard temper, 70 ohm 
and 51.5 ohm, flange type line is supplied in 20 lengths. Has 
precision mechanical assembly, low loss and low standing wave 
ratio. The 70 ohm line is intended primarily for AM service and 
has grade L-4 or better Steatite insulators. The 51.5 ohm line 
was designed primarily for high frequencies, has grade L-5 
or better Steatite insulation. Meets RT MA standards for FM 
and TV. 

In addition, JOHNSON manufactures a complete line of 
elbows, fittings, gas equipment and hardware for the above as 
well as semi-flexible, soft temper line in continuous lengths up to 
1200 feet in 5 16, 3 8" and 7 8. 

Whatever your coaxial line requirements may be, JOHN-
SON can meet them to your utmost satisfaction. 

JOHNSON RF CONTACTORS 

Rugged, compact with fast, snappy 
action. Designed for high voltage 
RF switching; suitable for many other 
applications. 
Available in two sizes with ratings 

of 17 KV and 22 KV peak. Current 
rating, 25 amperes per contact. SPDT 

or DPDT contact arrangement. No holding current required. 
Features toggle actuated balanced rotary armature and wiping 
contacts designed to stay aligned and withstand heavy vibration. 

TOWER LIGHTING FILTERS 

These filters preven t flow of RF  energyComply vio  
the lighting circuit to grou nd.  with 
FCC regulations by effecting less than  t/c 
change in antenna radiation resistance 
Variable tuning capacitor provides maxi-

mum RF reactance. 

60A 

FEED-THRU BOWL 
ASSEMBLIES 

Heavy duty low-loss glass feed-thru 
bawl available with or without fittings. 
Bowl measures 6-15  4-3 13' 
high. Available with studs lof A. to 14' 
walls. Fittings inclu  spun aludm incoum de 
caona shield, stee l flange i an d, 
gaskets. Illustrated is specal mod le  
with static discharge gap. 

\\44 

JOHNSON manufactures 
a wide range of compo-
nents and equipment for 

broadcast and commercial transmitter appli-
cations. These accessories in many cases offer 
the combined advantages of tailored design 
—to suit your particular requirements—plus 
the modest cost usually associated with stand-
ardized equipment. 
Highest quality materials, skillfully fabri-

cated, and the experience gained through 
many years of supplying broadcasters with 
outstanding equipment are assurance of com-
plete satisfaction—utmost dependability! 

224-2-1 

VARIABLE INDUCTOR 

For High Power Applications 

Rated to 50 amps and variable 
to 16.5 mh. Spring loaded silver plated roller contact permits 
adjustment with full power applied. Cast aluminum end-frames 
slotted to minimize Eddy current losses. Available in eight 
standard models, maximum inductances 10 thru 110 mh. 

The JOHNSON line includes many other variable and fixed 
inductors for low, medium and high power. Fixed inductors are 
available with single or multiple windings, fixed or variable 
coupling windings and with electrostatic shields. 

ANTENNA COUPLING UNITS 

JOHNSON designs and builds antenna 
coupling units for any power rating in 
exact conformance to engineers' or con-
sultants' specifications. This -custom-
type" construction costs no more than 
less flexible standard types and is your 
assurance of optimum performance. 
Illustrated, is a remote coupling unit 

featuring an interior door that remains closed during adjustments 
to provide complete weather-proofing at all times. Write for full 
information on these and other JOHNSON Broadcast Com-
ponents. 

JOHNSON ANTENNA INSULATORS 
Commercial Type 

Mode of wet process porcelain with smooth 
white glazing. End bells of non-corrosive 
aluminum alloy. Available in three sizes; 
8 , 12 and 20 net length. Diameter VIA". 

Breaking strength 5000 lbs. 

For Full Information on the coma's,* 
JOHNSON line of Broadcast Trans-
mitter Accessories, writ* D•pt. D9. 

JOHNSON' 
E. F. JOHNSON CO.  WASECA, MINNESOTA 

CAPACITORS, INDUCTOftS, SOCKETS, INSULATORS, PLUGS 
AND JACKS, KNOBS AND DIALS,  AND  PILOT LIGHTS. 
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4-900 SERIES 
1000 V (RMS) 

Available in 2 to 9 
turret  head  straight 
wire or looped elec-
trodes. 

The Fusite 

kept pace 

interest in 

present herewith a complete line of both regular and 

plug-in types now available from Fusite. These termi-

nals are available in several flange variations in 

addition to those shown. Write to Dept. (A) for engi-

neering drawings and complete dimensions. 

4-909 THSW-2E illustrated 

line of glass-to-steel hermetic terminals has 

with the trend toward miniature sizes. As 

these small sizes continues to increase, we 

4-1100 SERIES 
1000 V (RMS) 

Available in 2 to 11 
turret  head  straight 
wire electrodes. 

ti) 

gif 7 
Eb o a 4 

4-1109 THSW-2F illustrated 

4-1400 SERIES 
1000 V (RMS) 

Available in 2 to 14 
turret  head  straight 
wire electrodes. Also 
available with longer 
center electrodes as-1. 

4-1414 THSW-2-2F illustrated 

4.5-1400 SERIES 
1250 V (RMS) 

Available in 2 to 14 
turret  head  straight 
wire electrodes. Also 
available with short 
center electrodes as 
—2.  4.5-1414 THSW-1-2H illustrated 

5-900 SERIES 
1500 V (RMS) 

.0  tlEc ?* 

TO r 
Z' 

5  I 

TERMINALS 
PROTECT PRODUCT 

PEREORMINCE 

Available in 
2 to 9 flat-
tened and 
pierced or 
looped elec-
trodes. 

<"111.411"11" 
QV, 
4110 

5-908 FP-113 illustrated 

FOR PLUG-IN APPLICATIONS 

4-907 PIS W 
1000 V (RMS) 

For top side plug-in to 

standard 7 pin minia-

ture socket. 

2E Flange illustrated 

4-907 THPI 
woo V (RMS) 

For bottom side plug-

in to standard 7 pin 

miniature socket.  ' 

4-1109 PIS W 
1000 V (RMS) 

For top side plug-in to 

standard 9 pin minia-

ture socket. 

4-1109 THPI 
woo V (RMS) 

For bottom side plug-

in to standard 9 pin 

miniature socket. 

4-1414 PIS W 
woo V (RMS) 

For top side plug-in to 

standard 14 pin mini-

ature socket. 

2E Flange illustrated 

,  fb: .  4r) 
ti) 

2F Flange illustrated 

(ir  

2F Flange illustrated 

i 
4 ) 4 * 

I Pi i iiit4 
4A 
411kt 4 40 

40 

2F Flange illustrated 
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They've always been the best! 
VARIABLE CAPACITORS 
Hammarlund Capacitors, backed by 42 years of 
design, engineering and production experience, are 
today recognized by the military services, electronic 
manufacturers and research engineers, as the finest 
quality capacitors available. Millions of them are in 
use by almost every important manufacturer of 
electronic equipment. 

See for yourself. Write today for the 1952 
CAPACITOR CATALOG. It has the complete story. 

HAM MAREUND 
MORE THAN 40 YEARS EXPERIENCE COUNTS! 

THE HAMMARLUND MANUFACTURING CO., INC. 
460 WEST 34th STREET • NE W YORK 1, N. Y. 
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NE W EXPANDED 
LINE - 

TYPE: 

RR-60 W-PP 

ir  TYPE: 

-CCS-80 W-XP 

1") 

TYPE: 

CCS-80 W-HP 

TYPE: 

'4C-80 W-2/56P 

TYPE: 

C-75T-SS 

tit  TYPE: 
B-60 W-SS 

TYPE: 

—ABS-40 W-XP 

E I . . . YOUR HEADQUARTERS 
FOR HERMETICALLY-SEALED 

MULTIPLE HEADERS, OCTAL 

PLUG-INS, TERMINALS, COLOR 

CODED TERMINALS, END 

SEALS, etc. WRITE FOR CATALOGS. 

DIVISI O N OF 

AMPERES ELECTR O NIC 

CORP ORATI O N 

TY PE: 

A AA-30 W-HS 

STANDARD 

=As 

TYPE: 

AAA-30 W-HP 

48 STANDARD TYPES NO W AVAILABLE 

TO SIMPLIFY YOUR DESIGN PROBLEMS, 

SPEED DELIVERIES, REDUCE COSTS! 

00/T0W TYPE/ 
The increasingly popular  STANDARD 
LINE of SEALED TERMINALS now includes 
16 additional types making a total of 48 

items that can be ordered direct from stock with 

prompt delivery preassured. Our application 

engineers believe that this new expanded 
group of standard items could readily solve the 

majority of sealed terminal problems thereby 
eliminating much of the time and expense 

involved in custom design and production. 

All 48 types are currently being specified 

in great numbers for an extremely wide 
range of applications, thus users of these 

types benefit by the additional economy 
of large scale production. For complete 

information covering all 48 types 

write today for Bulletin 949-A. 

TYPE: 

ABS-40 W-HP 

(19  
,(i 
ELECTRICAL  INDUSTRIES 

(0.4 4 0:  

TYPE: 

A AA-30 W-S X 

• 

TYPE: 
6  A A-40 W-SP 

0 

TYPE: 

AB-60T-S X 

t ri  TYPE: 

AB-60 W-SS 

V 

);(ird TYPE: 

.44• ABS-40 W-HH 

TYPE: 

AB-60T-LX 

44 SU M MER AVE NUE, NE WARK 4, NE W JERSEY 
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RCA 
13 CON 

TECHNICAL FEATURES 

Only 61/4 long and 1- in diameter 

Provides 400-line resolution 

Spectral response approaching that of the eye 

Sensitivity permits televising with 100-200 
foot-candles of illumination 

Designed for use with commercially available 
camera lenses 

Operates with low dc voltages 

... M1111 11 

tieri small-size camera tube 
for low-cost industrial television 

N Ow, the RCA-developed 6198 
Vidicon extends the advantages of tele-
vision coverage to countless industrial 
users . . . opens the door to simplified 
television camera designs. 

The small size and simplicity of opera-
tion of this television camera tube facili-
tates the design of compact and low-cost 
television camera equipment — including 
equipment for closed-circuit, portable, and 
remote-control applications. 

Produced in the same plant by the same 
skilled hands that make the RCA Image 
Orthicon camera tube, the RCA-6198 offers 
the detail of 400-line picture quality at 
low unit cost. It employs magnetic focus 

and deflection, and operates with relatively 
low dc voltages. 

Utilizing a photoconductive layer as its 
light-sensitive element, the RCA-6198 has 
a sensitivity which permits televising 
scenes with 100 to 200 foot-candles of inci-
dent illumination. The photoconductive 
layer has a spectral response characteristic 
approaching that of the eye. The dimen-
sions of the useful area of this layer are 
such that stock camera lenses can be em-
ployed. The size and location of the layer 
permit a wide choice of commercially 
available lenses. 

The following components, designed for U th 

with the RCA-6198 Vidicon, are also at ailable: 

RCA-216D1 Deflecting Yoke 
RCA-217D1 Focusing-Coil 
RCA-21801 Alignment Coil 
RCA-233T1 Horizontal Deflection Transformer 
RCA-234T1 Vertical Deflection Transformer 

For complete data on the RCA-6I98 Vidicon 
and associated components, write RCA. Com-
mercial Engineering. Section JR47, Harrison, 
N.J., or contact your nearest RCA Field Office. 

FIELD OFFICES: (East) Humboldt 5-3900. 415 S. 
5th St.. Harrison. N.J. (Midwest) Whitehall 
4-2900, 589 E. Illinois Sc.. Chicago. III. (West) 
Madison 9-3671, 420 S. San Pedro St., Los Angel 
les, California. 

THE FOUNTAINHEAD OF M ODERN TUBE DEVEL OP MENT IS RCA 

RADIO CORPORATION of A MERICA 
ELECTRON TUBES HARRISON, N. J. 

TMK. a 
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Ernst Weber 
DIRECTOR 1952-1954 

Ernst Weber was born in Vienna, Austria, on 
September 6, 1901. He received the diploma of 
electrical engineering in 1924, from the Technical 
University in Vienna, and the Ph.D. degree in 
1926, from the University of Vienna. On the basis 
of his studies as a research engineer at the Austrian 
Siemens-Schuckert  Company, Dr. Weber re-
ceived the Sc.D. degree in 1927 from the Technical 
University in Vienna. 
Upon request, Dr. Weber transferred to the 

Siemens-Schuckert Company in Berlin-Charlotten-
burg in 1929, where he also was appointed lecturer 
at the Technical University. In 1930, he was in-
vited, as visiting professor, to the Polytechnic In-
stitute of Brooklyn, and in 1931, was appointed to 
the permanent position of research professor of 
electrical engineering in charge of graduate study. 
From 1942 through 1945, he was head of graduate 
study and research in the electrical engineering 
department of the Institute. 

During World War H, Dr. Weber was named 
official investigator by the Office of Scientific Re-
search and Development. In recognition for his 
contributions to its research group, he was awarded 
the Presidenthil Certificate of Merit. The Micro-
wave Research Institute of the Polytechnic Insti-
tute of Brooklyn, and the Polytechnic Research 
and Development Company grew out of this war-
time research. Dr. Weber has been head of the 
Microwave Institute since 1945, mid was recently 
elected president of the Polytechnic Company. 
Dr. Weber has contributed scientific papers to 

technical publications on electromagnetics, linear 
and nonlinear circuits, and magnetic amplifiers. 
A Member of the IRE in 1941, Dr. \Veber be-

came a Senior Member in 1946, and was elected 
Fellow in 1951. He has been actively associated 
with numerous IRE Committees. He is also a 
fellow of the American Institute of Electrical En-
gineers and the American Physical Society. 

• 
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Radio Spectrum Conservation 

Like most arts, or even sciences, radio communication has grown without full pre-testing of its various 
aspects, coordination between them, and logical evolution of its methods and equipment. Progress has 
been only partly systematically and pragmatically guided; often enough advances have been of empirical 
origin. As a result, the utilization of the radio-frequency bands and channels has been partly a matter of 
afterthoughts, compromises, and reluctant adaptations to the existing limitations. Even though much 
time and capable thought have wisely been devoted to channel and band allocation, and with resulting 

benefit to the effectiveness and utility of radio communication, present day demands threaten to exceed 
the supply of frequencies presently available. 

The time had clearly come for an over-all survey and appraisal of the channel resources of radio, and 
of the best ways in which to use them. Although it would presently be impracticable to make certain basic 
changes to the frequency-allocation structure, a recapitulation of the progress and errors of the past 
would be of considerable value in avoiding mistakes in the future and insuring the continued expansion of 
our radio communication facilities. 

Such a comprehensive survey has recently been completed under the auspices of the Joint Technical 
Advisory Committee (formed and encouraged by The Institute of Radio Engineers and the Radio-
Television Manufacturers Association). In its report, the Committee has studied the radio spectrum in 
detail, developed the preferred methods of its use, pointed out certain past limitations and present prob-
lems, and offered valuable information for the guidance of those entrusted with future frequency alloca-
tions. The task of the Committee was a monumental one, and the results of the Committee's efforts are 
correspondingly basic and constructive. 

This report has now been published in a volume entitled "Radio Spectrum Conservation" which was 
prepared by a selected group of contributing experts under the coordinating guidance of the Joint Technical 
Advisory Committee and which contains the analyses and conclusions described ailiove. Further informa-
tion as to the availability and contents of this volume appears on page 1256 of this issue. 

The work of the Joint Technical Advisory Committee should prove to be an important contribution 
to the conservation of one of our most precious natural resources, the radio spectrum. 

—The Editor 
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Radio: A Coalescence of Science and the Arts* 

ONE OF THE MORE enduring re-
wards realized by an engineer active 
in the field of radioelectronics is his 

simultaneous immersion in the atmospheres 
of science and the arts. 
Although it is not a new thing under the 

sun to find a personal blend of inventive and 
artistic attributes embodied in a Leonardo 
or a Morse, it has remained 
for recent generations to 
produce engineers who have 
made all art their debtor by 
lifting the dynamic range of 
sound by the decibel, and of 
light by the lumen, and put-
ting both under manipula-
tive control. 
During the long history 

of music and the graphic 
arts, men were denied the 
aid of mathematics and ap-
plied physics in the solution 
of their problems. Stradi-
vari had to grope empiri-
cally for the golden tonality 
of his justly famous violins. 
The pipe organ of antiq-
uity,  the classical  reed, 
string, and  pipe instru-
ments, the harpsichord and 
piano, and finally Edison's 
phonograph similarly were 
products  of cut-and-try, 
long before designs could be 
based on the laws of nature. 
All of them together left 
unplumbed the thresholds 
of hearing and feeling. 
The vacuum-tube ampli-

fier and its associated elec-
trical circuits and acoustical 
equipment—brain-children 
of members of this Institute 
—changed all that. Today 
the frequency gamut of 
sound has been dissected 
and related to the physiol-
ogy of hearing and the psychology of listen-
ing. Every portion of the spectrum has been 
segregated, scrutinized, analyzed, and syn-
thesized, using the tools of Fourier, Helm-
holtz, Pupin, de Forest, and a host of others. 
Pitch, volume, and color are brought under 
complete control. With amplifiers, reso-
nance and delay circuits, and filters, we forge 
our waveforms and hammer them into 
shape, add dimension through reverberation 
and binaural handling. Like building blocks 
we expand and compress frequency enve-
lopes and volume ranges, translate them in 
position, modulate them to carriers, record 
them on discs, film, wires, and tapes, and, 
finally, tailor-make their reproduction to 
the dictates of time, space, occasion, and 
audience preference. 

Portrait of Lee de Forest presented to the IRE by .the artist, 
Harriet de Forest, daughter of the famous inventor. 

• Decimal classification R060. Original manu-
script received by the Institute, May 14. 1952. Speech 
given at the ceremony of presentation to the IRE 
of a portrait of Lee de Forest by the artist Harriet de 
Forest. May 7, 1952. 
7 Western Union Telegraph Company, 60 Hudson 

St.. New York, N. Y. 

1. S. COGGESHALLt, FELLOW, IRE 

The nearer to perfection our electro-
acoustic instrumentalities have approached, 
the closer has been the effect of the music 
reproduced or projected to satisfying the 
soul. In a happy blending of the practical 
with the beautiful, the realm of music has 
been vastly expanded and enriched by the 
influence  of  rad ioelect ron ic techniques. 

Great musicians have lent their enthusiasm 
to the mastery of the new medium. Engi-
neers and artists and their organizations 
have collaborated, in their quest for fidelity 
of transmission and reproduction, to place 
the microphone symbolically at the pinnacle 
of science and the arts. 
As a result, throughout an expanded 

breadth of the audible spectrum, through-
out an augmented depth of dynamic range 
of volume, the nuances of musical inflection 
now play directly upon the human emotions. 
Engineering has attained, through art, a 
poignant contact with man's aspiring. The 
achievement of simultaneously bringing mil-
lions of people into the orbit of the new 
relationships is a cultural revolution of the 
first magnitude. 
Yet I would be traitor to my trust if I 

did not express on your behalf a longing for 
something even better than we have now. 
The equivalent of Beethoven's Ninth or 
the Ride of the Valkyries has not yet been 
written for electronics presentation in the 

future! For the hundred-piece orchestra and 
the Metropolitan stage as now constituted, 
without the benefit of electronic devices, are 
already dated hold-overs of a by-gone day. 
Modern ingenuity must be capable, not 

necessarily of replacing, but certainly of 
augmenting the oboe and the piccolo. Mus-
ical 'prime-movers," containing electro-

acoustical circuits in place 
of strings, bladders, and col-
umns of air must be some-
where around the corner, 
offering agreeable sounds 
never before heard on earth. 
Again, when the second 

violin section of an orches-
tra consists of eight identi-
cal instruments playing in 
identical time, pitch, and 
volume, the eight-fold am-
plification and slight phase ' 
displacements of the indi-
vidual strings are dearly 
bought in the form of sal- •I 
arics instead of a box-full of 
electrical components. How 
usefully, at the same ex-
pense, the other seven could 
be employed at tasks which 
the composer of the future 
will assign to them, when he 
is relieved of the present 
payroll  restraint on  his 
composition! 
Then think of the audi-

ence of the future as having 
dropped  its  accustomed 
shackles to a point-source 
of sound (even though it be 
a 100-point concentration 
on a stage). Through con-
trol from an electronic con-
sole, manipulated under the 
baton of the conductor, the 
music could leave the stage, 
be made to surge overhead, 
march_ up and down the 

aisles, saturate the people in the audience 
with its omnipresence, envelope them in its 
ethereal volume, move them with its power, 
and play upon the spinal cords of their emo-
tions! 
Enough of what can be done with a few 

acoustical watts. Time will permit of my 
referring only briefly to the fact that the 
kinescope and the photoelectric cell are now  ' 
performing a parallel miracle in the graphic 
arts, doing for sight what the microphone 
has done for sound. 
From Giovanni Bellini through Rem-

brandt to Constable, a long succession of 
painters experimented in emotional contrasts 
of light with shade without finding any-
thing much blacker than black or whiter 
than white. Hogarth created new effects by 
dragging multicolor pigments across the 
canvas instead of mixing them on the pal-
ette; Monet adopted a brush technique to 
present an admixture of color on canvas 
directly to the eye, and Van Gogh let pure 
sunshine bathe the mosaic of his work in a 

• 
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sort of secondary emission. Yet none of them 
increased by one iota the stimulus to the rods 
and cones of the retina which do our seeing 
for us. 
Then radio and photography joined in 

meeting the problems of developing and 
printing sound track on motion-picture film, 
and the decibel found itself struggling in 
solutions of silver and hypo. First, in ap-
plications to light and shade, then to the 
color problems of the movies and television, 
radio moved boldly into a new career in 
colorimetry and photoelectric science. Here 
its mission is to do for the eye what it has 
already done for the ear. Again it finds itself 
dealing in physiology, this time the physi-
ology of seeing; and in psychology, this time 
the psychology of perceiving. And here its 
work is unfinished, but it holds promise of 
not only developing instrumentalities be-
yond the comprehension of the masters, but 

of extending their benefits to the masses. 
Progress in electronics, then, goes beyond 

sight and sound into the realm of feeling in 
its most hallowed sense. It is a great thing to 
be privileged to work, thus, with the ulti-
mate fiber of civilization. The radio tech-
nician is permitted to share with the artist, 
and with the stone mason who builds a 
cathedral, a sense of participation in works 
which transcend the limitations of time and 
space and become, in fact, supernatural. 
Since it was my privilege, during my 

term of office as President of The Institute 
of Radio Engineers, to deal with the artist, 
Harriet de Forest, in the initial stages of 
the execution of the portrait of her father, 
Lee de Forest, which she is presenting to 
the Institute, I have been pleased to speak 
a few minutes by way of assuring her that, 
as an artist among engineers, she is among 
friends of her art. 

Added to that is the respect in which we 
all hold Dr. de Forest, recipient of the In-
stitute's Medal of Honor in 1922 for major 
contributions to the communications arts 
and sciences; President of the Institute in 
1930; President, in 1909-1910, of its pred-
ecessor, the Society of Wireless Telegraph 
Engineers; and, as reflected in Dr. de For-
est's autobiography, one who himself revels 
in the art forms which his vacuum tube and 
associated circuits have brought to the 
service and satisfaction of mankind. 
Adding further to the pleasure of having 

the artist and her daughter present is the 
drama inherent in the circumstance that 
the portrait of a man whose name a Presi-
dent of the United States has said will out-
live his own has been executed by his talented 
and beloved first-born, and is about to be 
presented to an organization which, for so 
many years, has been close to his heart. 

Technical Writing Grows into New Profession: 
Publications Engineering* 
ROBERT T. HAMLETTt, SENIOR MEMBER, IRE 

S ,ni mary —Engineering-level technical writing is 
described as requiring, foremost, the skills and 
knowledge of an engineer and, secondly, the ability 
to write well. For this combination of work the term 
"Publications Engineer" is proposed. The writer's 

participation in an engineering project is outlined on a 
time basis, starting with the sources of information 
and completed with delivery of the printed work. 
Satisfying aspects of the field are discussed and the 
future is predicted as of growing value to the engineer-

ing profession as a whole. 

INTRODUCTION 

PirHE TREMENDOUS EXPANSION 
in the size and productiveness of the 
engineering profession has been due, in 

a large measure, to the ability of research 
and development engineers to enlist other 
engineers for special tasks or services related 
to their basic problems. It was not so many 
years ago that an engineer was the engineer— 
he was charged with responsibility for all 
engineering work on a project. This was 
possible because the end result of his engi-
neering work was usually a single unit or 
instrument which operated without "tie-in" 
or reference to other equipment. He found 
time somehow to solve all of the engineering 
problems that arose in connection with his 
"brain child." 
But the modern era of "systems" rather 

than "instruments" has changed the engi-
neering approach to a very marked degree. 
One hears now about systems engineers, 
product engineers, project engineers, stand-
ards engineers, administrative engineers, 
test engineers, field engineers, production 
engineers, packaging engineers, industrial 
engineers, and so on. What has happened? 
Simply that the individual engineer cannot 

• Decimal classification: R071. Original manu-
script received by the Institute. April 21. 1952. 

1' Engineering Department Head for Publications, 
Sperry Gyroscope Co., Great Neck. L. I.. N. Y. 

any longer carry all the burdens of the jab 
of "engineering" of a system or even of a 
single instrument which ties into a system. 
While a very gifted engineer, possessing high 
skill in many branches of engineering, may 
still be able to visualize and guide the work 
on his project, he is no longer able to carry 
on the many individual investigations, at-
tend the frequent engineering conferences, 
plan the fiscal and field-testing programs, 
solve the production and packaging prob-
lems, or create the publications which are 
necessary. 
This ability of the engineer to pass on 

responsibility to other engineers has given 
rise to still another field of specialization 
within the engineering profession—that of 
TECHNICAL WRITING. (See Fig. 1.) 
The products of this new field are instruction 
books, training manuals, engineering reports, 
technical data sheets, and many other types 
of technical information, a sampling of which 
appears in Fig. 2. The workers in this field 
are referred to as "Technical Writers," 
"Engineering Writers," "Specification Writ-
ers," "Technical Report Writers," and the 
like. This author prefers to call the workers 
in this field "Publications Engineers," in 
keeping with other well-established titles 
such as "Standards Engineer," "Test Engi-
neer," and "Field Service Engineer." This 
new title will be used throughout the article. 

WHAT IS A PUBLICATIONS ENGINEER? 

The principal reason why this author 
prefers the new title "Publications Engineer" 
to that of "Technical Writer" is that it more 
clearly designates the duties of such a work-
er, and also places him in a proper profes-
sional status with fellow engineers, where he 
rightly belongs. For he is an engineer first, 
and secondly a writer. The term "Technical 
Writer," as commonly accepted, refers to a 

writer who writes material on technical sub-
jects to various levels of intelligence but who 
is not usually concerned with the actual pub-
lication processes and problems. 
The Publications Engineer is an engi-

neering specialist who relieves other engi-
neers of the major portion of the responsibility 
for production of all publications required as 
a result of the engineers' work. The Publica-
tions Engineer writes technical material, 
plans and directs preparation of copy, and 
carries through on all details concerned with 
actual production of the publication. It is 
necessary to repeat that he is first an engi-
neer, then a writer, and finally, a publication 
man. 
Engineers have always labored under the 

stigma that they cannot write well. It is a 
common attitude, even in precollege educa-
tion, to assume that because the student is 
superior in mathematics he must be inferior 
in English. This affects the student's attitude 
and he very naturally uses it as an excuse for 
not seriously studying the subject in which 
he is prejudged to be inferior. When the 
"superior" math student goes to engineering 
school, it is a foregone conclusion that there 
is very little that can be done to help him 
there. However, he is given one or possibly 
two courses in English (especially "ar-
ranged" for engineers) early in his college 
work. No further attempts are made to help 
him overcome a deficiency which will handi-
cap him throughout his entire career. 
There is no doubt that some engineers 

cannot write—but some lawyers, some ac-
countants, and some doctors cannot write 
well! Some doctors do not develop a pleasing 
"bedside" manner, so they become fine 
surgeons or specialists. So some engineers do 
not take time to write well, and because of 
this other engineers now find an interesting 
and well-paid profession. 
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Field Engineers  me OU El 
c." engineering training 
•.' cent LE graduates w SPECIFICATION WRITERS  oi. 

SEARCH AND ADVANCED   ,,, the, fg.v. writing Technical Writers resume. ,CpeCifitati011  writers dipable of clear, 
A MP   ,.....,... „....... „., I ENGINFF .,.„„ . „.„„, concise technical description of the de-

-Technical Writer—  TECHNICAL 
TOP SALARY 

EL DEGREE OR PHYdICII GRAD WRITERS 
'.I AV r' SIPI.RIL M.E liRtIledO 

ELECTRONIC SERVICE A OPERATION 
HANDBOOKS TO GOVT SPEC& liege go.cluate.  Technical b 
Oppty to fill Key Position   

TECHNICAL WRITER preferred. Several years' pr 

Capable obtaining information/"l" g e.perienee. 

ENGINEERING 
WRITERS 

rota recent  LE or  Physics 
'le electronic. • etectro•mecna 
,iir reg...ta •nd Gov I Manual. 
.ce background helpful but n 
I Llb.ral ernplof•  benefit.. 
omen tttttt with abh or 

ELECTRONICS ENGINC 
long-e•tal.li ,lied con, 

nk Reports. 

ut.,lioa In IpIttOal. lie, stir 
quarter., downtown NY. Vrr, rno,rnl 

all I MO'  

Technical Writers 

tear 
ii' -
firs 

Fig. t —Demand for engineer- writers, identified herein as "Publications En.tineers." is evilenced by these classified advertisements 
selected at random from newspaper and magazine employment sections. 

toiceigter41 : 

L O R A N R E C EI VI N(e 

Eirill/IONT E N T 
ssias.1 

Nye MANUAL 

vc woo rte.  I7 SW 

M ARINE RADAR 

OPT RAIIIR'S M A NI: AL 

Fig. 2—Publications Engineers produce a variety of printed matter requiring the combined skills of the engineer and the writer. 
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SIMPLIFIED OPERATING PROCEDURES 
DESCRIPTIVE 
WRITING 

GENERAL DESCRIPTION 
DETAILED DESCRIPTION 
FUNDAMENTAL THEORY 

ETC. 

INSTALLATION 

The Publications Engineer must be an 
engineer who has writing aptitude. This 
aptitude may have never become very ob-
vious because of the misguidance and lack of 
encouragement received during his educa-
tion. The author has seen many engineers, 
who felt certain that they were below aver-
age in writing aptitude, develop into excel-
lent writers of technical material. No one can 
doubt that the engineering profession would 
be in a much better position if there were 
more effective writers among us. (The same 
might be said for speakers.) 
The Publications Engineer must be an 

engineer with unquenchable thirst for learn-
ing. If he is a mechanical engineer, he must 
be learning more about electronics; if he is 
an electrical engineer, he must be learning 
about aerodynamics, hydraulics, and the 
like. He is constantly challenged to describe 
something about which he knows practically 
nothing. But with his basic engineering edu-
cation under his hat, he tackles each un-
known with some confidence that he can 
understand and interpret it for others who 
may know more or less about it than he does. 
Many fine technical descriptions result when 
engineers who are educated in one field be-
gin to write on subjects in other engineering 
fields; they use analogies which help the 
reader in applying the description to his own 
experience. 
The Publications Engineer must have a 

working knowledge of the advantages and 
disadvantages of many types of reproduc-
tion processes, such as spirit duplication, 
mimeograph, Photostat, blueline, and blue-
print, Ozalid, and offset printing and letter-
press printing. He is familiar with type faces, 
paper stock, cover materials, binding meth-
ods, and the like. He understands the prob-
lems involved in production of copy by 
typewriters, Varitypers, typesetting, and 
phototype. He has a practical knowledge of 
the arts of photography and retouching, and 
he guides technical illustrators in visualizing 
and rendering special illustrations for use 
with his written words. 
All of his talents and acquired knowledge 

are combined in the process of preparing a 
publication that must meet government or 
commercial specifications covering content, 
format, practicability, and literary stand-
ards. He is at the same time an engineer, a 
writing specialist, a publications expert, and 
a student of psychology! 

VARIETY OF WORK 

When the young Publications Engineer 
has overcome his inferiority complex in 
tackling new writing projects, he finds the 
variety of writing assignments to be one of 
the most attractive features of his job. It is a 
familiar complaint among engineers that 
they become too specialized and know too 
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OPERATION 

MAINTENANCE 

OVERHAUL 

REPAIR 

Time Scale 

Fig. 3 Typical writing assignments on a system. 

little of what is taking place in the scientific 
world around them. While no scientist can 
hope to keep abreast of the tremendous evo-
lution of technical achievements now taking 
place, the Publications Engineer finds real 
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satisfaction in testing and adding to his 
knowledge in many different fields. As an 
example, in the author's company the skilled 
Publications Engineer develops a descriptive 
knowledge in such varied fields as radar, 
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are underscored. 
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hydraulics, servomechanisms, gyroscopics, 
computing mechanisms, ballistics, optics, 
navigation, and aerodynamics. When the 
occasion demands, he becomes, for a time, a 
writing specialist in one or more of these 
fields. 
In addition to the variety of writing 

from the product standpoint, there is also 
much variation in the material to be 
gathered on any one product or system. Fig. 
3 illustrates some of the writing assignments 
on a single system. Some of the assignments 
require the Publications Engineer to work 
intimately with the equipment; in some 
cases he completely disassembles and re-
assembles the units. In other cases, he ac-
companies the equipment on trial runs or 
field tests. These experiences give a "practi-
cal" satisfaction to those who like to feel 
that they are not just "theoretical" writers. 
Another attractive feature of the Publi-

cations Engineer's work lies in the variety of 
contacts which he makes in the course of the 
development and approval of a publication. 
Fig. 4 shows a typical "life story" of an in-
struction book prepared for the Armed Serv-
ices. The underlining in the diagram gives an 
indication of the many individuals concerned 
in the preparation or approval of the publi-
cation prior to its final printing; the Publica-
tions Engineer works constantly with all of 
those shown. 

THE FUTURE FOR PUBLICATIONS 
ENGINEERS 

Young engineers often raise the question 
as to the future of Technical Writing or 
Publications Engineering. There are several 

factors which appear to be of importance in 
attempting to predict the future—but to the 
author they all look favorable toward in-
creasing opportunity for this new profession. 
First, the complexity of equipment and sys-
tems certainly will continue to increase; aut-
omatic control is the ultimate goal of nearly 
all future instrumentation, and with such 
control always comes increased technical 
complexity. With increasing complexity 
there is greater need for more complete in-
structional material. As one associate put it, 
"the equipment becomes more complex but 
the intelligence of the average user remains 
the same." Second, granted that complexity 
will increase, there is the immediate follow-
ing condition that the equipment will be 
much more costly and must be repaired 
rather than replaced. This adds again to the 
need for publications which will be adequate 
for the purpose. The funds allocated for 
publications will necessarily increase, but 
will still be a very small portion of the total 
cost of the equipment. Third, if the caliber 
of engineering graduates coming into Publi-
cations Engineering is maintained or raised, 
there will be a broadening in the scope of 
their work since they themselves will develop 
opportunities for using their special skill to 
supplement the work of other engineers. This 
is a very important responsibility in any new 
profession—to develop and broaden the par-
ticular skills and to offer them to others. 

CONCLUSION 

Publications Engineering is a new pro-
fession which has grown rapidly in the past 

few years because of the increasing com-
plexity of equipment and the inability of the 
research and development engineers to 
undertake the extensive writing projects 
which became necessary. 
The Publications Engineer must have a 

sound engineering education and must 
possess writing aptitude—although it is 
pointed out that the possession of this apti-
tude may not be realized by many young 
engineers. 
The Publications Engineer develops a 

knowledge of the .-eproduction and printing 
processes, and can guide the publication 
through all of its stages from rough draft to 
its printed form. 
The variety of work assignments and 

personal contacts appeal greatly to certain 
engineering graduates. Some of the writing 
arrangements cover theoretical aspects, 
others are along practical lines where the 
writer works closely with the equipment in 
the factory or in the field. 
The "personal-satisfaction" factor is 

quite high for the Publications Engineer 
since his assignments are usually of short 
duration, compared to those of the engineer, 
and he "sees" the final results of his labors at 
more frequent intervals. 
Finally, the future of this new profession 

looks promising because of the trend towards 
more complex equipment and the accom-
panying requirements for more complete 
handbook and engineering report coverage. 
The future also depends upon the efforts 
which Publications Engineers make to find 
new areas of service to the engineering pro-
fession. 

CORRECTION 

F. R. Abbott, author of the paper, "Design of Op-
timum Buried-Conductor RF Ground System," which 
appeared on pages 846-852 of the July, 1952 issue of 
the PROCEEDINGS OF THE I.R.E., has requested that the 
editors publish the following corrections: 
Delete superscript 2 from the end of the sentence 

above equation (14) on page 848. 
Delete subscripts r and u from J in Fig. 1 on page 848. 

•••• 
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Bridges Across the Infrared-Radio Gap* 
MARCEL J. E. GOLAYt 

The following paper is presented as a part of a series of valuable tutorial papers. It is published 
with the approval of the Tutorial Papers Subcommittee of the IRE Committee on Education.— 

The Editor. 

Summary—The wide gap which exists between the generation 
and detection of coherent radiation on one hand, and the generation 
and detection of submillimeter incoherent radiation on the other 
hand, is discussed from the standpoint of spectroscopy. 
While the resolving powers possible with microwave spectroscopy 

can be indefinitely extended with refinements in technique, the 
resolving powers possible with infrared spectroscopy are subject to 
an upper limit determined by the size of the external optics utilized. 
In the far infrared at wavelengths greater than 10 microns the re-
solving powers obtained in the past have been subject to further in-
strumental limitations, but the attainment of the optically allowable 
resolving powers appears possible now with recent developments in 

infrared spectroscopic instrumentation. 

INTRODUCTION 

I
N THE PAST TEN years the radio engineer has 
succeeded in decreasing the wavelength of coher-
ently generated radiation from around 10 cm down 

to a little over 1 mm. This hundred-fold extension of his 
mastery over the radio spectrum has been accompanied 
by the spectacular technical advances in communication 
and radar with which we are familiar. However, as we 
shall proceed to still shorter wavelengths, it is safe to 
predict that because of the increasing opacity of the 
atmosphere to such radiations, our interest in these will 

become more purely scientific. 
We designate by the name of "microwave spectro-

scopy" the vigorous new science which has been made 
possible by the recent extension of radio techniques to 
the cm and mm spectral regions. Molecular-absorption 
spectroscopy forms one important branch of this new 
science, and represents the one scientific endeavor which 
is shared by the microwave spectroscopist and the infra-
red spectroscopist. Both want to know something about 
the frequencies at which molecules resonate, and, in 
order to find out, both must generate radiation of a 
known frequency and measure it after passage through 
an absorption cell filled with these molecules. 
In the 6-mm wavelength region, where we know both 

how to generate and heterodyne coherent or cw radia-
tion, the powers and sensitivities available for micro-
wave absorption studies are overwhelmingly adequate. 
In the region around 1 mm we know only how to 

generate pulsed, narrow-banded radiation; the micro-
wave spectroscopist working in this region has borrowed 
the detector of the infrared spectroscopist until recently, 

• Decimal classification: RI 11.2X 535. Original manuscript re-
ceived by the Institute, December 5, 1951; revised manuscript re-
ceived, June 11, 1952. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 

and is only now learning how to detect this radiation 

electrically. 
At wavelengths less than 1 mm the molecular spec-

troscopist relies entirely on far infrared sources, on op-
tical elements such as gratings, prisms, or interferome-
ters, and on far infrared detectors. It may be illustrative 
to make an estimate of the number of orders of magni-
tude which separate radio generators from infrared 
generators and radio detectors from infrared detectors. 
The power generated within a frequency band Af by 

an infrared source at the absolute temperature T and 
having an area approximately  wavelength square, 
which can be called a point source, is given by the ex-
pression 

W = krAf. (1) 

For the purpose of comparison, assume a klystron 
generating 1 watt of coherent 3-cm radiation. Associate 
with this radiation a bandwidth determined by the un-
certainty in our relative knowledge of this frequency 
with respect to a former measurement. One cps can be 
taken as a reachable figure for Af if an excellent "fly-
wheel," such as a quartz frequency standard, is utilized 
with loving care, as it should be in certain phases of 
microwave spectroscopy. Substituting these values for 
W and Af in (1) and solving for T, we obtain the tem-
perature needed for the same emission by an infrared 
point source. This temperature is T=7 X 1022°C. Such 
a temperature does not exist any place in the world and 
is some 19 orders of magnitude greater than any prac-
tical laboratory temperature. 
So much for generation. The infrared detection pic-

ture is equally rough. In the case of coherent radio de-
tection, the least detectable power  W is also given by 
the second member of (1), except for the noise factor of 
the detector which should multiply this second member. 
Assuming 1 second for our measurement, or W=1, and 
a detector at room tempertaure with a noise factor of 

10, we obtain 

= 4 X 10-2 ° watts. 

On the other hand, far infrared detectors are the so-
called thermal detectors, and their greatest possible sen-
sitivity can be calculated as though they were broad-
banded radio receivers sensitive in the entire frequency 
spectrum. In this case we cannot use the formula above, 
which would give us infinity when if is infinite. The 
quantum conditions must be observed for the short 
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wavelengths of the spectrum, and when this is done we 
obtain for the square of the radiation fluctuations to and 
from the detector, 

ZW2 = 16kkinSA/ = 4kiT4S•4kTAf,  (2) 

where kl is the Stefan-Boltzmann radiation constant and 
S is the sensitive area of the detector. An analogy can 
be noted between this expression and the expression for 
the shot noise, Ai2= 2 i eAf. The radiation flow to and 
from the detector, kiT4S, is analogous to the current i, 
and the analogue to the charge of the electron is 4kT, 
which represents, therefore, a measure of the average 
grain size in the quantized stream of radiation to and 
from the detector. At room temperature, for 1-mm wave-
length for which we can assume a half-mm square for S, 
and for an observation time of 1 second or Af =1, the 
square root of this expression gives the smallest power 
detectable by an ideal thermal detector 

ATV = 2.5 X 10-" watts. 

When this value is compared with the value obtained 
above for the case of radio detection, thermal detection 
is seen to be eight orders of magnitude less sensitive 
than radio detection. The presence of AW2 as a square 
term implies ignorance of the nature of the radiation 
detected, and the radio spectroscopist who must resort 
to thermal detection of his high-quality coherent or 
nearly coherent radiation is rather in the position of a 
violinist who takes his Stradivarius to the pawnshop, to 
be given an estimate of its value based on the BTU con-
tent of the violin's wood. Yet, at submillimeter wave-
lengths, it may be the best he can do.' 
With these premises, it will be assumed that the radio 

spectroscopist has a two-fold interest in infrared tech-
niques. When he can generate, but not detect coherent 
radiation, he has a direct interest in knowing what sen-
sitivity he can expect from practical thermal detectors. 
In the shorter wavelength region, in which he can 
neither generate nor detect coherent radiation, he has a 
physicist's interest in learning what the infrared spec-
troscopist can accomplish in the way of advance scout-
ing of the spectrum in the region below 1-mm wave-
length. Accordingly, some developments in the thermal 
detection of radio waves, and some other developments 
in purely infrared spectroscopic instrumentation will be 
reviewed in what follows. 

DISCUSSION 

The two best known infrared detectors, the thermo-
pile and the bolometer, come within one and a half or-
ders of 'magnitude of reaching the sensitivity limit given 
by (2). However, the full realization of such a practical 

1 The concept of coherence or incoherence of electromagnetic 
radiation is utilized qualitatively only in this article, but mention 
should be made of the quantitative treatment of coherence which 
Gabor gives in his discussion, "Communication theory and physics," 
Phil. Mag., vol. 41, pp. 1161-87; November, 1950, in which he 
utilizes the number of nuanta in a unit cell of the frequency-time 
space as a measure of coherence. 

sensitivity is predicated upon their being effectively 
blackened for complete absorption of incoming radia-
tion. What looks like a good black in the visible region 
could be a very poor black in the 10-micron region. 
Actually, the effective blackening of the detectors in the 
10-micron region is not difficult to accomplish. On the 
other hand, when these blacks must be deposited on a 
metallic sheet, as is the case for the thermopile and the 
bolometer, the condition that the electrical vector of the 
radiation be nearly zero at the surface of this sheet en-
tails a corresponding decrease in the effective absorptiv-
ity of the black deposits for increasing wavelengths. 
This difficulty does not exist in the pneumatic radia-

tion detector, which operates on the old principle of the 
gas thermometer and comes within a half order of mag-
nitude of the ultimate sensitivity permitted by (2). 
The essential element of this detector is the radiation 

absorber which is placed in the center of a gas chamber. 
This radiation absorber consists of a broadbanded radio 
antenna in the form of a metallic sheet. The resistance 
of any square of this sheet matches approximately the 
parallel connected resistance of free space on both sides 
of it. This resistance of space, a full-fledged constant of 
nature, just like the speed of light, the charge of the 
electron, or Planck's constant, has the value 471-.30 =377 
ohms, and its value is implied in the second Maxwell 
equation. Therefore, a metallic sheet of 188.5 ohms 
plays a role quite similar to that of a lumped resistance 
R0/2 placed across a transmission line with a surge im-
pedance Ro; one half of the energy reaching it will be 
absorbed, while a quarter each will be transmitted and 
reflected. (When this half resistance of free space is 
multiplied by the square of the electronic change, the 
quantity obtained is an action numerically equal to 
Planck's constant divided by 137, the famous number 
which, to this day, has been a major challenge to the 
theoretical physicists. It is noteworthy that the speed 
of light is not involvfA in this important relationship.) 

RETAINER  RING 

BALLAST  CELL 
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FLEXIBLE MIRROR CARRIER 

\- GLASS  W NDOW  HOLDER 
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FLEXIBLE  MIRROR 

CAPILLARY TUBES 

Fig. 1—Receiving head of pneumatic infrared detector. 

Fig. 1 illustrates the principal elements of the pneu-
matic detector. The broadbanded radio antenna de-
scribed above is the metallized film in the center of the 
small gas cell. It is heated by incoming radiation; the 

Nr. 
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gas of the cell becomes heated, expands, and this ex-
pansion of the gas deflects the small flexible mirror, 
which has a surface tension of the order of that of a 
water bubble. For the detection of mm radio waves the 
large rocksalt window is replaced by a 0.1-mm fused 
quartz window, which permits a waveguide to approach 
the detecting antenna, encountering only a minimum of 
radiation leakage. 

LINE  GRID -  NORMAL  POSITION  OF 

LINE  GRID  IMAGE 

5+ 

Fig. 2—General assembly of pneumatic infrared detector. 

Fig. 2 illustrates the Schlieren-like optical system 
by means of which the deflections of the flexible mirror 
are converted into variations of light on a photocell. 
This optical detecting system permits the delivery of 
considerably more energy at the photocell output than 
is needed to cause the deflection of the flexible mirror, 
and therefore constitutes a preamplifier free of the 
flicker of thermionic tubes. Thus, the noise present in 
the photocell output represents the brownian motion 
of the flexible mirror, and can be verified to nearly dis-
appear when the grid is displaced to a position of insen-
sitivity, the residual noise being the shot noise of the 
photocell. 
Because of the tight thermopneumatic coupling of 

this flexible mirror with the broadbanded antenna in 
the gas cell, a good part of the brownian noise of the 
flexible mirror reflects the fluctuations of the radiative 
interchange between this antenna and the background 
to which it is exposed. This is what permits this detector 
to approach within one-half order of magnitude the 
ultimate limit of broadbanded detection. In practice, it 
is used in connection with the so-called radiation chop-

ping method, and the ac signals obtained are amplified, 
rectified, filtered, and recorded.' 
While this detector was developed for infrared appli-

cations, the use of a broadbanded antenna suggested 
that it would be equally sensitive to mm radio waves. 
This possibility was verified for wavelengths up to 3 
mm by Townes,' who has realized with it a sensitivity of 
10—" watts for his molecular absorption studies with 
the li-mm wavelength harmonics of a pulsed magnetron. 
Such weak powers cause deflections of the flexible mir-
ror which are of the order of 20 trillionths of an inch. 
Since Townes' original experiments at 1.5 mm, it has 

been found that these harmonics of a pulsed magnetron,' 
and even higher harmonics down to 1.1-mm wavelength,' 
can be detected with more sensitivity with a silicon de-
tector, because advantage can be taken of the small 
duty factor of the magnetron in order to gate the detec-
tor during the emitting period only, and thus obtain a 
30- to 33-db lower noise than for full-time sensitivity. For 
the detection of yet shorter radio waves, or of consid-
erably longer trains of pulsed mm waves, thermal de-
tection will probably remain a useful method while 
awaiting improvements in electrical detection. 
The detector just described constitutes, therefore, a 

kind of infrared. radio link which the microwave spec-
troscopist can utilize when he works at the short wave-
length frontier of the radio spectrum, where he can 
generate coherent or narrowbanded (pulsed) radiation, 
but cannot detect it electrically. 
Were it possible to effect the complete thermal insula-

tion of a tuned dipole, or of an array of tuned dipoles, so 
as to restrict the energy interchange between these di-
poles and the radiative background to the spectral re-
gion to which they are tuned, and were some means 
available to measure sensitively the temperature of 
these dipoles, the arrangement so postulated would con-
stitute a thermal detector not limited by the fluctuations 
of (2), but limited by the smaller fluctuations of energy 
interchange within the tuned spectral range. Unfortu-
nately, considerable physical difficulties attend the 
realization of such tuned circuits, because of the high-
frequency surface resistivity of available conductors, 
which does not vanish even at superconductive tempera-
tures. Fine-wire bolometers with a linear resistance of 
the order of the impedance of space per wavelength 
might permit escape from the limitations of broad-
banded detectors given by (2), but when it is considered 
that these wires are poorly coupled with the impedance 
of space on account of their inductance, that even if 

2 M . J. E. Golay, "Theoretical considerations in heat and infrared 
detection," Rev. Sri. Inst., vol. 18, p. 347; 1947; "A pneumatic infra-
red detector," ibid., p. 357; "The theoretical and practical sensitivity 
of the pneumatic infrared detector," ibid., vol. 20, p. 816; 1949. 

3 J. H. N. Loubser and C. H. Townes, "Spectroscopy between 1.5 
and 2 mm wavelength using magnetron harmonics," Phys. Rev., 
vol. 76, p. 178; 1949. 

4 j. H. N. Loubser and J. A. Klein, "Absorption of mm waves in 
nd,," Phys. Rev., vol. 78, p. 348; 1950. 

J. A. Klein, J. H. N. Loubser, A. H. Nethercot, and C. H. 
Townes, "Magnetron harmonics at millimeter wavelengths," Rev. 
Sri. Instr., vol. 23, p. 78; 1952. 
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placed in a good vacuum they have a thermal conduc-
tive path to ground through the terminating leads, and 
that bolometers have an inherently poor detecting sensi-
tivity, ° little appears to be gained in this direction. 
Let us now examine what the infrared spectroscopist 

can accomplish with his over-all instrumentations, either 
with his classical instrumentation, or by means of recent 
developments and possible future developments. It will 
be clear, of course, that there is no instrumental long 
wavelength limit to the infrared technique, in the sense 
that there is an instrumental short wavelength limit to 
the radio technique. There is no point in working only 
with the infrared technique where the radio technique 
can be made to work.. 
It should be said at the outset that the comparison 

made before between the orders of magnitude involved 
in the generation and detection of radiation by the radio 
and infrared methods was slightly unfair to the infrared 
methods. The infrared spectroscopist has, in the past, 
done better than might be inferred from the foregoing, 
and there is room for further improvements. This is be-
cause the strength of the radio technique implies a weak-
ness which the infrared technique does not have. 
Coherent generation requires that the essentially active 
elements of radio sources and detectors be not larger 
than, for example, a half wavelength, and also that they 
be monochromatic. That is, from an optical viewpoint, 
they must be point sources of a single-line spectrum and 
point detectors sensitive within a spectral band made 
as narrow as desired. As this limitation does not apply 
to infrared sources and detectors, the infrared spec-
troscopist can improve his lot by a few precious orders 
of magnitude, and he can do this in three steps, the 
benefits of which are, fortunately, cumulative. 
The first step, which was taken almost intuitively at 

the birth of spectroscopy, consists of building spectro-
graphs with elongated entrance slits instead of pinhole 
entrances, and the use of elongated entrance and exit 
slits in infrared monochromators followed as a matter 
of course. Thus, the radiative outputs of infrared mono-
chromators are some two precious orders of magnitude 
higher than if pinholes were utilized, and this has per-
mitted realizing up to the 10-micron wavelength the 
resolving powers inherent in the optical elements of 
these instruments, which is determined by the difference 
of path of the extreme lays in the collimated bundle. 
The second step permitted the infrared spectroscopist 

consists in replacing both the single entrance and exit 
slits of his monochromator by two arrays of n slits each. 
With proper slit spacing, radiation of a specified wave-
length —controlled by the position of the optical ele-
ments—will go in and out pairs of corresponding en-
trance and exit slits which have the same ordinal 
number in their respective arrays. Without any further 
precautions, the n-fold radiative output thus obtained 
for the specified wavelength range would be contami-

Ref. 2, /oc. cit., pp. 351-352. 

nated by the radiation of other wavelengths passing in 
and out noncorresponding slits; but this difficulty can 
be resolved by modulating the apertures of all the slits 
in accordance with functions of time which have ortho-
gonal properties:This modulation can be effected by 
means of rotating discs with concentric slots of varying 
amplitude, and, in fact, a suitably selected portion of 
these slots can constitute the slits themselves. 
With the art.ingeruent just described, the radiation 

within a specified n.irrow spectral range passed by the 
monochromator, and no other, will be characterized by 
a specific time modulating, so that a measure of this 
radiation can be obtained. It must be noted that the 
old concept of a monochromator and a detector as two 
separate entities is being replaced here by that of a 
monochromator-detector combination, in which the 
"monochromator" does not yield a narrowbanded out-
put which is then measured, but by means of which the 
measure of a narrowbanded component is obtained. 
The choice of orthogonal functions deserves some dis-

cussion. An obvious choice would be sinusoidal func-
tions. Thus. if the xth entrance and exit slits are sinu-
soidally modulated at the frequencies fi-1-x6if and f2 
-1-x6,f, with t2 — > nAf, the radiation of specified wave-
length passed by all corresponding pairs of slits with the 
same ordinal number, and no other radiation, will be 
characterized by a sinusoidal modulation of frequency 
f2—f1, and the problem of measuring the corresponding 
signal components in the detector output presents no 
difficulty. 
Furthermore, every other spectral range will be like-

wise uniquely characterized by a sinusoidal modulation 
at the frequencyfz—fl-F W, and individual selection and 
simultaneous measurement of these various radiations 
could be made by means of as many selective circuits. 
This simultaneous measure of many spectral elements 
constitutes the third step which is permitted an infrared 
spectroscopist, and just as the first two steps were per-
mitted by the spatial extension of infrared sources, this 
step is permitted by spectral extension of these sources. 
This third step still awaits realization, but by forego-

ing it, a wider choice of orthogonal functions becomes 
available for the second step. Thus, convenient two-
value (1 and 0, open- and closed-slit) functions can be 
selected, and the experimental work done with slits 
modulated in accordance with such functions has dem-
onstrated the general practicality of the system.' Men-
tion can also be made of spectrometric systems with 
fixed and extended entrance- and exit-slit patterns, in 
which the measure of a specified narrowbanded range is 
obtained as the differential measure of two relatively 
large and broadbanded bundles of radiation passed by 
the exit-slit pattern of the monochromator.8.9 

7 M. J. E. Golay, "Multislit spectrometry," Jour. Opt. Soc. 
Amer., vol. 39, p. 437; 1949. 
° J. Strong, "Experimental infrared spectroscopy," Physics To-

day, vol. 4, p. 14; 1951. 
9 M. J. E. Golay, "Static multislit spectrometry," Jour. Opt. 

Soc. Amer.. vol. 41, p. 468; 1951. 
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Fig. 3 has been drawn to indicate the order of mag-
nitude of increase in resolving power which the applica-
-tion of the second and third steps can be expected to 
yield. The conditions postulated for this were relatively 
• conservative. First-order spectra from 2,000-line grat-
ings were postulated for the whole range, which is 
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Fig. 3—Resolving power of infrared gratings. 

equivalent to the postulation of a maximum resolving 
power of 2,000, obtained with gratings ranging in length 
from 2 cm at 10-micron wavelength to 1 m at 1-mm 
wavelength (resolving powers as high as 10,000 at 10 
microns, and obtained with larger gratings, were re-
ported at the last Ohio State Symposium on Molecular 
Structure by Peters, of Michigan University). If 
source temperatures higher than the postulated 300°C 
temperature are utilized, as well as larger time con-
stants, and if the requirement of a SIN ratio of one 
thousand is relaxed, the use of the fairly convenient 
second step alone may go far in pushing to the mm re-
gion the wavelength at which the resolving power of the 
external optics is nearly realized, thus bridging what can 
be bridged of the spectroscopic gap between the infrared 
and the radio waves. 
The handicaps under which the infrared spectrosco-

pist must labor are illustrated by Fig. 4, in which the 
curves of Fig. 3 have been redrawn in the context of the 
resolving powers already obtained, or foreseeably ob-
tainable in the two neighboring spectral regions." 

10 Since the drawing of the dotted curve in the upper right corner, 
which was meant as an eventual target for the microwave spectros-

CONCLUSION 

When compared to radio sources, infrared sources 
have an extraordinarily small power per unit frequency. 
Likewise, infrared detectors have an extraordinarily 
small sensitivity when compared to radio detectors. 
Since coherent detection is impossible in the infrared 
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region, little basic progress is likely towards more sensi-
tive detectors. The resolving powers to be expected will 
remain a function of the path difference of extreme 
collimated rays in the external optics used." Also, 
spatial and spectral extension of infrared sources can be 
utilized more fully to develop spectrometric instrumen-
tation permitting a near realization of the theoretical 
resolving power of the optical elements used, up to the 

shortest radio waves. 

copy instrumentalist, Dicke and Newell have successfully demon-
strated a new method for sharpening the resonance curve of a 
microwave absorption cell without resorting to the molecular-beam 
technique. With their method, the neighborhood of the lower left 
end of this dotted line appears reachable in the near future. (G. New-
ell, Jr. and R. H. Dicke, "A method for reducing the doppler breadth 
of microwave absorption lines," Phys. Rev., vol. 83, p. 1064; August 
15, 1951.) 

11 A few-fold increase in the resolving power of given dispersing 
elements can be obtained by an application of the multipass method, 
in which partially dispersed spectra are returned to these dispersing 
elements for further passes. Walsh has reported recently (Jour. Opt. 
Soc. Am., vol. 42, p. 496; 1952) his successful application of this 
method. Multislit multipass spectrometers are discussed by the 
present author in a letter to the editor of the Jour. Opt. Soc. Am., 
to be published shortly. 
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Technique of Trustworthy Valves 
E. G. ROW Et 

Summary —The introduction discusses the reasons for requiring 
trustworthy valves, and a definition of reliability is given. Following 
a survey of world progress in this subject, a section is devoted to the 
design problems involved, with illustrations of the equipment used. 
Next follows a description of manufacturing procedures and the dif-
ferent techniques necessary, together with information on testing 
methods. In conclusion, the author impresses the need for greater 
co-operation from the user. 

INTRODUCTION 

R usTwo RTHY VALVES are frequently me-
chanical redesigns of commercial types intended 
to provide improved performance under vibration 

and shock. They are manufactured and tested with such 
precision as to assure reliable operation for longer lives 
than would be obtained with their commercial counter-
parts. 

Causes of failures of commercial types are examined 
and redesigns are made to avoid existing weaknesses. 
Manufacturing processes are refined to produce more 
uniform quality and acceptance tolerances are tightened 
as a continuing check on fabricating accuracy and on the 
purity of raw materials. The need for long, continuous 
manufacturing runs of given types of trustworthy valves 
to achieve maximum uniformity of product is stressed. 
The manufacture of valves for commercial radio sets 

is controlled primarily by the need to produce them at a 
minimum cost, and despite this limitation it has been 
possible also to maintain a low failure rate during the 
normal life of equipment. 
However, the rapid increase in the number of tele-

vision sets with their average complement of 20 valves 
against radio-set complement of 5 valves has revealed 
that the failure risk can be embarrassing and, conse-
quently, manufacturers have been steadily improving 
their quality within the close confines set by economics. 
In addition, the fighting services, after the natural 

lapse of time consequent upon cessation of hostilities, 
have become increasingly aware of the limitations set 
on their fighting strategy due to the unreliability of their 
electronic equipment, and up to the present the valve 
has come in for most attention on this account. 

I. DEFINITION OF RELIABILITY 

An engineer interested in the subject of "reliable" 
valves very quickly realizes that any attempt to give an 
accurate definition of reliability depends very much on 
the application for which the valve is intended. Is one 

Decimal classification: R330. Original manuscript received by 
the Institute, May 15, 1952. This is one of a class of papers published 
through arrangements with certain other journals. It appeared in ex-
panded form in the November, 1951 issue of Journal of the British 
Institution of Radio Engineers. 
t Brimar Valve Engineering Dep't., Standard Telephones and 

Cables Ltd., Footscray, Kent, England. 

to rrIcr io a 1,000-hour vibrational condition, to a non-
vihrational life of 50,000 hours or more, to a high shock 
reliahilit y for a very short period, to a long shelf life? 
One of the licsl gi•ner:il definitions is that a reliable valve 

is characterized hy a very high probability that it will 
operate normall hen taken from stock and installed 
in equipment for %% Inch it was intended, and by an ex-
tremely low prohahility that it will fail during subse-
quent operation in that equipment for some definite pe-
riod of time. 
In many cases, the work involved can progress along 

similar lines to achieve any or all of the above require-
ments, but for the purposes of this paper, the discus-
sions will relate only to valves to be manufactured in 
large quantities and required to operate reliably for not 
more than one or two thousand hours under conditions 

where extremes of ambient temperature may be en-
countered either in storage or in operation, and where 
the valve and equipment may be subject to considerable 
mechanical shock or vibration. To be still more specific, 
the immediate objective is to achieve valve types having 
characteristics corresponding to existing designs but 
with a failure risk of the order of 1 per cent in 1,000 
hours. This achievement is planned to be obtained by 
refinements of design, material, and manufacturing 
methods. 

I I. HISTORY OF WORLD PROGRESS 

Aeronautical Radio, Inc. were the first to sponsor a 
project to improve the life of the valves that they used. 
By keeping track of the valves in aircraft equipment, 
they were able to analyze the failures and the informa-
tion was used . to improve the design of particular 
valve types. 

In parallel with this, the United States Armed Forces 
have been working along similar lines but more slowly 
due to the fact that the range and complexity of their 
electronic equipment is so much greater. 
The major programs have been as follows: (a) Bureau 

of Ships W series, which are strengthened counterparts 
of existing types and are primarily intended to with-
stand gun-tire shock; (b) Aeronautical Radio, Inc., 
series of miniature types; (c) Radio Corporation of 
America special red tubes; (d) Sylvania and Raytheon 
subminiature tubes. 

Work in Great Britain has been centered on types in 
the Services Preferred List and mainly on miniatures 
and subminiatures. Standard Telephones and Cables, 
Ltd. has concentrated on the miniatures and novals, as 
will be seen in Table I, but it is evident that the produc-
tion of the whole range of trustworthy types must still 
take some substantial time, and careful consideration 
has therefore been given to interim measures. This has 
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consisted of selective treatment of standard types and, 
contrary to the experience in the United States, it has 
. been possible to devise vibrational and aging methods 
that will select a markedly improved product from 
ordinary commercially manufactured stock. This has 
been proven on a number of miniatures and novals and 
on three GT types, and is based on the selection of 
many tens of thousands of valves. Therefore, until the 
full trustworthy program is completed, it is considered 
that customers will get a worthwhile improvement by 
special selection methods. 

TABLE I 

Trustworthy Type Valves Available from Standard 
Telephones and Cables, Ltd., March, 1951 

Trust-
worthy 
type 

Commercial 
equivalent 

Description 

6180 
5749 
5750 
6042 
6057 
6058 
6059 
6060 
6061 
6062 
6063 
6064 

6065 
6066 
6067 

6SN7GT 
6BA6 
6BE6 
25SN7GT 
12AX7 
6AL5 
6BR7 
12AT7 
6BW6 
5763 
6X4 
8D3 

9D6 
6AT6 
12AU7 

Double triode, A=20 
Van-mu radio-frequency pentode 
Heptode frequency changer 
Double triode 
Double triode 
Double diode, separate cathodes 
Low-noise amplifier, pentode 
High slope double triode 
Output pentode, 6V6GT characteristics 
Radio-frequency amplifier, pentode 
Full-wave rectifier 
High-slope radio-frequency pentode 
gm =7.5mA/V at la =10mA 

Van-mu radio-frequency pentode 
Double-diode triode, µ = 70 
Double triode, µ =20 

III. DESIGN CONSIDERATIONS 

A valve is basically a mechanical structure that has to 
possess electrical properties that must be maintained 
throughout its life. Because it is built up from metal, 
mica, and glass, it is subject to failures common to all 
structures made of these materials, such as breakage, 
distortion, loosening of component parts, and the like. 
In addition, the mechanical weaknesses directly affect 
electrical and chemical properties. 
Complete analysis of many large groups of standard 

commercial valves returned as failures from operational 
equipment has shown that the faults occurring are as 
follows: (a) electrical failures such as noise, instability; 
(b) mechanical failures of the assembly giving short-
circuits and open-circuited elements; (c) mechanical 
failures of the heater structure; (d) glass faults. 
With the exception of group (a), these failures agree 

quite well with the anticipated failures that can be con-
cluded from a careful survey of our own static-life-test 
results. Group (a) failures are caused by vibration and 
are a preliminary to Group (b), being due to a loosening 
of the structure permitting mechanical movement of the 
component parts. We can, therefore, subdivide into 
three main groups: (1) mechanical faults, often ag-
gravated by vibration; (2) heater faults; (3) glass 
faults. 

Improvements to Mechanical Design 

It was fairly obvious that redesign efforts had to be 
directed towards shorter and more rigid structures that 
would be more stable under vibration. 
The equipment shown in Fig. 1, which was developed 

by Moss of Electronic Tubes Ltd., has been used 
for studying the mechanical properties of various valve 
designs. In this, the valve is mounted on a moving-
coil vibrator and the alternating-current output of 
the valve when operated in class-A conditions is exam-
ined by means of an oscilloscope connected across an 

Fig. 1—Apparatus with which vibration tests are made. 

anode load resistor. Means are provided for applying a 
small calibrating signal to the grid of the valve under 
test so that the noise can be equated to an equivalent 
voltage on the signal grid, this interpretation of the out-
put overcoming variations in valve gain. 
The frequency of vibration of the valve is raised 

slowly from 15 to 3,000 cps with the amplitude of vibra-
tion adjusted to give an equivalent acceleration of 2-1 
grams. 
Photographic records of the noise produced over a 

frequency range from 200 to 3,000 cps by a valve at 
three stages in its development are shown in Fig. 2. 
These diagrams have two main features: (1) sharp 
resonance peaks, usually in the high-frequency region, 
which represent true resonance and are usually associ-
ated with grid and cathode vibrations; (2) a general 
noise level in the low-frequency region, which is associ-
ated with looseness of the structure and is the more 
serious fault as this causes noise and instability leading 
ultimately to short circuits. 
A further feature of this testing machine is the pro-

vision of a telescope and stroboscopic lamp enabling a 
vibrating component to be studied when it is in reso-
nance. 
Modifications to the structural design of valves in the 

general direction of improved rigidity include the fol-
lowing main features: (a) tight mica holes for the grids 
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and the use of double micas of optimum thickness; 
(b) locking straps in the micas to hold the grids; 
(c) locking the bottom insulator to the stem in as 
many positions as possible; (d) locking the anodes into 
the micas by welding straps across the anode lugs rather 
than bending them down or twisting them; (e) general 
changes giving greater strength to the anodes and im-
proved location and fixing methods; (f) shortening of 
the valve mount by using increased diameter cathodes; 
(g) minimizing the number of welds. 

FREQUENCY IN CYCLES PER SECOND 
200  500  i000 3000 

I I 

• MI S 
111••• 

111:4 

STANDARD CONSTRUCTION 

ansi milll ipig.  0101011* 

AFTER FIRST MODIFICATION 

FINAL DESIGN 

Fig. 2—Photographic record of noise output over frequency range 
from 200 to 3,000 cps. (a) Standard construction; (b) After first 
modification; (c) Final design. 

By applying many of the modifications described, it 
is possible to produce a resonance diagram as shown in 
Fig. 2 (c) having a very low general level of noise but still 
showing a few sharp peaks in the upper-frequency re-
gion (above 1,000 cycles). These latter resonances are. 
in general, much lower in height than those of the orig-
inal valve but usually occur at the same frequencies, 
indicating that they are fundamental resonances of 

components and can only be removed by a complete 
change of design technique. As the immediate aim is to 
produce valves of similar electrical properties (including 
capacitances) to an existing range, complete redesign is 

generally out of the question. 
Other machines that are of value in this design work 

are described later in Section VI. 
There is much additional work to be carried out. Not 

only is there scope for improvements on grid making and 
for closer controls on internal bulb diameters, but there 
are major projects involved in the studies of cathode 
base metals and oxide coatings. 

Improvement to Ileaters 

Heater failures resulting from open circuits and short 
circuits have been due to three causes: (a) excessive 
core temperature; (b) movement of the heater inside 
the cathode under vibration conditions which damages 
the heater coating at the cathode ends; (c) incipient 
fracturing of the core wire at any sharp bends. 
It was established that, while satisfactory for normal 

receiving valves, it would be advisable to lower the 
operating temperature by the use of thicker core wires 
for the trustworthy valves. These thicker core wires 
necessitated the use of a longer length of heater wire, 

Fig. 3—Desirable heater mounting. 

which meant extra loops giving a tighter fit into the 
cathode. The improvement from this change was not 
as much as was expected, as the heaters still had sharp 
bends that led to breakage, and therefore the reverse 
helical heater has now been adopted permitting the 
use of a large wire size having no sharp bends to cause 
incipient failure. 
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This heater design is now being used for most of the 
trustworthy valves. It has been found that the core tem-
perature can be kept down to a safe figure and that the 
heater is flexible and has no sharp bends. In addition, 
it fits the round cathode sleeves exceedingly well and is 
easy to insert into the cathode during assembly without 

damage to itself. 
A further design feature was the use of heater bars 

that lock into the bottom mica and project below the 
cathode. These can be seen in Fig. 3. The heater can 
then be inserted into the subassembly, welded in place, 
and inspected before the subassembly is mounted on 
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the glass base. Furthermore, this arrangement allows 
the stem wires to be welded to the heater bars near the 
periphery of the mica, and thus gives valuable support 
to the valve assembly. 
Examples of normal and trustworthy valve designs 

are shown in Figs. 4 and 5. 

Fig. 4—(a) and (b) External and X-ray views of the 8D3; (c) and 
(d) external and X-ray views of its counterpart, the trustworthy 
6064, illustrate use of locked grids, strengthened anodes, im-
proved heaters, and more rigid mountings. 

Fig. 5—(a) and (b) External and X-ray views of the 6X4; (c) and 
(d) external and X-ray views of the trustworthy 6063 show the 
inclusion in the latter of getter safety mica additional supports, 
improved heaters, and more rigid mountings. 



1170 PROCEEDINGS OF TIFF I.R.E. October 

IV. GLASS PROBLEMS 

As an envelope material, glass has the advantages of 
transparency, chemical inertness, electrical insulati,,n, 
hardness, and the ability to be welded by flame heating; 
but it is a brittle rather than a tough material, and 
therefore requires a considerable number of refinements 
in technique to ensure freedom from cracking in service. 
Glass is strong in compression and relatively weak in 

tension, and therefore small surface scratches and any 
crevices are likely to become cracks under quite small 
stresses. In addition, residual stresses can lead to ulti-
mate failure of glass structures. The two best known are 
"mismatch stress" arising from the differential contrac-
tion of two glasses. welded together, and "thermal 
strain" due to the differential contraction of glass near 
a weld, in relation to the glass farther away from the 
weld. 

It will also be realized that in addition to glass-to-
glass seals there are the problems of glass-to-metal seals 
which are an inevitable consequence of leading metal 
conductors through the glass. 

CREVICE 

LEAKS IN 
GLASS-TO-
METAL 
SEALS 

PINCH 

LEAKS IN GLASS-
TO-METAL SEAL 

STRAIN PING 
IN BULB 

EXPANSION 
MISMATCH 

CREVICE 

the insertion of a conical steel plug, after which the 
whole is plunged in boiling water. The glasswork must 

not crack. 

TABLE II 

Approximate Relative Occurrences of Glass 
Faults in Service 

Fault Possible reason 

- - —  - 
Percentage of 
group faults 

Pinch 
Loc-  Mini-
to!  ature 

Cracked base 

Cracked bulb 
Crack front tip 
off 

Cracked dome 
Bad tip off 
Miscellaneous 

Thermal strain or expan-
sion mismatch 
Rings or patches of strain 

Crevice 
Strain ring 
Crevice 
Leaks, etc. 

40 

40 
10 

10 

Expansion Mismatch 

There is not usually much trouble in 
expansion mismatch because the glasses are suitably 

95 

5 

65 
20 

10 
5 

the field from 

STRAIN RING 
IN BULB 

LEAKS IN GLASS-
TO-METAL SEALS 

CREVICE 

LOCTAL MINIATURE 

Fig. 6—Principal points of weakness in glasswork. 

Field failures are best studied by considering glass 
structures in three groups: the pinch types, the loctal 
types, and the miniature types. Their principal weak-
nesses are shown in Fig. 6. The relative occurrences in 
the field are best shown in Table II. 
During the fabrication of a valve, a continuous watch 

has to be maintained in order to limit the shrinkage 
both internally in the factory and subsequently in the 
field. The tests employed are a combination of routine 
laboratory and practical inspection tests on the floor. 
For example, in the laboratory, photo-elastic tech-

niques are used to detect differences in thermal expan-
sions of glasses and also to measure stresses in the bulb 
walls, while the factory uses as its main control the 
well-known B test, in which the pins are distorted by 

CREVICE 

EXPANSION 
MISMATCH 

chosen to avoid it. It is very imporlant that the glass 
stem shall always be slightly compressed by the bulb 
and Table III and Fig. 7 show the results from combin-
ing different commercial glasses to make miniature 
valves, a is the coefficient of thermal expansion. 

TABLE III 

Effect of Expansion Differences between Bulb and Stein 
Glasses of Miniature Valves 

Bulb, lime-soda glass 

Glass C a 98 
Glass D a=96 
Glass E oi=.92 

Stem, lead glass 

Lead glass A 
a 92 

Satisfactory 
Satisfactory 
Cracked stem 

Lead glass B 
a=90 

Cracked bulb 
Satisfactory 
Satisfactory 
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'ro ensure satisfactory matching, it is important to 
maintain routine laboratory tests on sealing stress and 
-thermal expansion on all incoming supplies of glass. 

FRACTURE ORIGINS   

Fig. 7—Fracture origin:, in miniature valves resulting from differ-
ences in bulb and stem glasses. Cracked stem at left occurs when 
both glasses have same thermal expansion: cracked bulb at right 
is for bulb glass of a=98 and stem of a=90 where the differences 
are too great. 

Thermal Strains 

To prevent failure due to thermal strain, it is essential 
to minimize the "strain rings" caused by the sharp 
thermal gradient due to hot joining of the glasses. 
The distribution of stress in a strain ring is complex 

but, in general, can be regarded as a zone of high ten-
sion with the body of the glass protected by a thin 
layer of glass in compression at the surface. The problem 
is complicated because where the glass is likely to be sub-
jected to tension forces during life, as is likely in valve 
sockets, strains are deliberately set up in the base of the 
miniature valve to increase its strength. 
These stresses are controlled by strain-viewer ob-

servation against established standards. 

Crevices 

The term crevices is used to describe areas where the 
glasses join and can form acute angles between their 

OFFSET 

r'\ 
-- STRINGY TIP 

SUCK-IN 

Fig. 8—Normal tip-off shown solid. Some common 
defects shown in broken lines. 

surfaces. An expert operator is able to detect such in-
ternal crevices in most glasswork by careful observation 
of the external contour. 

Crevices in the stem-to-bulb seal can be detected by 
plunging the cold valve into boiling water, thereby 
starting cracks from any flaws on the inside surface. 
In the case of "tip-off," it will be seen from Figs. 8 

and 9 that inevitably there is a potential source of 
weakness at this point and additional assistance is given 
to the factory by large chart diagrams and definite ex-
ternal dimensional requirements. 

(a) 

(b) 

(c) 

Fig. 9—(a) Normal tip. (b) Air sucked in. (c) Offset tip. 

Leaks 

Leaks usually occur because of faulty glass-to-metal 
seals. Vacuum tightness on these seals depends on a 
chemical reaction between a tightly adherent oxide 
layer on the metal and the glass melted on during the 
sealing operation. The stages of the reaction are usually 
accompanied by color changes in the seal, and thus one 
test of vacuum tightness is a visual observation of the 
seal color. As a further aid, the valve may be immersed 
in a mobile fluorescent liquid which is sucked into the 
leaky hole and made visible under ultraviolet light. 
Fine leaks can only be detected by storage and char-

acteristic deterioration, but it may be possible to ac-
celerate this by storage in hydrogen at 100 pounds per 
square inch (7 kg per cm2). 
Successful results depend on very careful control of 

the seal wire used, by tests such as microscopic exam-
ination for fissures, and glass-sealing tests for coefficient 
of expansion. 
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(h) 

(c) 

Fig. 10—Welder heads of three designs. (a) the Stanelco welder; 
(b) the Eisler welder: (c) the Slee welder. 

V. MANUFACTURE OF TRUSTWORTHY VALVES 

The present state of the art is that the engineer can 
design reliability into a valve exclusively by calculation 
and special testing carried out on laboratory equipment.  
The major problems of reliability then resolve into the 
adequate control of materials and processes and of the 
inherent variability of the individual operator. 
To meet the first requirements, the raw material 

standards are made stricter than is usual and all proc-
essing, particularly of coated cathodes and heaters, is 
more careful and thorough. All machinery used is 
subjected to routine maintenance controls of a higher 
requirement than normal. 
On assembly operations, the most important variable 

is resistance welding which often relies on the skill of 
the operator to control the weld. A valve usually has 
about twenty welds and therefore a high proportion of 
potentially faulty valves can result from quite a low 
proportion of faulty welds. We have now designed a 
welding head and associated timing equipment to give a 
reliable and repeatable weld. 
Fig. 10 shows the comparisons between various weld-

ers, Slec being our latest development. In addition, 
benefit has resulted from a close study of the operations 
involved whereby the job has been graded to a number 
of accurately preset welding machines, restricting the 
work variation demanded from any one unit. 
The second variable is a more elusive one, described as 

"lint." This is a fibrous contaminant which enters the 
valve structure during the assembly stage and becomes 
carbonized (luring subsequent processing, causing leak-
age and noise in the finished valve. 
This trouble can be mitigated only by observance of 

the utmost cleanliness. All components are kept covered 
and special trays are used between the cleaning opera-
tions and the assembly stage. Valves are assembled un-
der a glass cover (see Fig. 11) which is slightly pressur-
ized by a dry airstream so that the normal air current is 
away from the valve, and the assembly operators wear 
special overalls made of lint-free cloth-. Finally, com-
pleted assemblies are placed in their bulbs immediately 
after inspection and the bulbed assemblies are kept in 
closed boxes. The valves are sealed in and exhausted 
with the minimum of delay. 
It is of considerable importance that the inspection 

should be capable and thorough. As may be seen in Fig. 
12, this work is done using binocular microscopes and is 
controlled by chart methods. 
It will be appreciated that the uniformity of product 

that is desirable in a trustworthy valve can be achieved 
only by continuous and long production runs. It is only 
by being ruthless that the standard can be maintained, 
and therefore both the beginning and the end of such 
a run may be diverted for use as normal radio valves or 
else scrapped rather than run the risk of premature 
failures in the field. 

VI. TESTING OF TRUSTWORTHY VALVES 

Adequate control has to be maintained by batch 
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Fig. 11—Bench for assembly of trustworthy valves. 

Fig. 12—Inspection position for trustworthy valves. Operator looks 
into microscope through a glass panel. 

manufacture and by progressing valves accordingly 
through the test procedure. These tests consist of group-
A tests, which are factory tests to ensure that the valves 
are uniform and line up with the design specification, 
and group-B tests, which are sampling tests to check on 
the level of quality. • 

Group-A Tests 

These tests are mostly 100-per cent tests on which 
the basis of batch rejection will be affixed, say 5-per cent 
rejection from the batch. 
Such testing starts at the completion of the assembly 

stage with a visual inspection of the mounts using a 
binocular microscope. 
At the sealex section, special checks are carried out to 

ensure satisfactory glass quality of the completed valves. 
These consist of a visual inspection of the tip-off for 
quality and a thermal shock test to the completed valve 
which will show up strained bulbs and bases. 
The valves then pass to the activation stage and tests 

are applied here to detect short circuits and any lint in 

the valve by applying 250 volts to each electrode in turn 
with all other electrodes grounded. 
A heater-flash is carried out where a high voltage is 

applied instantaneously to each valve for a period of ten 
seconds. This serves to sort out possible heater failures. 
Each valve, after activation, is subjected to a test for 

electrical characteristics, a short-circuit test, and a 
vibration test conducted at 50 cps at an amplitude of 
+ 0.020 inch. The vibration test is continued for a pe-
riod of at least one minute during which the valve is 
operated under class-A conditions and the noise output 
across an anode load resistor is monitored. All valves 
are then given a 10-hour life run under class-A conditions, 
followed by a underheating test of cathode activity and 
a repeat electrical test. 
Figures are recorded on a sample of twelve valves 

measured before and after the 10-hour run. These fig-
ures are compared to assess what changes in character-

istic have taken place during this period. 

Group-B Tests 

These are quality-control tests made on samples 
taken from the batch at various stages in manufacture 
to determine that the original quality is being main-
tained, and they are, in most cases, destructive tests. 
At the sealex operation, envelopes are tested for the 

presence of strain rings by a diamond scratch pro-
cedure which will cause spontaneous cracks if excessive 

strain is present. 
After the valves have been given their 10-hour run 

and retested for electrical characteristics, sample 
batches of valves are taken and subjected to the follow-
ing range of mechanical tests: 
Resonance Test. The sample is checked for resonance 

on the design apparatus and points of resonance are 
recorded and compared in position and height with the 
standard laid down by the design engineer. 
Shock Test. For the shock test, a sample valve is 

mounted rigidly on a moving platform that is subjected 
to impact shock from a falling hammer. The apparatus 
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HEATER FLASH TEST 
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RETEST ELECTRICAL 
cHARAcTER,STICS 
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BATCH 

Ruh  ALL VALVES FOR 
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RETEST 12  VALVES 
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BATCH  I 
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DO NOT RETURN TO 

BATCH 
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OF BATCH 
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TO FAT.DUE  TEST 
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CHARA, ,E R,sTicS 
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Fig. I3—Testing procedure for trustworthy valves. 

is shown in Fig. 14. The valve is operated cold and  In the case of the vertical position, the shock is ap-
is given five blows in each of the three planes of the  plied from both ends of the valve. The magnitude of 
valves, i.e., (a) horizontally with the major axis of the  shock imparted to the valve during this test is of the 

Fig. 14—Apparatus for impact shock testing. 

valve perpendicular to the plane of vibration; (b) hor-
izontally with the major axis of the valve parallel to the 
plane of vibration; (c) vertically. 

ONE SELECTOR 
AFL A. PER VALUE 

'  I 

 Is71,!.7.s I 
Z°::L. M.L, 
SCAT  TEST 
LOAD  LOAD 

MOVING-COIL 
VIBRATOR AMPLIFIER 

EA. - 
AMPl , • 

;. 

ARE - SE T 
TRIGGER 

24-PEN 
PAPER 

RECORDER 

Fig. 15— Schematic of fatigue-test machine. 

order of 1,000 grams and the valve is monitored for short 
circuits occurring during the shock. After shock tests, 
all valves are electrically retested. 
Fatigue Test. The valves are vibrated in the three 

standard positions for prolonged times of the order of 
90 hours each at various spot frequencies and ampli-
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Fig. 16—A group of valves is mounted on each of the three disks that are fastened to a frame in the 
standard vibration positions. Three of these frames are shown mounted on a vibration table in Fig. 17. 

tudes giving accelerations of the order of 2 to 3 grams. 
During the vibration period, the heaters are switched on 
and off at a 5-minute cycle and the valves are monitored 
in class-A operating conditions for excessive noise in the 
anode resistor. It is considered that the occurrence of 
noise in an anode resistor under vibration is indicative 
of a loosening of an electrode that will ultimately cause 
a short-circuit or open-circuit failure. In this manner, the 
noise monitoring gives an early indication of a probable 
failure. Figs. 15, 16, and 17 refer to this equipment. 

Fig. 17—Vibration table on which three frames, each 
carrying three groups of valves, are mounted. Wiring 
from the sockets goes to the connecter strips on the outer 
periphery of the machine. 

Life Test. A batch of the valves is run on normal static 
life test for a period of 2,000 hours starting after the 
initial electrical test. The results of the life test are 
studied at the conclusion of the vibration tests (usually 
two weeks after the valves have been placed on life) to 

give an indication of the early life behavior of the 

batch. 
At the conclusion of the above range of tests, the re-

mainder of the batch, which has not been subjected to 
the vibration test, is retested once more to determine 
any failures occurring on storage. 
Throughout the above tests, a double sampling sys-

tem is employed and the fate of the batch as a whole 
depends on the results of the samples subjected to each 
of the individual mechanical tests. (See Fig. 18.) 
By this means, it is possible to ensure that the quality 

rating of the valve in manufacture remains up to the 

standard required by the design engineer. Full records 
are kept on each batch so that at any time later refer-
ence may be made to the intial test history of a valve. 

VII. ASSISTANCE FROM THE CUSTOMER 

Conservative Operation 

It must be appreciated by the equipment designer 
that a valve cannot have the safety factor of other 
components, and in case of misuse will often act as the 

circuit fuse. Knowles of Westinghouse in a recent ar-
ticle stated this truth in the following words: "If 
valves could form a union, the first thing they would 
do would be to strike on the grounds of discrimination, 
speedup, and hazardous working conditions." 
It is essential that designers should not use valves 

when another device would be more suitable, should be 
especially careful to select the correct valves for the job, 
should operate all valves at conservative ratings, and 
should always design for a "safe" failure. 
Reliability can only be achieved by the closest co-

operation between equipment designer and valve manu-
facturer. The valve makers' advice not only on the 
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MECHANICALLY TEST THE SAMPLE OF 
8 AND THEN RETEST ELECTRICALLY 

IF THE NUMBER OF VALVES FAILING THE 
MECHANICAL AND ELECTRICAL TEST IS 

I OR NONE MORE THAN I BUT FEWER THAN 7 

SELECT A SECOND SAMPLE OF 
12, MECHANICALLY TEST AND 
THEN RETEST ELECTRICALLY 

IF THE NUMBER OF VALVES FAILING THE 
MECHANICAL AND ELECTRICAL TEST 
OUT OF THE TOTAL SAMPLES OF 20 IS 

7 OR FEWER 

ACCEPT THE BATCH 

7 OR 8 

8 OR MORE 

Fig. 18—Double sampling procedure. 

conditions of use, but on the methods of connection, 
valve-holder tolerances, soldering requirements, and the 
like, must be scrupulously observed if the desired results 
are to be obtained. 
Another aspect of this co-operation is to get assur-

ances that circuits will accept valves made in the widest 
possible electrical limits. The proportion of reliable 
valves required will steadily increase and, in the event 
of an emergency, will immediately become 100 per cent 
of the valve manufacturers' production. Thus, any 
necessity for the selection of a limited range of char-
acteristics would be little short of calamitous. 

Type Diversity and Continuous Production 

It is a well-known axiom that high reliability can only 
be obtained from valves having a high yield in manu-
facture, i.e., a low production shrinkage, and that such 
a state can be achieved only by uninterrupted produc-
tion over a considerable period of time. It is therefore 
imperative that the valve maker shall have adequate 
orders to enable him to achieve this condition and that 
the number of types involved shall be as restricted as 
possible. The success of the project depends on circuit 
designers confining themselves to a short list and being 
prepared to use more valves of these types rather than 
employing still another type that may be more elegant 
technically. 

Field Reports 

No matter how difficult it may be to organize, the 

REJECT THE BATCH 

valve maker must be given adequate information from 
the field regarding the performance of his valves, be-
cause it is these data that enable him to maintain an 
accurate correlation between field conditions and the 
many test machines designed for factory usage. It is 
appreciated that with equipment distributed all over 
the world, often in the hands of semi-trained personnel, 
this requirement is not easy to meet; but it has been 
solved by both the American and Canadian air lines and 
determined attempts are being made in this country to 
see that the valve manufacturer is not hamstrung from 
lack of information. 

VIII. SHAPE OF THINGS TO COME 

While the main effort at present is directed towards 
making reliable replacements of existing types, it is 
very important to consider the way to go in the future. 
The biggest stumbling block to ultimate reliability 

of glass-based valves is the valve holder. The valve 
manufacturer has recognized the problems of incom-
patability between valves and valve holder and has 
compromised by specifying the use of a wiring jig to 
centralize the socket contacts during circuit assembly 
and of a pin-straightening jig for the valve pins before 
insertion into the valve holder. 

Despite all this, considerable evidence has been se-
cured that semi-skilled personnel can cause a "mechani-
cal insertion loss" of 3 per cent or greater, and while 
this can be reduced by careful education, the require-
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ment of 1 per cent in 1,000 hours is easily swamped by 
this single possibility. 
. Because of the inevitability of this loss, it is probable 
that the reliable conventional type of valve of the 
future will have flying leads and will be soldered into the 
circuit. The size of the envelope will be dependent on 
the dissipation requirement, and the subminiature will 
be employed for low-dissipation needs with the minia-
ture (18.5-mm, 0.73-inch) and noval (20-mm, 0.79-inch) 
types being used for better characteristics and higher 

dissipation. 
Photographs of such types, which are now available, 

are shown in Fig. 19. 

IX. CONCLUSION 

In conclusion, evidence so far obtained shows that 
early life failures, which are the cause of most of the 
heartburnings, are due almost entirely to mechanical 
and glass troubles. 
If these are eliminated by attention to design and 

manufacturing methods, together with a short life run, 
there is a great hope that for at least 1,000 hours the 
failures will be negligible. However, correlation between 
factory tests and field experience can only be achieved 
with large-scale usage of these better valves, after which 
it is quite possible that, with user co-operation, the 
valve maker will be able to issue guarantees showing 

actual failure rates. 
It is a hazardous thing to prophesy, but within five 

years the reliability of the valve can be such that the 
present criticisms will then be directed towards other 
components. As reliability work must inevitably take 
considerable time, adequate pressure should be main-
tained on manufacturers of other components to ensure 
that all the constituent parts of an equipment keep in 

step on this matter. 

Fig. 19—Flying lead valves having, from left to right, 
the electrical characteristics of the 6CH6, 12AU7, 
6AL5, 8D3, and a subminiature pentode. 
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An Experimental System for Slightly Delayed 
Projection of Television Pictures* 

PAUL MANDELt, ASSOCIATE, IRE 

Summary—An experimental system is presented, comprising a 
high-definition flying-spot scanner, microwave relay, transcriber, 
fast film processor, and projector. A description is given for each part 

of the system and the performances obtained. 

I. INTRODUCTION 

T
HE PRINCIPAL DIFFICULTIES in presenting 
television pictures to large audiences in the past 
has been insufficient illumination on the large 

screen, and also lack of high contrast and fine details 
of the picture. Illumination of the screen must be in the 
order of several thousand lumens. The contrast re-
quired is at least 50 to 1, while fine details should be 
comparable with those of standard film projection. 
The various systems that have been described in the 

• Decimal classification: R583. Original manuscript received by 
the Institute January 3, 1952; revised manuscript received March 5, 
1952. 
f La Radio-Industrie, Paris, France. 

literature may be divided into three groups: direct 
projection, eidophor, and intermediate film. The direct 
projection of television pictures has been reported 
by several research laboratories.' The eidophor system' 
is favored by the Swiss school, but the intermediate film 
system, first proposed by Fernseh,' is now regaining 
favor and is the type used in this paper. 

V. K. Zworykin and W. H. Painter, "Development of the pro-
jection kinescope," PROC. I.R.E., vol. 25, pp. 6-8; August, 1937. 
Knoll,  "Kathodenstrahl Bildtlbertragungsrohren Telefunken-

Hausmitteilungen.— vol. 81, pp. 65-79; 1939. 
E. Schwartz"Entwicklung der Braunschen Fernsehrohre.—Fernseh 

Hausmitteilungen Band 1, Heft 4, pp. 123-129; 1939. 
P. Mandel, "An experimental television projector," PROC. I.R.E., 

vol. 37, pp. 1462-1467; December, 1949. 
Communication of T. W. Lance at the International Television 

Congress, Milan, 1949. 
F. Fischer-Thieman, "Theoretische Betrachtungen.—Schweizer 

Archiv f Ur Angewandte Wissenschaft. Heft 1 und 2;1941; Heft 11 und 
12; 1941; Heft 1; 1942; Heft 5-7, 10, 1942. 
$ G. Schubert, "Das Zwischenfilmverfahren."—Fernseh Hausmit-

teilungen, Band 1, Heft 3, pp. 65-72; 1939. 
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The project was started in January, 1949, based on 
the French high-definition standard of 819 lines. A de-
scription of the complete apparatus and of the results 
obtained follows. 

11. GENERAL DESCRIPTION 

The complete system consists of a high-definition 
flying-spot scanner, microwave relay, registering ap-
paratus, and projector. Fig. 1 shows the elements of the 
system in diagram form. 

ft r/IIC jft07 

C = 1} 

MCROWI VI IW  I AY 

PROVIC70/4. 

Fig. I--Schematic disposition of the elements 
of the system. 

APPAPA7U9 

The circuit begins with a 35-mm film in the 11) ing-
spot scanner which generates the television signal. "Ishe 
microwave relay carries this signal to the desired loca-
tion. 
In the registering apparatus the picture is reproduced 

on a cathode-ray tube where it is photographed by a 
synchronously driven camera. The exposed film is driven 
continuously through the developing, fixing, and drying 
device and emerges completely processed in 60 seconds. 
The film then passes through a standard high-powered 
movie projector for display on the large screen. Special 
16-mm film is used in this part of the equipment. Since 
the sound is simultaneously registered, the film can be 
kept in stock as long as desired for future projection. 

A. Choice of Analyzer 

It was felt at the beginning that it would be necessary 
to have a standard television picture analyzer of very 
high performance, one capable of maintaining this per-
formance during the time required for the development 
of the other parts of the system. As the primary source 
of the picture, the 35-mm standard film was chosen. The 
reasons for this choice are its high resolution, extended 
contrast range, invariability with time, ease of optical 
control, and facility of comparison of the final picture 
with the initial picture under identical conditions. 
The analysis of the film is performed by a "flying-

spot" scanner. The well-known advantages of this type 
of analyzer are the absence of dark spots, perfect 
linearity of the electro-optical response, and well-defined 
black level in the video signal. 
On the other hand, the disadvantages of the flying-

spot scanner are that it requires uniform speed of the 

film across the window, special high-precision optical sys-
tem, and compensation for the inertia of the fluorescent 
screen on the cathode-ray tube. 1 lowever, these disad-
vantages were not considered insurmountable. The ex-
cellent resolution and the negligibly low noise level 
which were finally obtained justified the choice of this 
scanning method. 

III. 111611-1 41 I NITION FLYING-SPOT SCANNER 

A photograph of the flying-spot apparatus is shown in 
Fig. 2. Fundamentally, the flying-spot scanner is an 
apparatus for generating a television signal from a film. 

Fig. 2 View' of the flying-spot scanner. 

It consists of a cathode-tube light source, lens system, 
shutter, film drive, photoelectric cell, and amplifier. A 
diagram of the optical system is shown in Fig. 3. 

.fh 

rfr 

Fig. 3—Split optical system of the flying spot scanner. 

A. Optical System 

The primary light source is formed by the spot Po as 
it traces two interlaced frames of constant brilliance on 
the fluorescent screen of the high-tension cathode-ray 
tube. The time for each frame is 1/50 second, corre-
sponding to the French standard. 
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A part of the luminous flux issued from the spot is 
split by the two prisms /42, and with the aid of the lens 
system, produces two identical images on the film, the 
separation between the images being exactly equal to 
one-half the picture height. The synchronous shutter Sh 
has equidistant apertures equal to one-half the picture 
height and is disposed in the immediate vicinity of the 
window. The shutter is driven in phase with the picture 
and permits interlaced scanning of the film by alter-
nating!), interrupting one of the two images.' 
The film is driven at the rate of 25 frames per second 

in order to allow the scan by two interlaced frames of 
1/50 second for each picture on the film. The vertical 
speed V, of the spot picture on the film is equal to the 

film speed, but in the opposite direction. The luminous 
flux passing through the film is proportional to the 
transparency of the film at the scanned point. The re-
sulting luminous flux is collected by a condensing lens 

and projected to a photoelectric cell. 
The optical quality of the prisms must be very high 

so as to avoid limitation of the resolution by lack of 
exact superposition of two successive frames. The lens 
system has been especially designed to keep the aberra-
tions to a minimum in spite of the split system, and to 
assure uniform brilliance of both scanning spots across 
the window. Any difference in the luminosity of the 
spots would result in a disturbing 25-cps flicker in the 
televised picture. 
The luminous efficiency of the split optical system 

cannot exceed 0.50. The measured value was 0.40. The 
difference is explained by the absorption in the optical 
s) stem, the reflection from the surfaces, and by the 
aperture limitation of the lens system caused by the. 
prisms. In order to keep the absorption losses to a mini-
mum, the optical system was made of special glass with 
very slight absorption from 3,000 angstroms up. The 
lens system is coated to diminish reflections in the blue-
green region of the spectrum. 

B. Residual Flicker 

It was found that the residual 25-cps flicker, when 
using the full aperture of a carefully designed optical 
system, was prohibitive. It was possible to reduce the 
flicker to a satisfactory level by the periodic modulation 
of the intensity of the scanning spot,' or by periodic 
modulation of the video gain by means of a 25-cps signal 
of suitable wave form.' The first method has its limita-
tion in the saturation effect of the fluorescent screen, 
the second in the noise level of the multiplier. A third 
method of reducing the flicker is by limiting the aper-
ture of the system on the front side. But the amplitude 
of the signal is correspondingly reduced. All three meth-
ods give satisfactory results in connection with a well-
designed optical system. The influence of film shrinkage 

R. Moller, "Mehrfach-Filmablastung."— Fernseh Hausmittei-
lungen 1942, Band 2, Heft 5, pp. 129-133. 
' French Patent P.V. 598,127; October 14, 1950. 
French Patent PV 48,755; November 18, 1950. 

can be quickly compensated for by a slight axial dis-
placement of the prism system or of the cathode-ray 
tube. It was not considered necessary to make this ad-

justment automatic. 

C. Film Speed 

One of the requirements for high resolution is the best 
possible uniformity of film speed. Two methods are used 
to achieve this. First, the rotational speed of the pro-
jector is stabilized by an elastically-coupled high-speed 

fly-wheel system. Second, the teeth and cylindrical sur-
face of the main sprocket drum are carefully ground to 
obtain the highest possible uniformity of the film move-
ment. As a result of these measures, there was no notice-
able loss of detail due to the lack of superposition of 
successive frames. Stability observations using standard 
35-mm film prints indicated a picture stability at least 
as good as that obtained by standard intermittent pro-

jectors using the "Maltese Cross" driving system. 

D. Cathode-Ray Scanning Tube 

The performance of the entire system depends largely 
on the quality of the scanning tube. Extremely small 
spot size (about 0.05 mm = 0.002 inch) and high current 
density are desired from an electro-optical point of view. 
High luminous efficiency and a small time constant of 
the fluorescent screen are of considerable value in facili-
tating electrical compensation for the luminous lag of 
the screen.7 Uniformity of focus on the screen is obtained 
by limiting the sweep deflection angle. This uniformity 
is necessary to obtain constant luminosity (particularly 
violet and ultraviolet) for each point of the scanned 
picture because the efficiency of most screen materials 
depends on the current density in the spot. The ideal 
screen material would have an optical response present-

ing no lag behind the electronic excitation. 
A simple 150-mm (6-inch) cathode-ray tube was de-

veloped to meet the above requirements. The tube is 
magnetically focused and has a triode gun. An especially 
treated, very pure Z„02 powder was selected for the 
screen material after experimenting with many different 

types. 
The active diameter of the spot was measured with 

the aid of a resolution pattern and was found to be 0.07 
mm. The beam current was 50 µa and the accelerating 
potential was 30 kv. Commercially available tubes gave 
similar results except for the lower focus uniformity at 

the corners of the picture. 

E. Compensation 

There are two methods of compensation for the time 
lag of the screen material. One method uses only the 
ultraviolet light separated by a Wratten-type 18 filter. 
The resulting time lag is of the simple exponential type 

7 R. D. Kell, "An experimental simultaneous color TV sys-
tem," PROC. I.R.E., vol. 35, pp. 861-875; September, 1947. 

' i • 
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which may be easily compensated by a suitable RC 
network. But the disadvantages exceed the advantages. 
The loss of luminosity through the filter, and the heavy 
absorption of this part of the spectrum in the lens sys-
tem, increase the noise-to-signal ratio considerably. 
Moreover, the crystal structure of the screen is more 

apparent, in the form of a sandy background on the 
picture. Therefore, it was not found desirable to use only 
ultraviolet radiation. 
The second method is to use the total light output 

and to provide the much more complicated compensa-
tion required. Compensation is accomplished in this case 
by three suitable RC networks incorporated into the 
first stages of the video amplifier. 
This method has given excellent results. The com-

pensation for the screen material has proved very stable. 
Slight adjustments are required only after replacement 
of a scanner tube or after considerable modification of 
the beam current or accelerating potential. 

F. Video Amplifier 

The bandwidth of the video amplifier is 15 mc, 3 db 
down. No phase correction is used. The nominal band-
width required is 10.5 mc. 
The input to the amplifier comes from the multiplier 

type of photoelectric cell. The over-all noise level de-
pends upon the sensitivity of the photocathode and 
upon the quality of the photo multiplier. The actual 
noise level is negligibly low. When standard black and 
white motion-picture prints are used, the noise is imper-
ceptible from a viewing distance greater than three 
times the height of the picture. 
The output of the amplifier is proportionate to the 

transparency of the film, owing to the linear response of 
the photocathode, multiplier, and the video amplifier. 
On the other hand, the luminous output of a cathode-
ray tube is not proportional to the modulating voltage." 
Whether the cathode-ray tube is used as the usual 
monitor or is photographed makes no difference. There-
fore, a precorrection called "gamma correction" is in-
corporated in the amplifier. 
The gamma correction is particularly important when 

a negative print is scanned. The correction is made by 
the use of the nonlinear characteristics of a suitably 
chosen amplifier tube. 
The black reference level of the television signal is 

formed by the suppression of the scanning beam at the 
end of each line and each frame. In the formation of the 
gamma correction it is necessary to re-establish the 
black level. This is done by means of a synchronously 
driven clamping system' on the grid of the corrector 
stage. The degree of correction can be changed by the 
displacement of the reference level on the nonlinear por-
tion of the tube characteristics. 

• P. Mandel, "Appareillage de Tadvision a 1015 lignes," Bull. 
S.F.E.,  sdrie, Tome V. n° 47; May, 1945. 
• L. W. Morrison. "The radar receiver."—Bell Sys. Tech. Jour., 

vol. 26, p. 754. 

Great care was taken to keep permanently the geo-
metrical distortion of the picture at a low level by the 
use of passive correction networks and by avoiding the 
nonlinear regions of the sweeping tube characteristics. 
The passive networks include inverse feedback in the 
scanning circuits.'" The geometrical distortions are less 
than +4 per cent in each field element, representing 
1/64th of the picture area. 

C. High-Voltage Power Supply 

The 30-kv dc power supply for the scanner tube is 
operated as a quadrupler, using cascaded filament trans-
formers and rectifier tubes. A photograph of the power 
supply is shown in Fig. 4. 

Fig. 4 —Inside view of the 30-kv supply. 

Two rectifier tubes are used in parallel in each stage 
in •order to minimize the probability of an interruption 
due to heater failure. The entire compact unit is im-
mersed in oil to reduce the size. The breakdown voltage 
of the polyethylene high-tension cable is sufficiently 
high to permit the use of an oil light metallic cone in 
place of the usual large ceramic insulator. 

IV. MICROWAVE RELAY 

The broadband microwave relay was developed to 
provide point-to-point transmissi a for distances in the 
order of twenty-five miles. The choice of its character-
istics was guided by the desire to obtain a portable, 
simple and stable apparatus, capable of long time opera-
tion with a minimum of maintenance personnel. The 
carrier frequency of 940 mc allows reasonably high gain 
from the parabolic mirrors and at the same time facili-
tates the attainment of 5 watts of peak power. The 
above considerations and the large bandwidth of 10.5 
mc led to the use of amplitude modulation. A photo-
graph of one element of the relay is shown in Fig. 5. 
Both the transmitter and the receiver have the same 

to P. Mandel, "Tecnica a Svilluppo Del ricevitori di Televisione— 
Televisione Italiana, vol. I, pp. 5-12; March, 1950. Also, French 
Patent P.V. 631 598; July 5, 1952. 
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external appearance for the dipole, parabolic mirror, 
pedestal, and the box on the back of the mirror. Their 
uhf circuits are located at the back of the respective 
• mirror in the weatherproof box. 

Fig. 5—View of the relay transmitter. 

A. Transmitter 

The basic outline of the transmitter is shown in Fig. 6. 
The uhf circuit consists of the master oscillator, buffer, 

and final amplifier. The final amplifier is modulated on 
the cathode at a fixed black level. The modulator and 
black level clamp are pictured in Fig. 5. 
All the uhf circuits are of the coaxial-cavity type. The 

thermal frequency drift of the master oscillator is com-
pensated by a suitable choice of methods for the con-
struction of the cavity. The remaining drift does not 
produce a noticeable deterioration of the received pic-
ture in spite of the partial suppression of one sideband 
in the receiver. Thus no warm-up time is required before 
transmission. All the power amplifiers are of the 
grounded-grid type using lighthouse tubes. 

A monitor on the transmitter output is provided by a 
small, loosely coupled, wide-band cavity with a silicon 
crystal detector and a cathode follower. 
The output of the final amplifier is connected directly 

to the quarter-wave dipole located in the focus of the 
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Fig. 6—Simplified schematic of the relay transmitter. 

mirror. A parasitic dipole reflector reinforces the radia-
tion from the main dipole to the mirror. Quarter-wave 
chokes are used to prevent currents on the outside of 
the dipole supports. 
The power gain of the mirror over the isotropic 

radiator is 20 db and the beam angle for half power 
is 9 degrees. The voltage standing-wave ratio of the 
antenna feed is less than 1.15 over the radiated band-
width of 30 mc. 

Fig. 7—Simplified schematic and frequency characteristics 
of the relay receiver. 

B. Receiver 

The receiver uhf circuit consists of a parabolic mirror, 
dipole, magic T mixer, and local oscillator. The mirror 
and dipole are exactly the same as for the transmitter. 
Since the total gain of the two antennas over dipoles is 
36 db and since the transmitter power output is 5 watts, 
the signal available at the receiver is equivalent to a 
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transmitted power of 20 kw with plain dipoles. A 
diagram of the receiver is shown in Fig. 7. 
The magic T mixer is in the form of a coaxial ring. 

The push-pull outputs are connected by suitable 
quarter-wave transformer to the mixer crystals. The 
resulting intermediate-frequency outputs are combined 
by bifilar transformers with 1-to-1-turns ratio. 
The output is fed to the cathode of the first IF stage 

(triode). The other six IF stages are pentodes. All seven 
stages have double-tuned coupling transformers. The 
video detector is followed by a suitable amplifier and a 
cathode follower. 
The receiver sensitivity for an output of 1-volt peak-

to-peak is about 250 /Iv with less than 1 per cent noise 
power. Bandwidth response curves are shown in Fig. 7 
for the IF and video amplifiers. 

C. Remote Control 

The transmitter and receiver are each connected by a 
special cable to the corresponding central rack. Fig. 8 is 
a photograph of the two control racks. 

Fig. 8—Control racks of the relay. 

Each of the control racks contains a small oscillo-
graph for monitoring the wave form and a large cathode-
ray tube for monitoring the television picture. Also in 
each control rack are all the power supplies for each 
unit. 
Operationally, only one control is required at each 

end of the relay. At the transmitter there is a control 
for adjusting the depth of modulation, depending on 

the signal lever available. At the receiver is the receiver 
gain control for setting the output signal at the proper 

level. 

(a) 

(b) 

Figs. 9(a) and 9(b) — Reproductions of registered films. 

V. REGISTERING APPARATUS 

The registering apparatus is shown in Fig. 10 (a) and 
(b). On the left may be seen the twin transcriber units. 
In the center is the synchronous camera, and on the right 
is the continuous developing apparatus. 

A. Transcriber 

Fig. 10 (c) shows a close up rear view of the trans-
criber units. In the center are the twin 150-mm (6-inch) 
transcriber kinescopes. On the right is a 36-cm (14-inch) 
cathode-ray tube for monitoring the picture. 
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Fig. 10(a) —Registering apparatus and projectors. 

Fig. 10(b)—Registering apparatus kinescopes, camera, and 
continuous developer. 

Fig. 10(c)—Rear view of transcriber units. 
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In the transcriber unit the video signal is amplified 
and the black level is restored by auxiliary pulses de-
rived from the television signal. The resulting signal, 
which may be of either positive or negative polarity, as 
desired, is then applied to the control electrode of the 
transcriber kinescope. 
The kinescope units are twin in order to insure con-

tinuity of service in case of failure of a unit. A revolvable 
mirror is positioned between the kinescopes to direct 
one of the kinescope pictures to the registering camera. 

B. Registering Camera 

The synchronously driven camera is equipped with a 
high-speed transport mechanism (36-degree shutter 
angle) running in phase with the television picture at 
the speed of 25 frames per second. Consequently, no 
single television field is lost in the photographic register-
ing process. The type of 16-mm film used has a highly 
sensitive low-grain emulsion, especially treated to with-
stand the relatively high temperatures in the developing 

apparatus. 
The accompanying sound is simultaneously registered 

on the film in the usual manner. The negative television 
picture is generally used to obtain directly a positive 
print ready for projection. 

C. Developing 

From the camera the exposed film passes continu-
ously through the rapid developing apparatus and 
emerges completely processed after a time delay of 60 
seconds. The apparatus is housed in two cases, as shown 
in Figs. 10(a) and 10(b). In one case are contained the 
various liquid solutions through which the film passes. 
The other case contains the associated circulating 
pumps, fans, electric heaters, and controls. The film is 
propelled in a helicoidal path through the various solu-
tions by means of live rolls and guide tubes. The 
mechanism of this part of the system is particularly 
simple. The time delay is split up in the following man-
ner: 
Developing  6.5 seconds 
Washing  5.0 
Fixing  19.5 
Washing  10.0 
Drying  19.0 

Total  60.0 seconds 

VI. PROJECTORS 

The processed film passes through low-power control 
projectors and then through the high-power principal 
projector. The projectors are visible in Fig. 10(a) on the 
right side. The 80-amperes arc lamp in the final pro-
jector produces a mean luminous flux of about 2,000 
lumens. The resulting illumination on the large screen of 
4-meter base (13 feet) is 170 lux, and therefore in the 
same order as standard movie projection. Figs. 9(a) and 
(b) are televised pictures as reproduced on the film. 

• 



1184  PROCEEDINGS OF THE I.R.E. 

VII. TESTS 

Preliminary to the field testing of the complete ap-
paratus, each element was tested separately. The resolu-
tion of the flying spot pictures was measured with the 
aid of a test pattern on a high-contrast 35-mm film. The 
horizontal resolution was found to be 900 picture ele-
ments and the vertical 650 elements. 
The maximum distance which could be covered by 

the microwave relay before additional receiver noise 
could be detected on the picture was 25 miles. There 
was no measurable loss of resolution, owing to the high-
frequency transmission. The stability of transmission 
was excellent. There was no observable change in picture 
quality or intensity over a period of several hours. 
Tests of the registering apparatus showed a loss of 

about 10 per cent in resolution. A film of 800 picture 
elements was produced from an input signal of 900 pic-
ture elements. The input signal was generated by the 
flying-spot scanner using various types of pictures, such 
as the resolution pattern, gradation scale, and selected 
subjects on positive or negative prints. Since the total 
resolution loss was small, no attempt was made at that 
time to determine the distribution of loss among the 
various parts, such as the amplifier, kinescope, camera, 
film, and developing apparatus. 
During this part of the work the optimum values were 

determined and fixed for the various factors, such as the 
light output of the transcriber tube, f number of the 
camera lens, temperature, and concentration of the film 
baths. 
It is interesting to note that the registered detail was 

not fixed by the grain of the emulsion or by the spot size 
of the transcriber kinescope, but by the mechanical 
vibration of the camera. The upper limit was fixed by 
the aberration of the lens only when a less sensitive 
emulsion was used together with a high lens aper-
ture. 
The contrast range of the registered film was slightly 

inferior to that obtainable on a good movie print. Re-
search is being continued to determine the cause. 

A. First Field Test 

The first field test of the apparatus was at the second 
"Salon du Cinema" in Paris, from October 5 to 20,1950. 
The test period was two hours each day during the peak 
visiting hours. An outdoor television camera supplied 
the signal by cable to the registering apparatus. The 
registered film was projected to a large screen for the 

October 1audience in the Salon theater. Very satisfactory results   

were obtained.m 

B. Second Field Test 

For the second field test the registering apparatus was 
located at "Cinema Madeleine" and the microwave re-
lay operated between the theater "Gaumont Palace." 
At Cinema Madeleine, television signals from two differ-
ent sources were registered and projected. 
Signals came by microwave relay from TV cameras 

installed in a studio of Gaumont Palace, and also from 
a TV receiver tuned to the TV broadcast from the 
Eiffel-Tower transmitter. The program originated in the 
studios of La Radiodiffusion Francaise. 
During the last period, the television programs were 

projected as special attractions between the regular 
movies. Some of the spectators were interviewed after 
each show to determine their reaction to the experiment. 
The spectators' comments were considered along with 

our own experimental results in determining the lines of 
further development of the apparatus. The average 
spectator's comment was, "slight loss of contrast." The 
average picture brilliancy was the same as for the regu-
lar movie. On the whole, the experimental results were 
considered as better than satisfactory by the spectators. 

CONCLUSION 

The tests indicate that this method of presenting tele-
vision pictures to large audiences is entirely practical. 
The loss in fine details is only 10 per cent. The slight loss 
of contrast should be correctable by further experiment. 
The slight delay of 60 seconds is certainly not objection-
able. The picture brilliancy is the same as for regular 
movie projection. 
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Gamma Correction in Constant Luminance 
Color Television Systems* 
SIDNEY APPLEBAUM'''. ASSOCIATE, IRE 

Summary—A theoretical study is made of the effects of pre-
correcting the red, green, and blue image co-ordinates to provide 
unity over-all gamma. The effect of gamma precorrection is presented 
with regard to (a) tone rendition on the compatible monochrome re-
ceiver, (b) maximum demand of subcarrier and composite signal, 
and (c) noise interference sensitivity. 

INTRODUCTION 

THE EFFECTS OF NONLINEARITY in televi-

( sion upon picture quality has received much at-

  tention in the literature. Because of the many 
physical and subjective parameters involved, analysis 
is necessarily limited to first-order effects. The rest must 
be determined by experience. 
In monochrome television, nonlinear transducers af-

fect both the tone rendition and the signal-to-noise ra-
. tio. The brightness-transfer characteristic of the average 
picture tube compresses the shadow tones and expands 
highlight tones. However, it has been shown that the 
nonlinear characteristic of the average picture tube is 
almost ideal for minimizing noise sensitivity. This indi-
cates that precorrections for the nonlinear characteris-
tics of the receiver should be applied at the transmitter 
where the noise level is low. 
The effects of nonlinear transducers in color television 

are not only more complex—they are also more percep-
tible. As a result, the need for gamma or nonlinearity 
correction in color television, in specific circuits de-
signed for that purpose, has been recognized from the 
start. Nonlinearity in color television causes chromatic 
distortion as well as tonal distortion and correcting for 
it involves three signals as compared with only one. 
' Additional complications arise in a color system de-
signed for compatibility since any method for precor-
recting the signal must simultaneously provide correc-
tion for both the nonlinear color receiver and the 
nonlinear monochrome receiver. 
This paper attempts to determine the effects of pre-

correcting the signals in a color television system of the 
constant luminance type, i.e., a compatible transmission 
in which three signals are simultaneously transmitted, 
one of which contains the complete luminance informa-
tion. 
Because of the logarithmic nature of the response of 

the eye, the subjective effect of a nonlinear picture tube 
is most conveniently analyzed when the relation be-
, tween the original image luminance Y and the displayed 
pictured luminance P is a power law of the form P= Pi. 

• Decimal classification: R583. Original manuscript received 
by the Institute, February 27, 1952; revised manuscript received, 
July 7, 1952. 
N  Electronics Laboratory, General Electric Company, Syracuse, 
. Y. 

Fig. 1—Effect of gamma on chromaticity. 

The exponent n, is called the gamma of such a tube. 
Picture tubes in present use often have nonlinear char-
acteristics which are not of the simple power-law type. 
Nevertheless, the usual approach to the understanding 
of their behavior is to approximate the transfer char-
acteristic by a power-law relation over the range of 
operation. This approximation is justified not only by 
the simplification in analysis which results, but also by 
the insensitivity of the eye to the exact nature of the 

nonlinearity. 
The effect of the gamma of a color receiver upon 

chromatic rendition is shown in the Maxwell triangle 
(Fig. 1). This figure displays chromaticity in terms of 

LOCUS OF POINTS 

RELATED BY A 

GAMMA (N) 
TRANSFORMATION 

red, green, and blue co-ordinates, and shows the result 
obtained when a color point of co-ordinates, r, g, b, is 
transformed to the point rn, gn, bn . As 'n' is varied, the 
original point moves along a particular path. For ex-
ample, a gamma of 2 would transform a point from the 
N = 1/2 contour to the N = 1 contour, or from the N =1 
to the N= 2 contour. A number of typical loci are given 
in the figure. A gamma greater than unity increases the 
saturation and changes the hue of a color point towards 
the hue of the dominant primary. Colors which are 
originally of low saturation are changed mainly in satu-
ration, whereas colors which are originally of high 
saturation are changed mostly in hue by gamma trans-

formation. 
For some scenes, the tonal and chromatic distortion 

which results from a gamma greater than unity may 
produce a more pleasing picture subjectively. However, 
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since this will vary considerably from scene to scene, it 
is reasonable to require that the over-all gamma of a 
color TV system be controllable, with an over-all gamma 
of unity within the range of variation. 
In order to obtain an over-all gamma of unity when 

nonlinear picture tubes are used, it is apparent that 
some form of compensation or precorrection is required. 
This correction may take the form of linearizing the 
picture tube through feedback, or a "rooting" circuit in. 
the receiver. The alternative to these methods for mak-
ing the receiver linear, is to make the correction at the 
transmitter. In the present state of the art, this appears 
to be the more economical choice. If the over-all system 
gamma is to be controlled at the studio, a gamma-cor-
recting circuit is necessary at the transmitter. Further-
more, the use of nonlinear picture tubes, with gamma 
correction at the transmitter, minimizes the noise sen-
sitivity of the system. A disadvantage of precorrection 
at the transmitter is that it requires standardizing dis-
play co-ordinates for the system. 
In order to present the results of this paper, it is nec-

essary to assume the reader is familiar with the princi-
ples of colorimetry. 1 In the interest of economy of ex-
pression matrix algebra is used, but a reading knowledge 
of the notation is all that is needed. The following dis-
cussion is intended only to establish the notation and 
language to be used in this paper. 
Color television systems make use of well-established 

color-mixture laws. Essentially, these laws state that 
over a wide range of light intensities any color stimulus 
can be matched by the additive mixture of proper 
amounts of a set of 3 other independent color sources. 
The standard specification of color stimuli is made in 
terms of three nonphysical primaries (X), (Y), (Z), so 
chosen that the amount of (Y) light necessary to match 
a color stimulus is directly proportional to the luminance 
of the stimulus and that all physical color stimuli are 
specified by positive amounts of the three standard pri-
maries. The units of measure for the three primaries are 
chosen so that equal amounts of (X), (Y), and (Z) light 
would produce the same sensation as an equal-energy 
white (light with a flat-power spectrum distribution). 
This system, therefore, provides us with a three-di-

mensional co-ordinate system for the specification of 
color stimuli. In terms of these co-ordinates, a color 
stimulus, represented by a color point, would be speci-
fied as consisting of X amount of (X) light, Y amount 
of ( Y) light and Z amount of (Z) light, i.e., 

C = X(X)  Y(Y)  Z(Z).  (1) 

If a set of primaries (R), (G), (B) is defined in terms 
of (X), (Y), and (Z), by linear transformation the co-
ordinates R, G, B may be found such that 

C = R(R) + G(G) + B(B). (2) 

In color television, color stimuli are conveniently con-
sidered to have two intrinsic properties, luminance and 

' W. T. Wintringham, "Color television and colorimetry," PROC. 
I.R.E., vol. 39, pp. 1135-1172; October, 1951. 

chromaticity. Luminance is one-dimensional whereas 
chromaticity requires two dimensions. Color points of 
the same luminance lie in a plane parallel to the plane 
Y=0. Color points of the same chromaticity lie on a 
line through the origin. The chromaticity of a color 
point is commonly specified by the intersection of the 
radius vector to the color point with the plane X+ Y+Z 
=1. The chromaticity of a point X, Y, Z may be speci-
fied in this manner by giving any two of the three 
co-ordinates of intersection, x, y, z, where 

x — Y =   
X + + Z X + Y + 

z = 
X + 1' + Z 

(.3) 

Chromaticity is commonly specified by giving x and 
y. 
Although the color mixture laws enable the specifica-

tion of color stimuli in a linear co-ordinate system, they 
do not specify the sensitivity of the eye to a small dis-
placement (noise) in this co-ordinate system. A great 
deal of work has already been done to determine the 
sensitivity of the eye to displacements in the three co-
ordinates. Most of this work, however, was done for 
relatively large fields which were stationary in both 
time and space. In television noise, we are concerned 
with fields which subtend small angles, fluctuate in in-
tensity, and appear to have a random motion. Fortu-
nately, experience seems to indicate that results ob-
tained from the stationary measurements still apply to 
the perceptibility of random noise in television. 
Perhaps the best known relation concerning the per-

ceptibility of small color co-ordinate displacements is 
the Weber-Fcchner Law. The law states that over a 
large intermediate range of luminance, the perceptibility 
of an achromatic displacement where 

VC  AY  AZ 

X  Y  Z 

is proportional to the percentage change or the Fechner 
fraction,  17 Y. At very low levels of luminance, the 
Fechner fraction necessary for per.ceptibility increases.' 
More general investigations have been made by \LH--

Adam:" and others on the sensitiyit y of the eye to gen-
eral color co-ordinate displacements. \ acAdam has also 
made visual acuity measurements' which supply much 
of the type of information needed for color television. 
It has been shown that the eve is most sensitive to noise 
in the Y co-ordinate and least sensitive to noise in the 
Z co-ordinate. The sensitivity of the eve to X, 1', and 

2 P. Mertz, "Perception of television random noise," Jour. So. 
Mot. Pic. & Telee. Eng., vol. 54, pp. 8-34; January, 1950. 

3 D. L. MacAdam, "Specification of small chromaticity differ-
ences," Jour. Opt. Soc. Amer., pp. 18-26; January, 1943. 
' W. R. J. Brown and D. L. MacAdam, "Visual sensitivities to 

combined chromaticity and luminance differences," ibid., pp. 808-
834; October, 1949. 

6 D. L. MacAdam, "Color Discrimination and the influence of 
Color Contrast on Visual Acuity," Kodak Re.,earch Lab., Communi-
cation No. 1105. 

(4) 
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Z noise on a given background varies with the chroma-
ticity of the background and is roughly proportional to 
5:13:2. 
In this report, the effect of nonlinear display charac-

teristics upon luminance or ' Y' noise only is evaluated. 
A complete evaluation of the effect of nonlinear display 
characteristics upon both luminance and chromaticity 
noise would involve considerable calculation. The un-

k certainty in the applicability of the available data, how-
- ever, does not justify the work necessary. 

CO-ORDINATE TRANSFORMATIONS IN A COLOR 
TV SYSTEM 

In a general color TV system, there are three separate 
sets of co-ordinates to consider: camera co-ordinates, 
transmission co-ordinates, and display co-ordinates. 
This section presents briefly the transformations be-
tween these sets of co-ordinates. 
The camera is designed to obtain the standard tri-

stimulus co-ordinates (X, Y, Z) of each point of the 
image. The' Y' signal represents the luminance variations 
independent of chromaticity, and is used directly by the 
• compatible monochrome receiver. A color receiver, how-
ever, must transform the luminance and chromaticity 
information it receives into the proper signals to apply 
to the grids of red, green, and blue tubes. The chroma-
ticities of the receiver primaries may be specified in 
trichromatic units as 

— (red) 

,Lrreen)1 = [x„ 

_ Woe) Y, yt, 

[(X)  

I1() I' (5) 

zb  (Z) 

where (X), ( Y), and (Z) are the units or primaries of the • 
tristimulus co-ordinate system. It is most convenient 
to use a set of red, green, and blue primaries (R), (G), 
(B) having the chromaticities specified by (5), which. 
have unit lengths such that equal amounts of the pri-

! maries specify some reference color. (The reference color 
used is illuminant C with unit amount of luminance. 
This will be referred to as unit reference white.) The 

r transformations between co-ordinates in the (X), (Y), 
(Z) and (R), (G), (B) space will be written as 

and 

C13 1  X  x 
(33 1'= [0 17 [ 1, 

(32 C33 7:1 — Z 

d12 (113i  k R 
d22 d22  (,  = [D] G , 
d32 d33  I: -  B_J 

(6) 

(7) 

where [C1 = ED]-'. 
In a 'constant luminance' s will, the transmission 

primaries are chosen so that one of the co-ordinates is 
directly proportional to luminance. Since color points of 
equal luminance lie in a plane parallel to the XZ plane, 
two of the transmission primaries must lie in the XZ 
plane. The third primary is chosen to be coincident with 

the reference-white vector, so that two of the co-ordi-
nates will be zero when colors on the reference-white 
vector are transmitted. 
A set of transmission primaries (A 1), (A2), (A3) which 

satisfies the above conditions is 

[(AO]  [ 1 0 0  [(X) 

(A 2) =  Xo 1 Z„  (Y)  .  (8) 

(A 3)  0 0 1  (Z) 

Note that (A 1) is the same as (X), (A2) is the unit refer-
ence white (Xo, 1, Zo), and (A3) is the same as (Z). 
The transformations between co-ordinates in the (X), 

(Y), (Z) and (A 1), (A 2), (A 3) space are 

and 

[17 = [zJ  0 

[A21  1  = 

A3 0 

Xo 0i  Ai 

1  0  112 , (9) 

Zo 1 .1 3 

Xo 

1 

—Zo 

0   X 

oil y 1.  (10) 

1  Z 

The At, A2, A3 co-ordinates can also be related to R, 
G, B, co-ordinates, 

R  cil 1 (13 Ai [  Ai 

1 (23  :121= 111[A21.  (1 1) 
B  (31  1 C _33 .13 A3 

The A1 and A3 co-ordinates contain the chromaticity 
information only, which in a constant luminance system 
is transmitted in a channel separate from the luminance 
channel. The composite video signal using A1, A2, A3 co-
ordinates would be proportional to the sum of the 
luminance signal and the chromaticity subcarrier or 

A2 + AI cos coat + A3 sin boat,  (12) 

where co, is the chromaticity subcarrier frequency. The 
amplitude and phase of the subcarrier corresponding to 
a given color point may be obtained in (X), (Y), (Z) 
space by projecting the given color point in the direction 
of reference white upon the XZ plane. The vector in the 
XZ plane from the origin to the projection specifies the 
subcarrier phasor (Fig. 2). 
The A1, A2, A3 co-ordinates are only one set of possible 

transmission co-ordinates. Any other set, however, may 
be defined in terms of the Al, Az, A3 co-ordinates as 
follows: 

and 

0 

I  a103  /12  , 

1 [AI 

a33  .13 

0 

0.air 0 ,2]. 
#33  U  a 

(13) 
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apparent that the signals S,, S,, So must be obtained as 

follows: 
The composite signal in th, U2, Us co-ordinates is pro-

portional to 

U2 + Ul cos Wit + Us sin wet. (14) 

The 1/1//3 plane is referred to here as the subcarrier 
plane. The U2 co-ordinate is equal to luminance. Al-
though in performing calculations on a given set of 
transmission co-ordinates it is unnecessary to introduce 
the 442, A2, A  co-ordinates, it is convenient to work in 
'A' co-ordinates for comparing one set of transmission 
co-ordinates with another and for obtaining a simple 
geometric interpretation of the subcarrier. 

Y  • 

REFERENCE WHITE 

PT C 

PROJECTION OF PT C 
ON XZ- PLANE 

SUBCARR I E R CORRESPONDING 
TO PT C 

S 

VII. In 
nr-  ' — 

kw" — 1 

G )1 
_  _ 

— 1 

kw" — 1 

October 

(17) 

where 
R, G, B = co-ordinatcs of original image, 

= minimum luminance within range of cam-
tIL  

n/m - u\er-all system gamma, 
k = i,ver-all contrast range of camera sensitivity. 
For an over-all s\ stem gamma of unity, the precorrec-

tion must lie evict ly inverse to the display characteristic s, 
x which requires t hat in= ii and k = K. Since it is very un-

likely that the available contrast range for display (K) 
will be equal to the contrast range in the camera signal 
output (k), setting k = K for precorrection will result in 
unity over-all gamma only in the range for which (16) 
are valid. Signals out is It this range (S <0, or S >1) will 
be distorted. 
A simplified schematic of the operations at the trans-

mitter is shown in Fig-. 3. 
Fig. 2 —Subcarrier in AiiI2A3 transmission co-ordinates 

corresponding to a color C. 

PRECORRECTION 

The nonlinear characteristics of kinescopes may be 
approximated by a power-law of the form,6 

P = Pfluntl.  (K " — 1).51",  (15) 

where 
P= amount of light displayed on tube face, 
K= Po./ P„,;„= over-all contrast ratio, 

Pnii,.= maximum amount of light displayed, 
Pmin = minimum amount of light displayed, 
S= normalized signal, varying from 0 to 1 as P 

- to P min -- - max• varies from P  
In a color receiver, there are three display channels. 

Assuming each has the characteristic of (15) and that 
equal signals produce the reference white, we may write 

P, = P„,;.{1 (K " — 1)5,1" 

P, = P„,;,,11 (K " — 1)5,1". (16) 

Pb =  Pmini 1 ±  (K " 1)S 

In order to precorrect for these characteristics, it is 

CAMERA 
MATRIX r,13,1) GAMMA 

CORRECTOR 

S,,S 9 . S b 

Fig. 3—Operations at a transmitter. 

MATRIX 5. 5 y,Sz 

The X, I', Z co-ordinates of the scanned image are 
obtained by the camera unit. These are transformed to 
normalized R, G, B co-ordinates by the 'C' matrix opera-
tion, which are then gamma corrected. Following 
gamma correction is the 'D' matrix operation which 
converts the gamma corrected R, G, B co-ordinates to 
corresponding X, Y, Z co-ordinates. With the gamma 
corrector out, the quantities S., S„, and S, would be 
equal to the original X,  Z co-ordinates, since the 'C' 
and 'D' matrix operations are inverse. Sx, S„, S, (or 
S9, So) may be thought of as the co-ordinates of a virtual 
image which is a gamma precorrected version of the 
original image. The co-ordinates of this virtual gamma 
precorrected image are handled exactly as the co-ordi-
nates of the original picture would be handled without 
gamma correction. Transmission co-ordinates would be 

[ I  [ail 

1.2 = 

1I3 

1 
Ct 

0 33 

Li —X0 [S. 

0 1  S„ , (18) 

0 —4,  I  S, 
B. M. Oliver, "Tone rendition in television," PROC. I.R.E., vol. 

38, pp. 1288-1300; November, 1950. U2, U2 could also be gotten directly from S,, S., Sb) • 
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EFFECT OF GAMMA CORRECTION ON COMPATIBLE 
BLACK AND WHITE RECEIVER 

The compatible monochrome receiver displays the 
luminance signal Sy as 

P. =  (kon — 1)S.)'I. (19) 

If the original image point has the co-ordinates µR, 
µG, ALB where pi is a proportionality factor, then 

and 

yIn 
— 

Ym in/ 
ST = 

kiln  — 1 

(MG  ) = 1/n Ymin 

1211n  — 1 

1 

µ13 ) 11^  

— 1 
Ym in 

St, =   
— 1 

=  d21ST  d2B-Cg  d2 Sb. 

Since dn  (in+ d23= 1, the displayed luminance is 

(20) 

(21) 

l'y =   d2i(mR)"̂  + d22(MG)11 " + d23(MB)h16 n. (22) 
Yu, in 

The luminance of the original point is 

Y = d21(AR) d22(ALG)  d23(AB), 

which may be combined with (22) to give 
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where 

K, = 

Pm in 

= K,( ,--177.a.17 ) 
P„ 

dui? "  d22GlIn  d23 B lin  n 

d21 R  d22G  d23B 

K, is the factor relating the image luminance to the dis-
played luminance. It is independent of the intensity 
factor At and depends only upon the chromaticity of the 
image point. In other words, it is independent of lumi-
nance. Tone rendition on the monochrome receiver will, 
therefore, be linear for a constant chromaticity, but a 
chromaticity dependent factor ( Kg) is introduced. For 
n=1, K, is equal to 1 for all chromaticities. The values 
of K, for n = 2 and n= 3 are shown in Figs. 4 and 5. For 
both cases, K, is unity in the white region and greater 
than 0.8 over the major portion of the reproducible color 
triangle. Chromaticities which are close to the display 
primaries suffer the most attenuation, especially chro-
maticities in the vicinity of the blue primary. 

(23) 

EFFECT OF GAMMA UPON MAXIMUM DEMAND 

The chromaticities which can be reproduced at the 
receiver are rcstricted to those which lie within the 
R, G, B triangle. The maximum luminance at which any 
chromaticity may be reproduced at the receiver depends 
upon the chromaticity of the illumination of the original 
scene and equipment limitations at both transmitter 
and receiver. For the purposes of forming a maximum 
demand criterion, it is reasonable to assume that the 
maximum values of the R, G, and B co-ordinates in the 
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Fig. 4—Chromaticity factor K, for compatible monochrome 
receiver with gamma =2 (see Appendix C). 

Fig. 5—Chromaticity factor K. for compatible monochrome 
receiver with gamma =3. 
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original image are equal to the value they take on at the 
highlight reference white. This is equivalent to assum-
ing that all color points in the original image lie within 
a cube in the I?, G, B space. For this assumption, Fig. 6 
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Fig. 6—Maximum luminance obtainable with primaries recom-
mended by NTSC when maximum intensity of each primary 
occurs on illuminant C. 

shows the maximum luminance relative to unity at il-
luminant C, at which any chromaticity will be repro-
duced by the primaries recommended for field test by 
the NTSC. Similar curves were given by NlacAdam 7 for 
other receiver primaries. A maximum demand criterion 
might also be based upon the maximum visual efficiency 
of colored passive reflecting materials, first derived by 
MacAdam.' The maximum luminance contours of Fig. 6 
based upon the cube in R, G, B space impose a somewhat 
more severe criterion on a color TV system for all 
chromaticities, except for those in the yellow-white re-
gion, than would maximum luminance contours based 
upon NlacAdam's maximum visual efficiency curves. 
Since the cube criterion is also easier to visualize and 
analyze, it is used in this report. 
The maximum demand criterion on the R, G, B co-or-

dinates may be used to find the maximum demand on 
the chromaticity subcarrier. If the subcarrier consisted 
of the signals A1 and A3 in quadrature, i.e., U1= A1, 
U3= A3, then, as remarked before, the subcarrier for any 
color point is obtained by projecting the point in the 
reference-white direction on the XZ plane. If the color 
points of the original image lie within a unit cube in 
R, G, B space, the co-ordinates Sr, S., Sb of the virtual 
gamma precorrected image also lie within this unit cube 

7 D. I. MacAdam, "Quality of color reproduction," PROC. I.R.E., 
vol. 39, pp. 468-484; May, 1951. 
ill D. I.. MacAdam, "Maximum visual efficiency of colored mate-

rials," Jour. Opt. Soc. Amer., pp. 361-367, September, 1935. 

IOctober 

It Iii follows from (20) J. The .S'z, S„, 5, co-ordinates of 
tlit • corrected image lie within a parallelepiped 

in .1, 1., Z spate. The outline of tlic projection of this 
iii .illelepiped in the reference-white direction on the 
.VZ plane gives the maximum dcm.ind on the subcarrier. 
Tlw suhu.irrii'i Iii,txiallulli deiii,iiiI (intim!' in AI, A3 en-
Ordill.lit'S issII1MII ill Fig. 7 and is uld.iiiied by plotting 
the six puitits irresponding to tlic peak obtainable 
values of t lir creiver primaries and I heir complement,. 
Fig. 7 shows that %viten 1.1 -r .11 and .13, di, su b_ 
„au iii  Eirgi .si on  Hut . mi d \ „I'm\  Any  „Hirt  

choicc of j mid I r.ttislirt-iii.itiun III 
Al, A3 (11-41111111.11t• sp.ilit• iii  III Ii piiiiit-to-piiint cor-
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Fig. 7 --Nlaximum demand of subcarrier in .I,Aaco-ordinates when all 
colors lie within the unit RGI3 cube, for primaries recommende I 
by MISC. 

respondence is maintained and in which straight lines 
are preserved. Because of this, thi• color points which lie 
on the maximum subcarrier demand contour in A1, A3 
co-ordinates remain on the maximum subcarrier de-
mand contour in U1, U3 co-ordinates. Therefore, to ob-
tain the maximum subcarrier demand contour for any 
choice of U1, U3, it is only necessary to plot six points in 
the U1, U3 subcarrier plane. Furthermore, since the 
position of each primary in the subcarrier plane is sym-
metric about the origin with respect to the position of 
its complement, only three calculations are necessary. 
(The complement of a given color is defined here as that 
color which must be added to the given color to produce 
unit reference white.) Fig. 8 shows the maximum sub-
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carrier demand for the U1, U3 co-ordinates recommended 
by the NTsc for field testing. 
It is important to investigate also the peak-to-peak 

swing on the combined video signal, which is propor-

tional to 

U2 ± N/U12 U32. 
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Fig. 8—Maximum demand of subcarrier in MU: co-ordinates 
recommended by NTSC. 

(24) 

On a monochrome picture (in reference white), only 
the luminance component C2 is present, with a range of 
0 to 1. The addition of the subcarrier for a color picture 
may make the combined signal greater than 1 or less 
than 0. This corresponds to the 'ultra-white' and infra-
black regions, respectively, and would necessitate allow-
ing more set-up in the transmitted signal, as compared 
with present practice, to prevent interference with the 
sync, transmitter overload, and intercarrier sound buzz. 
The overswing and underswing of the combined sig-

nal corresponding to a given color point of the gamma 
distorted image are given by 

and 

= U2 -I- N/U12 ± U32 — 1, (25) 

M. = — N/U + U32 (26) 

respectively, when these quantities are positive. If, for 
any color point, Mo and M. are both negative, then the 
combined signal for that color point lies within the 

range 0-1. If the overswing M o is positive, then, the 
combined signal runs into the 'ultra-white' region. If the 
underswing is positive, then the combined signal runs 

into the infra-black region. 
Consider the color point C, of the virtual gamma pre-

corrected image, defined by the co-ordinates [U1, U2 
U3] whose complement, Cc, with respect to unit refer-
ence white [0, 1, 0 in the Ui, U2, U3 space] is — 
1 — U2, U3. The overswings and underswings of the 

complement C, are 

Moe = 1 — U2 ±  U12 ± U32 — 1 = M., (27) 

M. = (U2 — 1) + YU12 + U32 = Mo. (28) 

These relations show that the overswings and under-
swings of the complement of a given color C are equal, 
respectively, to the underswings and overswings for the 
given color. This holds for any constant luminance set 
of transmission co-ordinates. 
If the color point C (U1, U2, (J3) has an overswing 

(Mo >0), it is apparent that the color point, C', defined 
by /U1, /U2, 1U3 (where ( is a constant greater than 1), 
has the same chromaticity as C but a greater overswing. 
Increasing 1 until the second color point, C', lies in the 
maximum-demand surface (the three surfaces of the 
parallelepiped op which R=1, G=1, and B=1), gives 
the greatest possible overswing for all color points with 
the same chromaticity as C. The same reasoning applies 
to the underswings. The maximum possible overswings 
and underswings occur, therefore, for color points on 
the maximum-demand surface. If the complement of a 

MAXIMUM DEMAND LOCUS 

Fig. 9—Maximum demand cube showing locus of points on 
which maximum subcarrier and composite signal occur. 

point in the maximum-demand surface doesn't also lie 
on the maximum-demand surface, the overswing or un-
do-swing of the original point is not the maximum pos-
sible. The peak overswings and underswings must occur 
on the locus of colors which lie on the maximum-demand 
surface and whose complements also lie on the maxi-
mum-demand surface. The desired locus, therefore, is 
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4 

defined by the lines joining the following points of R, 
G, B space in succession [1, 0, 0], [1, 0, 1 ] [0, 0, 1 ] [0, 1, 
1 ], [0, 1, 0], [1, 1, 0]. This is shown in Fig. 9. The same 
locus defines the color points which give maximum sub-
carrier. Fig. 8 may, therefore, be used to construct geo-
metrically the overswings and underswings which occur 
on the maximum locus (see Fig. 10). 

VEL4.011. Rip IghGUITI1 81...11 

! 
Z 

-........ 

L 

II OC CY R C.1 mu,* 

Fig. 10—Excursion of composite signal for color points on 
maximum demand locus. 

The reasoning used above to locate the locus of peak 
subcarrier and combined signal demand applies to all 
gamma-distorted images including the linear case 
(n =1). The amount of gamma correction, however, will 
affect the frequency of occurrence of peak subcarrier 
and combined signal. To illustrate this, assume, for ex-
ample, that the average relative frequency of occurrence 
of color points of the original scene in the volume dR dG 
dB is equal to a constant v for all points R, G, B in the 
unit cube. After gamma correction, the point R, G, B is 
transformed to the point Sr, Sp, Sb. The frequency of oc-
currence of points in the volume dS„, dS,, dSb at the 
point (S,, S9, Sb), v., is given by 

a(r, g, b) 
P..(Sr. Sol Sb)   V. 

a(s,, So, SO 

Using (20), the average density of points along the 
edges of the cube is found to be 

r„ = Y„,,„3n2(k — 1)1e("--mn(klin — 1)2v.  (30) 

The ratio of this average density to the average den-
sity when n =1 is 

1). kun — I y 
n2   

k — 1 

(29) 

(31) 

For a contrast ratio of 30, the frequency of occurrence 
of peak overswings or underswings is reduced 50 per cent 
with a gamma precorrection of n =2. 

NOISE SENSITIVITY 

An analysis of the noise sensitivity of monochrome 
TV systems with display characteristics of the form of 
(15) has been presented by Oliver and Mertz.2 Their 

results are applicable to the compatible monochrome re-
ceiver in a color TV system. Since the sensitivity of the 
eye to small changes in luminance is proportional to the 
Fechner fraction over a large portion of the range of 
luminance involved in TV, a measure of the noise or 
interference sensitivity of a receiver is obtained by find-
ing the logarithmic derivative of its display character-
istic. The Fri liner bact ion pro(luced by a noise voltage 

AS is 
AP„ dP, 

- - -  = a,A.S',  (32) 
P„  P 

where 

am = - (log PyJ — 
(LS' 

noise sensitivity at luminance level Pv. 

If the minimum per( ,t ii  Fechner fraction at a 
luminance level P,, is denoted by Fy, then the peak sig-
nal-(. — I -to-noise ratio, 1/[1.5, necessary for the noise 
to be impel-tepid 

I ay 
> • 

4.1.S. FL, 
(33) 

If the Fechner fraction F y  were constant over the 
complete range of luminance involved,  would he a 
direct measure of si,gnal-to-noise ratio required to make 
the noise imperceidible at the luminance level for which 
cry is COMpUled. F„ however, increases at k)w levels of 

luminance. Despi • his variation in F,, a, is still a use-
ful measure of noi,e sensitivity in comparing one s tem 
with another. Furthermore, the variation in F, is !-,t ill 
sufficiently small so that for ordinary display character-
istics (n <3), noise will he nwst perceptible in the dark 
regions of the displayed picture (at the minimum (Iis-
played luminance). The value of a, at the lowest level of 

re -
quired signal-to-noise rat io for threshold perception ()I 
presented luminance  is, there fore , a measure  of the noise. 

For an nth power-law receiver, we obtain from (15 ,. 
dpv  n u elln — 

a„ 

PydS,  (_p )h 1" 

Pin in 

The sensitivity of a linear receiver would be 

k — 1 
al = 

( —P inPti  in ) 

(„3-1 

(35( 

The ratio of al to an at the minimum luminance level 
P.a.) is a measure of the improvement of the n''' 

law receiver over the linear receiver in threshold noise 
sensitivity. From (34) and (351, this ratio is found to be 

cri k — 1 

n ki I —  1) 
(36) 

The improvement is 14 db for a square-law receiver 
and 18 db for a cubic receiver when the contrast ratio, 
k, is 80. For more complete results and discussion, the 
reader is referred to Oliver's article.6 
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In the color receiver, an increment in the co-ordinate 
Sr will produce an increment in the amount of red light, 
Pr, which is displayed. From (16), this is found to be 

Pr )(n-1)/n 
= nPrnin (kun — 1) ( —  AS,.  (37) 

Pmin 

Similar expressions apply to the increments in green and 
blue light displayed corresponding to increments in the 
co-ordinates S, and Se, respectively. The increments in 
the R,G,B co-ordinates of the displayed picture Pr, P9, 
Pb may be translated into corresponding increments in 
the X, Y, Z co-ordinates of the displayed picture. By 
using the relations between Pr and Sr, etc., and dividing 
through by the luminance, the following relation is ar-
rived at: 

= n[D1 

pr  

\ Pi, 

0 

0 

1193 

duCI3R(a-mn-i-42C23G"-"in-Fdi3C33B"-"in 
(42) 

yoi-mn 

The expressions for the other h values involve R, G, B, 
and Y similarly, but with different constants given in 
the Appendix. 
The luminance interference sensitivity to noise in the 

three transmission channels is 

AP, 

P,Aui 

AP, 

Pi4u2 

AP, 

P,Au3 

= (h21011  /1230300.n, 

= h22ant 

= (h2013 + h231333)0. 

(43) 

(44) 

(45) 

0 

(p 1.-1)1. 

P, 

where a„ is the same quantity defined by (34) and dis-
cussed for the compatible receiver. 
Since we restrict ourselves here to the noise which en-

ters essentially in the transmission co-ordinates, it is de-
sirable to relate the noise in the displayed image to noise 
in the U1, U2, U3 co-ordinates. From (11) and (13), the 
following relation is obtained 

A Al On 0 1313] [AUI 

AS ] = [AA21 = [F] [0  1 0  AU21 , (39) 

ASb LA 3J 1331 0 1333 AU3 

which, when inserted in (38), gives 

— AP.— 

h22 h23 

3,, 

h31 h32 Ii2. 031 0 033 
— 

where the h values result from the matrix mult iplication. 
"h11," for example, is given by 

i uCli ( — 
Pr  )( n-mn  

h, = d   
P, Pv 

( — pbyn-1)/n 
diaCai 

P, 

Since light intensities enter only 
is a function of chromaticity only. 
is no necessity for indicating that 
displayed color point, we may drop 
obtain 

AU I 

AU2 

U3 

, (40) 

(41) 

as ratios in (41), 141 
Further, since there 
the color point is a 
the 'P' notation and 

0 

0 

P y 

When Ui 
duce to 

U2 =A2r 

(38) 

U3 = A3, these expressions re-

0"y oi  = h21Crit 

6 102 = /122ant 

Cryaz =  h23:rn• 

(46) 

(47) 

(48) 

h21 is a measure of the noise coupling from the A1 
chromaticity channel to the luminance channel. A value 
of 1 for 1t21 would indicate that noise in the A1 channel is 
as perceptible (on the chromaticity where h21 is 1) as the 
same noise would be if applied to the luminance channel 
of the monochrome compatible receiver. Contours of 
constant h21, for n=2 are shown on the trichromatic 
diagram, Fig. 11. 
Similarly, lin is a measure of the noise coupling from 

the A3 chromaticity channel to the luminance channel 
(Fig. 12). 
h22 gives the effective luminance interference sensitiv-

ity to noise in the luminance channel. Contours of con-
stant h22 are shown in Fig. 13 for n=2. For about 95 per 
cent of the color triangle, Iz22 is between 0.9 and 1. It 
drops rapidly, however, in the immediate vicinity of the 
display primaries,— especially the blue primary. 
The value of n = 2 was selected for the computations 

of the 'h' factors only to facilitate the calculations. The 
algebraic definitions of the h factors, however, show that 
h varies slowly with respect to n except in the immediate 
vicinity of the primaries. Both h21 and 1:23 are zero at the 
reference white but they vary differently as the satura-
tion is increased in different directions from white. Al-
though this makes a comparison difficult, it may be seen 
that h21 is of the order of 5 to 10 times greater than h33. 
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Fig 11—Chrottaticity factor I 21 for It minance sensitivity to 
noise in the Ai chan tel with gamma =2. 

Noise in the A1 channel vii , therefore, produce 5 to 10 
times more luminance noise in the displayed picture 
than noise in the A3 channel. Noise in the A2 channel is 
more than 1.5 times as effective as noise in the Ai chan-
nel. 
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Fig. 12 Chromat'city factor ha for lum.nance sensitivity to 
noise in the A, channel with gamma =2. 

( UNI 1.1'SIONS 

Gamma correction at the transmitter in red, green 
and blue co-ordinates results in linear tone rendition on 
the compatible monochrome receiver. Tlw luminance of 
saturated colors is at tenuated somewhat on the mono-

chrome receiver. 
Although the peaks of demand upon the subcarrier 

and composite video signal are unaffected by gamma 
correction, the frequency of occurrence of these peak 
demands is D.4111(1.11 I u1P-idcrahly hy gamma correction. 
The use of nonline.tr disphy ch.tracteristit s results in 

noise coupling from the I Itromaticity channel to the 
luminance channel. This coupling is zero on a white 
background and increases roughly with the color satu-

ration. 
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Fig. 13  Chromaticity factor It, for Itnn [lance sensitivity to 
noise in the A, uhaittiel with gamma = 2 (•(_1.. Appendix C). 
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APPENDIx 

A. For reference purposes, a list of the transformations 
involved in the co-ordinates recommended for field 
testing by the NTS(' are listed below. 
1. Chromaticities of receiver primaries. 

[
(red) 0. 670  0.330 0.000  (X) 

(green) = 0. 210  0.7 I()  0.080  (Y) 

(blue) 4).140 0.080 O. MO (Z) 
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2. Transformations to normalized red, green, blue 

co-ordinates. 
1-nit reference white = 0.981(X)-F(Y)+1.182(Z) 

[R  1.910 
G = —0.985 

B] L 0.058 

X  0.607 

I' = 0 . 299 

Z  0.000 

—0.532 _0.288 11X 

1 . 999  —0.028 1 Y 

—0.118  0.898 Lz 
. 174 0 . 2001 R 

0.587 0.114  G 

0.066 1.116J B 

3. Transmission co-ordinates. 

[.,111  [1  —0.981 

.12 = 0 1 

.13 0 —1.182 

0.028 

= 0 

—1.675 

B. "h" coefficients of (40). 

0.1 [X 
0  1 

1 

0.4421 
0  .A 

A21 

0.253] /13 

where 

= d11C11X1  d12C21X2  d13C31X3 

h12 =  dii XI  d12  X2 +  d13  X3 

h13 = dlI C13X1  dl2C23X2  dl3C33X3 

h21 = d21C11X1  d22C21X2  d23C31X3 

/122 =  d21  X1 -F d22  X2 +  d23  X. 

h23 = d21C13X1 d22C23X2  d23C33X3 

h31 = d31C11X1 d32C21X2  d33C31X3 

h32 = d31 Xi ± d32 X2 +  d33 X3 

/43 =  d31C13X1  d32C23X2 d33C33X3 

R )(n -I)/n ( G)'" 
= 

Y 

11/n 

X3 

By )(n-o 
= (— 

C. The calculations for Figs. 4, 5, 11, 12, and 13 are 
based upon the primaries shown in the figures with 
normalization on an equal energy white rather than 
illuminant C. For the NTSC recommended co-ordi-

nates, the results would differ slightly. 

Principles and Applications of Converters for 
High-Frequency Measurements* 

D. A. ALSBERGL SENIOR MEMBER, IRE 

This paper was procured by and is published with the approval of the IRE Professional Group 
on Instrumentation.  The Editor. 

Summary—The heterodyne method permits measurements over 
wide frequency bands with the standards operating at a fixed fre-
quency. The accuracy of such measurements depends upon the per-
formance of heterodyne conversion transducers or converters. 
Design principles are derived to maximize linearity and dynamic 
range and minimize zero corrections. These principles have been 
applied successfully to point-by-point and sweep measurements of 

delay, phase, transmission, and impedance. 

INTRODUCTION 

I
N THE MEASUREMENT of complex electrical 
quantities at low frequencies, sufficiently pure re-
sistances and reactances can be realized for use in 

fixed and variable standards in bridges and other meas-
urement equipment. As measurements must be per-
formed at higher and higher frequencies, it becomes 
increasingly difficult to realize standards which have 

• Decimal classification: R200. Original manuscript received 
by the Institute, April 16, 1952; revised manuscript received June 
16, 1952. 
t Bell Telephone Laboratories, Inc., Murray Hill, N. J. 

constant amplitude and constant phase properties over 
sufficiently broad bands of frequency. Elaborate cali-
brations become necessary and often, even then, cali-
bration corrections can only be determined with in-

sufficient accuracy. 
A successful solution to these problems is the hetero-

dyne method. In this the electrical signal under study 
is modulated in a frequency converter with a hetero-
dyning frequency to obtain as useful output a signal 
whose frequency is the difference between the original 
signal frequency and the heterodyne frequency, and 
which may be a suitable fixed intermediate frequency. 
If this converter can be made to transduce linearly the 
amplitude and phase relationship from the original sig-
nal frequency to the fixed intermediate frequency, vari-
able standards may be employed in the fixed intermedi-
ate frequency to perform the measurement, thus 
simplifying the problem of standards design. However, 
the ability of the converter to act as a linear transducer 
places the dominant constraint on the final accuracy 

obtainable. 
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We have now a measurement system in which we 
have introduced an active element into the measure-
ment, and by doing so we have concentrated the ac-
curacy problem in the realization of a linear conversion 
transducer. Realization of such a transducer enables us 
to measure with extreme precision any electrical quan-
tity which can be described by an amplitude and phase 
angle, such as gain, loss, phase shift, delay, reflection, 
and vector impedance. 
The advent of transcontinental coaxial-cable and 

microwave radio-relay television transmission systems 
demanded unprecedented accuracy of measurement at 
high frequencies over many octaves and wide variations 
in signal voltage. This stimulated investigation into 
methods to obtain converters which would operate over 
a wide range of input voltages and wide ranges of fre-
quency with extreme accuracy. As a typical example, a 
basic phase and transmission measuring set' .2.3  is shown 
in Fig. 1. In the "S" converter, the reference signal is 

APPARATUS 
UNDER 
TEST 

SIGNAL 
OSCILLATOR 

BEATING 
OSCILLATOR 

F FA 

"5" CONVERTER 

"X" CONVERTER 

CON-
vERTER 

F  F, 

F  FA 

CON-
VERTER 

- 

F, 

PHASE AND 
AMPLITUDE 
DETECTION 

AND 
COMPARISON 

F, 

Fig. 1—Basic phase and transmission-measuring circuit. 

mixed with the heterodyne frequency to obtain at the 
IF point a signal of reference phase and amplitude. The 
"X" converter receives its input signal after it has 
passed the apparatus under test, and its phase and 
amplitude is translated to the fixed intermediate fre-
quency again by beating it with the heterodyning 
frequency. The reference and test signals at the fixed 
intermediate frequency are then compared by suitable 
detection devices operating at the fixed intermediate 
frequency. 
The converters must meet two requirements: 
(1) A linear relationship must exist between input 

and output over the range of levels encountered. 
(2) Sufficient isolation must exist between the "X" 

and "S" converters to prevent errors due to 
cross talk and pickup. 

D. A. Alsberg and D. Leed, "A precise direct reading phase and 
transmission measuring system for video frequencies," Bell Sys. 
Tech. Jour., vol. 28, pp. 221-238; April, 1949. 

2 J. G. Kreer, L. A. Ware, and E Peterson, 'Regeneration theory 
and experiment," Bell Sys. Tech. Jour., vol. 13, pp. 680-700; October, 
1934; and PROC. 1.R.E., vol. 22, pp. 1191-1211; October, 1934. 

3 M. Levy, "Methods and apparatus for measuring phase dis-
tortion," Elec. Commun. (London), vol. 18, pp. 206-228; January, 
1940. 

To facilitate the measurement as the measuring fre-
quency is changed, another design aim is desirable: 
(3) The phase shift and transmission characteristics 

of the "X" and "5" converters should be identical 
as far as possible. Thus when the reference zero 
conditions at the converter inputs are identical, 
no corrections have to be made at the converter 
outputs for differentials between "X" and "S" 
converter characteristics as the measuring fre-
quency is changed. 

The three requirements mentioned will be discussed 
separately and then in their relationship. 

I. CONVERTER LINEARITY AND DYNAMIC RANGE 

Dynamic range of a converter may be defined is the 
range of input levels over which a given linearity limit 
may be met. The lower limit is caused by the presence 
of noise. The upper limit is determined by the distortion 
due to overload. Electron-tube converters of the curva-
ture type are considered primarily and are discussed 
specifically here. 
The linear type of converter (linear rectifier) is not 

discussed here. To achieve sufficient linearity for precise 
measurement purposes, expedients such as feedback have 
to be used in practice. Adequate feedback was unrealiz-
able over the wide frequency ranges primarily consid-
ered here. 

Noise 

The smallest input signal which can be utilized by the 
converter is reached when the effective converter noise 
is equal to the maximu m tolerable departure from 
linearity. Thus, for example, for a linearity tolerance of 
0.01 db, an effective signal-to-noise ratio of 60 (lb is re-
quired for the smallest possible input signal. 

With the low impedances encountered in high-fre-
quency wide-band circuits, Johnson noise is usually 
negligible compared to shot noise. 

The shot noise of an electron tube resides in the space 
current. With sufficient approximation it may be con-
sidered as a continuous noise spectrum of equal energy 
content in any equal-width frequency band. For the 
purpose of this discussion, we assume that a definite 
bandwidth has been assigned to the IF detection circuit 
the choice of which depends upon such factors as speed 
of response of the detection circuits, low-frequency 
noise limiting the benefits of further narrowing of band-
width, and phase and amplitude stability of the band 
limiting means. 

It has been found convenient for computation pur-
poses to refer the noise current to the input grid ex-
pressed as the noise of an equivalent resistance noise 
generator." For our purposes we use the equivalent. 
noise resistance computed for amplifier operation ( R,). 

4 W . A. Harris, "Fluctuations in vacuum tube amplifiers and 
input systems," RCA Rev., vol. 5, pp. 505-524; April, 1941. 

6 W . J. Stolze, "Input circuit noise calculations for FM and tele-
vision receivers," Communications, vol. 27, p. 12 if.; February, 1947. 
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The equivalent noise resistance of a triode is' 

2.5 
(1) 

where gm is the actually used mutual transconductance. 
The equivalent grid input noise voltage due to shot 

noise is 

en = N/1.6 X 10-2° Af R„,  (2) 

where .akf is the noise bandwidth. 
A signal output current derived from the modulation 

process is attenuated with respect to a signal output 
current arising from simple amplification by the ratio of 
the mutual transconductance gm to the effective con-
version transconductance geeff  of the tube, which is a 
function not only of the transconductance slope, but 

also a function of the driving voltages.' 
Hence, we may write the equivalent converter noise 

resistance 

Rc = R. 

We define as modulation loss in db 

gm 
= 20 log 

g eff 

(3) 

(4) 

Consequently, to obtain the lowest noise for a given 
tube, we must strive to operate it with the minimum 
modulation loss compatible with overload restrictions 
(to be discussed later). It has been shown' that in the 
ideal case of the parabolic converter, the minimum 
modulation loss which can be obtained for maximum 
overload limited output current is 

nm = 12 db.  (5) 

The range of input voltages Ae, over which an elec-
tron-tube mutual transconductance characteristic is 
linear, determines the maximum signal which may be 
applied without causing overload.' However, no vacu-
um tubes are parabolic down to the virtual cutoff Eo 
(Figs. 2 and 3). This prevents attainment of the mini-
mum modulation loss n„, = 12 db, which requires swing-
ing the grid to the virtual cutoff point Eo. 

Overload Effects 

By beating two frequencies F and F+F,1 together 
in a nonlinear device, we obtain as useful output the 
difference frequency F .  FA is produced by all even-
order modulation products.' Expansion of the coef-
ficients of the modulation products further shows that 
only F p due to the second-order product (square law) 
is linearly related to the change in amplitude of one 
of the inputs when the other remains fixed, provided 
that all effects on the plate current, other than variations 
in the external voltage applied to the control grid, are 
negligible. As the coefficients of the fourth and higher 
even-order products are not linear functions of the ampli-
tudes of F and F+ Fa, their presence causes a nonlinear-
ity of the frequency converter and is a primary source 
of distortion. It should be noted that all odd-order 
products do not contain any terms in FA, and thus do 
not contribute any distortion in absence of other effects. 

• T. Slonczewski, "Transconductance as a criterion of electron 
tube performance," Bell Sys. Tech. Jour., vol. 28, pp. 315-328; April, 
1949. 
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Unfortunately, tubes are not specifically designed to 
achieve parabolic characteristics. As a result, the de-
signer must choose among available tubes  those which 
come closest to his requirements. While he may select 
likely candidates from inspection of transconductance 
characteristics, the final determination must be made 
on the experimental basis to locate fine structure van-
dons which can only be found by actual measurement. 
In practice, distortion increases rapidly outside the 

well-defined linear transconductance range. Thus, with 
the maximum usable input voltage range Se estab-
lished, maximum undistorted output current is ob-
tained when both input signals, F and F FA, are of 
equal magnitude, having a peak value of Se/4each; 
hence, 

= graf• 
4 

(6) 

Dynamic Range 

From (2), (3), and (6) we can write for the signal-t o-
noise ratio of the overload limited input signal 

= 5 X 109  
N/SfR„ 

(7) 

In (7) only g,af /g„„ Se, and R„ are controlled by the 
electron-tube characteristics. Thus, a figure of merit or 
dynamic range factor may be defined from (7) as 

D, = (g„,,,/g„,).Ae . 

For the specific case of the triode, substituting 
into (8), 

(8) 

(1) 

D, = 0.63(g„ea /g.)Vg„,  (9) 

Equations (8) and (9) show clearly the importance of 
minimum modulation loss, and a large Se. Paralleling 
of tubes increases D„ only proportionally to the square 
root of increase in g„,. 
From the foregoing, the following factors must be 

balanced against each other to obtain maximum dy-
namic range: 
(a) Overload capacity (se). 
(b) Inherent internal noise (R.). 
(c) Modulation loss (n,„). 
In combination, these factors point in the direction 

of tubes capable of drawing large plate currents. 

Preamplifier Noise Contribution 

When buffer amplifiers, to be discussed later, precede 
the converters, they often are broad-band devices 
which are capable of transmitting the difference Fa as 
well as the desired signal. The noise spectrum of same 
bandwidth centered on the difference frequency F4 
contains the same amount of energy as the one centered 
on F or F-1- FA. The noise band centered on Fa passes 
through the converter by the process of amplification; 
the noise band centered on F or F+ F4 passes through 
the converter only by the process of frequency conver-

shin. Thus, resulting signal-to-noise ratio is again de-
graded by rat M 71,,, of ampliti• .11 ion to conversion gain. 
This 4.1 -frl is hi'  CAS(' Of  it converter 

1,,danced for bolt F iii F  Hie noise band Pi is 
suppressed the •-anic ‘‘.1 , I Ii, sign,' II p or  

Hippw,scd. .\ band i•Iiimirkitiuti filter, elim-
inating the  hand tenicii ,1 on l'_ ahead of the 
4(01\1.1 w,, 111111111.1 O•!,  K 0)11% 6(1111  Cifil-

si dcr ali ulis 10 I oi• list 11!,,,111 1.111t 111.1\ W ake 11 111.1d V1 ,.1- 

hal mirci c011Vc111•1" (Jr to construct a noise-ble to use 
band elimination liner. Then a considerable premium 
exists in obtaining a tube wit!) minimum ratio of ampli-
fication to conversion gain, to minimize the effect of the 
buffer noise iontribution. ['sadly, tidies suitable for 
service as huller or preamplifiers have no lower internal 
noise current than the (7011V1A-Irr 1111PC. W hell it 1.1C111111('S 
Ilt-Cc!.!-..a'y that  IOW it'VCIS be measured (and thus that 
gain  of die con Vt•Itcr IS desired to minimize iii-

efft'( K  111C 110Isc I 01111.1 1/1111011 I, 110 bellcil I 171 

derived unless PA noise-band contribution of preamplia•r 
is eliminated by filtering (Jr balanced modulation. 

Loading EjTects 

In a triode converter the output voltages appearini4 
in the plate circuit can cause a loading effect by re-
modulation). Thi, secondary modulation is equivalent to 
an error signal, hence constituting a source of non-
linearit V. The output voltages can be held below their 
critical %due if the load impedance of the triode is ma (le 
small. Thus independence from plate remodulatiolt 
achieved at the cost of low voltage output. The plate-
load impedance must be designed to: 
(a) prevent the desired SI Ilal Fa due to primary 

modulation from remodnlating in the tube. 
(b) prevent F and FA- FA in the plate-output circuit 

to produce by modulation Fa following a modul.t-
tion law other than square, and differing in phase 
from FA (NC  primary modulation. 

Occasionally an additional loading- effect is of prac-
tical importance. One of the products of square-law 
modulation is a dc component which is the useful output 
in case of a square-law rectifier. If cathode bias is used 
in the converter tube, this dc current produces changes 
in bias dependent upon the signal, hence introducing 
nonlinearity. When this cathode reaction must be re-
duced, a number of techniques are available, such as 
Needing the cathode resistor, electronic &coupling by 
use of a cathode coupled amplifier, and so on. In-
herently, any of these methods simultaneously reduce 
the dc feedback which compensates for plate-current 
drifts, thus eliminating the main adantages of cathode 
bias. Fixed bias operation then often becomes more at-
tractive. This sometimes results in more economical cir-
cuitry and eliminates the difficult problem of satisfac-
tory signal-frequency by-passing in case of converters 
which operate over a large number of octaves. 

7 The term "remodulation" refers to unwanted modulation caused 
by the nonlinearity of the plate current —plate-voltage characteristic. 
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The discussion has emphasized triode rather than 
,pentode or tetrode converters, even though the latter 
shave found applications as parabolic converters because 
:they permit development of sizable output voltages 
'without those output voltages causing nonlinearity by 
:remodulation in the plate output circuit. 
However, pentodes and also tetrodes have two funda-

mental weaknesses. Caused by the screen current, their 
internal noise current is substantially higher than the 
noise current in comparable triodes of the same trans-
conductance." Furthermore, pentodes and tetrodes ex-
hihit "anomalous modulation"8 for low signal voltages, 
hich causes nonlinearity for signals approaching the 
noise limit of the converter. This effect is absent in 

triodes. 
In addition, in some triodes the usable parabolic range 

is larger and extends closer to the grid cutoff Eo, thus 
permitting higher inputs and a lower modulation loss 

7/7.• 
The isolation advantages of pentodes can be com-

bined with the noise and anomalous modulation advan-
tages of triodes by the use of the "cascode" at a small 
sacrifice in the noise figure. As the cascode circuit re-
quires two tubes, the second tube can as well be ap-
plied to regain the output level sacrificed in a single-

triode converter. 
The superiority of the triode converter was experi-

mentally verified during the development of measuring 
apparatus for coaxial carrier and radio-relay television 
transmission systems, where numerous tubes were inves-
tigated for suitability as converters. In the range from 
50 kc to 80 mc for linearities of 0.01 db, dynamic ranges 
exceeding 30 to 35 db were found unattainable with 
pentodes. With the 2C43 lighthouse triode, dynamic 
ranges from 50 to 60 db for linearities of 0.01 db have 

been attained. 

II. ISOLATION OF "X" AND "S" CONVERTERS 

Assume that F-1-Fc, is the heterodyning frequency 
and F the signal frequency. An error in measurement 
results if F can reach either converter by any stray 
path. (inc primary stray path by which F can reach 
the "X" converter from the "S" converter, and vice 
versa, exists through the common connection furnishing 
FA- Fp to both "X" and "S" converters. The transmis-
sion path for F+ Fp voltage is given unidirectional prop-
erties by buffer amplifiers, which have the necessary 
attenuation in the reverse transmission direction. To 
achieve this, careful attention to shielding and ground-
ing problems is required, particularly at higher fre-
quencies. Pentodes or tetrodes rather than triodes are 
usually indicated for buffer service, the shielding action 

I Anomalous modulation exists when the amplitudes of the modu-
lation products fail to decrease as predicted by the Taylor Series 
expansion' when the input amplitudes are decreased. This may 
be caused by fine-grain structure variations of the transconductance 
characteristic due to screen structure effects and secondary emission 
phenomena. 

H. Wallman, A. B. Macnee, and C. P. Gadsden, "Low noise 
amplifier," PRoc. LICE., vol. 36, pp. 700-708; June, 1948. 

of the screen grid reducing the coupling between the 
plate and the control grid. 

III. BANDWIDTH AND TRACKING CONSIDERATIONS 

A complete converter may consist of high-frequency 
buffer amplifiers, a converter, and fixed intermediate 
frequency amplifier stages (Fig. 1). As measurement is 
made, it is inconvenient to establish a new reference zero 
for the measuring set every time the measuring fre-
fiuency is changed. A considerable premium exists to 
minimize this time-consuming adjustment. In sweep-
type measurements the degree of suppression of the zero 
characteristic is a controlling factor. If we make both 
"X" and "S" converters identical as to phase and trans-
mission characteristic, no differential phase and trans-
mission change would take place as the measuring fre-
quency is changed and no change in system zero would 
occur. It is not necessary that both converters be flat 
in phase and transmission; it is adequate if they are 
identical. 
In a specific case, the realization of the isolation re-

quirements required a single-stage buffer facing the 
signal frequency F and a two-stage buffer facing hetero-
dyning frequency F+  Fa and F were combined 
in a plate-load resistor common to both the F buffer 
and the second stage of the F+ Fs buffer. 
In a wide-band amplifier the high-frequency cutoff 

is determined by the stray shunt capacities present 
and the low-frequency cutoff by the plate, screen, and 
cathode by-passing impedances. Stray-capacitance com-
pensation is usually done by shunt peaking, or series 
peaking interstage design. In order to obtain a reason-
ably simple and uncritical adjustment, an interstage as 
simple as possible is preferable. To achieve duplication 
of phase and transmission characteristics between the 
two converters to the order of 0.01 db and 0.1°, a 
practical compromise between phase and transmission 
requirements is to drop the plate-load resistance until 
the top frequency of operation of the buffer interstages 
is no higher than 0.6 fc, where f, is the uncompensated 
cutoff of the interstage (shunt reactance equal to plate-
load resistance). This represents only a relatively small 
sacrifice of the bandwidth which might be obtained con-
sidering either phase or transmission requirements alone. 
With a given tube, the minimum realizable shunt 

capacitance of the interstage is fairly fixed, and with 
the top frequency of operation, the maximum plate load 
impedance which may be used is then fixed. Considering 
bandwidth, noise, and overload, a buffer-stage gain in 
the vicinity of unity usually will give optimum dynamic 
range; hence high figure of merit tubes are indicated for 
wide-band high-frequency operation. The limit of bene-
fit from a high-transconductance tube is reached when 
the plate-load resistance drops so low that the residual 
stray wiring inductances become larger than the shunt 
capacitance compensating inductances required. 
Wide-band by-passing of plate, screen, and cathode 

circuits requires special attention. To avoid uncon-
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FA AMPLIFIER 

trolled transmission irregularities, in-band parasitic 
resonances must be avoided. This is most easily done by 
choosing a by-pass condenser whose capacitance and 
internal inductance resonate below the transmission 
band. Such a condenser will then have inductive re-
actance for in-band frequencies and can be absorbed as . 
part of a shunt-peaking inductance. Low-inductance 
electrolytic condensers have proven very satisfactory 

for this purpose. 
The adjustment of the interstage networks to align 

the "X" and "S" converters with respect to each other 
is relatively simple. By choosing a top frequency of less 
than 0.6 f„ enough margin is provided so that the phase 
slope of the interstage may be varied by adjusting the 
interstage reactances, and a phase characteristic linear 
with frequency may still be maintained. The interstage 
between the two F+ Fp buffers mentioned previously 
contains F+ Fte only; thus linear phase differentials be-
tween the two modulators can be mopped up at this 
point. The combining stage of F and F+ Fp buffers con-
tains both F and F+ F. Thus if the phase slope of this 
interstage varies, only the phase change over the inter-
val I: t, effects a net change in phase relation between the 
two converters. As Fp is normally small, the net phase 
effect of this interstage is usually negligible, and this 
stage can then be used to mop up transmission differ-
entials without affecting the phase differential. 

IV. THE ACTUAL CONVERTER DESIGN 

To illustrate the application of the principles out-
lined, some of the pertinent design details of converters 

COMBINING STAGE 
 /\   

Fig. 5—Converter, front view. 

operating in the range of 0.05 to 20 mc are given. The 
schematic is shown in Fig. 4, photographs in Figs. 5 and 
6. They are part of a measuring set which is a further 
development of one described previously.'3° The set is 

418 A SHIELDS CONVERTER 
BASE 

Fig. 6—Converter, rear view. 

used for gain, loss, phase, envelope delay, reflection co-
efficient, and vector impedance" measurements. In the 
most recent development using a similar approach to 
the converter problem, the top frequency of operation 
of this measuring set was extended to 80 mc. 

10 "1950 engineering developments," Elec. Eng., vol. 70, P. 22; 
January, 1951. 

11 D. A. Alsberg, "A precise sweep frequency method of vector 
impedance measurement," ['ROC. I.R.E., vol. 39, pp. 1393-1400; 
November, 1951. 
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I. The Converter 

The 2C43 lighthouse triode was found to be the best 
tube available for yielding maximum dynamic range and 
bandwidth. To prevent secondary modulation in the 
plate circuit, the external plate impedance for the differ-
ence frequency F4 of 27.778 kc was chosen as 1,050 
ohms. The impedance at 50 kc, at which the output filter 
has 55-db discrimination, already is dropped to 125 
ohms, with the impedance dropping further until para-
sitic inductances raise the impedance again. This rise in 
plate impedance at increasing frequency is reflected 
into the converter input circuit by the Miller effect and 
must be kept small to prevent detuning of the input 
circuit. To accomplish this, the tube plate conductor and 
a 4,000- f by-pass condenser were formed into a co-
axial structure providing a low-inductance path for the 
high-frequency (Fig. 7). The 4,000-gpf by-pass was 

Fig. 7—Converter tube-mounting details. 

GRID 
CONTACTOR 

PLATE 
CONTACTOR 

made part of the input tuning capacity of the 27.778-
kc band-pass filter. However, a parasitic resonance then 
occurred at about 13 mc where the 4,000-µµf condenser 
went into a parasitic resonance with the inductance of 
the connecting lead to the filter and the residual in-
ductance of the filter. By introducing lOw dissipation 
in the connecting lead, the effect of this resonance was 
minimized. A similar resonance could be shown to 
exist at about 500 mc where the tube capacitance reso-
nated with the by-pass inductance. 

The cathode biasing NV.t•-• AcC01111111ShVII hi' ( it lilille-

biasiiig resistor, 1), \ a 250-141 electrol‘ ic low-
induciati.  (flidelt-er. \ I III itequencv 01 nperati(nt is 
increased be\ (in.1 20  ii, ( diode in-
(1(11 tante to gri)iind noloiies enough (atingle feed-
back of the same order as en( ()loitered ill catlwde •input 
gr()unded-grid 0 11(1.1 1 1(111, opposing the modulation 
process, to make i.tt hode input grounded-grid ()peration 
more iatra( live, as at the same time the reaction of the 
plate on the input circuit ‘vould be reduced. From ex-
perimentation conducted up to 80 mc, it is estimated 
that grotnided-...!riil onyerter operalimi may be supe-
rior at frequrit n .1)(ive 100 mc. 
Balanced con yet hr operation %vas not considered he 

(iii'  (it the (Ii Iit. tilt v of obtaining 1..11,tnceil inputs 
through either transformer, or phase  \ fel, \k hi d) 

COUl d he repro Ito ed t tint) 'lent act iii. t iii 1. dt  

verters to permit ii. Liti of tin Irequem  charat is-

tics of the two on‘erier:-, t () ()MI di) and 0.1° from 0.05 
to 20 inc. 

2. The Buffer Amplifiers 

In order I() meet the tracking requirement, the buffer 
top freque:14 \ sh oul d be 0.61. For 20-mc top frequent , 
the minimum cutoff then is 33.3 mc. Several tub, 
were tried v, bi, It met this requirement. They failed. 
however, t., meet 0.01-1b linearity and stabilit  re-
quirements. It was noted that tubes such as the 404.\ 
would show changes in transmission of the order of 0.01 
(11) after removing and reapplying a 0.25-volt signal. 
The 418:1 t et ro(le (G„, = 25,000 µmhos exhibited none of 
these defects, and tv.is, used even though its cutoff 
frequent v as far in excess of the requirements. A Srnall 
amount of cathode feedback (4.5 db) was introduce,' lc, 
leaving the cathode biasing resistors unby-passed. This 
also avoided the difficult\ of satisfactory cathode by-
passing. For plate and screen I \ -passes 125-0 
inductance electrolytic condenser, were used. Paper 
condensers exhibited spurious resonances within the 
transmitted band, 11)(1 by-pass type condensers of ade-
quately large I ti  it al o e to Sa CISf\ . phase requirements 
at the low end of the 10111(1 were not :iyailable in time to 
be used in the design. 
The wiring of the interst ages could not be sufficiently 

controlled to duplicate wiring inductances in a pair of 
converters, in particular as the wiring inductances were 
slightly in excess of the required interstage capacitance 
compensation. To control the phase characteristic ade-
quately, it was found necessary to adjust both cathode 
and plate circuit inductances. A special hairpin type 
variable inductor was designed which had a minimum 
inductance of less than 0.01 ph and a maximum in-
ductance of about 0.03 Ath (Fig. 8). 

A 120-db isolation requirement was met by choosing 
the circuit constants such as to reduce the capacitance 
coupling through the vacuum tube to produce more than 
60-db isolation per stage. Common-ground impedances 
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Fig. 8 Hairpin variable inductor. 

were minimized by choosing a solid-copper ground 

plane. 
Electromagnetic coupling was controlled by con-

. trolling all shield junctions and cracks. A crack in the 
shielding can be considered as a waveguide with the 
lowest mode of transmission controlled by the largest 
width of the crack. All cracks encountered are sub-
stantially shorter than the shortest wavelength used 
(15 meters); it is thus a waveguide operating below 
cutoff, which has a constant attenuation of 56.8 db for 
a length equal to its largest width. Lips were added to all 
shield junctions to assure adequate attenuation. One 
single lid covers all shield compartments to facilitate 
access for maintenance. Copper vanes are added to the 
cover to form between compartments a labyrinth which 
acts as an attenuator, preventing coupling between com-
partments (Fig. 9). 
It was found that the 418A electron tubes which were 

used as buffer amplifiers radiated an electromagnetic 
field which existed in a volume bounded by the ground 
plane and a plane  inch distant from the ground plane. 
blackened solid copper shield surrounds the buffer 

t tube with none of the ventilation holes penetrating into 
the radiated field, thus eliminating coupling of the buf-

i fers through this field. This shield meets both the electri-

NON CONTACTING 
SHIELD VANES - 

Fig. 9—Shield cover. 

cal shielding and thermal dissipation requirements of 
the buffer. 
The net noise contribution of the 3 buffer stages ef-

fective at the converter input was equivalent to a 
resistance noise of 750 ohms. This compares with a 
resistance noise Rn of only 300 ohms residing in the 2C43 
converter. The noise contribution of the buffer could be 
eliminated by a noise-rejection filter, with a resulting 
increase of dynamic range of about 5 db. However, it 
was impractical to design a Fe, (27.778-kc) noise-rejec-
tion filter with no spurious resonances from 50 to 20,000 
kc (9 octaves) and the noise limit set by the 418A tubes 

was accepted. 
CONCLUSION 

The introduction of frequency converters as a critical 
transmission element into the active part of a measuring 
device for complex electrical quantities provides high 
accuracies operable over wide bands of frequency and 
aids substantially in sweep-type measurements. To ob-
tain optimum results, careful attention to noise, over-
load, and bandwidth effects is required. It has been 
shown that the dynamic range is increased by obtaining 
low modulation loss, high input capability, and high 
transconductance in the converter tube. Application of 
the design principles discussed has resulted in converters 
operating in the frequency range of 0.05 to 80 mc, linear 
to 0.01 db and accurate to 0.1° over dynamic ranges of 

as much as 60 db. 
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INTRODUCTION 

THE MAJOR PORTION of electron-tube research 
and development supported by tube manufac-
turers has long been directed toward mass 

producibility of low.-cost tube types for which a large 
visible market exists. Since the broadcast-receiver indus-
try has provided the most extensive market, quality of 
normal tube production has been maintained at a level 
commensurate with economic factors prevailing in this 
industry. It has frequently been found impractical to 
adopt suggested modifications of design or materials 
which might increase tube life or reduce failures in serv-
ice because such changes would result in considerably 
higher costs or lower production output. 
In recent years, however, there has been a growing 

demand for tubes with improved reliability for widely 
diverse usages in both military and industrial equip-
ment. Unfortunately, two serious obstacles have im-
peded the development of such tubes. In the first place, 
the market has been so small as to furnish little incen-
tive to manufacturers for investing the additional mil-
lions of dollars required for engineering, equipment 
design, and production machinery. This problem has been 
mitigated in some cases by the sponsoring of tube-devel-
opment programs by the government or, less frequently, 
by the equipment designer. It may soon become much 
less severe if the market for reliable tubes continues to 
exhibit the rapid growth evidenced within recent 
months. 

DEFINING "RELIABILITY" 

Another deterrent to the development of such tubes 
consisted in the difficulty of defining the objective of 
"reliability." Although customer specifications for reli-
able tubes may be identical, interpretations of reliability 
vary as widely as the applications for which the tubes 
are intended. The general term "reliability" has been 
used at various times to denote such qualities as 
(a) an unusually low rate of sudden inoperable fail-

ures (as distinguished from gradual or marginal 
failures which may be detected and controlled) 
in normal operation for a comparatively short 
period; 

(b) continuous stability of performance, with a mini-
mum rate of deterioration of electrical character-
istics over a specified period; 

• Decimal classification: R330. Original manuscript received 
by the Institute, April 9,1951. This paper appeared previously in Sylv. 
Tech., vol. IV, pp. 38-40; April, 1951. 
t Sylvania Electric Products Inc., 83-30 Kew Gardens Rd., Kew 

Gardens 18, L. I., N. Y. 

(c) maintenance of balance between characteristics 
of pairs of tubes, or sections of duotype tubes, 
over a specified period; 

(d) minimum amount of drift of characteristics be-
tween operating cycles in on-off applications; 
characteristics stability and/or low failure rate in 
operation at high ambient temperature; 
resistance to high levels of impact shock; 
resistance to mechanical vibration for sustained 
periods. 

The (a) type of reliability is generally desired for usage 
in expendable equipment where the expected unit-life is 
comparatively brief. An extreme case of this emphasis on 
lack of inoperable failures for a short time is encoun-
tered in guided-missile applications, where the demand 
is for zero failures over a total operating time which may 
often be less than one hour, and is rarely more than ten 
hours. Airborne electronic equipment offers an example 
of a case where tubes are required to give unusually 
dependable service for an intermediate length of time, 
and with the additional factors of adverse conditions ()I 
shock, vibration fatigue, and/or comparatively high 
ambient temperature (thus adding items (b), (e,, 
and (g) from the list above). Uniform effectiveness ot 
control circuits often depends upon the maintenance ()I 
balance between the characteristics of pairs of tube,. 
or of sections of duotype tubes, discussed in (c), whi, h 
is a special condition of the performance stability (.1 
(b). The flip-flop circuits of electronic computers, with 
their intermittent cycling of voltages applied to nil 
illustrate the necessity for the (d) type of reliabilit . 

(e) 

(f) 
(g) 

RELIABILITY AND "LONG-LIFE" 

A previous paper published on the subject of evaluating 
the life expectancy of premium sUbminiature electron 
tubes1 embodied the familiar concept that "long life" 
(in the order of 5,000 hours) would attain the multi-
plicity of objectives implied by the term "reliability." 
This theory was based primarily upon a consideration 
of the occurrence of failures in service. It is apparent 
that when tubes are designed to give satisfactory service 
for several thousand hours, some precautions must also 
be taken to insure that inoperable failures will be held 
to a minimum. Obviously, the resultant high mechanical 
quality of tube structures will contribute in some degree 
to tube reliability in most applications. Conversely, any 

E. M. McElwee, "Statistical evaluation of life expectancy of 
vacuum tubes designed for long-life operation," Sylv. Tech., vol. 
III, no. 2; April, 1950. 

.1 
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Inprovements effected to satisfy specific requirements 
'such as impact shock, vibration, high temperature) will 
rimost certainly benefit normal life operation. To this 
Ixtent, there is a definite interrelation between reliabil-
:y and long life. It remains to be shown that there are 
ther factors to be considered in the attempt to satisfy 
, hese two objectives, and that the interdependence be-
ween the two is not all-inclusive. 

STATISTICAL EVALUATION or "LIFE" 

Early evaluations of long-life quality of electron tubes 
vere made in accordance with the JAN-1A rating of 
)ercentage of total possible tube hours.' This method of 
:valuation was generally acceptable to the industry for 

r;everal reasons. 
(1) It had been standardized by the JAN committee, 

was widely known and understood, and was in 

general use. 
(2) It served adequately as a basis of comparison for 

relative life quality of different tube types or tube 
lots. 

(3) It included all types of failures ordinarily consid-
ered to terminate tube life—shorts, open ele-
ments, air tubes, or any variation of characteris-
tics beyond life-test end-point limits. 

However, more recent investigations have revealed 
that this type of life evaluation is not sufficient for the 
majority of applications for reliable tubes since it pro-
vides no information concerning .early life failures. The 
assurance that a group of tubes will amass a certain 
minimum number of life hours within a specified period 
is of little value to the designer of expendable equip-
ment, who wants only to limit the number of failures 
which will occur within the few hours of operation re-
quired. It is also insufficient for the man who is con-
cerned primarily with the problem of how many failures 
of a specific nature will occur in a specialized circuit 
application every day, or every week. The type of data 
most often requested by customers is that which indi-
cates cumulative percentage failures for a specified life 
period, or rates of failure for defects due to various 
causes. In order to supply this information to the indus-
try, more extensive analysis of life-test data is necessary 
along lines different from those previously followed. 

ANALYSIS OF FAILURE DATA 

Cumulative percentage-failure curves are plotted in 
Fig. 1 for two heterogeneous groups of indirectly heated 
cathode-type subminiature vacuum tubes which were 
life-tested at rated operating voltages at normal room 
temperature (approximately 30°C). The larger group of 
1,290 tubes of early design is the same group for which 
a curve of JAN percentages was shown in the paper pre-

' Average life percentage at X hours= 
Z (life hours for each tubes) 

X hours (number of tubes started) X 100 
• The life hours for any individual tube shall be the total number 

of hours that tube has completed without failure, and shall be a 
maximum of X hours for each tube. 

viously published.' The main advantage of the type of 
curve of Fig. 1, which shows actual percentage of tube 
failure throughout life, is the facility with which the 
desired information may be extracted from the curve 
and applied to problems of specific usages. This type of 
curve also presents a clearer picture for comparing the 
quality of two lots of tubes, as demonstrated by the 
plotting of the two curves of Fig. 1. 

30 

1290 TUBES 
EARLS DESIGNS 

555 TUBES 
FINAL DESIGN 

500  1000 2000  3000 
HOURS OF LIFE 

4000 5000 

Fig. 1—Per cent failures on life. Subminiature tube types. 30°C 
ambient temperature. The use of this type of curve facilitates 
comparison of the long-life quality of the two groups of tubes. 
Both groups consist of tubes made in pilotline production and 
include such types as diode detectors, half-wave rectifiers, triodes, 
RF pentodes, power-output pentodes, and pentode mixers. All 
tubes were life tested at rated operating conditions at normal 
room temperature. Failure percentages include all types of de-
fects, both inoperable and "out-of-limits." 

More pertinent information as to individual types of 
failures to be expected within specific portions of the life 
curve may be indicated by showing the relative per-
centage of failures due to various causes on a rate-of-
failure curve, as shown in Fig. 2. A curve such as this 

20 

500 1000  2000  3000 
HOURS or LIFE 

AiLuRES DUE TO GAS OR AIR  

FAILURES OUE TO MECHANICAL DEFECTS 

5;00 

FA,LuRES DUE TO DETERIORATION 
OF PERFORMANCE CHARACTERISTICS 

Fig. 2—Breakdown of failures on life. 555 premium subminiature 
tubes. 30°C ambient temperature. Rate of failures due to various 
causes. This type of curve provides more specific information 
concerning numbers and types of failures encountered within 
definite portions of the life curve. Categories of failures may be 
further defined as (a) inoperable tubes in which obvious struc-
tural defects have been observed, such as open welds, interelec-
trode shorts, and the like; (b) tubes which are inoperable due to 
gas arcs or air leaks, or tubes with sufficient grid current to affect 
performance characteristics; (c) tubes whose performance char-
acteristics fail to meet life-test end-point limits. The latter cate-
gory may include inoperable tubes when tests fail to reveal any 
mechanical defect or the presence of gas or air within the tube. 

permits the equipment designer to consider only the 
types of defect which will cause failure in a specific ap-
plication. In many cases, tubes which fall below life-test 
end-point limits may not seriously impair performance 
of the unit, and only inoperable failures need be consid-
ered. When data are available on thousands of tubes of 
a single type, it becomes possible to restrict the cate-
gories of failures to much more accurate description; to 
show, for example, which elements of a tube are open or 
shorted, to what extent electrical characteristics have 
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deteriorated, and so on. The accumulation of this type of 
information offers additional advantage in guiding the 
efforts of development work toward the reduction of the 
specific types of failures which are most objectionable in 
a particular application. 
Because of the scarcity of available information con-

cerning performance of tubes in field usage, it is often 
necessary for a manufacturer to conduct laboratory 
tests at conditions other than regular life-test specifica-
tions in order to investigate failures which may occur in 
specialized applications. When tubes are to be subjected 
to intermittent operation of heaters, for example, a 
manufacturer will test tubes under severe cycling con-
ditions to assure reliable operation of heaters. An impor-
tant instance of a special requirement to be met was 
encountered with subminiature tubes developed for use 
in airborne equipment,' where the ambient-temperature 
range rises as high as 175°C. Special heat chambers were 
constructed to test subminiatures at a 175°C ambient 
temperature to obtain the data used to plot the failure 
curve shown in Fig. 3. Various other applications may 
necessitate tests under such conditions as impact shock, 
sustained vibration, high altitude, pulsed voltages, or 
voltages other than normal operating conditions. 

11. 40 

te 20 

500 .000  2000  3000  4000  5000 
HOURS OF LIFE 

FAILURES DUE TO DETERIOR M ,ON 
OF PERFORMANCE Cm±%F.ACTERI TicS 

FAly_a_ES__0 0 GAS QR  

FAILURES DUE MECNAN.GAL DEFECTS 

Fig. 3—Breakdown of failures on life. 141 premium subminiature 
tubes. 175°C ambient temperature. Rate of various failures on 
high-temperature life. A comparison of this curve with the curve 
of Fig. 2 illustrates the effects of high ambient temperature upon 
long-life performance. 

NEW CONCEPTS 

Such an investigation of individual tube failures in-
troduces several new concepts of tube operation. It be-
comes apparent that the dual objectives of reliability 
and long life are not necessarily attained simultane-
ously. Analysis of individual failures indicates that there 
are actually several component failure curves which in-
fluence different periods of life operation. The curves of 
Fig. 2, which are based on the results of life-tests at 
rated voltages on premium subminiature tubes made in 
pilotline production, indicate that early failures are due 
almost entirely to mechanical defects. The curve of these 
inoperable failures apparently is highest during the first 

3 This work was done under contract with the Air Materiel Com-
mand. 

hundred hours of life, decreases for about 1,500 hours 
rises slight I y to 3,000 hours, and is fairly level thereafter. 
Failures resulting from the evolut ion of gas and/or the 
deterioration of electrical characteristics are negligible 
until after 1,000 hours of life, and then show a gradual 
increase as life contin ties. There appears to be an inter-
dependence between the gas evolut ion and deteriorat ion 
of characteristics, with both resulting from some cumu-
lative effect within the tubes which build up to the fail-
ure-causing point only after a certain period of tube 
operation. Operation at high ambient temperature de-
creases reliability to some extent in early hours, and it 
appears to accelerate tube failures to a marked degree 
after approximately 1,500 hours of life. 

APPLICATION TO FUTURE PROGRAM 

An immediate result of this type of analysis is to guide 
the direction of contemporary research and develop-
ment programs along the particular lines dictated by 
specific applications. When certain usages require a line 
of tubes which will be highly dependable for 1,000 hours 
of life, development efforts may be concentrated on. 
elimination of the mechanical failures normally encoun-
tered within that period. Considerable progress has al-
ready been made in this field by such improvements is 
simplified mount designs and tightened qualit y-cont rot 
systems. When other applications require tube opera-
tion for a 5,000- or 10,000-hour period, research may be 
concentrated on the investigation of designs and mate-
rials which will achieve stability of electrical character-
istics for at least that period of time. This type of inves-
tigation includes work on such basic factors as cathode 
materials, coating compositions, degassing processes. 
and the like. Development programs have been initiated 
on Sylvania premium subminiatures to investigate I 
methods of attaining both early dependability and long-
life performance. 

The type of tube-failure analysis discussed here 
should also result in more specific definition of the type 
of reliability desired for particular i-ipplications, and 
thus make possible a comprehensive examination of suit-
able methods of evaluating "reliability." Such artificial 
ratings as the JAN average life percentages are admit-
tedly adequate for certain uses, and undoubtedly are the 
best method available to the industry at the present 
time. But it is evident that some new type of evaluation 

will eventually have to be devised to take into account 
both the rate of occurrence of inoperable failures and the 
rate of deterioration of performance characteristics. 
A significant advance toward the attainment of tube 

"reliability" can be accomplished by thus identifying 
the difficulties which may be encountered along the 
way. Considerable progress has already been made in 
producing reliable tubes, and in some cases it has outdis-
tanced the work on reliability of other electronic corn-
ponents. Further progress is possible, however, only 

when a realistic attitude is maintained toward the prob-
lems which must be solved. 



PROCEEDINGS OF THE I.R.E. 
1)07 

General Considerations in Regard to Specifications 
for Reliable Tubes* 

L. R. KNIGHTt, MEMBER, no  \ND K. C. HARDINGt 

'1 his paper is published with the approval of the IRE Professional Group on Quality Control.— 
The Editor. 

Summary—The urgent need to design and manufacture electron 
ubes which will give more reliable performance under the stresses 
mposed by complex military and industrial electronic gear demands 
i new approach to the objective of a more nearly perfect tube. The 
;pecification for such a tube should so accurately describe its char-
icteristics that the finished product, manufactured in accordance 
with the description, will fully satisfy the needs of the equipment 
lesigner. It should also enable him to incorporate the tube into an 
assembly of a high order of reliability. Inspection and application 
manuals formulated in accordance with the same objectives, and 

definitely correlated with each other, should be considered as a 
part of the specification. The lot acceptance system, coupled with 
adequate sample size, is recommended as an integral feature of the 
'proposed type of specification. Properly employed, it is more effective 
than 100-per cent screening, and also provides the manufacturer 
with incentives to build quality into his product. Life testing based 
on adequate sample size is also strongly recommended. 

STATEMENT OF PROBLEM 

R
ELIABILITY of electron tubes has been for 
some time a matter of concern both to the 
manufacturers and the users of tubes. In the past 

two years, however, the problem has been receiving 
major attention on an increasing scale. The reasons are 

readily apparent. 
In the military services and industry alike, there has 

been a rapid trend toward vastly more complicated elec-
tronic equipment performing hitherto undreamed-of 
functions. As a result, the number of electron tubes used 
in individual equipments has mushroomed to a point 
where as many as 18,000 tubes are required for a single 
installation. What is more important, tubes in these 
new applications are subjected to severe stresses, often 
under very adverse environmental conditions. Yet, the 
only tubes available for the new and complex devices 
were those designed and manufactured to meet the 
modest requirements of 5-tube and 6-tube receivers for 
home entertainment purposes. This was an under-
standable situation since the new electronic develop-
ments have taken place over a surprisingly brief span 
and, in most cases, before either the tube manufacturers 
or the equipment manufacturers fully realized that 
they were witnessing a major trend. But the unhappy 
result of the situation has been, in effect, that a child 
has been employed to do a man's job. 

• 1)(4 imal classification: 143.10X R051. Original manuscript re-
ii. id by the Institute, January 15, 1952; revised manuscript 
ri4.•ived June 20, 1952. 
t \i-ronatitic;t1 Radio, Inc., Washington, D. C. 
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To build equipment employing a large number of 
vacuum tubes is a relatively simple task insofar as the 
time element is concerned. It is another matter, how-
ever, to improve the techniques of designing and manu-
facturing vacuum tubes from a point where the tubes are 
satisfactory for mere home-entertainment requirements 
in 5- and 6-tube combinations to a level where they will 
meet the rigorous demands of complex electronic equip-
ment increasingly utilized and heavily depended on 
for military and industrial purposes. Such improvement 
obviously will require an entirely new approach to the 
objective of a more nearly perfect electron tube. That 
approach, in turn, will entail for the manufacturers of 
tubes substantial economic problems which must be 
weighed against the vital advantages to be gained. In 
this discussion, however, the writers are concerned not 
with economics or manufacturing techniques, but with 
the general nature of the type of specification that is 
considered prerequisite to greater tube reliability. 

CONCEPT OF APPROACH TO PERFECTION 

At the outset, we wish to emphasize one major factor 
which is of paramount importance in devising a format 
for a specification. This factor is the desire to approach 
perfection. Perfection, or in this case complete reliabil-
ity with zero probability of failure, is an ideal which can 

only be approached. The degree to which it can be ap-
proached depends in part on the investment which 
industry can make in the interest of manufacturing a 
more reliable product, and, in part, on the efficiency of 
techniques for the measurement of tube performance 
and characteristics. Both of these factors must be 
weighed against the strategic importance of the elec-
tronic device in which the tube is utilized. Let us keep 
this concept of approach to perfection in mind as we dis-

cuss and consider specifications. 

PURPOSE OF A SPECIFICATION 

To begin, it is first logical to ask, "What is the purpose 
of a specification?" It would appear that a reasonable 
answer to this question is: "To describe so precisely the 
product being purchased that the finished product, 
manufactured in accordance with the description, will 
fully satisfy the needs of the purchaser." In the case 
of an electron tube, the initial purchaser is the equip-
ment-design engineer. He, however, designs the equip-
ment for the ultimate user or purchaser and, conse-
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quently, the electron-tube specification becomes a sub-
division of the equipment specification. This is as it 
should be, since it is obvious that over-all reliability 
cannot be obtained without complete harmony between 
the tube design and its use in the equipment design. 
The above discussion leads to only one conclusion: 

That the electron-tube specification should describe the 
product in such a way that the equipment designer can 
incorporate the tubes along with other components into 
a completed assembly of a high degree of reliability— 
and, ultimately, predictable reliability. (It is implicit in 
this conclusion, of course, that the equipment designer, 
in using the tube toward the objective of the ultimate 
customer, must use it within the limitations indicated 
in the description.) The foregoing observation may 
seem to be a statement of the obvious. It is all too true, 
however, that tube specifications which have been written 
in the past have only limited usefulness to the equipment 
designer. The reasons for this inadequacy are discussed 
later in this paper. 

INTEGRATION OF INSPECTION AND APPLICATION 
MANUALS WITH SPECIFICATION 

The writers are full) aware that it may not be possible 
to formulate a single document which not only de-
scribes the product in accordance with the above objec-
tives, but also can serve as a manual for inspection and 
acceptance of the product. The latter has often been the 
concept of a specification in the past. The hope is, 
however, that, with these objectives in mind, it will be 
possible to devise an inspection manual definitely cor-
related with an application manual which can then be 
considered an integral part of the specification. 
Obviously, to write a specification to fill all the needs 

mentioned above is difficult. The authors cannot suggest 
easy ways in which this can be accomplished. However, 
the difficulty of the task does not detract in the least 
from the necessity of thinking of a specification in these 
terms. Certainly the objective can never be accom-
plished if this is not done. 
The following discussion may at first seem over-sim-

plified and somewhat academic. It is introduced here for 
the purpose of clarifying objectives, which, rather than 
the proposal of solutions for detailed problems, is our 
aim in this paper. 

THE IDEAL PRODUCT AND THE RANGE OF VALUES 

One purpose of describing a product which will satisfy 
the needs of the purchaser is to achieve, as far as possible, 
initial interchangeability as between tubes produced by 
different manufacturers—in other words, to endeavor 
to achieve standardization. This is an important objec-
tive of a specification because it enables the equipment 
designer to know, irrespective of the make of tube, what 
deviations from the ideal can be expected. In the past, 
this appears to have been a major objective of specifica-
tions. However, earlier specifications have fallen short 
of providing this information because they have indi-
cated only the range of values which might be expected. 

They have generally failed to present the other an 
more important part of the picture,—i.e., to single ou 
the point in the range of values which characterizes th 
ideal product and to indicate the percentage distribu-
tion of the product within the range. 
The consequence of this situation has been that th 

equipment designer, for the most part, has mistakenl 
assumed that an individual tube is equally likely t 
have characteristics at any given point in the range o 
values as at any other point. To reduce this to concret 
terms, let us f ake as a simple example, an electron tub 
for which the specification permits a tolerance range fo 
transconductance of 2,500 to 4,500 microm hos. Too often 
the equipment designer has made the mistake of assum-
ing that an individual tube is just as likely to fall in the 
2,500 category as in the 2,800 or the 3,600 category, 
for example. In other words, he has assumed that a 
curve plotting the characteristics of the tubes in any 
given lot would be horizontal. This is an obvious 
fallacy. It has been demonstrated that deviations of 
individual items from the ideal follow well-established 
statistical laws. In actual fact, a curve plotting the 
characteristics of the tubes which we have taken as an" 
example would be more likely to resemble a normal dis-
tribution curve. The disparity between the assumed 
and the actual situations is illustrated in Fig. I. 

2500 
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Fig. 1 

ROLE OF THE SPECIFICATION IN APPROACH TO 
PERFECTION 

It is an elementary and fundamental fact that no 
two things in the physical world are exactly alike. But 
if real progress in tube reliability is to be achieved, 
there must be a persistent and unrelenting effort to 
make two things as nearly alike as is economically prac-
ticable--that is, to make electron tubes which resemble 
the ideal tube to the highest degree permitted by existing 
economic factors. 
Our ability to duplicate an object as exactly as prac-

ticable depends (1) on the amount of effort and expense 
we are willing to devote to this duplication, and (2) on 
our ability to discern precisely the differences between 
two objects. The latter ability depends in turn upon 
our measurement technique and precision. How well we 
succeed in our effort to achieve exact duplication is 
logically measured by the deviation of the completed 
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bject from the ideal which is our objective. But even 
iven the necessary effort and expense, plus accurate 
aeasurement techniques, it seems inconceivable that we 
an hope for success in making two or more objects as 
like as practicable unless we consciously aim at a 
ingle, clearly defined objective. It is equally incon-
eivable that we can accurately aim at any goal unless 
ve have before us a specification completely and pre-
isely describing the object which we seek to duplicate. 
)Ider specifications presenting only a range of values 
lo not supply such a description. They are inadequate, 
:herefore, in two ways: First, they do not show the 
Percentage distribution of the product within the allow-
tble range of values, and thus fail to describe the 
product to the equipment designer as it really is. Second, 
they fail to give the tube manufacturer a precise objec-
tive toward which to direct his efforts. 
A specification which provides precise objectives, 

sometimes referred to as "bogies," and which specifies 
allowable deviations from these bogies in terms of the 
statistical laws which the product obeys, should over-
come both of the above-mentioned objections. The 
equipment designer should be materially aided in having 
before him an accurate indication as to what he may ex-
pect from the product he is using, since the deviation 
determines the percentage of the product which might 
be expected to fall at any particular part in the range 
of variation. This is not a new concept, but has been 
proposed for vacuum tubes both by Davies' and Steen.2 
It is hoped that by reiteration this concept will become 
appreciated by all—not merely tube manufacturers, but 
equipment manufacturers as well, since such a descrip-
tion of the product, when properly interpreted from a 
statistical standpoint, can give more realistic design 
information than has been generally available in the 
past. This should make the job of designing reliable 
electronic equipment an easier one. 

SYSTEMS FOR ACCEPTANCE 

Most of the foregoing discussion has dealt with the 
question of how electron-tube characteristics should be 
specified. Once the method for such specification is 
established, the next question which arises is the system 
to be used for acceptance of the product. 

ability (such as microphonics, RF noise, shorts, and con-
tinuity) were of a type where the accuracy of the test 
used for discerning the difference between a good tube 
and a bad one was of a very low order. Consequently, 
screening tests were exceedingly ineffectual in eliminat-
ing bad tubes from the product. It is quite safe to say 
that if 15 per cent of the tubes were rejected and re-
moved from a lot in the first test; and if the remaining 
85 per cent were tested a second time, the per cent rejec-
tions would differ only slightly from the first test. Obvi-
ously, the first screening process did not insure that the 
tubes were within the specified range. In fact, it had 
only a very small effect on the quality of the product. 
It has often been stated that quality cannot be tested 
into a product. The above example illustrates this quite 

clearly. 
It should be clear at this point that 100-per cent 

testing on a screening basis does not insure a good prod-
uct. How, then, might a specification be written that 
would insure a good product and, at the same time, 
provide incentive for the tube manufacturer to build 
quality into it? The answer appears to lie in the system 
of lot-acceptance testing. This, also, is not a new con-
cept, but it is one which needs emphasis. 

THE FALLACY OF SCREENING 

Under older types of specifications, individual tubes 
falling outside of the specified range of values were re-
jected, while those falling within the range were ac-
cepted. This type of test was performed as to many 
characteristics on 100 per cent of the tubes. The pur-
pose, according to popular fallacy, was to insure that no 
tubes would be outside the specified range. This general 
acceptance procedure shall be referred to as "screening." 
The fallacy of the screening procedure lies in the fact 

that many characteristics of vital importance to reli-

1 J. A. Davies, "Quality control in radio-tube manufacture," PROC. 
I.R.E., vol. 37, pp. 548-556; May, 1949. 

2 J. R. Steen, "The JETEC approach to the tube-reliability prob-

lem," PROC. I.R.E., vol. 39, pp. 998-1000; September, 1951. 

LOT-ACCEPTANCE SYSTEM 

Under the lot-acceptance system, a specification 
would state the maximum percentage of tubes having a 
certain defect which a lot may contain to allow it to be 
accepted. Let us take an example. First, assume that a 
specification is written which will not allow acceptance 
of lots having more than 5-per cent defects due to 
shorts. Now, let us assume that a lot submitted for in-
spection has 15-per cent defects; the specification would 
require that this lot be rejected. It may be argued, and 
rightly so, that such a criterion would result in rejection 
of a great many tubes which may be perfectly satisfac-
tory. This objection can only mean, of course, that the 
test method is not adequate to discern between the good 
tubes and the bad ones. If this be true, we most cer-
tainly cannot obtain reliability by accepting the lot. 
The manufacturer should be allowed to take this lot, 
reprocess them, or 100 per cent inspect them as many 
additional times as he wishes. If, after such reprocessing 
or retesting, the lot passes the acceptance criterion 
(which, after one rejection, should be tightened con-
siderably to reduce the random chance of a marginal 
lot being accepted), that particular lot may then be 

accepted. 
SAMPLING 

It will be noticed that in the preceding paragraph no 
mention has been made of sampling. This has been an 
intentional omission, since in many instances where the 
lot-acceptance testing method has been used, the tests 
have been performed on a sampling basis. There is a 
tendency, therefore, to think of the lot-acceptance 
method and sampling as inseparable. In practice, how-
ever, this is by no means true. Sampling, properly em-
ployed, can be a potent incentive to the manufacturer 
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to build quality into the product. As such, it should play 
an important role in the type of tube specification pro-
posed in this paper. 

SAMPLE SIZE 

It must be emphasized that proper use of the sam-
pling technique is essential to full realization of its 
benefits. In the past there has been considerable mis-
understanding on the part of many regarding the ac-
curacy of the results to be obtained through the lot-
acceptance  method.  These  misconceptions  have 
stemmed largely from the fact that all too often sample 

sizes used in lot-acceptance testing have been too small 
to insure accuracy. In other words, because the sample 
has been too small to be representative, the probability 
of accepting a lot containing defectives several times the 
acceptable quality level has been considerably too high. 
This, however, is a criticism of sampling techniques and 
sample size. It is not a criticism of sampling itself or of 
the lot-acceptance method. The solution is not to aban-
don sampling, but to improve the sampling technique— 
specifically, by using samples large enough to insure an 
adequate degree of accuracy. 
It is obvious, of course, that in deciding upon the 

sample size, other factors which affect the accuracy of 
testing must be given proper weight. Such factors in-
clude fatigue and adverse psychological reaction experi-
enced by persons engaged in testing large quantities of a 
product. To the extent that these factors reduce testing 
efficiency, they must be considered in determining the 
sample size which will produce satisfactory results. 

SAMPLING AS AN INCENTIVE TO MANUFACTURERS 

As previously indicated, an important argument in 
favor of sampling, coupled with the lot-acceptance 
method, is that it can provide additional incentives to 
the manufacturer for building a good product. If he 
can build tubes of such consistently high quality that 
they can be accepted on the basis of a single sampling 
test, he will effect substantial savings in testing time, 
reprocessing time, and shrinkage. Once he can look 
forward to such economies, the incentive is provided to 
place tight manufacturing controls all along his pro-
duction line and to build quality into the tubes. He will 
realize in actual fact that it costs less to build good tubes 
than bad ones. 

LIFE TESTS— IMPORTANCE OF SAMPLE SIZE 

One further element of a reliable tube specification 
which merits special comment is that relating to life-
test information. Such data would seem to be of vital 
importance, particularly if life tests can be designed to 
simulate as much as possible field operating conditions. 
Here again, sample size is the key to obtaining useful 

data. In the past, life-test samples have been so small 
that data obtained from them has practically no statis-
tical significance. Undoubtedly this condition is at-
tributable primarily to the cost of conducting life tests. 
The writers have no easy solution to this problem in 
manufacturing economics. Certainly the cost of life 

testing on a 100-per cent basis, or a basis even approx-
imating 100 per cent, would be high. On the other hand, 
it seems clear that the size of samples heretofore used 
for life tests has 'wen so inadequate as to be equally 
unacceptable. Somewhere between these extremes a 
satisfactory compromise should be found. 
Another factor which has contributed to the in-

adequacy of life-test samples has been the belief that 
the life test is a destructive test. Such a view is justified, 
of course, if life tests are run for a sufficiently long 
period. There is, however, a large and rapidly accumu-

lating 1,o(I v of information with respect to standard-line 
receiving I ubes which indicates that most failures in 
well-designed tubes and applications are of a random 
nature, rather than of a deterioration type, during a 
period of many thousands of hours. Consequently, a 
100- or 500-hour life test is of relatively little significance 
from the standpoint of deterioration, but can give a 
wealth of information on random failures. It would 
seem, therefore, that larger samples can be justified and 
that shipment of samples having completed life test 
does not reduce the reliability of the lot. On the con-
trary, in most cases reliability is actually improved,' 
since many of the random failures, which occur early in 
life, have been eliminated. Therefore, life tests which 
provide a tight control on random failures are to be 
highly recommended. Such tight control can only In 
obtained by sample size consistent with the quality level 
to be achieved. 
Also to be considered in determining sample size for 

life tests is the fact that when attributes alone are being 
evaluated, a larger sample is necessary than when vari-
ables are being considered. The reason for this is appar-
ent from the definitions of these two terms, which may 
be stated as follows: Attributes are those types of char-
acteristics, such as defective filament in an electron 
tube, which are usually described by saying that the 
condition either exists or it docs not exist; i.e., there are 
no varying degrees of the condition. Variables are those 
types of characteristics, such as transconductance, 
which are generally expressed in varying degrees; i.e., 
the object being tested may possess the characteristic 
only to a small extent, to a moderate extent, or to a 
very large extent. 

CONCLUSION 

Plainly, the type of electron-tube specification which 
will accomplish all the objectives described in this paper 
cannot be achieved easily and quickly. Its development 
must necessarily be a gradual, step-by-step process. The 
test of the specification in each step of its development 
must obviously be in terms of the field performance of 
the electronic equipment in which the tubes are em-
ployed. In other words, the value of the specification 
should be measured against its purpose as previously de-
fined: "To describe so precisely the product being pur-
chased that the finished product, manufactured in ac-
cordance with the description, will fully satisfy the 
needs of the purchaser." In this case, the purchaser is the 
ultimate user of the electronic equipment. 

•••• 
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Resonance Characteristics by Conformal Mapping* 
P. M . HONNELLt, SENIOR MEMBER, IRE AND R. E. HOR1S,Tt, STUDENT, IRE 

Summary—The analytical expression f(X)=ax+b+c/x, where 
= a -Fjw, may be called the "resonance function." It represents, for 
, (ample, the impedance of the series-connected LRS circuit and the 
imittance of the parallel-connected CGr circuit. 
The conformal mapping of the X-plane onto the f)-plane yields 
figure of considerable usefulness in clarifying the meaning of the 
monance function for complex frequencies. Typical examples il-
tstrate the application of the figure to the parallel circuit and one of 

s intrinsic generalizations. 
A brief discussion of the mapping of the reciprocal of the reso-

ance function is included for completeness. 

I. THE RESONANCE FUNCTION 

i
1 H E FOLLOW I NG expression with real coeffi-
cients, 

f(X) = aX  b  c/X, (1) 

nay be called the "resonance function." Now A may in 
t-eneral be considered a complex frequency variable; it 
• s thus instructive to map the A-plane onto the f(X)-
)lane. In order to obtain a single "universal plot," (1) 
-nay be transformed in the following way. First define 

wo = N/c/a, (2) 

lnd then divide (1) by the constant -Vac=a•wo, giving 

f(X)  aX  b 

awo  awo  awe awoX 

if the frequency X is considered as complex, then X =a• 

+jw, and (3) may be written as 

f(X)  +  b  coo 
  — (4) 
awo wo -Vac  cr + jw 

or finally as 

F(A) = F(I + jf2) = Vac I/A, 
'  

(5) 

/ where  =alwo and U=w/wo, the real and imaginary 
r parts of the normalized complex frequency variable. 

plot of the A = (I+ jU)-plane in the form of a rec-
tangular Cartesian grid onto the F(A)-plane then yields 
an interesting and useful figure. Since only real coeffi-
cients of (1) are considered, it is clear that the real term 
bIN/ac in (5) merely amounts to a shift of the plot along 
the real axis of the F(A)-plane. The conformal map in 
Fig. 1, which is drawn for the case b=0, thus represents 
(1), and may be written as 

Fo(A) = A + 1/A 

without loss of generality. 

Decimal classification: 1(141.2. Original 
by the Institute, February 15, 1952; revised 
May 21, 1952. 
t Washington University, St. Louis 5, Mo. 

manuscript 
manuscript 

(6) 

Not only is Fig. 1 a plot of intrinsic beauty, but it 

places in a very clear light 
(a) the real or complex conjugate roots of the reso-

nance function (5) and (1), 
(13) the variation of the function (1) for purely 

imaginary ranges of the variable X= +jca (This 
may be interpreted as the impedance Z(jw) of a 
series-connected LRS circuit, or the admittance 
Y(jw) of a parallel-connected ccr network for 
purely imaginary or jw-frequencies.), 

(c) the variation of the function (1) for complex 
ranges of the variable A =a—t-jw (This may be in-
terpreted as the impedance Z(cr-I-jw) of the series-
connected LRS circuit or admittance Y(cr+jw) of 
the parallel-connected ccr network for complex 
frequencies A =cr+jw.), 

(d) the impedance or admittance of two distinct 
groups of networks which may be derived from 
the original resonance function (1). 

received 
received 

1. F.I A) Fj/U.A•l/A 

Fig. 1—Conformal map of the resonance function, Fo(A =A +1/A. 

Fig. 2, a more detailed version of Fig. 1, is necessary 
for applications involving numerical magnitudes. The 
examples in the following sections illustrate the applica-
tions of the conformal map to electric networks, utilizing 

Fig. 2. 

II. PARALLEL-CONNECTED ccr NETWORK 
APPLICATIONS 

The following example illustrates the generalized ad-
mittance of the parallel-connected CGI1 network for 
complex frequencies. 

Example 1—Resonance Function with Complex Conju-
gate Roots, Poles at Origin, and Infinity 

The admittance of the parallel network shown in Fig. 
3, given by the following equation 

Y(X) = CA + G + rA, (7) 



1212 

• 

a 

• 

a 

• 

.41 

-a 

-2 

-LS 

14 

.40 

PROCEEDINGS OF THE I.R.E. 

1!,(A)-PLANE 

1Octob   

I 

I i  ? 

r/ " 

it . 

" 

? •  : 

6- 

- .- - 

1 I III 
—  

1 

I 

I 
1 
t  _ 

- - 

- - - - 

•  

'MI 4 

/ "----- ___ _ __ . _ 

L  I 
---------- ------- STAR _ _ 

, 
• 

*AS . 

, 
. _ _ _   

, _ 

_ 

&ILO 

a.9 . 
a 
6 

It 
, 

. • - - 
, 

_____ 

___ ____ i _ 

••••--z   

a•eil    

_SAP, - -1 
_••••1 

A•ee 

4.0  , 

.. ,, 

• s 

_  _ • a, --r  ; a- 
. • a A s .  •  - I I- 

 o•c•    i  e•efi_ _,, 

a • 0  

_  _   
 o•c•    i  e•efi_ _,, 

a • 0  

2.-al . 

V . 

1 • ̂' >a" 
. 

• 
II.-412 

a..4)• 

_ 

10.-a• . - 
.1. s 
- - 

- 
•• - " 

. 
„ "• -1-

-------- ------ 

111.-0/1  

_ 

fetal _ 

I 

\ - 
- :,' -- ----- _ __ ------ _ 

peer , 

, .. , 
. 
1 

---- ---- _ 

'''̀,.....".............._ 
_ _  •  iiirniurniui • 

•  • 
7 t 

• • 
? ? 4 •• 

• 
i .• 

. 
z 

• 

A 
• 
I •• 

I • -... .4 
.. 

••  St) •  .1I S  -as  -II 45 -OS 0 as  •  • ...• 15.1r 

Re EIA) 

Fig. 2—Detailed conformal map of the resonance functiun, Fu(A) =A j- I /A. 

k-PLANE 

....4.4 

6000 

4000  

40 .0 , 

t000   

3  0 

-400  0 

'. 

C 0 r 

____  

-  

- - - -..- --..-    - 
C•. 0 .$0.. fo wl 
0.0 004 ,004•460, 
r •t3 ,04460001 

...- - 

O m 
h•r4,4 

- F ..- 

- - 

-47 

- - - --.- -    -- ,- - -1. — _.... -,- - - ..- - 

0000 

4.-. 
-I'll-

MOO 

et Cot.3 

s4 

.40 40  .0:40  -rim  • .4420 4000 0 4000 am 

Y(X)-PLANE 

0 0 

000 

006 

004 

000 

001 

-004 

.000   • 000  • 004  • 000 0 

'4,76 390 . 

axe+ 

••••7000 s 
300.3 

s•assd-

• 

• ...oda" 
i••:tboa; 

000 004 

00 WSJ 

Fig. 3—Resonance function with complex conjugate roots and poles at origin and infinity. 

004  000 050 

4 • S 0 



1'952  Honnell and Horn: Resonance Characteristics by Conformal Mapping 1213 

las complex conjugate roots at M.2 = —3,000 ± j4,000 and 
)oles at the origin and infinity. These critical frequen-
:ies of the network are conveniently represented by 
:heir positions in the X-plane, the roots by circles, and 
:he poles by crosses. The roots of the equation represent 
the complex frequencies which yield zero admittance 
or the network or Y(X) =0, and can also be interpreted 
is being the free modes of oscillation of the open-cir-
zuited network. This means that the separate neighbor-
hoods of the Xi and X2 roots in the X-plane map as over-
lapping areas in the neighborhood of the origin of the 
Y(X)-plane. This is shown in Fig. 3 by the cross-hatched 
areas in the X-plane and Y(X)-plane. For the particular 
magnitude of shunt conductance chosen in this example, 
the free modes of oscillation correspond to an expo-

nentially damped sinusoid. 
The nature of the variation of the admittance func-

tion Y(X) for both complex and purely imaginary ranges 
of the X-variable are most easily visualized from the plot 
of the Y(X)-plane, Fig. 3. The admittance for generalized 
or complex frequencies is given by the curved lines in the 

figure. 
• The heavy straight line at Re Y(X) =0.006 reciprocal 
ohm represents the admittance rjw) of the parallel 
circuit for :go frequencies, corresponding to the heavy 
line in the X-plane at =0. This locus is the well-known 
"vector" diagram of the parallel circuit. Similar dia-
grams for the impedance of the series circuit may be 
found in several standard textbooks."2.3 

INTRINSIC NETWORK APPLICATIONS 

It might be supposed from the example given above, 
for which the admittance for jco frequencies is a straight-
line, (and similarly for the corresponding series-con-
nected LRS circuit), that the conformal plot of Fig. 1 is 
of but limited "practical" import. Such, however, is not 
the case. The curvilinear graphs also represent the ad-
mittance or impedance of many other networks for 

purely :go frequencies. 
Thus, referring for the moment to Fig. 4(b), the two 

networks shown therein also fall within the purview of 
(1) and Fig. 1. For the series-connected network, the 
impedance is 

Z(X) = XL + r + R + 1/(XC + g), (8) 

while for the parallel-connected network the admit-

tance is 

arbitrary magnitude of the network element R in the 
impedance expression (8) for the series-connected net-
work indicates that the condition r/L = gIC can always 
be satisfied. The same is true for the admittance of the 
parallel-connected network (9), due to the presence of 
the arbitrary element G. The following example illus-
trates the application of Fig. 1 to such more complicated 

networks. 

Y(X) = XC + g +  + 1/(XL + r).  (9) 

When the condition r/L=g/C is specified, (8) and (9) 
are broadly of the same analytical form as (1), and thus 
are also represented by the plot in Fig. 1. However, the 

1 W. L. Everitt, "Communication Engineering," McGraw-Hill 
Book Co., Inc., New York, N. Y., p. 49; 1932. 

2 R. M. Kerchner and G. F. Corcoran, "Alternating Current 
Circuits," John Wiley and Sons, Inc., New York, N. Y., p. 101; 1943. 

1 Cruft Laboratory Electronics Staff, "Electronic Circuits and 
Tubes," McGraw-Hill Book Co., Inc., New York, N. Y., p. 40; 1947. 

)4-PLANE 

(A) 

)4-PLANE 

Fig. 4—Loci of roots and poles of the resonance function. (a) The 
simple series and parallel networks. (b) The more general series 
and parallel networks. 

Example 2—Resonance Function with Complex Conju-
gate Roots and Poles on Negative Real Axis and at In-

finity 

A particularly interesting version of the parallel-con-
nected group of circuits shown in Fig. 4(b) results when 
G= —g. This is illustrated by the circuit in Fig. 5, for 
which g= —C =0.003 reciprocal ohm. This choice of 
parameter magnitudes results in the physical (although 
not analytical) absence of the shunting conductances g 
and —G. The roots of the network are at X1,2 = —1,500 
±j4,770, with poles at 17=-3,000 and infinity. The 
heavy curvilinear graph now represents the admittance 
Y(jw) of the network for :go frequencies. 
The admittance diagram Y(X) in Fig. 5 shows graph-

ically the well-known fact that a "tank circuit" exhibits 
unity power-factor at a jw-frequency which differs from 
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Fig. 5—Resonance function with complex conjugate roots itnd poles on negative real axis and 
at infinity ("tank circuit"). 

the frequency for minimum-admittance (maximum-im-
pedance) magnitude. This is of some concern in the 
operation of output circuits of radio-frequency ampli-
fiers, particularly for high-power applications. 

IV. RELATION BETWEEN NETWORK GROUPS 

Tiv, close relationship between the groups of net-
works, represented by Example 1 as contrasted with 
Example 2, can perhaps be seen in the clearest light 
from a consideration of the loci of the roots and poles 
for the networks in the X-plane. The locus of the roots 
(and the position of the poles) of the simpler parallel 
CGF (or series 1.RS) networks is shown in Fig. 4(a), and 
is known to be a circle." 
More general circuits implicit in (1) are illustrated in 

Fig. 4(b). In these, the resistances and conductances 
associated with the reactive elements must be in the 
relation r/L = g/C; however, since the networks include 
the arbitrary elements C or R, this constraint is not as 
rigid as might be supposed. The loci of the roots and 
the position of the poles merely shift by an amount 
given by a= —r/L= —g/C. The radius of the circular 
portion of the locus remains unchanged, as is clearly 
evident from a comparison of Fig. 4(a) with Fig. 4(b). 

V. RECIPROCAL FUNCTIONS 

A conformal map of the reciprocal of the resonance 
function F(A) would also be useful, particularly, for 
example, as an aid in visualizing the generalized im-
pedance of the simple ccr parallel circuit. Fig. 6 is 
the conformal map of the reciprocal function A (A) 
=1/F0(A), for special case in which b =0 [(1) and (5)]. 

' H. %V. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., New York, N. Y., p. 27; 1945. 

6 E. A. Guillemin, "Communication Networks," John Wiley and 
Sons, Inc., New York, N. Y., vol. 1, p. 181; 1931. 

Fig. 6 Conformal map of the reciprocal function A(.4') = 1 A 
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Fig. 7--- Conformal map of the reciprocal function 
B(A)=1/(1 +Fo(A)). 

0. B AI 

04. 



!1952 
PROCEEDINGS OF THE I.R.E.  1215 

A universal plot of the resonance function F(A), Fig. 
1, is feasible since the constant term in this function 
.,-nerely represents a shift of the mapping along the real 
; ixis in the function plane. The reciprocal function 
k 1 /F(A) apparently cannot be generalized in the same 
!manner. This is clear from a comparison of Fig. 6 with 
} Fig. 7, the latter being a conformal map of the function 

B(A) = 1/(1 + Fo(A)) = 1/(A  1  1/A),  (10) 

'which is the reciprocal of F(A) for the special case 

b= N/ac (5). 

VI. CONCLUSIONS 

A measure of the generality of the resonance function 
is indicated by the specific examples which illustrate 
some uses of the mapping of the function. However, the 
examples given by no means exhaust the fields of ap-
plication of the conformal plot since it is not limited to 
purely electric networks. For example, the resonance 

function has its counterpart in purely mechanical sys-
tems. Likewise, the resonance equation also arises in the 
consideration of the stability of certain electric' and 
electro-mechanical7 networks employing electron-tube 
amplifiers. In these applications, the entire X-plane and 
the f(X)-plane are physically significant. 
In conclusion, it should be pointed out that from the 

didactical standpoint the figures are invaluable and they 
apparently are not readily available elsewhere in the 
literature.' For example, the conformal maps illustrate 
a number of network theorems on physical realizabil-

ity." 

6 P. M. Honnell, "The generalized transmission matrix stability 
criterion," Trans. A IEE, vol. 70; 1951. 

7 P. M. Honnell, "The application of feedback to an electro-
mechanical transducer for seismograph testing," Bull. Seismol. Soc. 
Amer., vol. 40, pp. 217-231; July, 1950. 

These figures do not appear in the comprehensive list given by 
Betz. A. Betz, "Konforme Abbildung," Springer-Verlag, Berlin/Gott-
ingen/Heidelberg; 1948. 

9 H. W. Bode, op. cit., chapt. VII. 

Scanning-Current Linearization by Negative Feedback* 

OF THE \VIDE VARIETY of known 
methods of scanning current linear-
ization employed in television sys-

tems, a number use feedback, and experi-
ence indicates that appropriate application 
of negative feedback offers the most effective 
approach to the attainment of sensibly per-
fect linearity. 
The problem of generating a linear cur-

rent change from a given source of constant 
direct potential difference is essentially one 
of "current integration" and may be ex-
pressed in the alternative forms 

(form I)  i(t) = R-1p-1E 

(form II) i(t) = (Rp)-1E, 

where 
E =available pd (usually a high-ten-

sion voltage), 
p.---dide is the time-derivative opera-
tor, 
=voltage-current factor, 

0) =required scanning current form. 

Correspondingly, it is found that practical 
circuit developments for the realization of 
i(i) fall into either of two categories, accord-
ing to whether the current integration is 
performed indirectly by performing the 
component processes 

(IA) e(l) = pE  (i.e., voltage integration) 

* Decimal classification: R553.13. Original manu-
script received by the institute. November 16. 1951; 
revised manuscript received May 16. 1952. Abstract 
of paper read before the Television Society. London. 
England in November. 1950 and awarded the Elec-
tronic Engineering Premium. 1951. 

t 83 Mickleton Road. Earlsdon. Coventry. Eng-
land. Formerly with E A.!. Research Laboratories 
Ltd.. Hayes, England. 

A. W. KEENt, MEMBER, IRE 

(IB) i(t) = Rte(t) (i.e., voltage-current con-

version) 

in cascade (the "driven"-type scanning sys-
tem), or is performed directly in a single 
stage (the "sawtooth-current" oscillator). 
Each of the basic processes may, with ad-
vantage, be performed by a negative feed-
back system, the appropriate type of feed-
back for each case being 
(IA) derivative voltage feedback, 

ef(l) = kPeo(l), 

(IB) direct (i.e., without waveshaping) 
current feedback, 

ef(l) = Rio(g), 

(II) derivative current feedback, 

ef(t) = Rpio(I), 

subscripts j, o denoting feedback and out-
put quantities, respectively. In principle, 
the required degree of linearity may then be 
obtained merely by use of sufficient loop 
gain, subject to the existence of a network 
capable of defining 9 in the desired manner 
and to the maintenance of an adequate mar-
gin against Nyquist instability. 
In certain voltage-feedback amplifier 

configurations, typified by the Miller-Blum-
lei integrator, the over-all gain approaches, 
with increasing is, the ratio of two branch 
impedances, thereby allowing exact deriva-
tive voltage feedback, process (IA), to be 
obtained by the use of a pure capacitor C in 
the appropriate branch with a resistor R 
the other, giving 13=1/Cp/R=1/CRp =1/, p, 
as required. A convenient method of deriv-
ing a feedback voltage proportional to coil 
current in process (IB) without inserting a 

resistor in the path of the scanning current 
is to connect a series CR branch having the 
same time-constant (L/r) as the scanning 
coil in parallel with the latter, and take the 
feedback voltage from across the capacitor. 
Then 

er(1) = 

1 — p 

1 + CRP 

Transposing C and R provides derivative 
current feedback, as required in process (II). 
Thus, 

ri.4)=rio(1), for L/r = CR. 

1+ — L p 

ef(l) = CRrpio(I) = (CRT)pigt) 
1 -1- CRP 

for Lb, = CR. 

Certain forms of type (II) system may be 
derived by carrying out the voltage-current 
conversion process within the feedback loop 
of type (IA). 
In general, the driven-type system is pre-

ferred in vertical scanning systems, but the 
direct method is more appropriate for the 
high-efficiency resonant-return circuits now 
used for horizontal scanning. Apart from 
the general advantages accruing from the 
application of substantial negative feed-
back, its most attractive feature from the 
design point of view is the possibility of re-
stricting major control of linearity to a quite 
small group of components. In contrast, 
other methods generally involve mutual 
cancellation of the various factors contribut-
ing to nonlinearity and require consideration 
of linearity at almost every point in the sys-
tem. 
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Broad-Band Matching with a Directional Coupler* • 
W . C. JAKES, JR.t, ASSOCIATE, IRE 

Summary —This paper presents the results of a theoretical and 
experimental study of a waveguide matching technique which allows 
a directional coupler to be located any distance away from the dis-
continuity causing the original mismatch and a broad-band match to 
still be obtained. 

Design curves are included which give the required coupling co-

efficient of the directional coupler and the power loss for a given 
initial mismatch and desired vswr reduction. Experimental confirma-
tion of the theory is also presented. 

I. INTRODUCTION 

IN WAVEGUIDE work it is often necessary to re-duce standing waves resulting from a discontinuity 
some distance away because it may not be desirable 

to work directly at the discontinuity. An example is the 
mismatch due to energy reflected from a parabolic re-
flector coming directly back into the feed. A fairly 
broad-band match can be obtained by use of a N'ertex 
plate mounted on the parabola (i.e., by working at the 
discontinuity), but this degrades the minor lobe struc-
ture considerably. For this reason a different matching 
method would be very desirable. 
The method described here is illustrated in Fig. 1. A 

portion of the incident energy is taken off by the direc-
tional coupler into arm 1. (The coupler will be assumed 
to have perfect directivity so that there is no coupling 
of the incident wave into arm 2.) By proper adjustment 
of the phase and amplitude of the voltage returned to 
the waveguide by the coupler, it should be possible to 
reduce the original standing wave over a band of fre-
quencies. 

TERMINATION 
= z0 

The disadvantage in this method comes from the fact 
that only a portion of the energy originally tapped off 
by the coupler is returned to the waveguide. The re-
maining energy must be absorbed in the termination on 
arm 2 to prevent resonance effects. I Iowever, there may 
be situations where the advantages arising from a re-
duction in vswr more than offset the resulting loss. 
As is well known, another scheme for reducing the 

vswr over a broad band is to insert an attenuator be-
tween the source and the discontinuity. For a given 
initial vswr and reduction in vswr, however, the loss for 
this scheme always exceeds that resulting from the di-
rectional coupler scheme, and, in fact, for a complete 
cancellation of the vswr, the loss would be infinite. 

11. THEORY 

It has becn shown elsewhere' that (EI/E0)....0=jc, so 
that evaluating the voltages in Fig. 1 at x =0, and set-
ting E0= 1, we get 

El = jr 

E2 = — ./.CV1 — c2 exp (j2011) 

E3 = c2 exp (j213/1) 

E4 =  — C2 (I) 
E6 = a N/1 — c2 exp (/M/ + .4) 

E6 = jacvil — c2 exp U M + jiy) 

E7 = a(1 — c2) exp (j201-1- jtk) 

where #=27r/X„, X, =guide wavelength. The amplitude 

DIRECTIONAL CCUPLER 

E2 
£6 

E0   

E3   

E7 t  

Ei 

1.1 

TER M, NATIC N 

=Z0 

Ea 

1- 1 'x 
X=0 

PURE REACTIVE 
DISCONTINUITY 

= oeJ*= REFLECTION COEFFICIENT OF THE DISCONTI NUIT y AND Z0 IN PARALLEL 
C = = VOLTAGE COUPLING COEFFICIENT OF THE DIRECTIONAL COUPLER Lo 
R = VSWR LOOKING TO THE RIGHT AT A 
Ro = VSWR BEFORE MATCHING  !t9_ 2  T:(73- 

POWER INPUT  E0 2 L POWER  OUTPUT  Et I-I 

Fig. 1—Method of matching with a directional coupler. 

• Decimal classification: R117.12 X R310.4. Original manuscript 
received by the Institute, January 25, 1952; revised manuscript re-
ceived May 22, 1952. 
t Bell Telephone Laboratories, Inc., Holmdel, N. J. 

II 
E5 E t 

'41   
X=1. 

"Principles of Microwave Circuits:' Al IT Radiation Laboratory 
Series, McGraw-Hill Book Co., New York, N. Y., p. 299; 1948. 

•••• 



Iof the transmitted wave, Et, is given by [1 —OP! 1 +ql 
+1. = R1 —c2)(1 —a2) P. 

The total wave traveling to the left in the main guide 
:t.past x = 0 is E3-FE7. In order for this to be as small as 
K possible, E3 must be out of phase with E7, or 

, 2i3/ + ik — ZVI = nr, n = + 1, + 3, + 5, • • • . (2) 

. If (2) is satisfied, a complete match may be obtained 
x by setting 1E31 =1E71. This occurs for a critical value 
s of the coupling, c, equal to 

C0- = 
a  R0-1 

1+ a  2R. 
(3) 

Two cases may now be distinguished, depending on 
whether c > co (over coupling) or c < co (under coupling). 
Case I: 0  co. 
In this case 1E31 IC- 1E71, and the vswr looking to the 

right at A is (assuming (2) holds) 

1 + 1 E71 — 1 E31 1 + a(1 — c2) — c2 

1 —1 E71+1 E31= 1 — a(1 — c2) + c2 

1. 

R — 

R.(1 — c2) 

1+ c2R„ 

The power ratio, L, is 

R + 1 + 1 
L =   

4 

(4) 

(5) 

obtained by substituting for c its value as given by (4). 

Case II: 1 

7 

06 

01 

0 
6  5  4 3 2  0  I  2  3 5  6 7 a 9 

R = VSWR IN DB 

Fig. 2 --Directional coupler voltage coupling coefficient, c, required 
for given initial vswr (K,) and final vswr (R). The region to the 
right of the line R=0 corresponds to coupling less than critical 
(c Sco); that to the left corresponds to coupling greater than criti-
cal (c co. Critical coupling (co) is the coupling which reduces the 
standing wave to 0 db. 
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Now 1E31  1E71 , thus R becomes 

1 — 1 E7 I + I E31 1 + c2R. 

1 + 1 E71 — 1 E31 — R.(1 — c2) 

and 

R — 

R. + 1 
L = (R + 1) 

4 
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(6) 

(7) 

Equations (4) to (7) have been plotted for values of 
Ro from 1 to 9 db, shown in Figs. 2 and 3. The bounding 
curve on the right in Fig. 3 represents the loss resulting 
from the initial mismatch. The additional loss due to 
this matching scheme is given by the difference in loss 
between that for vswr =Ro and for vswr =R. 
If the actual coupling of the directional coupler built 

for use in a certain system turns out to be larger than 
desired, an effective decrease in coupling may be ob-
tained by inserting an attenuator in the coupler arm 
containing the short circuit. The loss will be that which 
would be computed for the actual coupling value and 

initial vswr, Ro• 
It is clear that for the directional coupler matching 

method to be effective over as wide a frequency band 
as possible, the two electrical lengths involved, 13l and 
MI, must have the same frequency characteristics. 
The frequency response of the directional coupler also 

affects the wide-band performance. By using couplers 
having many coupling elements, satisfactory perform-
ance can usually be obtained, however. 
Another factor governing the frequency response may 

be seen by examining (2). Using this expression to de-

0. 

5.0 

2.0 

1.0 

01 

0.05 

002 
6  5  4  3  2 

Ro= 

9 DB 

LOSS FOR VSWR = Ro 

1  0 I 2  3  4 

R = v5WR IN DB 
5  6 7 8  9 

Fig. 3—Power loss L for given initial vswr (R.) and final vswr (R). 
The region to right of the line R=0 corresponds to coupling less 
than critical (c c0)  that to the left corresponds tocoupling greater 
than critical (c co). Critical coupling (co) is the coupling which 
reduces the standing wave to 0 db. 
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DIRECTIONAL 
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ADJUSTABLE 
SHORT 
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Fig. 4 -Physical set-up used in experimental verification of the theory. 

, Xg (0 
It  t = —  — — n). 

4 
(8) 

Obviously the quantity in parenthesis should be as 
small as possible for broad-band operation, which indi-
cates that n = +1. The choice in sign depends on the 
sign of Iv and for %GOO, one of the two choices will us-
ually result in better broad-band operation. If Ili =0, the 
choice is immaterial. The degradation in vswr due to 
the right-hand side of (8) will, in general, be less than 
1.0 db for bandwidths up to 10 per cent, and for initial 
vswr less than 9 db for any value of  providing the 
sign of n is chosen properly. 

III. EXPERIMENTAL RESULTS 

The experimental set-up is shown in Fig. 4. Tuning 
probe #2 was set to give an initial vswr, Ro, of 5.5 db at 
4,200 mc; the measured frequency variation is shown 
by curve 1, Fig. 5. Tuning probe #1 and the directional 
coupler were removed for this test. Curve 2 shows the 
vswr variation measured when probe #1 was used to 
give an initial match at 4,200 mc, with a separation be-
tween probes of 9X5 at 4,200 mc. 
The coupling of the directional coupler used was 0.542 

at 4,000 mc, 0.50 at 4,200 mc, and 0.457 at 4,400 mc. 
Ignoring the X0/4 effect arising from (8), these values of 
coupling in connection with the vswr due to probe #2 
should give final values of R equal to 1.3 db at 4,000 mc 
(over coupled), 0.3 db at 4,200 mc (over coupled), and 
0.9 db at 4,400 mc (under coupled). The directivity of 
the coupler was 20 db or better over the band, so that 
any effect arising from imperfect directivity should be 
negligible. 
Curve 3 of Fig. 5 shows the variation with frequency 

of the vswr using the directional coupler 9X9 from probe 
#2 (probe #1 removed). Here l was set to give a mini-
mum vswr at 4,200 mc, but obviously this particular /I 
does not correspond to the optimum value of n. By set-

TUNING 
8 PROBE 

NO 2 1 

I — 1 
TERMINATION 

A41 

ting 11 to other values which gave a minimum vswr at 
midband, and taking frequency runs, an optimum set-

ting was found. Curve 4 shows the vswr variation for 
this case. "Ishe difference in /1 for curves 3 and 4 was one 

guide wavelength at -1,201 inc. Note that the vswr of 
0.4 db at 4,200 mc is Ver close to the vredicted value of 

0.3 db. At the band edges the vswr is 0.7 db higher than 

predicted; this may be mainly acc,ninted for by the 
Xu/4 term of (S). At 4,200 nu- with I set to give 0.4 di, 

VS WT, a loss of 1.7 db was measured. From the curves,t 
loss of 1.6 db was predicted. 

4000 4050  4100 4150  4200  4250 4.3C. 

FREQUENCY IN MEGACYCI4 5 
4350 4400 

Fig. 5—Experimental results, showing variation of the vswr (R) ver-
sus frequency for: (1) discontinuity alone; (2) discontinuity with 
matching probe 9X. away; (3) discontinuity with directional cou-
pler matching; ((I not adjusted properly); (4) same as (3), but ' 
adjusted for best broad-band matching. 

I V. CoNcLusioxs 

A method of using a directional coupler to cancel 
standing waves has been investigated theoretically and 
experimentally. The method will give a broad-band 
match which is independent of the relative location of 
the discontinuity and directional coupler. Good agree-
ment with the theoretical design curves has been ob-
tained. 

1 I 
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Synthesis of Narrow-Band Direct-Coupled Filters* 
HENRY J. RIBLEM  ASSOCIATE, IRE 

Summary—This paper describes a general synthesis procedure 
for the design of narrow-band, direct-coupled filters, based on an ap-
proximate first-order equivalence between direct and quarter-wave 
coupled filters. Thus a quarter-wave coupled filter, whose bandwidth 
is a few per cent wider than required, serves as a prototype. The ap-

proximations underlying the synthesis procedure for quarter-wave 
coupled filters, given by Lawson and Fano and applied by Mumford 
to the "maximally flat" case, are re-examined and justified. The 
transmission characteristics of a six-cavity filter of total Q of 37.6 is 
computed exactly with excellent agreement with the prototype per-
formance. Experimental confirmation is given. 

INTRODUCTION 

ANUMBER of articles have been written in the 
past few years discussing the theory of narrow-
band, waveguide filters, assuming constant shunt 

susceptances. Pritchard,' Fano and Lawson,2 and Hessel 
et al.' have treated the problem of cascades of identical 
elements. The first two authors consider filter arrange-
ments which they describe as quarter-wave coupled 
filters, while Hessel et al. discuss the case of identical 
direct-coupled cavity filters and treat a modification of 
this case which, under certain conditions, is equivalent 
to a quarter-wave coupled filter. 
Unfortunately, filters consisting of identical elements 

have pass-band characteristics which deteriorate rapidly 
with increasing number of filter elements. Lawson and 
Fano* have shown how the general synthesis procedure 
described by Darlington' may be extended to narrow-
band waveguide filters of both the quarter-wave and the 
direct-coupled types. For the case of quarter-wave 
coupled filters, Mumford6 has given explicit formulas 
for the cavity Q's required for "maximally flat" per-
formance, and has included the effects that the fre-
quency sensitivity of the quarter wavelength connect-
ing lines have on the final design. W. D. Lewis and 
W. W. Mumford7 in a recently issued patent have given 

• Decimal classification: R143X R310. Original manuscript re-
ceived by the Institute, February 18, 1952; revised manuscript re-
ceived June 2, 1952. 
t Microwave Development Laboratories, Inc., Waltham 54, 

Mass. 
1 W. L. Pritchard, "Quarter wave coupled waveguide filters," 

Jour. Appl. Phys., vol. XVIII, pp. 862-872; October, 1947. 
2 R. M. Fano and A. W. Lawson, "Microwave filters using quar-

ter wave couplings," PROC. I.R.E., vol. 35, pp. 1318-1323; Novem-
ber, 1947. 

3 J. Hessel, G. Goubau, and L. R. Battersby, "Microwave filter 
theory and design," PROC. I.R.E., vol. 37, pp. 990-1002; Septem-
ber, 1949. 

4 A. W. Lawson and R. M. Fano, "The Design of Microwave 
Filters," Microwave Transmissions Circuits, M.I.T. Radiation Labo-
ratory Series, McGraw-Hill Book Co., New York, N. Y., vol. 9, pp. 
696-703; 1948. 

6 S. Darlington, "Synthesis of reactance 4-Poles," Jour. Math. 
Phys., vol. XVIII, pp. 257-353; September, 1939. 

6 W . W. Mumford, "Maximally flat filters in waveguide," Bell 
Sys. Tech. Jour., vol. XXVII; October, 1948; also pp. 684-713; 
October, 1938. 

7 U. S. Patent No. 2,585,563; February 12, 1952. The existence of 
this patent was pointed out to me by S. B. Cohn. 

formulas for the susceptances and their spacings for 
maximally flat direct-coupled filters. Although they also 
use an equivalent quarter-wave coupled filter as a proto-
type, no information is given as to the method of deriva-
tion so that it is difficult to determine the range of use-
fulness of their formulas or the possibility of extending 
their method to the general synthesis problem. 

THE PROBLEM 

The synthesis procedure introduced by Lawson and 
Fano proceeds in two steps: In the first, a suitable 
section of the waveguide filter, consisting of line lengths 
and reflecting elements, is replaced by a low-frequency 
analogue whose behavior is linear in some frequency 
variable. In the second, the total frequency behavior of 
a cascade of low-frequency analogues is obtained by 
additions and inversions. This latter operation is readily 
reversed by the method of continued fractions, so that 
waveguide-element values may be obtained for a large 
class of rational polynomials in the frequency variable. 
For example,.in the case of quarter-wave coupled 

filters, the resonant cavities are equivalent to shunt 
resonant elements and give rise to the addition opera-
tion, while the quarter wavelengths of line give rise to 
the inversion operation. It is clear that the first state-
ment requires that the input admittance Yi of a reso-
nant cavity when terminated in an admittance 170 may 
be written 

Yi = Yo  (1) 

where Q is a constant and S2 is the frequency variable. 
Actually, the approximation in (1) is only approxi-
mately true since Q is a function of Yo. The inversion 
operation given by the quarter wavelength line is true 
only to the zeroth order. Mumford has shown how a use-
ful first-order approximation is obtained, however, by 
associating certain resonant elements with the inversion 
operation. 
When it comes to combining these filter elements in 

cascade, the problem becomes rather delicate. We are 
asked to add and invert linear functions of SZ and attach 
significance to the higher power of fl encountered when 
all of the underlying approximation's are, at best, of the 
first order. Nevertheless, it appears that this procedure 
can be justified in the case of quarter-wave coupled 
filters of sufficiently high Q. 

BACKGROUND 

Any waveguide network consisting of known reflect-
ing elements separated by known line lengths may be 
completely explained by means of conventional formu-
las. Unfortunately, the numerical effort involved be-
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comes prohibitive for synthesis purposes as soon as the 
number of sections exceeds three or four. Clearly then, 
any general synthesis procedure will depend on conven-
ient approximations. Because of the importance of ap-
preciating the limitations of these approximations, they 
will be derived directly from the exact transmission-line 
formulas without the intervention of equivalent low-
frequency circuits. 

Basic to this discussion is the admittance trans-
formation effected by a shunt susceptance jB sur-
rounded by equal line lengths 1. Using the notation of 
Hessel et al. and putting tan 41= —2//3., 0 =2.7r1/Xg, and 

we obtain 

—Acos + cos  + sin 0170 
Yi =   (2) 

sin 4,  j(cos — cos IP) l'o 
where 110 is the terminating admittance and F, is the 
input admittance. 
It will be found that the waveguide filters discussed in 

the previous references are comprised either of reso-
nant elements which at the selected frequency leave the 
output impedance essentially unchanged, or of antireso-
nant elements which give an impedance inversion at the 
selected frequency. In fact, except for shunt resonant 
elements, all the resonant elements can be further re-
solved into antiresonant elements. These, then, are the 
basic building blocks of microwave filters. Only two of 
these are required to cover the cases. The quarter wave-
length of line has already been referred to and the other 
consists of the shunt susceptance surrounded by a suita-
ble short length of line. 
Our immediate problem is that of obtaining the ad-

mittance transformations effected by these antiresonant 
elements. Since, as has already been observed, the repre-
sentation of a resonant cavity as a shunt-tuned suscep-
tance is not strictly valid even to the first order, that is, 
to the first power in the frequency variable 12, our calcu-
lations need not be carried beyond this order. The result 
for the quarter-wave line is obtained from (2) by putting 
ct. =r/2 and 29= r/2. Then 

j — r/2121.0 
V. =  (3) 

— r/212 + fro 

Here 9 is the frequency variable ('go—X„,)/Ng, where ?kg 
and Xgo denote the variable guide wavelength and the 
guide wavelength at resonance, respectively. The ele-
ments in (3) were obtained by taking the first two terms, 
in the expansions in increasing powers of 12 of the cor-
responding elements in (2). 
The antiresonant element associated with the shunt 

susceptance jB is obtained from (2) by selecting IP =0, 
for Xg =Xgo. Then the corresponding admittance trans-
formation is given, to the first order in 9, by 

.i(1 + cos 0) + 09170  
V; — (4) 

0E2 + j(1 — cos 0)170 

The form of (3) and (4) is characteristic of antiresonant 
elements. 

Q = 
4(1 — cos 0) 

simpler expression for Q is obtained from (5) by put-
ting Fo= 1 it is approximately in the pass band of 
filter) and expanding by the binomial theorem. Th,r 

cos 0(7i. — 
Q =   k 7 

sin' 0 

For future reference, a table of values of Q for 11t14.1-
tive values of B is given in Table I, while Fig. 2 gives 9 
its a function of B. 

QUARTER-WAVE COUPLED FILTERS 

Fig. 1 shows a waveguide cavity consisting of two 
antiresonant shunt susceptances separated by two anti-

Y; - 

A'Y2 

IS 

Octobe l 

-0 
Fig. 1—Schematic resonant cavity. 

resonant quarter wavelengths of line. The first-ord,-
admittance transformation is readily found to be 

(I -I- cos Ci) — 

1 — cos 0 
1-, = 

r(1 — cos 0) — 20 
1 j 12I0 

1 cos 0 

For high Q cavities, B is large and ct) and 1-cos cp tcL. 
to zero. Only then does (5) reduce to the form of 
with Q, given by 

r(1 cos .15) — 24. 

6C  _ 

1 4 
0  -IC  -20  -3C -4C -50 -60  -70 -BO  -90 -100 

2-0 versus B. 

The quarter wavelength line has the first-order be-
havior given by (3), which can be rewritten as 
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.i(1 — cos (I))  (1) — 7017o  
Y, = 

(4) — 7)12  j(1 + cos 4))170 

This may be rewritten 
Y• = j — f2    (8) 

2 
j — g 
2 

Neglecting the second-order term in St, the approxima-
:ion given by NIumford is obtained in which a variable 
ength quarter-wave (at resonance) line is replaced by 
). fixed quarter wavelength line terminated in equal 
-esonan t elements. 

TABLE I 

—B —B 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

1.14 
3.33 
6.91 
11.97 
18.59 
26.76 
36.45 
47.88 
60.71 
75.18 

Q= 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

(7 - ) COS 

sin2 

91.35 
108.74 
127.89 
147.73 
170.42 
195.70 
217.64 
246.93 
274.54 
303.27 

The problem now remains of justifying a continued 
fraction expansion in increasingly higher powers of St 
when the characteristics of the elements of the filter 
are obtained only by neglecting all powers of  greater 
than the first. 
Consider a section of a quarter-wave coupled filter 

consisting of a resonant cavity of loaded Q, 121 followed 
by a quarter wavelength of line and another cavity of 
loaded Q, Q2. Then the input admittance is given by 

1 ± f2)] 

i (4Q,  —) + 170 
2 

where a second-order term to be neglected is placed in 
the square brackets. In the event of narrow-band 
filters, where Q would seldom be less than 5, the error 
in the coefficient of 22 in Yi due to neglecting [(ir/2)SW 
is less than 1 per cent in the terms involved, and this 
approximation is readily justified. Neglecting the terms 
in 7r/2 entirely, however, would give rise to a 15-per 
cent error in this coefficient. The success of the approxi-
mation for the quarter-wave coupled case is seen to 
depend on the fact that the significant frequency vari-
able terms appear with large coefficients so that higher 
powers of QS/ can not be neglected. 

DIRECT-COUPLED FILTERS 

The analysis of direct-coupled filters given by Hessel 
et al. depends on an antiresonant element, readily ob-
tained from (2), which consists of two quarter wave-
! length lines on each side of an antiresonant shunt de-
ment. Its first-order admittance transformation may be 1 written 

— 
— j   + 

1 + cos 4) 

1221 

1 — cos ch [ S2(7r  tfi) 12 

1 cos itt 1 + cos 40_1 

(9) 

YO (1 74:CO: 

If we neglect the squared power of 12, such an antireso-
nant element can be represented as a quarter wavelength 
of line of characteristic admittance N/1 —cos 4)/1 +cos 4) 
with equal tuned elements at each end. Accordingly, 
one might attempt to proceed to a synthesis of direct-
coupled filters in this way. Unfortunately, for values of 
SZ near the half-power points of narrow-band filters, it 
will be found that 1 —cos(/' and the squared term in (15) 
are of the same order of magnitude so that this pro-
cedure does not appear to be justified. 
Following a suggestion made by Hessel et al., the syn-

thesis procedure in this article proceeds by constructing 
a prototype quarter-wave coupled filter, and then con-
structing an equivalent direct-coupled filter. This de-
pends on the fact that a quarter-wave coupled filter is, 
in fact, a direct-coupled filter in which the coupling is 
produced by suitably spaced pairs of susceptances. It 
turns out that the quarter-wave spacing, together with 
the excess phase, is just the spacing required to make an 
antiresonant element of the pair of susceptances. Our 
problem then is the establishment of the equivalence be-
tween a pair of antiresonant susceptive elements, cor-
responding to 41' and 4)", sandwiched between three 
quarter wavelengths of line and a single antiresonant 
element placed between quarter wavelengths of line. 
The first-order admittance transformation for the first 
case is readily found to be 

:7(1 — cos ¢)')(1 — cos 4)") ASWo  
Yi = (10) 

Bft  j(1 ± cos e)(1 ± cos  

where 

A = 4)' + 4" + (7/2 — 0") cos  — (7/2 — 4,') cos 4." 

37  7 
— 2 — — cos 4; cos 4," 

2 

B = 4/ + 4." — (7/2 — 40") cos o' + (7/2 — 4,') cos 4," 

37 
— — — — cos  cos 0". 
2  2 

It is clear from (9) and (10) that we obtain zeroth 
order equivalence by selecting the single susceptance so 
that 

1 — cos cit  (1 — cos 4/)(1 — cos y6") 
(11) 

1 + cos 4,  (1 + cos 0)(1  + cos gb") 

An exact first-order equivalence requires that all the cor-
responding coefficients in (9) and (10), when suitably 
normalized, be identical. Although this is true in the 
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limit of large susceptances, for the six-cavity filter to be 
described later, it was found that the coefficients of 12 
in (10) were generally 6 or 7 per cent larger than those 
in (9). This difference is readily taken into account by a 
change in the frequency variable. For practical design 
purposes, it is believed that selecting a quarter-wave 
coupled prototype filter having a few per cent wider 
bandwidth than ultimately required will serve most 
engineering purposes. 

ILLUSTRATIVE EXAMPLE 

Fig. 3 gives the prototype quarter-wave coupled filter 
selected to have the insertion gain characteristic, 
Po/PL = -F(65.212)'?, and the equivalent direct-coupled 
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Fig. 3—Prototype and final design. 
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filter. Fig. 4 gives a plot of the absolute value of the 
reflection coefficient of this direct-coupled filter ob-
tained without approximations, using transmission-line 
formulas. The difference in bandwidth between the 
direct-coupled filter and its prototype is clearly shown. 
Figs. 5 and 6 give actual measured behavior of the six-
cavity direct-coupled filter compared with a prototype 
filter having a narrowed bandwidth. It is interesting 
that this performance was obtained without any ele-
ments extraneous to the theory, and without a swept-
frequency signal generator. 
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Fig. 5—Measured insertion loss. 
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CONCLUDING REMARKS 

The general synthesis of direct-coupled narrow-band 
waveguide filters may be based on the use of a proto-
type quarter-wave coupled filter of slightly greater 
bandwidth, without using more restrictive approxima-
tions than those underlying the theory of the quarter-
wave coupled filter. This depends upon the fact that 
the two types of filters are very similar in principle. 
Most differences will resolve themselves down to the 
relative merits of obtaining a given reflection coefficient 
with a single susceptance or with plurality suitably 
spaced susceptances. 
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Any direct-coupled filter having an odd number of 
cavities will have a resonant cavity at its center. For a 
three-cavity direct-coupled maximally flat filter of total 
"Q equal to 50, the Q of the central cavity is 1,852.3. In 
general, the central cavity of such a filter is of the order 
of the square of the total Q of the filter. This is an inter-
esting example which illustrates the problems to be en-
countered in attempting to infer the total Q of a circuit 
from the Q's of its components. 
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, Optimum Filters for the Detection of Signals in Noise* 
L. A. ZADEHt, MEMBER, IRE, AND J. R. RAGAZZINIt, SENIOR MEMBER, IRE 

Summary —A detection system usually contains a predetection 
filter whose function is to enhance the strength of the signal rela-
tive to that of the noise. An optimum predetection filter is defined in 
this paper as one which maximizes the "distance" between the signal 
and noise components of the output (subject to a constraint on the 
noise component) in terms of a suitable distance function d(x, y). 
In a special case, this definition leads to the criterion used by North, 
and yields filters which maximize the signal-to-noise ratio at a spec-
ified instant of time. North's theory of such filters is extended to the 
case of nonwhite noise and finite memory (i.e., finite observation 
time) filters. Explicit expressions for the impulsive responses of such 
filters are developed, and two examples of practical interest are 
considered. 

I. INTRODUCTION 

CONSIDERABLE EFFORT has been devoted in 
recent years to the development of optimum 
methods of detection of weak signals in noise. 

Broadly speaking, the purpose of detection is to estab-
lish the presence or absence of a signal in noise, or, more 
generally, to obtain an estimate of a quantity asso-
ciated with the signal, e.g., the instant of occurrence of 
a pulse. In general, a detection system comprises a pre-
detection filter whose function is to enhance the strength 
of the signal relative to that of the noise, and thereby 
facilitate the detection process. 
A special but rather inclusive type of such filters is the 

main concern of the present paper. As background, a 
brief review of the published (or available) work on the 
detection problem is presented in the following. 

• Decimal classification: R143.2. Original manuscript received by 
the Institute, December 7, 1951; revised manuscript received June 20, 
1952. 
t Dep't. of Electrical Engineering, Columbia University, New 

York 27, N. Y. 

In a report published in 1943, North' developed a 
theory of optimum filters—now commonly referred to 
as "North filters"—based on the maximization of the 
predetection signal-to-noise ratio. A central result in 
North's theory is that, in the case of white additive 
noise, the signal-to-noise ratio is maximized by a filter 
whose impulsive response has the form of the image of 
the signal to be detected. A similar result—formulated 
in terms of so-called "matched" filters—was obtained 
independently by Van Vleck and Middleton.2 
More recently, Lee, Cheatham, and Wiesner3 have 

described a method of detection of periodic signals based 
on the use of the correlation analysis. In many respects, 
the results obtained by this method are essentially 
equivalent to those obtained by the use of the conven-
tional integration technique, which in turn may be de-
duced from the theory of North filters. Work along 
somewhat similar lines has also been reported by Leifer 
and Marchand.' 
A more sophisticated approach to detection—closely 

paralleling the classical Neyman-Pearson theory of test-
ing statistical hypotheses—was initiated by Siegert,6 

D. 0. North, "Analysis of the Factors which Determine Signa 
/Noise Discrimination in Radar," Report PTR-6C, RCA Labora-
tories; June, 1943. 

2 J. Van Vleck and D. Middleton, "A theoretical comparison of the 
visual, aural, and meter reception of pulsed signals in the presence 
of noise," Jour. App!. Phys., vol. 17, pp. 940-971; November, 1946. 

3 Y. W. Lee, T. P. Cheatham, Jr., and J. B. Wiesner, "Applica-
tion of correlation analysis to the detection of periodic signals in 
noise," PROC. I.R.E., vol. 38, pp. 1165-1172; October, 1950. 

4 M. Leifer and N. Marchand, "The design of periodic radio sys-
tems," Sylvania Technologist, vol. 3, pp. 18-21; October, 1950. See 
also, PROC. I.R.E., vol. 39, pp. 1094-1096; September, 1951. 
•"Threshold Signals," MIT Rad. Lab. Series, McGraw-Hill 

Book Co., Inc., New York, N. Y., vol. 24, chap. 7; 1950. 
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and, recently, was further developed by Schwartz.° An-
other statistical theory involving the determination of 
the a posteriori probability distribution of the signal was 
recently advanced by Woodward and Davies.' In many 
practical situations the usefulness of the latter theory is 
restricted by the fact that its application requires much 
more statistical information about the signal and noise 
than is generally available, while in those cases where 
the necessary information is available the mathematical 
computations and the mechanization of the detection 
process present formidable difficulties. One exception is 
the case where the noise is additive, white, and Gaus-
sian. In this case the calculations are relatively simple, 
and the theory leads to the conclusion that the optimum 
detector consists essehtially of a North filter followed by 
a nonlinear detecting device. 
Of the methods mentioned above, the last two are 

probabilistic in nature, that is, they make use of the 
probability distributions of the signal and noise. By con-
trast, detection procedures involving the use of North 
filters correlation analysis, integration technique, and 
the like are nonprobabilistic, and hence are inherently 
much simpler and, in principle, less efficient than the 
probabilistic procedures. 
Despite the theoretical superiority of probabilistic 

over nonprobabilistic methods, the latter are generally 
of greater practical utility for two reasons: First, the 
information about nth-order probability distributions of 
the signal and noise—which is required by probabilistic 
methods—is difficult to obtain and to handle for any but 
the Gaussian type of random function. More important, 
in many practical cases the pertinent probability distri-
butions are lacking in temporal or spatial stability, or 
both; in other words, the probability distributions 
change from day to day or are dependent on the location 
of the noise source. In such cases, it is clearly unrealistic 
to base the design of an optimum detector on probabil-
ity distributions that are assumed to be time and space 
invariant. 
The main advantage of nonprobabilistic methods is 

that they require relatively little statistical information 
about the noise—the power spectrum or the correlation 
function being usually sufficient—and are less critically 
dependent upon the stability of signal and noise char-
acteristics. Their chief weakness is that they are opti-
mum in only an arbitrary although reasonable sense, 
and do not make use of such information about the 
probability distributions as might be available. 
The present paper has a twofold purpose: first, to 

formulate a rather general predetection filtering criter-
ion of a nonprobabilistic type which, through specializa-

6 M. Schwartz, "Statistical Approach to the Automatic Search 
Problem," Dissertation, Harvard University, 1951. Similar results 
were reported by D. L. Drukey, "Optimum Techniques for Detect-
ing Pulse Signals in Noise," presented at the IRE National Conven-
tion, New York, N. Y.; March 4, 1952. 

7 P. M. Woodward and I. L. Davies, "A theory of radar informa-
tion," Phil. Meg., vol. 41, pp. 1001-1017; October, 1950. See also, 
PROC. I.R.E., vol. 39, pp. 1521-1524; December, 1951; and Jour. 
LEE (London), vol. 99, pt. 111, pp. 37-51; March, 1952. 

tion, might be adapted to a wide range of practical 
cases; and second, using a special form of this criterion, 
to extend the theory of North filters to the case of non-
white noise and finite memory (i.e., finite observation 

time) filters. 
In connection with the extension of North's theory, 

the case of nonwhite noise, it should be noted that such 
an extension was recently described by Dwork.8 How-
ever, Dwork's results do not resolve the problem of non-
white noise, since his filters are not, in general, phys-
ically realizable. By contrast, the extension described in 
this paper always leads to physically realizable filters. 

IL CRITERIA OF OPTIMUM FILTERING 

In assessing the performance of filters, predictors, de-
tectors, and many other devices, it is convenient to use 
a suitable distance function, d(x, y), as a measure of the 
disparity between two functions x(t) and y(t). For prac-
tical purposes, the following three types of distance 
function are of greatest utility: (The functions x(t) and 
y(1), appearing below, are assumed to be defined over a 
long interval of time (0, 7.0)•) 

(a)  d(x, y) = max x(t) - y(t)1 = maximum value 

of the magnitude of the difference between 

x(t) and y(t). 

1 f To 
(b) d(x, y) = I x(t) — y(l) dt 

To 0 

11 To 1/2 

(C) d(x, y) = To f Ex(t) = y(t)]2dt} . 
o 

Of these, the distance function of type (c) is of widest 
applicability, and is also the easiest to handle ana-
lytically. It will be recognized as simply the rms value 
of the difference between x(t) and y(t). 
In order to place in evidence the similarities as well as 

the differences .between the criteria of optimum per-
formance for the predetection filter on the one hand, and 
the conventional9 filter on the other, it will be helpful to 
consider first a typical conventional filter F whose in-
put, u(t), consists of the sum of a signal s(l) and a noise 
ni(t), and whose output, v(t), is requjred to be as close as 
possible—in terms of a suitable distance function d(x, 
—to the input signal si(t). Such a filter may be said to ic 
optimum if 

d[v(t), si(t)j = a minimum ; (3) 

for all si(t) in some class Si = {s(t) ) and all n(t) in some 
class NJ = In ;MI . 

For a distance function of type (c), this formulation 
of optimum filtering reduces to the familiar minimum 
mean-square-error criterion. For the linear case, the 

B. M. Dwork, "Detection of a pulse superimposed on fluctuation 
noise," PROC. I.R.E., vol. 38, pp. 771-774; July, 1950. 

9 By conventional filter is meant, here, a network whose function 
is to separate signal from noise. 
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output of F, v(t) consists of the sum of the responses of 
F to s(t) and ni(t), which are denoted by so(t) and no(t), equivalent to maximizing the signal-to-noise ratio 

respectively. Thus, v(t)= so(t)+no(t), and, on assuming 
that s,(t) and n(t) are stationary and independent, (3) 

reduces to'° 

[so(t)  no(t) — s,(1)12 = a minimum, (4) 

where the bar indicates a long-term time average and 
the classes S, and N, consist of stationary random func-
tions having fixed correlation functions 41.(r) and Nlf„(r), 
respectively. 
In the case where F is a predetection filter, the situa-

tion is different in that the purpose of F is to facilitate 
the detection of Mt), rather than to reproduce Mt). 
Accordingly, in the case of a predetection filter, it is 
reasonable to assess the performance in terms of the 
"distance" between the signal component so(t) and the 
noise component no(t) in the output of F." More spe-
cifically, by analogy with (3), a predetection filter F will 

be said to be optimum if 

d[so(1), no(l)] = a maximum,  (5) 

• for all s,(t) in some class S, and all n(S) in some class 
N„ subject to a constrainti2 on no(t) (or so(t)). The con-
straint may usually be expressed in terms of the "dis-
tance" between no(t) and the zero signal. Thus, the quan-
tity to be maximized by F becomes 

R = d[so(t), no(t)] — Xd[no(t), 0] = a maximum, (6) 

where X is a constant (Lagrangian multiplier). 
The above criterion is, in principle, sufficiently gen-

eral to cover a wide variety of practical cases. However, 
only a few types of distance function can be handled, 
analytically. Of these, the most important is the dis-
tance function of type (c), with which the expression for 

R reduces to 

R = [so(t) — no(t)J2 — Xn02(t) = a maximum.  (7) 

In what follows, attention will be confined to the case 
where s,(1) is a signal of known form. It is expedient, 
then, to replace the time averages in (7) by ensemble 
averages, with t held constant at a fixed value to (rela-
tive to a temporal frame of reference attached to the 
signal s,(t)). Straightforward calculation yields for this 
case. 

R = sow  _ mn02(t) = a maximum, (8) 

where µ is a constant equal to X — 1, and the bar indi-
cates the time average. (It is tacitly assumed that no(t) 
is ergodic, in which case the ensemble and time averages 

are identical.) 

10 For reasons of mathematical convenience, (d(x, y)10 is used, 
here and elsewhere, in place of d(x, y). 

11 Another reasonable measure is the "distance" between the out-
put v(t) and its noise component no(t). For the class of filters con-
sidered in the sequel, this measure of performance leads to the same 
results as the measure used in the text. 
" Without such a constraint the "distance" could be made as 

large as desired merely by increasing the gain of F. 

So2(to)  
P — 

no2(1) 
— a maximum, 

It is readily seen that when F is a linear filter, (8) is 

(9) 

which is the criterion used in North's theory. Thus, 
when the distance function is of type (c) and F is linear, 
the general filtering criterion (6) reduces to the North 
criterion. 
It is also clear that the maximization of R, as ex-

pressed by (8), is equivalent to the minimization of 

Q = no2(t) — Xso(to) = a minimum,  (10) 

where X is a constant (Lagrangian multiplier). From the 
mathematical point of view, this is the most convenient 
form of the predetection filtering criterion, and is the 
one that will be used in the sequel. 
In the following sections, explicit expressions for the 

impulsive responses of linear, physically realizable, and 
finite as well as infinite memory predetection filters that 
are optimum in the sense that they minimize Q (or, 
equivalently, maximize R and the signal-to-noise ratio 
p) will be developed. The assumptions on the signal and 
noise are: The signal s(t) is a specified but otherwise 
arbitrary function of time, and the noise n1(t) is ergodic 
and has a known correlation function Alf„(r). 
By virtue of the similarity between the predetection 

filtering criterion (10) and the minimum mean-square-
error criterion (4), the mathematics of optimum pre-
detection filters is almost identical with that of optimum 
filters of the Wiener type. However, instead of following 
the conventional treatment of Wiener filters, a spec-
trum-shaping technique which circumvents the use of 
the calculus of variations and, furthermore, avoids the 
need for the solution of the Wiener-Hopf equation will 
be used here. It should be noted that variants of this 
technique have been employed to considerable advan-

tage in the theory of optimum predictors. " 

III. DETERMINATION OF THE OPTIMUM FILTER 

The principle of the spectrum-shaping technique is il-
lustrated in Fig. 1. Here u(t) and v(t) represent, respec-
tively, the input and output of a filter F, not necessarily 
linear, which is optimum in the sense that it maximizes 
(or minimizes) some quantity Q associated with v(t), on 
condition that the corresponding input u(t) is a member 
of a specified class of functions of time, U = {u(t)) . For 
convenience in terminology, F will be said to be opti-
mum with respect to the criterion Q and the class of 

inputs U. 
It is evident that neither the input nor the output of 

F is affected by inserting ahead of F a tandem combina-

13 H. W. Bode and C. E. Shannon, "A simplified derivation of 
linear least square smoothing and prediction theory," PROC. I.R.E., 
vol. 38, pp. 417-425; April, 1950. 

14 L. A. Zadeh and J. R. Ragazzini, "An extension of Wiener's 
theory of prediction," Jour. A ppl. Phys., vol. 21, pp. 645-655; July, 
1950. 
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and, recently, was further developed by Schwartz.' An-
other statistical theory involving the determination of 
the a posteriori probability distribution of the signal was 
recently advanced by Woodward and Davies.7 In many 
practical situations the usefulness of the latter theory is 
restricted by the fact that its application requires much 
more statistical information about the signal and noise 
than is generally available, while in those cases where 
the necessary information is available the mathematical 
computations and the mechanization of the detection 
process present formidable difficulties. One exception is 
the case where the noise is additive, white, and Gaus-
sian. In this case the calculations are relatively simple, 
and the theory leads to the conclusion that the optimum 
detector consists essentially of a North filter followed by 
a nonlinear detecting device. 
Of the methods mentioned above, the last two are 

probabilistic in nature, that is, they make use of the 
probability distributions of the signal and noise. By con-
trast, detection procedures involving the use of North 
filters correlation analysis, integration technique, and 
the like are nonprobabilistic, and hence are inherently 
much simpler and, in principle, less efficient than the 
probabilistic procedures. 
Despite the theoretical superiority of probabilistic 

over nonprobabilistic methods, the latter are generally 
of greater practical utility for two reasons: First, the 
information about nth-order probability distributions of 
the signal and noise—which is required by probabilistic 
methods—is difficult to obtain and to handle for any but 
the Gaussian type of random function. More important, 
in many practical cases the pertinent probability distri-
butions are lacking in temporal or spatial stability, or 
both; in other words, the probability distributions 
change from day to day or are dependent on the location 
of the noise source. In such cases, it is clearly unrealistic 
to base the design of an optimum detector on probabil-
ity distributions that are assumed to be time and space 
invariant. 
The main advantage of nonprobabilistic methods is 

that they require relatively little statistical information 
about the noise—the power spectrum or the correlation 
function being usually sufficient—and are less critically 
dependent upon the stability of signal and noise char-
acteristics. Their chief weakness is that they are opti-
mum in only an arbitrary although reasonable sense, 
and do not make use of such information about the 
probability distributions as might be available. 
The present paper has a twofold purpose: first, to 

formulate a rather general predetection filtering criter-
ion of a nonprobabilistic type which, through specializa-

• M. Schwartz, "Statistical Approach to the Automatic Search 
Problem," Dissertation, Harvard University, 1951. Similar results 
were reported by D. L. Drukey, "Optimum Techniques for Detect-
ing Pulse Signals in Noise," presented at the IRE National Conven-
tion, New York, N. Y.; March 4. 1952. 

7 P. M. N,Voodward 'and I. L. Davies, "A theory of radar informa-
tion," Phil. Meg., vol. 41, pp. 1001-1017; October, 1950. See also, 
PROC. I.R.E., vol. 39, pp. 1521-1524; December, 1951; and Jour. 
LEE (London), vol. 99, pt. III, pp. 37-51; March, 1952. 

tion, might be adapted to a wide range of practical 
cases; and second, using a special form of this criterion, 
to extend the theory of North filters to the case of non-
white noise and finite memory (i.e., finite observation 

time) filters. 
In connection with the extension of North's theory, 

the case of nonwhite noise, it should be noted that such 
an extension was recently described by Dwork." How-
ever, Dwork's results do not resolve the problem of non-
white noise, since his filters are not, in general, phys-
ically realizable. By contrast, the extension described in 
this paper always leads to physically realizable filters. 

II. CRITERIA OF OPTIMUM FILTERING 

In assessing the performance of filters, predictors, de-
tectors, and many other devices, it is convenient to use 
a suitable distance function, d(x, y), as a measure of the 
disparity between two functions x(t) and y(t). For prac-
tical purposes, the following three types of distance 
function are of greatest utility: (The functions x(t) and 
y(t), appearing below, are assumed to be defined over a 
long interval of time (0, To)•) 

(a)  d(x, y) = max I x(t) - y(t)!  = maximum value 

of the magnitude of the difference between 

x(t) and y(t). 

(b) d(x, y) = 

(c)  d( x, y) = 

r To  x(1)  y(t)  di 

T 0 0 

f [x(t) = YO)12d1} • 

Of these, the distance function of type (c) is of widest 
applicability, and is also the easiest to handle ana-
lytically. It will be recognized as simply the rms value 
of the difference between x(t) and y(t). 
In order to place in evidence the similarities as well 

the differences .between the criteria of optimum per-
formance for the predetection filter on the one hand, and 
the conventional9 filter on the other, it will be helpful to 
consider first a typical conventional filter F whose in-
put, U(S), consists of the sum of a signal s(t) and a noise 
ni(t), and whose output, v(t), is required to be as close as 
possible—in terms of a suitable distance function d(x, 
—to the input signal s,(t). Such a filter may be said ti Ic 
optimum if 

d[v(t), si(t)] = a minimum; (3) 

for all si(t) in some class Si= Is i(t)) and all n1(t) in sonic 
class Ni = n(t)1 . 

For a distance function of type (c), this formulation 
of optimum filtering reduces to the familiar minimum 
mean-square-error criterion. For the linear case, the 

8 B. M. Dwork, "Detection of a pulse superimposed on fluctuation 
noise," PROC. I.R.E., vol. 38, pp. 771-774; July, 1950. 

9 By conventional filter is meant, here, a network whose function 
is to separate signal from noise. 
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tput of F, v(t) consists of the sum of the responses of 
,to Mt) and ni(t), which are denoted by so(t) and no(t), 
tspectively. Thus, v(t) = so(t)-Eno(t), and, on assuming 
fat Mt) and n(t) are stationary and independent, (3) 

!duces to" 

[so(t)  no(t) — s,(1)12 = a minimum,  (4) 

,iere the bar indicates a long-term time average and 
le classes S, and N1 consist of stationary random func-
ons having fixed correlation functions 'Mr) and 41„(r), 

ispectively. 
In the case where F is a predetection filter, the situa-
Dn is different in that the purpose of F is to facilitate 
Le detection of Mt), rather than to reproduce Mt). 
.ccordingly, in the case of a predetection filter, it is 
asonable to assess the performance in terms of the 
iistance” between the signal component so(t) and the 
)ise component no(t) in the output of F." More spe-
fically, by analogy with (3), a predetection filter F will 
! said to be optimum if 

d[so(t), no(1)] = a maximum, (5) 

all s,(t) in some class S, and all n(l) in some class 
ri, subject to a constraint" on no(t) (or so(t)). The con-
:raint may usually be expressed in terms of the "dis-
Ince" between no(t) and the zero signal. Thus, the quan-
ty to be maximized by F becomes 

! = d[so(t), no(t)] — Xd[no(t), 0] = a maximum, (6) 

'here X is a constant (Lagrangian multiplier). 
The above criterion is, in principle, sufficiently gen-
ral to cover a wide variety of practical cases. However, 
nly a few types of distance function can be handled 
nalytically. Of these, the most important is the dis-
ance function of type (c), with which the expression for 

? reduces to 

R = [so(t) — no(1)12 — Xn02(1) = a maximum.  (7) 

In what follows, attention will be confined to the case 
vhere s(t) is a signal of known form. It is expedient, 
hen, to replace the time averages in (7) by ensemble 
tverages, with I held constant at a fixed value to (rela-
.ive to a temporal frame of reference attached to the 
ignal s,(t)). Straightforward calculation yields for this 

:ase. 

/? = so2(to) iin02(1) = a maximum, (8) 

It is readily seen that when F is a linear filter, (8) is 
equivalent to maximizing the signal-to-noise ratio 

5o2(to) 
P —    — a maximum, (9) 

where u is a constant equal to X-1, and the bar indi-
zates the time average. (It is tacitly assumed that no(t) 
is ergodic, in which case the ensemble and time averages 
are identical.) 

14  For reasons of mathematical convenience, rd(x, y)12 is used, 
here and elsewhere, in place of d(x, y). 
u Another reasonable measure is the "distance" between the out-

put v(t) and its noise component no(t). For the class of filters con-
sidered in the sequel, this measure of performance leads to the same 
results as the measure used in the text. 

11 Without such a constraint the "distance" could be made as 
large as desired merely by increasing the gain of F. 

no2(t) 

which is the criterion used in North's theory. Thus, 
when the distance function is of type (c) and F is linear, 
the general filtering criterion (6) reduces to the North 

criterion. 
It is also clear that the maximization of R, as ex-

pressed by (8), is equivalent to the minimization of 

Q = no2(t) — Xso(to) = a minimum,  (10) 

where X is a constant (Lagrangian multiplier). From the 
mathematical point of view, this is the most convenient 
form of the predetection filtering criterion, and is the 
one that will be used in the sequel. 
In the following sections, explicit expressions for the 

impulsive responses of linear, physically realizable, and 
finite as well as infinite memory predetection filters that 
are optimum in the sense that they minimize Q (or, 
equivalently, maximize R and the signal-to-noise ratio 
p) will be developed. The assumptions on the signal and 
noise are: The signal s1(t) is a specified but otherwise 
arbitrary function of time, and the noise n(t) is ergodic 
and has a known correlation function AF„(r). 
By virtue of the similarity between the predetection 

filtering criterion (10) and the minimum mean-square-
error criterion (4), the mathematics of optimum pre-
detection filters is almost identical with that of optimum 
filters of the Wiener type. However, instead of following 
the conventional treatment of Wiener filters, a spec-
trum-shaping technique which circumvents the use of 
the calculus of variations and, furthermore, avoids the 
need for the solution of the Wiener-Hopf equation will 
be used here. It should be noted that variants of this 
technique have been employed to considerable advan-

tage in the theory of optimum predictors.'  

III. DETERMINATION OF THE OPTIMUM FILTER 

The principle of the spectrum-shaping technique is il-
lustrated in Fig. 1. Here u(t) and 0(1) represent, respec-
tively, the input and output of a filter F, not necessarily 
linear, which is optimum in the sense that it maximizes 
(or minimizes) some quantity Q associated with v(t), on 
condition that the corresponding input u(t) is a member 
of a specified class of functions of time, U= lu(l)}. For 
convenience in terminology, F will be said to be opti-
mum with respect to the criterion Q and the class of 

inputs U. 
It is evident that neither the input nor the output of 

F is affected by inserting ahead of Fa tandem combina-

13  H. W. Bode and C. E. Shannon, "A simplified derivation of 
linear least square smoothing and prediction theory," PROC. I.R.E., 
vol. 38, pp. 417-425; April, 1950. 

14  L. A. Zadeh and J. R. Ragazzini, "An extension of Wiener's 
theory of prediction," Jour. A pig. Phys., vol. 21, pp. 645-655; July, 
1950. 
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tion of two linear networks L and L-' which are inverses 
of one another. (The combination of Land L-' is equiva-
lent to a direct connection.) Now the output of L, which 
is denoted by u'(/), may be regarded as the input to a 
composite filter F' which consists of L- and F. Clearly, 
if F is optimum with respect to the criterion Q and class 
of inputs U, then F' is optimum with respect to the cri-
terion Q and class of inputs U'=Iu'(01. Consequently, F 
may be obtained indirectly by first designing a filter F' 
which is optimum with respect to the criterion Q and 
class of inputs U' and, then combining F' in tandem 
with the shaping network L. The advantage of this in-
direct procedure is that it allows the designer to control 
the characteristics of the input to F within the limita-
tions imposed by the linearity of the shaping network L. 
By a proper choice of the shaping network, a compli-
cated optimization problem involving the design of F 
may, in many cases, be reduced to a simpler problem 
involving the design of F'. 

In applying this approach to optimum filters in the 
sense of criterion (10), which is equivalent to North's 
criterion, it is convenient to consider first the relatively 
simple case in which the filter is not required to have 
finite memory. This implies that the only condition 
which the impulsive response must fulfill is that W(t) 
should vanish for negative t. The case in which the im-
pulsive response is required to vanish outside of a spec-
ified interval 0515T (finite memory filter) will he 
considered later in the paper. 

Infinite Memory Filters 

In this case, it is simplest to use a shaping network L 
which results in a white noise at the input to F'. The 
transfer function of such a network may be determined 
as follows: 
If N(w2) is the power spectrum of the input noise 

n(t) and N'(0) is that of the output of L, then N'(co2) 
is related to N(w2) by the equation 

N' (0) = 1 I djw)1 2117(0), (11) 

where HL(jco) is the transfer function of L. Hence, in 
order that N'(co2) be a constant, for example unity, it 
is necessary that 

1 
1 Hdiw)12 =   (12) 

N(w2) 

Expressing N(w2) as the product of two conjugate fac-
tors N+(jco) and N+*(jw) so that N+(jw) and its recipro-
cal are regular in the right-half of the jw-plane, it is seen 
that if Hajw) is set equal to the reciprocal of N+(jw) 

H.L(i,o) = 
1 

N+(jc,)' 

then N1(0) = 1. Thus, a shaping network L whose trans-
fer function is given by (13) results in a white noise at 
the input to F'. 

(13) 

October 

The calculation of N+(jco) is a straightforward alge-
braic problem, since, in practice, N(co2) is generally of 
the form 

N(w2) — 
A(0)  ao  alco2 + • • • + aiw"  

B(0) - bo 61°,2 + • • • + b„,w2̂' 

where A (0) and B(w2) arc polynomials in co2, and m and 
I rarely exceed 3. Correspondingly, N+(jw) is of the form 

A +(jco) 
N+(jto) =   (15) 

B+(2w) 

where A+(jco) and B+(jw) are real polynomials in jco of 
degrees 1 and m, respectively. Thus, A +(fia)A +*(jco) 
=A(w2) and B+(jco)B+*(jw).= B(0), and neither A +(jca) 
nor 13.,.(jco) has zeros in the right half of the jw-plane. In 
terms of these polynomials, Hdjw) reads 

f(jw) 
L(j(0) =   

A +(jor) 

A simple eximple will serve to illustrate these rela-
tions. Consider a noise whose power spectrum is 

For this case, 

(14) 

2 

N(CO2) =   (17) 
w2 a 2 

ico  
.V+(jw)  = • (18) 

/co  a 

and consequently the transfer function of the shaping 
network is 

(19) 

Now let W(t) and W'(t) be the impulsive responses ui 
F and F', respectively. Referring to Fig. 1, it is seen that 
W(t) is related to W'(t) by the operational equation 

W(t) = HL(P) 147 '(t). (20) 

Since HL(P) is specified by (13), the determination of 
W(t) is reduced essentially to finding the expression for 
W'(t). This is a relatively simple problem, as the follow-
ing analysis indicates: 

si+n, 

u(t) ult) 

+ n 

ult) 

$ot no 

✓ t 

Fig. 1—Principle of spectrum-shaping technique. 

Let si'(t) and n,'(t) denote signal and noise com-
ponents of the input to F'. As a consequence of setting 
the transfer function of L equal to 1/ N+(jw), the noise 
component nii(t) is white noise [N'(0) = 1] while the 
signal component s,'(t) is related to si(y) (signal com-
ponent of the input to F) by the operational relation 

1 
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= HL(P)s(t) 
1 

  si(t). 
N+(P) 

(21) 

So far as F' is concerned, the problem is simply that 
)f determining the impulsive response of an optimum 
filter in the case where the input noise is white. Thus, 
the quantity to be minimized by F' is 

Q =a — Xso(to), (22) 

where cr2 denotes n02(1), i.e., the mean-square value of 
the output noise; so(t) is the response of F' to si(t); 
to is a specified instant of time; and X is an arbitrary con-
stant. In terms of W'(t), the expressions for ol and so(10) 
are 

and 

a2 = f [Wi(l)Pdi (23) 
0 

so(to) = f Ir(t)si'(10— t)dt. (24) 
0 

Substituting these in (22) yields 

Q = f {[WT)12 — XW' (1).s  (to — 1)} di.  (25) 

The minimization of Q can easily be achieved without 
the use of variational techniques by expressing the inte-
grand in (25) as the difference of a perfect square and a 
constant. Thus, completing the square and setting X = 2 
(for convenience) yields 

Q = f[ir (0 — sl(to — 012dt 0 

— f [ 0 si,(t0 _ (26) 

Since the second term on the right is a constant, Q is a 
minimum when 

W'(t) = s,'(to — t), t > 0.  (27) 

In other words, the impulsive response of F is identical. 
for positive 1, with the image of sii(t) with respect to 
I = to/2. This, as should be expected, is in agreement with 
the classic result of North's theory in the white noise 
case. 
Once HP(1) is determined, the expression for W(t) can 

easily be found through the use of (20). Thus, introduc-
ing the unit step function 1(1) (in order to indicate that 
W(t) vanishes for t<0) and using (20), one obtains the 
operational relation 

W(I) =   i(Osii(to — 1), 
N+(P) 

(28) 

where s,'(t) is given by (21) and N+(p) is given by (15). 
This relation constitutes a general expression for the 
impulsive response of a physically realizable optimum 
filter in the nonwhite noise case. 
A more explicit expression for the impulsive response 

of the optimum filter can readily be found by expressing 
si'(t) in terms of its Fourier transform 

S(jco) 
s,'(t) = (29) 

N+(jco) f,  
where S(jco) is the Fourier transform of Mt). Substitut-
ing this in (28) yields the impulsive response 

1 
W(t) =  S*Ci(4)  e 1(0  i(ct-to)df.  (30)  f 

N+(P) N+.(ico) 

From this, the expression for the transfer function of F 
is found to be 

1 S*(jc,i)eim'o-lo) 
H(p.o) —  f dt  f, dr  N+*(ja)  , (31) 

N+(lco) o 

where 
co' = variable of integration, f'=‘,//27r; 

( )* = complex conjugate of ( ); 
S(jco)= Fourier transform of the signal s(t) (at the 

input to F); 
N(0)= power spectrum of the noise n(t) (at the in-

put to F); 
N+(jw) =factor of N(w2) which, together with its re-

ciprocal, is regular in the right half of the 
jw-plane, and is such that N+(ju)N4.*(jco) 

= N(0). 
Equation (31) is the desired expression for the trans-

fer function of a linear, infinite memory, and physically 
realizable filter that minimizes Q and also maximizes 
R and the signal-to-noise ratio p at t = to. 
It will be noted that if F is not required to be phys-

ically realizable, W(t) need not vanish for t <0, and con-
sequently the lower limit in the first integral in (31) 

should be — ao . Then, (31) reduces to 

S*(jco)e-iwto 
Mica)) =   (32) 

N(w2) 

which is identical with the expression given by Dwork.8 

Finite Memory Filters 

In the finite memory case, the situation is compli-
cated somewhat by the requirement that W(t) should 
vanish not only for 1<0 but also for t > T, where T is a 
specified constant. Since W(t) is related to IV(1) by the 

equation 

W(i) = Hc(P)/r(l), (33) 

the impulsive response of F' is constrained to be such 
that Hdp)ir(t). 0 for t> T. This constraint is respon-
sible for the complications arising in the process of op-
timization of F'. 
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1 

In the infinite memory case just treated, it was found 
expedient to set the transfer function of the shaping 
network L equal to the reciprocal of N+(jco), which re-
sults in a white noise at the input to F'. The same 
choice in the finite memory case, however, would make 
it rather difficult to take into account the constraint 
imposed on W'(t). Analysis of possible choices for 
HL(jco) indicates that, in the finite memory case, it is 
expedient to set HL(jw) equal to the denominator of 
N+(jco). In other words, 

HL(j(4)) = B-1-(ico), (34) 

where B+(jco) is defined as in (15). With this expression 
for the transfer function, the power spectrum of the 
noise at the input to F' assumes the following form 

v(0) = A(w2) = ao  al0 + • • • + alw 21, (35) 

where A(ca2) is the numerator of N(0) (see (14)). Also, 
the relation between W(t) and W'(t) becomes 

W(t) = 14(p)11P(t).  (36) 

In view of this relation, the requirement that W(1)=0 
for t> T imposes the fo!lowing constraint on W'(t): 

B+(p)W'(t) = 0 for t > T, (37) 

which means that, for 1> T, IV(t) must be a solution of 
the differential equation B+(p) W(1) = 0. 
Turning to the determination of W'(t), one has to ex-

press a2 and so(to) in terms of W'(t) and the noise and 
signal components of the input to F'. If s(t) is the signal 
at the input to F, then the signal at the input to F' is 

sl(1) = B+(P)s.(1),  (38) 

and correspondingly at the output of F' 

so(to) = f ir(t)sAto — t)dt.  (39) 

The expression for a2 is readily obtained by noting 
that a term in N'(.02) of the form akco2k results in a mean-
square value component 

[ dtk  dkir(t) T 0.k2 = f ak   dt.  (40) 
o  

Hence N'(co2), being the sum of such terms, results in 

—  - f  {a0[TV W I  +  1 ' 2 a [ d Wi(t)  dt ] • • • 

0.2 o 4_ al r d'ill'(t) T} 

L dl' dt, (41) 

which is the desired expression for cr2. 
On substituting (39) and (41) in (22) an d res tricting  

the range of integration to 0  T, the expression for 
the quantity to be minimized, a, is foun d to be 

2 

[d  11" (t) 2 

Q = f  fao[W'(/)j2 + a, + • • • 
dl 

al rd'int)  ]2 
4.  XIV' (1)sAto — I)} dt. 

L 

The determination of a function W'(t) which mini-
mizes this expression is carried out in the Appendix. 
Once I4P(t) has been determined, the impulsive response 
W(t) of the optimum filter F can be found from the rela-

tion 

W(1) = BI-(P) WT), (43) 

where B+(p) is defined by (15). The resulting expression 
for W(i) is given below ( W(t) = 0 outside of the interval 

1 ,s-qi,o)ea.ct-to) 
 df 

N+ (P) 1 (1)  f-0 Ni-*(j(0) 
21  

+ E .4,e"" E Bb (o(t) 
r- I P-0 

m -1-1-  

+ E C„b (s)(t — 7'), (44) 

where, to recapitulate, 
W(t)= impulsive response of the optimum filter 

F; 
N(6.12) = power spectrum of the noise component 

of the input to F; 

N+(jo.)) =a factor of N(i.o2) so that N.f(j(.0) and 
1/N+(jw) are regular in the right half of 
the jco-plane, and I N+(jc0)2 = N((.02); 

( )* =complex conjugate of ( ); 
S(jw) = Fourier transform of the signal compo-

nent of the input to F; 

1=a specified instant of time (relative to the 
signal); 

2/ = degree of the numerator of N(0); 
2m =degree of the denominator of N(w2); 

A,, BM, C„= undetermined coefficients; 
a,= roots of the equation A (— p2) =0, when. 

A (0) is the numerator of N(co2); 
T= settling time (length of memory); 

1(1)=unit step function; 
b(t) = unit impulse function; 

6(0 (0 = iith derivative of 6(1). 
In this expression, the terms E v  A ,-exp (a,t) repre-

sent the general solution of the differential equation 
A(— p2)117(,)= 0. The terms involving impulse functions 
of various orders arise from operating with B+(p) (see 
(43)) on the discontinuities of W'(t) and its derivatives 
at t= 0 and 1=T. The first term in (44) may be written 
in a somewhat different but equivalent form which is 
sometimes advantageous. 

where 

1 
First term = I(t)s,'(10 — t), 

•?r (p)  

1 
si'(1) = s1(1). 

N4-(p) 

(45) 

(46) 

There remains the question of the undetermined co-
efficients A,, B„, and Cm. The steps leading to the deter-

(42)  mination of these coefficients can best be formulated by 
going back to the minimization of the quantity Q, 
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Q = 6.2 — Xs 0(1 o), (47)  and noting that W(t) satisfies the integral equation 

which is achieved with the optimum filter. Previously, 
this quantity was expressed in terms of W'(/), i.e., the 
timpulsive response of F'. Now it will be necessary to 
express Q directly in terms of W(t). 
The expression for a' in terms of W(t) reads" 

f r i T 

J J II-(1)IV(r)#„(t — r)dtdr, (48 ) 
o o  

where ik„ (r) is the correlation function of the noise com-
ponent of the input to F. Similarly, the expression for 

so(i0) is 

So(to) =  t)dt, (49) 

where si(t) is the signal component of the input to F. 
Substituting these expressions in (47) gives 

= f T f  T 

Q   WWII? (r)114,(t — r)dtdr 
o  o 

—  X f W(t)s,(to — t)dt. (50) 

On applying standard variational formulas, it is found 
that Q is minimized by a W(t), which satisfies the follow-
ing integral equation: 

11.( — r)dr = s ,(t 0 — t), 0 < I T.  (51) 

Thus, the impulsive response of F is the solution of inte-
gral (51), whose kernel is the correlation function of 
7.(t) (the noise component of the input to F), and whose 
right-hand member is the image of the signal component • 

s,(t) with respect to t = to/2. It is of interest to note that 
when T= cxe this integral equation reduces to the Wie-
ner-Ilopf equation which is encountered in Wiener's 
theory of prediction." (Equation (51) is similar in form 
to that encountered in an extension of Wiener's theory 
described in footnote reference 14.) 
Now the expression for W(t) obtained previously 

(see (44)) is, in effect, the solution of the integral (51). 
Consequently, the undetermined coefficients in (44) 
may be determined by substituting W(t), as given by 
(44), into (51) and treating the resulting equation as an 
identity. This procedure will be illustrated by an exam-
ple treated in the next section. 
By using the fact that W(t) is the solution of (51), it 

is possible to obtain a simple expression for the signal-
to-noise ratio p at the output of the optimum filter. 
Thus, writing a2 in the form 

a' = d 111' (I) f IV( r);1,,,(1 — r)dr  (52) 
• 0 

1. 
one obtains 

— r)dr = s ,(to — t), 0  T, 

= f (t)s ,(t 0 — t)dt,  (53) 

which, in view of (49), is numerically equal to so(to)• 
(Note that, when W(t) is the solution of (51), so(to) is a 
positive quantity.) This implies that the mean-square 
value of the noise output of the optimum filter is nu-
merically equal to the signal output at t = to. (The numeri-
cal equality does not hold unless W(t) is the solution of 

(51).) 
Now the general expression for p is P=Is0(10)121a2. 

Making use of the fact that for the optimum filter 
a2=so(to), the expression for the signal-to-noise ratio at 
the output of the optimum filter becomes 

3 H. M. James, N. B. Nichols, and R. S. Phillips, "Theory of 
Servomechanisms," Rad. Lab. Series, McGraw-Hill Book Co., New 
York, N. Y., vol. 24, chap. 6; 1947. 

3 N. Wiener, "The Extrapolation, Interpolation, and Smoothing 
of Stationary Time Series," John Wiley and Sons, Inc., New York, 
N. Y.; 1949. 

Pmax = So(to) = 0•2. (54) 

It is easily verified that, if the filter is not required to be 
physically realizable, (54) reduces to the expression for 

p.ax given by Dwork.8 

IV. ILLUSTRATIVE EXAMPLES 

Two examples' of practical interest will serve to il-
lustrate the theory: First, suppose that s(t) is a periodic 
signal of period To, consisting of a train of rectangular 
pulses of unit height and width d. The settling time is 
assumed to be equal to an integral multiple of To, i.e., 
T=kTo. The instant to is specified as 

to = (k — 1)7'0 + d.  (55) 

In other words, the signal-to-noise ratio is to be maxi-
mized at the instant immediately following the occur-
rence of the training edge of the kth pulse. The power 
spectrum of noise is assumed to be of the form 

1 
N(w2) =   (56) 

(4 2  a 2 

The first step in determining the optimum filter is to 
form the expression for N+(jw). For the specified 

N(0), N+(jw) reads 

N+(jw) =   (57) 
jw + a 

Next, it is noted that 2p = 0 (2/ =degree of the nu-
merator of N(w2)) and 2m = 2(2m = degree of the de-
nominator of N(0)). Thus m —/ — 1 = 0, and therefore 
all terms in (44) involving undetermined coefficients 
are zero. Consequently, W(t) is given by 

W(t) = (p  a)1(1) f (a — jco)S*(jo))0.(e-todf, 
.  

0 S t 6 T; (58) 

or more simply, (using (45)), 
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W(i) = (p a)1(1) 010 — 1),  0 5 t  T,  (59) 

where 

si(i) = (p a)si(i).  (60) 

From (59) and (60), the impulsive response of the op-
timum filter is found to be expressed by 

W(t) = (a2 — p2)s,(t), 0  t T, (61) 

where Mt) is the specified pulse train. The form of W(t) 
is shown in Fig. 2. 

Si ( 1) (input signal ) 

(a I 

0J 

(b) 

•  To • 

W (t)  (impulsive response ) 

unit doublet 

Fig. 2—(a) Form of the signal s,(i). (19 Form of the impulsive 
response of the optimum filter. 

In the case under consideration, it is worth while to 
derive the expression for the transfer function H(jco) of 
the optimum filter. From (61), it is readily found that 
H(jco) is given by 

(a' ± co) 
H(jco) =   (1 — e-i")(1 + • • • 

3W 

c  (k---1)7.0) 

or more simply, 

a2 ri _ e-awkrui. 
H(jco) =  .1(-— jco) (1 — e'')0 L 1 _ e—i.ro j 

(62) 

(63) 

The bracketed term in this expression represents the 
transfer function of an ideal "integrator. " Thus, the 
optimum filter consists of a tandem combination of a 
filter F1 with transfer function 

a2 
Hi (./0) — jw) (1 _ (64) 

and an ideal "integrator" F2 with transfer function 

H2(jc,,) = 1 ± e-iwro  e-i2wro . . . e—i(t—nwro. (65) 

" J. V. Harrington and T. F. Rogers, "Signal-to-Noise improve-
ment through integration in a storage tube," PROC. I.R.E., vol. 38, 
pp. 1197-1203; October, 1950. 

It is of interest to note that the optimum filter has, in 
general, this structure (that is, a filter followed by an 
"integrator") whenever the signal s(t) is periodic and 
the power spectrum function N(w2) has a constant for 
the numerator. 

Second Example 

In this case the signal s1(S) is assumed to consist of a 
single rectangular pulse of unit amplitude and width d. 
The spectral density function is of the form 

N(w2) = 
CO2 

w2 + a2 

The signal-to-noise ratio is to be maximized at the in-
stant of occurrence of the trailing edge of the pulse. The 
impulsive response is required to vanish outside of the 
interval (I T. 

Following the same procedure as in the preceding 
example, one finds 

j w 

-1.+Cico) = Jo, + a 

(66) 

(67) 

Since 21= 2m= 2, the unit impulse terms in (44) are 
zero. The second term, which is the general solution of 
the differential equation —p2w(1). 0, is of the form 

A() + Alt. (68) 

The first term in (44) may he written as (see (86)) 

(p + a) 
first term = 2 1(t)si(to — 1), 

p 

where 

and 

=(p + a)si(t)  (70) 

si(1) = 1(1) — — d). 

Calculation of this term yields 

a212 
first term = 1 — — 

2 
for t 

a2d2 
= — a2dt  —  for  > d.  1; 2 

2 - 

Thus the complete expression for W(t) is 

W(1) = 1+ Ao — 0.5a2t2 for 0  t d 

= Ao + 0.5a2d2 (A 1— a2d)t for d <1  T.  (73) 

It remains to calculate the undetermined coefficients 
Ao and 441. For this purpose, it is necessary to set up 
the integral (51), of which 117(1) is the solution. The 
kernel of this equation is the correlation function 
4,„(r) of the noise component n,(t). Using the fact 
that W(r) is the inverse Fourier transform of N(0) 
(Wiener-Khintchine relation), one readily finds 

= 6(7) = 0.5ae-aw.  (74) 
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Hence, for the case under consideration the integral 

.!cauation reads 

7' 

W (7) [(t  r) — 0.5ae-ait-ri]dr 
0 

= 1(0 — 1(1 — d), 0  t 5 T. (75) 

Substituting W(t) as expressed by (73) into this 
.equation and requiring that W(t) be the solution of 
; (75), yields two linear equations in A 0 and A1 which, 
upon solution, give 

ad(2aT + 2 — ad) 
Ao =   

2(aT ± 2) 

and 
a2d(2aT + 2 — ad)  

Al= 
2(aT + 2) 

Substituting these values in (73) yields 

ad(2aT ± 2 — ad) a2d(2aT ± 2 — ad)t 
W(1) = 1 + 

2(aT + 2) 2(aT + 2) 

— 0.5a2/2 for 0 5 t d 

ad(aT  1)(ad ± 2)  a2d(ad + 2)1 

2(aT ± 2)  2(aT + 2) 

for d < t T. (78) 

This is the desired expression for the impulsive re-
sponse of the optimum filter. A plot of W(t) for T=1 
msec, d= 100 µsec and a= 20,000 sec-', is shown in 
Fig. 3. It will be noted that W(t), as given by (78), bears 

(76) 

1 

. IMPULSIVE RESPONSE 

A./ 

(77) 

0  0.1 msec T • I m see 

Fig. 3—Impulsive response of the optimun filter for example 2. 
The signal 4(0 in this case is a rectangular pulse (indicated by 
broken lines). 

little if any resemblance to the impulsive response 
suggested by the "matched-filter" formula, namely 
W(1)=s,(10-1). This implies that a "matched" filter 
may be far from optimum in a situation wherein the 
noise is not white and the filter is required to have a 
finite memory. 

APPENDIX 

The application of a standard variational formula'° 
to (42) leads to the differential equation 

18  Courant-Hilbert, "Methoden Der Mathematischen Physily,1 
lnterscience Publishers, Inc., New York, N. Y., vol. I, p. 163; 1931. 

A(— P2)W'(1) = s'(10 — 1), 0  5. T,  (79) 

of which W'(t) is a solution. In this equation A( —p2) 
represents the numerator of N(w2) with co° replaced by 
—p2, and 

s/(1) = B+(p)si(t),  (80) 

where B+(p) is defined in (15). 
IV(t) may be written as the sum of two terms, Wp'(t) 

and W 01(t), of which Wp'(t) represents a particular 
solution of (79), while Wo'(t) is the general solution of 
the homogeneous equation 

A(— p2)1411(l) = 0.  (81) 

The general solution Wo'(t) is given by 

21 

W oi(t) =  E A;ea"  (82) 
,-1 

where the A,' are arbitrary constants and the a, are the 
roots of the characteristic equation A(— p2) =0. (If a, 
is a multiple root of order k, then A,' is a polynomial of 
(k —1)st degree in t.) 
Since a particular solution is not unique, Wp'(t) may 

be written in various forms which differ between them-
selves by terms of the form A /ear'. Two of the more 
convenient expr,:ssions for Wp'(t) are 

1 . 
(1) 117p'(i) =   1(1)   

A+(P)   Al-(—P) .04-1) 

and 

(83) 

1 .1" s*uu)   1(0  B4_*( jco)eiw ( 8—  to)df 
A+(P)  A+*(i(4) 

(2) 14-11(1) =   1(t)sAto — 1).  (84) 
p2) 

Using the first of these expressions, Wi(t) reads 

1  S*(jco) 
W(t) —   1(1)    B4.*(jco)eiw"-godf 

A+(P)  f  A+*C1(0) 
21 

E A ,' eco 
r-1 

(85) 

Substituting this in (43) and replacing A+(jw)/B+(jw) 
by N+(jco), one obtains the expression for W(1) given 
by (44). The impulsive terms in (44) arise from operat-
ing with B+(p) on the discontinuities of V W and its 
derivatives at t = 0 and t = T. 
When (84) rather than (83) is used to represent 

Wp'(t), the first term in (44) is replaced by 

B(p) 
first term = A(— p2) 1(t)si(io — 1). 

(This change affects only the undetermined coefficients 
A,). In the case of the second example in section 4, this 
form of the first term is more convenient to work with 
than that appearing in (44). 

(86) 
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The Detection of a Sine Wave in the Presence of 
Noise by the Use of a Nonlinear Filter* 

THOMAS G. SI SI I ERN 

Summary—This paper reviews the basic theory of the design of 
nonlinear filters to detect signals in the presence of noise or clutter. 

It then describes the exact manner of how a nonlinear filter may be 
instrumented to detect the presence of a sine wave of unknown fre-
quency in random noise. 

I. TIIE THEORY OF THE DESIGN OF NONLINEAR 
FILTERS FOR THE DETECTION PROBLEM 

• A. Introduction 

TATISTICAL TECHNIQUES are being applied 
to an ever growing number of engineering prob-
lems. To demonstrate the logical manner in which 

these techniques combine engineering design specifica-
tions and a priori information, the general problem of 
detecting a signal in the presence of noise will be con-
sidered. Many papers,' .2,3,46 have recently been written 
concerning this problem.  r6suni6 of the theory will be 
presented. 

B. Design Equation of Nonlinear Filter for the Detection 
Problem 

In the detection problem the question is asked whether 
a given time series is part of a series composed of signal 
plus noise or whether this time series is noise only. Call 
the time series of signal plus noise S(l) and the time se-
ries of noise only N(1). In any physical problem the band-
width of the given time series is limited, and therefore 
there is a top frequency present in S(t) and N(S). It then 
follows that S(t) and N(t) can be completely described in 
the time interval 

0 

by 2 IV11 values, where IV is the top frequency present. 
‘Ve need only deal, therefore, with a finite number of 

values of the incoming data; since it is not known 
whether the incoming data arise from the S(t) time se-
ries or the N(1) time series, let us represent these values 

* Decimal classification: R143.2 X R116. Original manuscript re-
ceived by the Institute, December 7, 1951; revised manuscript 
received June 9, 1952. 

t Transducer Corp., 1045 Commonwealth Ave., Boston, Mass. 
H: Sullivan, "Proposal for the Study of Non-Linear Prediction, 

Interpolation and Extrapolation of Time Series," unpublished. 
(Former Director of Research, Avion Instrument Corp., Paramus, 
N. J.) 

2 H. Singleton, "Theory of Non-Linear Transducers," Technical 
Report No. 160, Research Laboratory of Electronics, M.1.T., Cam-
bridge, Mass.; August 12, 1950. 
3 J. L. Lawson and G. E. l'hlenbeck, "Threshold Signals," Mc-

Graw-Hill Book Co., Inc., New York, N. Y., chant. 7, section 7.4; 
1950. 
4 H. Manse, "The Optimization and Analysis of Systems for the 

Detection of Pulsed Signals in Random Noise," Doctoral Dissertation 
(M.I.T.); January, 1951. 

M. Schwartz, "A Statistical Approach to the Automatic Search 
Problem," Doctoral Dissertation (Harvard); June, 1951. 

hy .VI, x2, •• • , X „„ %diens m = 2 I1t. Now in order to 
determine whether this series of numbers Xi • • • X„, 

from .S.(0 or .V(i), we must know sonn•thing of the 
sI,iIili ii n.tt tire of these processes. In general, he func-
tions which completely define6 a random process of the 
kind we .ire dealing with are the expressions /3,,( , 
• • ' the joint density function of the signal 
plus noise, and Pp,(X19 X2 • • • Xr„), the joint density 
function of the noise alone. 

'Hie problem then becomes one of determining 
whet her the sample of m members arises from a popula-
tion whose sampling distribution is P„(X1 • • • X,„) or 
whether it arises from a population whose samplitn.; dis-
tribution is P„(X1 • • • A",,,)• 
We shall now define the best way of determining 

whether the s.tinple XI • • • X„, originated from t he 
time series of signal plus noise or the time series of noise 
only. First we must define a criterion of best. We can 
make two kinds of errors, known to statisticians as type ' 
I and type II errors. We can make the error of calling 
noise a signal and t he error ol calling a signal noise, that 
is, missing the signal altogether. These errors are asso-
ciated, respectively, with the terms "false-alarm" prob:, 
bility and probability of nondetection. 
Ire shall therefore call the system of detection "best 

which in the long run will hold fixed the false-alarm proba 
bility and will minimizx the probability of missing the sit, 
nat. 

TO fix ideas, we will now introduce a N'cry 
pictorial representation of the process, first given 1):. 
Neyman and Pearson.  For simplicity, we assume that 
there are only two members XI and X2 in the sample and 
from these two members X1 and X2, which are two N'ar 

ues of the incoming signal, we are to determine whether 
the signal arises from noise alone or contains a target re-
turn. Now, if we were to take a long series of such pairs 
of observations in a real situation we might get front 
one process a set of pints as plotted in Fig. 1. Thc 
crosses denote .S.2(t) and the  's denote N20), each point 
representing, then, a pair of observations. The cluster of 
O's around the origin will have a density which is ex-
actly equal to P„(XI, X2), and the cluster of crosses will 
have a density which is equal to P,(Xl, X2). Now the 

H. M. James, N. B. Niche,ls, and R. S. Phillips, "Theory of 
Servomechanisms," McGraw-Hill Book Co., Inc., New York, N. Y., 
chant. 6, section 6.3; 1947. 
7 A. M. Mood, "Introduction to Mathematical Statistics," Mc-

Graw-Hill Book Co., Inc., New York, N. V. chapt. 12; 1950. 
I 1. Neyman and E. S. Pearson, "On the problems of the most 

efficient tests of statistical hypotheses," Phil. Trans. (London) , 
seri'•s A. vol. 231, n. 289 ; 1931.  

0 J. Neyman, "Basic ideas and theory of testing statistical hypothe-
ses," Jour. Roy. Slat. Soc., vol. 105, p. 292; 1942. 

••••• 
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problem is: Supposing that we were given the scatter 
diagram of Fig. 1 and had one particular point (XIX2) 
which arises from a sample that had been taken from 
one of the distributions S(t) or N(t). How, then, can we 
best determine from which distribution it arose? 

Fig. 1—Scatter diagram. 

One possible approach is to draw in advance some 
curve, and to decide that if the point falls on one side of 
this curve we shall say that it arises from the distribu-
tion S(t) and that if the point falls on the other side, from 
the distribution N(1). The problem resolves completely, 
therefore, to selecting the "best" curve between two dis-
tributions. 
The criterion which we have chosen demands that we 

fix the probability of saying the distribution is signal 
plus noise when it is really noise. Call this probability B. 
This means, in geometrical terms, that the proportion 
of points in the scatter diagram which lie on the right-
hand side of the curve and originate from N(t) is B. 
Now holding this proportion fixed, we are to draw a 
curve in such a way as to minimize the number of points 
due to S(/) which fall on the left-hand side of the curve. 
This implies minimizing. 

A = f Pe(XIX2)dXidX2  (1) 

left of curve 
= probability that print from S(I) will 
be to left of curve, 

while holding fixed, 

B= f P„(XIX2)dXidX2 (2) 

right of curve 
= probability that point from N(t) will 

be right of curve. 

The problem is, therefore, a calculus of variation 
problem in which the boundary is to be varied. The solu-
tion is found to be 

P.(XIX2) — XP„(XIX2) = 0,  (3) 

A 
X =   — likelihood ratio. 

1 — B 

This is the equation of the curve separating the two 
distributions, and defines the best method of estimating 
whether the distribution from which the sample arose is 
S(t) or NW. In particular, the decision is made on the 
basis of which of the inequality signs applies in the fol-
lowing, 

Px(XIX2) — XP(XIX2)  0.  (4) 

Now to generalize to the case of m members of the 
sample, X1 • • • X„„ the procedure is obvious. In this 
case a sample space becomes an m dimensional hyper-
space and the criterion becomes an (m —1) dimensional 
hypersurface of this space. The calculus of the variations 
problem is then (.•xactly analogous to the one defined in 
(1) and (2), and its solution is given by the equation: 

Px(Xt • • • X,„) — XP„(X1 • • • X) = 0. (5) 

C. Discussion of the Preceding Results 

It has been shown how the best determination can be 
made of whether a sample of "m" members belongs to 
one statistical population or another, each statistical 
population being defined in terms of its M th  order proba-
bility density function. Criterion for "best" has been 
chosed to be that which keeps the false-alarm probabil-
ity constant and at the same time minimizes the error 
of missing the signal. The results of these computations, 
moreover, define a filter, for they state that "m" values 
of a function taken in succession are to be confined in a 
certain specific way. Now the mechanization of such a 
filter is always possible, for the questions which come up 
in linear filters are absent here. In linear filter design it 
is possible to specify formally a filter in which the en-
ergy storage is required to be infinite, or in which the 
filter is required, because of the mathematical forniu-
lisms involved, to predict future quantities which, as yet, 
do not exist. Such filters are unrealizable, and it is there-
fore necessary to test for realizability by such criteria as 
Bode's and Nyquist's. 1 lowever, the filter defined by 
(4) merely prescribes a certain function of a finite num-
ber of voltages. These voltages must be combined in a 
specific way and, because of the characteristics of prob-
ability density functions, all the quantities involved will 
be realizable. 
The theory developed implied that a finite number of 

samples of the received signal should be obtained and 
the operations that were to be performed on these sam-
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pies prescribed. In many instances" it can be seen that 
the result of the prescribed operations on the samples is 
equivalent to passing the original signal through a 
known circuit. When the output exceeds the level pre-
scribed by (4), detection is said to have occurred. An 
example of this idea is given in the latter half of the 
paper. 

Probably the most important point about this best 
detection filter is the two design parameters that are 
part of the basic specifications. In other words, once two 
specifications are given, namely, 
(a) the probability of detection required, 

and 
(b) the false alarm probability that can be tolerated, 

the filter is then completely defined. Notice from the 
definition of the likelihood ratio, X, that if it is required 
that all signals be detected, the solution is to call every-
thing a signal. In that way all signals will be detected, 
but the false-alarm probability will be unity. 

II. THE DETECTION OF A SINE WAVE IN NOISE 
BY TIIE USE OF A NONLINEAR FILTER 

A. The Importance of the Detection of a Sine Wave in 
Random Noise 

In many applications a signal is transmitted by radar 
or sonar with a certain carrier frequency. If a target is 
present within the range of the transmitter, then the sig-
nal is reflected to the receiver. The input to the receiver 
is then to be identified as either a true signal or noise. 
The frequency of the incoming signal need not be known 
for the most general solution. If the frequency is known, 
the probability of detection can be increased, of course, 
since more a priori information is available. Notice that 
the question that is asked in the detection of a sine wave 
in noise is a basic detection problem. 
There are reasons, other than the detection problem, 

why the separation of a sinusoid from random noise is 
important. One of these, the effects of noise on fre-
quency-modulation systems, has been pointed out by 
Rice" and Middleton." 

B. The Fundamental Reason Why Nonlinear Filters Are 
Better than Linear Filters 

It is known that linear filters are best only when the 
;nput signal has a Gaussian amplitude distribution. 
Both Shannon" and Singleton' have given formal proofs. 
A different argument can be presented as follows: The 
design of linear filters as described by Wiener is based 

1° D. L. Durkey, "Optimum Method for Detection of Pulsed Sig-
nals in Noise," talks given at 1952 IRE National Convention. 

11 S. 0. Rice, "Statistical properties of a sine wave plus random 
noise," Bell Labs. Tech. Jour., vol. 27; January, 1948 
LI D. Middleton, "On theoretical signal-to-noise ratios in FM re-

ceivers; comparison with amplitude modulation," Jour. App!. 
Phys., vol. 20, pp. 334-351; April, 1949. Also, "Spectrum of fre-
quency-modulated waves after reception in random noise," Quart. 
App!. Math., vol. 7, pp. 129-173; July, 1949; vol. 8, pp. 59-80; April, 
1950. 
u C. E. Shannon and H. W. Bode, "Linear least square smoothing 

and prediction theory," PROC. I.R.E., vol. 38, pp. 417-425; April, 
1950. 

on the autocorrelation function of the input signal and 
the autocorrelation function of the noise. The autocor-
relation function of a signal can be derived from the 
second-order joint density function of the signal, i.e., 

cs(r) 

Xi 

- 

,) u0 

- 
XI X2P( XI X0dX1dX2 

C, - 

amplitude of signal at time 11, 

X2 = amplitude of signal at time /I r, 

= second-order joint density function of 

amplitude of signal, 

o(r)  autocorrelation function of signal. 

Therefore, any signal with different third- or higher-
order density functions, but the same second-order 
density function, will result in the same linear filter. 
Obviously then, when we know the joint densit y fulle-
tions of the third or higher order and ignore it, ‘‘ e should 
not expect to get the best filter. This is exactly what 
happens when ).ou design only linear filters. Nonlinear 
filters, on the other hand, are designed on the basis of tin-
nth order joint density function of the signal and noise, 
and therefore must preserve far more information about 
the original signal. 

P(Xi X2) 

C. The Joint Probability Density Function of a Sin( 
Wave Plus White Noise 

In order to apply the theory of nonlinear filters, it is 
necessary to develop the joint probability density func-
tion of the signal received by the radar or sonar, i.e., the 
joint density function of signal plus noise and the joint 
density function of noise alone. In the detection prob-
lem we are trying to identify a signal of a certain fre-
quency. Furthermore, since we are searching a certain 
area with the radar or sonar set, we have a certain 
amount of time "t„,„.," that we can look in a given direc-
tion, per scan of.the transmitter. In order to determine 
the best filter, suppose that the amplitude of the incom-
ing wave was sampled. The number of samples that are 
necessary in order to insure that all the information 
about the signal is obtained is %veil known to be 
2f„,..t.zi., where "f„ " is the maximum frequency that 
will be considered. Therefore, we have a fixed number 
of samples of the incoming signal to deal with in thi-
time "/„,.." Let 

N = 
(7) 
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1 If the amplitude distribution of the noise has a mean 
zero and a variance, e, then it is shown in Appendix 

I : that the inequality, P.-XP„> 0, becomes, 

2 [  1/2 

E Sk sin (kcor)]-1-  E Sk COS (kcor) D 
k-I 

(9) 

where K is a constant that is determined by the follow-
ng equation, 

NE02 
Io(K) = X exp [  - X exp   , 4  (10) 

(72 4fT2  

tnd /0 is the Bessel function of imaginary argument. 
The latter equation, (10), results only if 

1 1-(2k — 1)r 
kr =    0 

L 4 
k = 1, 2, • • • , N. 

However, if "r" is selected in this way, it will be possible 
to instrument the filter without sampling the received 
signal. Therefore, it is only necessary to insure that it 
would be theoretically possible to select "r" as pre-
scribed. Such is obviously the case. 

D. The Instrumentation of the Nonlinear Filter for the 
Detection Problem 

Examination of (9) indicates that "p" is the output of 
an LC tuned circuit followed by a linear detector 
atff,.." seconds after the received signal has been applied 
to the input. The complete filter therefore consists of a 
bank of tuned circuit and linear detectors, each followed 
by a threshold trigger device such as a blocking oscil-
lator or multivibrator. These LC circuits are tuned to 
the set of possible frequencies that the signal to be de-
tected could have. They are, of course, linear devices that 
any engineer would immediately think of to detect a 
signal of a single frequency. The nonlinear part of the 
filter is the set of linear detectors and trigger devices. 
The operating levels of the trigger devices are deter-
mined by (9) and (10). The techniques of mathematical 
statistics have therefore established a logical way of 
combining the following specifications and pieces of in-
formation: 
1. Probability of detection required and false-alarm 

probability that can be tolerated - (X). 
2. A priori information, that the signal is a sine wave 

whose maximum frequency is no higher than f„,.„. 
3. A priori noise information - (a2). 
4. Maximum time allowed for detection - 

The results given here for the detection of a sinusoid 
are a special case of a much more general theorum. Pro-
fessor Fanou of M.I.T. has shown that in the general 

14  R. M. Fano, "Signal-to-Noise Ratio in Correlation Detectors," 
Technical Report No. 186, M.I.T. Research Laboratory of Electron-
' ics, Cambridge, Mass.; February, 1951. 

case of additive Gaussian noise, the optimum detector 
can be obtained by arranging a device to choose the 
largest output of a bank of tuned circuits. The tech-
niques outlined in this paper determine whether this 
largest output actually implies detection. 

APPENDIX I 
A. The Joint Density Function of a Sine Wave Plus 
Random Noise 

It is required to find the Nth order joint density func-
tion of "N" samples of a signal composed of a sine wave 
plus random noise. The definition of (8) will be used, 
and the samples are assumed to be "r" seconds apart. It 
it is further assumed that the phase angle "0" is uni-
formly distributed and that the noise has a Gaussian 
amplitude distribution with mean zero and variance 02. 
Then the joint density function of S„ and 0 is 

P(51, S2, • • • SN, 

= 1)(0)P(S2, S2, • • • , SO) 

= P(0)P(S2 - Ylo 52 —  I72 • • • SN  Yx). (11) 

If it is assumed that the samples are independent, then 

1 
p(s,, • • • , SN,0) •••  [  1 ]N 

2r  [2r] ii2r k-1 

[  {Sk - Eo sin (kcor  0)1 21 
(12) • exp   

2a2 

If the samples intervals are chosen such that, 

1 r(2k - 1)r  01, 
kr - (13) 

L 4 
and we let 

then 

E Sk cos kwr = p cos 

E Sk sin kwr = p sin 0, 
Ic•ool 

P(519 S2o • • • , SN, = 
r -IN 

2r L (270"217J 

exp [ - 21;2 {  S k2 - 2E0 sin (0 + (3)  NE02 }i• 2  (15) 

When "0" is integrated out, the result is, 

Pg(S2, S2, • • • , SN) -[   T 
N/2r a 

[  2Ia2(  Sk2  +  2 n r° ( —PaE2)'  (16) 
exp  NE02 

(14) 
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where /0 is the Bessel function of imaginary argument. 
When (16) is combined with the expression for 

P.(Sh S2t • • • I SN) the relation P.—XP„> 0 becomes 

/0 (PE ) > X exp rATE°2  1. 
cr2 L 4a2 j 

Let a constant "K" be the argument of the I3essel func-
tion that results in 

2  N 

(17)  p = {[ kiri.i .S'k sin ko d kE..., Sk cos 

cr2 
> K ---- • 

Eo 

Io(K) exp 
[NE02 

4a2 

then in order for inequality (18) to be true, 

kwr12} 1/2 

Simultaneous Radiation of Odd and Even Pattern 
by a Linear Array* 

CHESTER B. WATTS, JR.f, ASSOCIATE, IRE 

Summary—A method is described for obtaining, with a broad-
side linear array, simultaneous radiation of two antenna patterns, 
one of which is an odd function, and the other an even function of 
azimuth angle. While the two patterns are not mutually independent, 
it is possible for them both to be free of minor lobes. The arrange-
ment has an appealing simplicity when used with a slotted wave-
guide; however, it also has the drawback that the performance is 
limited to a comparatively narrow band of frequencies. An approx-
imate theory of operation is given, together with some experimental 
results for an application in connection with runway localizers for 
instrument landing. 

I NTRODUCTION 

/T IS sometimes desirable to be able to drive a linear antenna array with two signals of different type, 
simultaneously, and in such a way that the signals 

are radiated with different field patterns, one an odd 

A 

8 

-9  -6 -3  0 3  6  9 
AZIMUTH ANGLE , 8, DEGREES 

Fig. 1—Curve A: even pattern, fa(0). Curve B: odd pattern, .fs(0). 

* Decimal classification: R120. Original manuscript received 
by the Institute, February 4, 1952. This paper describes some 
of the results obtained from a project for development of an im-
proved antenna for instrument-landing system localizers. This proj-
ect was among those originated prior to the formation of the Air 
Navigation Development Board, but is now being conducted by the 
CAA Technical Development and Evaluation Center under sponsor-
ship of the Air Navigation Development Board. 
t Civil Aeronautics Administration, Experimental Sta., P.O. 

Box 5767, Indianapolis, Ind. 

October ' 

(18) 

function and the other an even function of the azimuth 
angle. An illustration of two such field patterns is given 
in Fig. 1. The pattern fA(0) has even symmetry in that 

fA (0) — fA ( —0), 

while the pattern .f(U) has odd symmetry in that 

MO) = — fe( -0 )• 

(1) 

(2) 

The azimuth angle, 0, is measured from the normal to 
the array as indicated in Fig. 2. An even pattern has 
zero rate of change at the center line, while an odd pat-
tern is always characterized by a null at the center line. 
Such pairs of odd and even patterns find frequent use 

in the general field of direction finding, where the odd 

I'p 11 12 13 

Fig. 2— Symmetrical linear array. 

-0-  -0 
Ip In 

• 

pattern is used to measure the departure from the cen-
ter line while the even pattern is used to furnish a phase 
reference which determines the sensing or polarity of 
the departure. These null and reference patterns are, of 
course, not necessarily radiated by the same antenna 
elements. A good example of this is to be found in the 
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nstrument-landing localizer,' in which the even pattern 
s produced by one or two elements at the center of the 
t-ray and the odd pattern is produced by additional ele-
nents symmetrically disposed on either side. However, 
vhen a pair of relatively sharp patterns, such as those of 
rig. 1, are wanted, then it becomes very desirable to 
ise all or most of the elements of the array in the pro-
luction of both patterns. To accomplish this, there are 
.-arious methods available, most of which require a 
-ather complex network of transmission-line bridges and 
3ower dividers to feed the elements. The method about 
:o be described is quite simple, particularly when ap-
alied to the slotted waveguide, and has been found pro-

luctive of good results in practice. 

DESCRIPTION OF METHOD 

The symmetrical linear array illustrated in Fig. 2 has 
a uniform spacing, s, between adjacent elements. The 
value of s will usually lie between 0.5 and 1.0 wave-
length. Symbol I„ represents the current in any element 
numbered p from the center on the right side, and In is 
the current in the end element. The primed symbols in-
.dicate the symmetrical currents on the left side. Now 
suppose the elements are fed in a manner which may be 
represented by the equivalent circuit of Fig. 3. The sym-

INPUT B 

Fig. 3—Equivalent circuit. 

bOIS Zlr Z2o • • • , and the like, each represent the input 
impedance of an element, and may be varied to control 
the element currents. These impedances are all shunted 
across the line, the points of connection being uniformly 
separated by a length of line, 1, where 

1 =  —)kg ± 6, 
2 

(3) 

in which No is the wavelength in line or waveguide at the 
operating frequency and b is a small part of a wave-
length. 
The hybrid junction is arranged so that a signal ap-

c plied at input A produces output voltages 

EA = — EA' (4) 

Caporale, "The CAA instrument landing system," Elec-
t gronics, vol. 18, pp. 116-124; February, 1945; and also pp. 128-135; 
/ March, 1945. 

while a signal applied at input B produces output volt-
ages 

Eg = Egi.  (5) 

Now if there is complete symmetry about the center 
line throughout the system, the signal at input A will 
be radiated as an even pattern while the signal at input 
B will be radiated as an odd pattern. It should be noted, 
however, that this statement holds only for an even 
number of elements, as shown; for an odd number of 
elements, the reverse is true. The shapes of the odd and 
even antenna patterns are, of course, determined by the 
distributions of element currents, and are not mutually 
independent in this arrangement. Even so, it is possible, 
as will be shown, to approach patterns of the type illus-
trated in Fig. 1, which have no minor lobes. 
When the method is used with a slotted rectangular 

waveguide, the physical arrangement of an element may 
be as sketched in Fig. 4. Numerous other variations are 

S 

Fig. 4—Physical arrangement of elements. 

possible.2 Here, each element is a transverse slot in the 
narrow face of the waveguide operating in the dom-
inant mode. The radiated polarization is longitudinal. 
The slot is end-loaded to bring it near half-wave reso-
nance. The depth of penetration of the hooked probe 
largely determines the element current for a given field 
in the guide. Any two adjacent slots have their probes 
on opposite sides in order to keep the radiated fields in 

phase. 

AN APPROXIMATE THEORY OF OPERATION 

To begin with, let us make several assumptions 
which, while not exactly true in practice, will make this 
approximate theory much simpler. The assumptions are 

as follows: 
1. The number of elements is large enough to produce 

patterns of sufficient sharpness that the difference be-
tween 0 and sin 0 can be ignored in the region of inter-
est. Also, the number of elements is large enough to al-
low one to think of a continuous current distribution 
across the aperture, rather than discrete sources. 
2. The coupling of the elements to the waveguide is 

so light that the distribution of fields within the guide is 
not appreciably disturbed thereby; that is, in the equiv-
alent circuit, the impedance 4 is always high compared 
with the impedance across which it is connected. 

2 R. E. Clapp, "Probe-fed Slots as Radiating Elements in Linear 
Arrays," M.I.T. Radiation Lab. Report No. 455; January 25, 1944. 
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where /0 is the Bessel function of imaginary argument. 
When (16) is combined with the expression for 

P.(51, •52, • • • • SN), the relation P.—XP„> 0 becomes 

Io (pEo) > x ex  NE021. 
a.2 L 4cr2 

(17) 

Let a constant "K" be the argument of the Bessel func-
tion that results in 

NE02 . 

[  1 /0(K)  X exp 
4a2 J' 

then in order for inequality (18) to be true, 

p = 
Sk in • • • s 

k-1 

a-
> K • 

Eu 

kcor 
[ 
E sk 

]2} 1/2 

cos kon 

Simultaneous Radiation of Odd and Even Pattern 
by a Linear Array* 

CHESTER B. WATTS, JR•t, ASSOCIATE, IRE 

Summary—A method is described for obtaining, with a broad-
side linear array, simultaneous radiation of two antenna patterns, 
one of which is an odd function, and the other an even function of 
azimuth angle. While the two patterns are not mutually independent, 
it is possible for them both to be free of minor lobes. The arrange-
ment has an appealing simplicity when used with a slotted wave-
guide; however, it also has the drawback that the performance is 
limited to a comparatively narrow band of frequencies. An approx-
imate theory of operation is given, together with some experimental 
results for an application in connection with runway localizers for 
instrument landing. 

INTRODUCTION 

T IS sometimes desirable to be able to drive a linear / 
antenna array with two signals of different type, 
simultaneously, and in such a way that the signals 

are radiated with different field patterns, one an odd 

-9 -3  0 .3  6  9 
AZ MUTH ANGLE, 9 , DEGREES 

Fig. 1—Curve A: even pattern, f4(0). Curve B: odd pattern, M O). 

* Decimal classification: R120. Original manuscript received 
by the Institute, February 4, 1952. This paper describes some 
of the results obtained from a project for development of an im-
proved antenna for instrument-landing system localizers. This proj-
ect was among those originated prior to the formation of the Air 
Navigation Development Board, but is now being conducted by the 
CAA Technical Development and Evaluation Center under sponsor-
ship of the Air Navigation Development Board. 
t Civil Aeronautics Administration, Experimental Sta., P.O. 

Box 5767, Indianapolis, Ind. 

October ! 

(18) 

(19) I 

function and the other an even function of the azimuth 
angle. An illustration of two such field patterns is given 
in Fig. 1. The pattern fA(0) has even symmetry in that 

JA M — fA(— 0), (1) 

while the pat tern ./B(0) has odd symmetry in that 

fn (0) = — fa ( —  (2) 

The azimuth angle, 0, is measured from the normal to 
the array as indicated in Fig. 2. An even pattern has 
zero rate of change at the center line, while an odd pat-
tern is always characterized by a null at the center line. 
Such pairs of odd and even patterns find frequent use 

in the general field of direction finding, where the odd 

• 

Fig. 2— Symmetrical linear array. 

In 

pattern is used to measure the departure from the cen-
ter line while the even pattern is used to furnish a phase 
reference which determines the sensing or polarity of 
the departure. These null and reference patterns are, of 
course, not necessarily radiated by the same antenna 
elements. A good example of this is to be found in the 
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nstrument-landing localizer,' in which the even pattern 
s produced by one or two elements at the center of the 
irray and the odd pattern is produced by additional ele-
. zients symmetrically disposed on either side. However, 
Alen a pair of relatively sharp patterns, such as those of 
Fig. 1, are wanted, then it becomes very desirable to 
Ise all or most of the elements of the array in the pro-
luction of both patterns. To accomplish this, there are 
various methods available, most of which require a 
mther complex network of transmission-line bridges and 
power dividers to feed the elements. The method about 
to be described is quite simple, particularly when ap-
plied to the slotted waveguide, and has been found pro-
ductive of good results in practice. 

DESCRIPTION OF METHOD 

The symmetrical linear array illustrated in Fig. 2 has 
a uniform spacing, s, between adjacent elements. The 
value of s will usually lie between 0.5 and 1.0 wave-
length. Symbol I„ represents the current in any element 
numbered p from the center on the right side, and IT, is 
the current in the end element. The primed symbols in-
, dicate the symmetrical currents on the left side. Now 
suppose the elements are fed in a manner which may be 
represented by the equivalent circuit of Fig. 3. The sym-

INPuT B 

bOIS Z1, Z2, ' 

h-1-1 

Fig 3 -Equivalent circuit. 

, and the like, each represent the input 
impedance of an element, and may be varied to control 
the element currents. These impedances are all shunted 
across the line, the points of connection being uniformly 
separated by a length of line, 1, where 

X, 
/ = —  (5, 

2 
(3) 

in which X, is the wavelength in line or waveguide at the 
operating frequency and 15 is a small part of a wave-
. length. 
The hybrid junction is arranged so that a signal ap-

plied at input A produces output voltages 

EA = EAt (4) 

P. Caporale, "The CAA instrument landing system," Elec-
tronics, vol. 18, pp. 116-124; February, 1945; and also pp. 128-135; 
March, 1945. 

while a signal applied at input B produces output volt-
ages 

EB = (5) 

Now if there is complete symmetry about the center 
line throughout the system, the signal at input A will 
be radiated as an even pattern while the signal at input 
B will be radiated as an odd pattern. It should be noted, 
however, that this statement holds only for an even 
number of elements, as shown; for an odd number of 
elements, the reverse is true. The shapes of the odd and 
even antenna patterns are, of course, determined by the 
distributions of element currents, and are not mutually 
independent in this arrangement. Even so, it is possible, 
as will be shown, to approach patterns of the type illus-
trated in Fig. 1, which have no minor lobes. 
When the method is used with a slotted rectangular 

waveguide, the physical arrangement of an element may 
be as sketched in Fig. 4. Numerous other variations are 

$ 

Fig. 4—Physical arrangement of elements. 

possible.2 Here, each element is a transverse slot in the 
narrow face of the waveguide operating in the dom-
inant mode. The radiated polarization is longitudinal. 
The slot is end-loaded to bring it near half-wave reso-
nance. The depth of penetration of the hooked probe 
largely determines the element current for a given field 
in the guide. Any two adjacent slots have their probes 
on opposite sides in order to keep the radiated fields in 

phase. 

AN APPROXIMATE THEORY OF OPERATION 

To begin with, let us make several assumptions 
which, while not exactly true in practice, will make this 
approximate theory much simpler. The assumptions are 

as follows: 
1. The number of elements is large enough to produce 

patterns of sufficient sharpness that the difference be-

tween 0 and sin 0 can be ignored in the region of inter-
est. Also, the number of elements is large enough to al-
low one to think of a continuous current distribution 
across the aperture, rather than discrete sources. 
2. The coupling of the elements to the waveguide is 

so light that the distribution of fields within the guide is 
not appreciably disturbed thereby; that is, in the equiv-
alent circuit, the impedance 4 is always high compared 
with the impedance across which it is connected. 

R. E. Clapp, "Probe-fed Slots as Radiating Elements in Linear 
Arrays," M.I.T. Radiation Lab. Report No. 455; January 25, 1944. 
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3. Distance 6, which is the difference between the ele-
ment spacing and the half-wavelength in the waveguide, 
is quite small, so that sin 27r(no/X9) is not appreciably 
different from 27r(nO/X9) and cos 27r(no/X9) is approxi-
mately unity. 

Suppose the desired radiation patterns of the array 
are constant phase and are shaped in amplitude, as 
shown in Fig. 1, where 

/AM = Au"'  (6) 

fn(0) = B0e-"2, (7) 

in which the constant k1 has the value 0.08 (degree)-2 . 
These two shapes happen to belong to a family of func-
tions which have the interesting property of being their 
own Fourier transform, except for constants.' Thus, the 
current distributions required to produce the patterns 
have essentially the same shapes as the patterns them-
selves. 

IA(x) = Ce-k2' 

IB(x) = Dxe-k2z2, 

(8) 

(9) 

where the variable x represents the distance along the 
aperture from the center of the array and the constant 
k2 is given by the relation 

k2 = 
r4 

(180)2X2ki 

Consider now first the application of signal to input 
A, which results in an even radiation pattern. By sym-
metry, there must be a null in the waveguide field, EA, at 
the center line. Also, by virtue of the simplifying as-
sumptions, there will be standing waves throughout the 
length of the waveguide, with each element being close 
to a maximum, as indicated in Fig. 5. Since, with a high 

6A ea 

(10) 

h'38/2 1.-56 /2 — x "1" 
3,1 ELEMENT 

Fig. 5—Relation of element positions and standing waves 
in the waveguide. 

standing-wave ratio, the field EA has a phase which is 
substantially constant with x, except for sharp 180-de-
gree changes across the null points, it is possible to 
adjust the values of the element impedances, Z„, to 
obtain element currents which follow the desired dis-
tribution function /A(x) of (8). 
Assuming that the element impedances have been 

chosen, consider next the application of signal to input 

G. A. Campbell and R. M. Foster, "Fourier Integrals for Prac-
tical Applications," Bell Tel. Sys. Tech. Pub., Monograph B-584; 
September, 1931. 

B. This time, from considerations of symmetry, there 
must be a standing-wave maximum at the center line, 
as indicated by the curve labelled EB in Fig. 5. Now, each 
element is close to a null, the space between element and 
associated null being proportional to the distance x 
from the center line. Thus, instead of all the elements 
being in fields which are approximately the same 
strength, we have the situation where each element is 
in a field whose strength is approximately proportional 
to the distance from the center line. It is apparent, then, 
that whatever current distribution existed for input A 
is multiplied by a factor roughly proportional to x for 
input B. Hence, the desired current distribution I (X), 
(9), is obtained. 

EXPERIMENTAL RESULTS 

As would be expected, the arrangement which has 
been described is not suitable for operation over a broad 
band of frequencies. The simplifying limitation that no 
be kept small is quickly violated as frequency is varied, 
particularly for large aperture arrays. However, in ac-
tual practice, the limitation is not quite as severe as 
was indicated in the approximate theory. It has been 
found, experimentally, that good results may be ob-
tained with values of n6 up to about X5/4. Also, there is 
good reason to believe that the bandwidth may be con-
siderably increased by means of periodic loading.' 
An experimental slotted waveguide array has been 

constructed for operation in the 110-mc localizer band. 
The waveguide measures 41 by 78 inches in cross section, 
and about 105 feet in length. The material is galvanized 
sheet iron, and the mechanical design and assembly 
follow techniques which are standard in the fabrication 
of large air-conditioning ducts. The waveguide is driven 
at each end by a quarter-wave whip, and an RF bridge 
constructed of RG-8/U transmission line is used to ob-
tain the hybrid junction. There are 18 slot elements, 
spaced 701 inches, or approximately 0.707 wavelength. 
The slot elements are fed by hooked probes, as indicated 
in Fig. 4. 

Sample records of even and odd field patterns which 
have been obtained with this array are given in Fig. 6. 
These patterns were recorded with an airborne linear 
field meter at a distance of six miles and an altitude of 
1,000 feet above ground. The operating frequency was 
109.1 mc, with 6 equal to 4.8 inches. In each case there 
is plotted a theoretically obtained pattern (dotted line). 
It will be noted that the measured patterns are some-
what broader than the calculated, particularly in the 
case of the odd pattern, Fig. 6(b). This is attributed to a 
progressive phase error in the element currents brought 
about by the fact that the slot dimensions were all iden-
tical, while the probe penetrations varied from about 3 
inches at the ends to about 18 inches toward the middle. 
The vertical portions of all probes measured 10 inches. 

4 A.. W. Lines, G. R. Nicoll, and A. M. Woodward, "Some 
properties of waveguides with periodic structure," Proc. LEE (Lon-
don), vol. 97, pt. III, pp. 263-276; July, 1950. 

"NO 
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(a) 

Fig. 6 Sample field recordings for experimental 18-slot array. Solid curve—measured, dotted curve—calculated. (a) Even pattern. 
(b) Odd pattern. 

10 IS 20  25  30  35  40 
AzinurN ANGLE , A. DEGREES 

Fig. 7—Slotted waveguide array. 

't has been found that the phase error can be corrected, 
f desired, by the addition of an adjustable shorting bar 
)n each slot, the slots normally being on the long side of 
lalf-wave resonance. 

(b) 
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Conductance Measurements on Operating 
Magnetron Oscillators* 

MARKUS NOWOGRODZKIt, ASSOCIATE, IRE 

Summary—The conductance terms in the equivalent circuit of an 
operating magnetron oscillator can be experimentally obtained by 
measuring the magnetron Q-factors both in the nonoscillating and 
oscillatory conditions. A method for determining the "operating" 
Q-factors in a magnetron by measuring the deviations in magnetron 
output power and oscillating frequency caused by a specified load 
mismatch is reviewed, and its application to magnetron conductance 
measurements is discussed. Experimental data are presented to 
illustrate the method of measurement. 

I. INTRODUCTION 

The Equivalent Circuit of an Operating Magnetron 

FIE principal-mode equivalent circuit of a "cold" 
magnetron, i.e., one in which effects of electrons 

  present in the magnetron interaction space are 

• Decimal classification: R355.912.1. Original manuscript re-
ceived by the Institute, January 7, 1952; revised manuscript received 
June 4, 1952. 
t Ampere' Electronic Corp., 230 Duffy Ave., Hicksville, L. 

N. Y. 

negligible, is that of any single-loop coupled cavity with 
sufficient mode separation, and it can be represented as 
in Fig. 1(a). In this representation, the usual restric-
tions—that the coupling device has reactance which 
varies negligibly with frequency and is dissipationless— 
are implied. Considering the resonator itself, to the left 
of terminals A —A1, a is the load conductance trans-
formed into the cavity by the turns ratio of the coupler, 
G represents the total cavity losses, and L and C are the 
lumped parameters of the equivalent tank circuit. 
In the case of the oscillating magnetron, Fig. 1(b), 

G" is included to account for the change in the total 
cavity losses under oscillating conditions, so that the 
cavity losses become G'.1 Y.' is the electron-transit ad-
mittance, the susceptive portion of which, C., can be 
measured experimentally by observing the frequency 

1 Primed symbols indicate parameters under conditions of oscilla-
tion, as distinct from "cold" values. 
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shift of the magnetron with varying average plate cur-
rent (frequency pushing). This capacitive effect of the 
electron cloud has been analyzed for both the plane and 
cylindrical structures.2-5  

LO.D 

(b) 

Fig. 1—Equivalent circuits of magnetron oscillator. 
(a) Nonoscillating magnetron. (b) Oscillating magnetron. 

The electronic conductance G.', however, is more diffi-
cult to determine by the conventional measuring tech-
niques on microwave magnetrons. It is the purpose of 
this paper to present a method whereby the conduct-
ances in the magnetron equivalent circuit can be experi-
mentally obtained. 

II. THE MEASUREMENT OF Q-FACTORS OF AN 

OPERATING MICROWAVE OSCILLATOR 

An insight into the properties of an operating micro-
wave oscillator may be gained by analyzing its operating 
("hot") Q-factors defined to parallel the usually con-
sidered Q-factors for the nonoscillating conditions. From 
these factors the losses ascribed to various parameters 
in the equivalent circuit can be calculated. 
The method to be presented has been developed else-

where.6 Its salient points will be reviewed here so that 
it may be applied to conductance measurements in the 
following sections. 
Referring to Fig. 1(b), the "hot" Q-factors are de-

fined as follows: 

1 
Q L' =   (1) 

G' G, wo'L(G'  G,) 

2 J. C. Slater, "Microwave Electronics," D. Van Nostrand Co., 
New York, N. Y., chapt. XIII; 1950. 

3 H. VV. Welch, Jr., "Effects of space charge on frequency char-
acteristics of magnetrons," PROC. I.R.E., vol. 38, P. 1434; December, 
1950. 

4 H. W. Welch, Jr. and XV. G. Dow, "Analysis of synchronous con-
ditions in the cylindrical magnetron space charge," Jour. A pp!. Phys., 
vol. 22, p. 433; April, 1951. 

5 G. B. Collins, "Microwave Magnetrons," McGraw-Hill Book 
Co., Inc., New York, N. Y.; 1948. 

M. Nowogrodzki, "The Measurement of Q-Factors of an Op-
erating Microwave Oscillator." Thesis in partial fulfilment of the re-
quirements for the M.E.E. degree at the Polytechnic Institute of 
Brooklyn; May, 1951. 

= 
G'  coo'LG' 

1  1  1 

Q,' QL'  Q.' 

October! (2) 

(3) - 

where coo' =27rfo' is the radian frequency of the oscil-
lator. 
In terms of these factors, the maximum frequency 

deviation (pulling) of the oscillator from the matched-
load condition when a mismatch of r L in voltage stand-
ing-wave ratio (vswr) is introduced in the load and 
varied in phase is 

Afo' = 1 — 1 \ irL — 1 
4 kqt,  ' TL k 

while the maximum output power variation under simi-
lar conditions is 

apo  = po  (2QQ L'' 
1) (r — 1), 

(4) 

(5) 

where Po is the oscillator output power for matched-load 
conditions. 
In terms of the coupling parameter )3 defined by 
= Qu ' (1+$)QL', (4) can he written as 

or 

) 
Aft,' = JO' (I* L — 

rL 

= Jo' 0 1  ( 1 r L — 
1 + 442  L' r 

while (5) can be rewritten in the form 

(6) 

(7) 

1  Po = Po  — (rL, — 1).  (8) 
1+13 

Equations (6), (8) and (7), (8) form two independent 
sets, each of which can be solved for Q.' and Qil, re-
spectively, in terms of Afo i/foi, AP0/P0 and rL. It will be 

noted that the quantities Jo', Afo', Po, and AP0 are di-
rectly measurable on an oscillating cavity, and thus the 
values of the "operating" Q-factors can be experimen-
tally determined. From (8) 

so that, from (6), 

Q.' — 

— 

4,  Po 
— 1) — ---

Po 

APo 
(r L — 1) —  - 

Po 

(r  — 1) — 

(r — 1) + 
Po 

'Po 

Po  fo' 1 
sz, — --). 

rL 

(9) 

(10) 
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Fig. 2—Chart for determination of Q„'. Plot of (10) 
for mismatch vswr of 1.5:1. 
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Expressions (10) and (11) become considerably sim-
plified once a value of the load mismatch r 1, is decided 
upon. For magnetrons, the usual case of interest is 
ri,= 1.5, since the magnetron pulling figure is usually 
defined as the maximum variation in magnetron fre-
quency when a mismatch of rz, = 1.5 is introduced in the 
load and varied in phase. In terms of the symbols used 
here, the pulling figure thus defined is twice Afo'. 
In Figs. 2 and 3, (10) and (11) have been plotted for 

rL = 1.5. These charts are taken from the cited refer-

ence.' 
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Fig. 3 —Chart for determination of Qil. Plot of (11) 
for mismatch vswr of 1.5:1. 

0 

The unloaded Q of a "cold" magnetron is defined as 

woC 

Qu=  G 
(12) 

This Q-factor can be measured by any of the conven-
tional "cold" measuring techniques.' Also, the equiva-
lent lumped capacitance C can be derived with the aid 
of design formulas and equations available in the litera-
ture for the various magnetron geometries.' An immedi-
ate check on the accuracy with which C has been deter-
mined is available by comparing the value of the "cold" 
resonant wavelength in the desired mode derived by 
using the calculated value of C, with the resonant wave-
length measured on the cold-bench setup. By successive 
approximations, the calculated wavelength (and there-
fore the value of C) can be made to agree with the actual 
value to within, for example, 5 per cent (greater ac-
curacy may not be consistent with the nature of the 
measurements). Then, using the measured values of Q. 

and coo and this calculated value of C, 

woC 
G = — ; (13) 

Qu 

while L, the lumped equivalent inductance, is 

1 
L= 

Cw02 
(14) 

The assumption is now made that this inductance re-
mains essentially constant as the magnetron is caused to 
oscillate, all frequency changes being ascribed to the 
susceptive (capacitive) effect of the electron-transit ad-

7 Ibid., p. 25. 
• See, for example, C. G. Montgomery, "Technique of Microwave 

Measurements," McGraw-Hill Book Co., Inc., New York, N. Y., 
p. 330 et seq.; 1947 

9 G. B. Collins, op. cit., chapt. 11. 
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mittance Y.'. Under these circumstances, by measuring 
the oscillating radian frequency coo', the lumped capaci-
tance for an oscillating magnetron can be easily calcu-
lated as 

1  fo2 
C' =  = C  • (15) 

L(0)01)2 (Ai)2 

Equation (15) thus describes the susceptive effect of 
the electron-transit admittance in terms of the measured 
"cold" and oscillating magnetron resonant frequencies. 
In addition, it will be noted that a knowledge of G and 

measurements of both the "cold" and "operating" Q-fac-
tors of the magnetron suffice to determine all conduct-
ance terms in the equivalent circuit of Fig. 1(b). Thus, 
from (1), (2), and (13) 

Qo Jo G' +G. = - --G (16) 
QL' Jo' 

G' = L'2-G (17) 
Qui Jo' 

from which 

G  (V 1  1 ) Jo fo . =  - -  -G = - - - G.  (18) 
Q.' fo'  fo' 

The condition for oscillation requires that the elec-
tron-transit conductance G.' cancel all conductances to 
the right of terminals B-B1 Fig. 1(b).'° Thus 

1_) f 
= - (G'  = - -  

Qil Jo' 

The loading effect represented by G", can be calcu-
lated by making use of (12). Thus 

G" = G' - G = G( -Q"  - I). (20) 
Q.' Jo' 

Also, the "hot"-"cold" ratio of cavity losses may be of 
interest. This ratio is given by 

G' Q. Jo 

(19) 

(21) 
G Jo' 

The "operating" Q-factor measurements can obvi-
ously be performed at any desired number of points 

1October   

within the particular magnetron performance chart, and 
the dependence of the conductances with various im-
posed conditions on the magnetron can thereby be 
obtained. 

IV. EXPERIMENTAL DATA 

The empirical data presented in this section are in-
tended merely as an illustration of the measurement 
method developed above. Average data on a considera-
ble number of magnetrons (and possibly magnetron 
types) would be required before an attempt at interpre-
tation of the numerical results might be undertaken. 
Fig. 4 presents experimental data taken on a 4J58-

type magnetron, a fixed-frequency, 12-vane, double-
ring-strapped, packaged, pulsed-type tube operating in 
the Xb-band. The "cold" resonance measurements were 
made using the Wheeler method," and the following 
values were obtained: 

= 879 
QL = 284 
Q.= 344 
fo = 6429 mc per second 
Xo = 4.675 cm. 

The 4J58-type magnetron is one of the few types in 
which the pulling figure for a load mismatch other than 
1.5:1 in vswr is of interest.'2 For this reason rr, =1.75, 
the JAN-specified mismatch, was used in the meastm• 
ments. 

For = 1.75, (10) and (11) become 

where 

0.75 - P 
Q.' = 0 . 295F   (22) 

0.75 ± P 

= 0.1475F(1 - 1.333P), (23) 

. ; 01 

F = and P = 
Afo' 

41P0 

Po 

Fig. 5 gives the Q-factors of the oscillating magnetron 
as a function of its average plate current. 

Average 
plate 
current 

(milliamps.) 

15 
20 
25 
30 

Average power output 
(galvanometer divisions) 

Matched 
load P Max 

"nth ' 

APo 
(Av.) 

Matched 
load 

39.5 
53.5 
67.0 
75.0 

48.0 
67.5 
86.5 
100.0 

28.5 
38.0 
45.0 
53.0 

9.75 
14.75 
20.75 
23.5 

Frequency 
(megacycles per second) 

6410 
6408 
6405 
6401.5 

6414 
6413 
6410.5 
6407 

go' 
(Av.) 

6405 
6403 
6399.5 
6397 

4.5 
5.0 
5.5 
5.0 

Fig. 4-Experimental results. Type 4J58 magnetron. (Duty cycle =0.001; rL=1.75:1.) One galvanometer 
division =3 watts. 

" See, for example, A. B. Bronwell and R. E. Beam, "Theory and 
Application of Microwaves," McGraw-Hill Book Co., Inc., New 
York, N. Y., p. 142; 1947. 

H. A. Wheeler, "Measurement of Resonance by the Reflection 
Loss Method," Hazeltine Corporation Report 9164; 1945. 
" JAN specification 4J54-59. 
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Following the Collins curves," estimated values of 
C=0.415 micromicrofarads, X0=4.22 cm were initially 
obtained. Since the measured cold-resonant wavelength 
*was X0=4.675 cm, this represented a 12-per cent differ-
ence in wavelengths. By assuming the error to be at-
tributed mainly to the estimated strap capacitance and 
modifying this estimated value slightly, new values for 
C and ?to were obtained, namely, C=0.465 micromicro-
farads, Xo =4.46 cm. This represented a difference in cal-
culated and measured resonant wavelengths of the order 
of 4.7 per cent, which was considered adequate. Thus 
the values used in subsequent calculations were 

C= 0.465 micromicrofarads. 
G=21.8 micromhos. 

le 
(milliamperes) Qu' Qe Qc' 

15 d 207 
20  172.5 
25  140 
30  157.5 

139 
119 
100 
113 

422 
384 
350 
400 

Fig. 5-Q-factors of oscillating magnetron. (Type 4J58.) 

Fig. 6 is a tabulation of conductance values calculated 
according to the formulas developed in the preceding 
section. Fig. 7 is a graphical presentation of the varia-
tions of G.' and G" with magnetron average-plate cur-
rent. 

conditions, its effect could possibly be investigated sepa-

rately. 

180 

160 

1L0 

120 

130 

5  20  25 

Avvret• Platt 111 tt.mp.rol 

Fig. 7-Electron-cloud effects, oscillating magnetron. 
(Type 4J58.) 

Reference to (21) shows that the ratio Q./Qui is a 
good approximation of G'/G since f0/101 is very close to 
unity. Ratios of 15-25 were measured for Q./Q.' in some 
S-band magnetrons, notably the 4J47 type, while this 
ratio in the 725A (X-band) magnetron was found to be 

approximately  
An indication of the accuracy of measurements is af-

forded by the spread in measured values of QZ (and GO. 

, 
la Qu , Qu fo  

--- 
1G.' I 
or C 

C 
-- G" Gc 

nilliamps i 
Qu' I Qt' Is' CHI-Gc G 

15 
20 
25 
30 

4.2 
5.1 
6.28 

1 5.58 
1 

1 

6.32 
7.38 
8.79 
7.78 

1.005 
1.004 
1.003 
1.003 

• 138.5 
161.5 
192 
170 

92 
118 
137.8 
122 .5 

4.22 
5.12 
6.3 

5.6  

70.2 
96.2 
116 

100.7  

45.7 
50 
55 

48.2  

Fig. 6-Magnetron conductances. Type 4J58 magnetron. (All conductance values in m crom os. 

V. GENERAL REMARKS 

The magnitude of the operating losses of the magne-
tron as compared to the "cold" equivalent conductance 
G is of interest. It will be seen that the ratio G'/G varies 
between approximately 4 and 6. This comparatively 
large increase in losses is represented in the equivalent 
circuit by the term G", and can perhaps be accounted 
for by separating the effects of the electrons in the "hub" 
around the cathode from those in the rotating "spokes." 
Thus the spokes are thought to contribute the negative 
conductance G.', while the hub electrons contribute a 
loading term G", which increases as the anode voltage 
is increased (for constant magnetic field), i.e., with in-
creasing radius of the hub. Since the hub is present both 
during oscillation and under so-called preoscillation 

13  G. 13. Collins, loc. cit. It should be noted that according to the 
computed values tabulated in Table 11.1, p. 465 of this reference, 
(2d) on p. 464 should read 

Since Qa depends upon the characteristics of the coupler 
alone (which has been assumed to vary negligibly with 
frequency in the vicinity of resonance), the "cold" and 
"operating" values of this Q-factor should remain the 
same, except, perhaps, for thermal changes. The mean 
measured value of QZ is seen to be 389 (cf. Fig. 5), which 
is within 13.5 per cent of the "cold" value of 344; while 
the spread of measured values of 120', ascribed to eAperi-
mental error, is of the order of 10 per cent. 
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The Magnetic Dipole Antenna Immersed in a 
Conducting Medium* 

JAMES R. WAITt 

Summary—The magnetic dipole antenna or small current-carry-
ing loop immersed in a conducting medium is investigated. Explicit 
expressions for the fields are derived for the case when there is a 
spherical insulating cavity enclosing the dipole. The power radiated 
from the insulated dipole is discussed and an explicit expression for 
the total power is given for the case when all displacement currents 
in the media are negligible. 

INTRODUCTION 

T. H ERE HAS BEEN considerable interest in recent 
yearsin the study of electromagnetic systems which 
are immersed in a conducting medium. This condi-

tion might arise when the transmitting antenna is un-
derwater and the received signal is to be measured at 
some other underwater point. 
The radiation from antennas immersed in a conduct-

ing medium will be radically different from the case of a 
surrounding nondissipative medium. As in the case of 
plane-wave propagation,' the radiated fields from the 
antenna will suffer considerable additional attenuation 
and phase distortion as a result of the finite conductivity 
of the medium. The power relationships will be vastly 
modified from the classical free-space case. 
The electric or Hertzian uninsulated dipole in a con-

ducting medium of infinite extent has been investigated 
by Tai.2 It was here pointed out that difficulty is en-
countered when the attempt is made to calculate the 
total power radiated from the dipole due to the very 
high ohmic losses in its immediate neighborhood. It was 
concluded that the dipole must be insulated. Tai' also 
considered the biconical antenna at the center of an 
inhomogeneous region with spherical symmetry. 
In this paper the magnetic dipole situated at the cen-

ter of a spherical insulating cavity will be considered. 
The power radiated is then equal to power that crosses 
the wall of the cavity. Expressions for the fields in the 
external region will be explicitly given. 

DERIVATION OF THE FIELDS 

A magnetic dipole may be conceived of as an in-
finitesimal loop of wire of area dA carrying a current I. 
Such a dipole is situated at the center of a spherical 
cavity of radius a which has a dielectric constant el, 

• Decimal classification: R120. Original manuscript received by 
the Institute, February 19, 1952; revised manuscript received May 
20, 1952. 
f Department of Electrical Engineering, University of Toronto, 

Toronto, Canada. 
J. A. Stratton, "Electromagnoic Theory," McGraw-Hill Book 

Co., Inc., New York, N. Y., p. 276; 1941. 
2 C. T. Tai, Cruft Laboratory Research Report No. 21, Harvard 

University. Cambridge, Mass.; 1947. 
• C. T. Tai, Cruft Laboratory Research Report No. 75, Harvard 

University, Cambridge, Mass.; 1949. 

magnetic permeability pi, and a conductivity cri, which 
can be later allowed to vanish. The external medium is 
generally dissipative and has electrical properties a2r /121 
and cr2. MKS units are to be used throughout. A time 
factor eiwg is employed. 
It is quite evident that the magnetic dipole in this 

situation will give rise to transverse-electric spherical 
waves inside and outside the spherical cavity. A con-
ventional spherical polar system of co-ordinates (r, 0, 0 ,1 

is chosen with the magnetic dipole situated at the origin 
and oriented in the polar direction. The resulting fielth-
are then given by the following equations in terms of 
scalar wave function  

where 

7„. 2 

1 (021,Gn, 

ar2 

1 4. 
=   
r ae 

a2,ym 
= 

ar00 

= E0„, = II,„, = 0, 

— emAmw2 

(I 

(2 

and the subscript m takes the value I or 2 to denote the 
interior or the exterior region, respectively. The func-
tion ik„, satisfies the equation 

1 a 
r2 a r2+ sin e (  00 ae„, sin 0   — 7„,2r2lk„, = 0. 

ae   

Now the primary field of the magnetic dipole inside 
the spherical cavity is well known and the field com-
ponents are given by 

14.0= [IdA/27rrl [1 -1-71r] exp ( — )ir),cos 0 

II81°= [IdA/471- r3][1+71r+712y2] exp (-71r) sin 0 

Ecta°=[— /4irrl [1+-yiri exp (- 71r) sin 0. 

The corresponding wave function iki° which gives rise to 
the fields is then 

= [ii.tiorIdA/47rd[l yir] exp (- 71r) cos 0. (8) 

This can be written in teims of the spherical Besse] 
function of order one of the third type as follows: 

4 The spherical Bessel functions of argument z are defined by 
kl(z) = (1  z) exp (— z)/z 

and 

i,(z) = cosh z — sinh z/z. 



1952 

where 
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%PO = cki('nr) cos 0, (9) 

= itticuIdAyi/ 4r. 

The general solution for the complete wave function 
inside the cavity and the complete wave function lb 

• Dutside the cavity can then be written, respectively, as: 

= cki(71r) cos 0 + A  cos 0  (10) 

and 

4,2 = Bik,(72r) cos 0,  (11) 

l‘ here i1 is a spherical Bessel function of order one of the 
first type. The coefficients A and B can be found by ap-
plying the boundary conditions which require the con-
tinuity of the tangential electric and magnetic fields 
across the boundary. That is, the E. and the lie com-
ponents are continuous at r =a. From (2) and (3), this 
implies that 4,„, and (1//2„,)(a4,„,/0r) are continuous at 
r =a. This gives rise to two equations for the solution of 
A 1 and B1 so that 

A1 = [Biki(13) — cki(a)Vii(a)  (12) 

and 

, a k i(a)iii (a) — aki'(a)ii(a) 
Bi = c   (13) 

aii'(«) ki(0) — 0314'(3) ii(a) 

where a --na, 0=72a, and q=12 612. The dashed quan-
tities indicate a differentiation with respect to the argu-
ment of the function. 
'Ishe wave functions 4,1 and 4,2 inside and outside the 

spherical cavity are then completely specified. By carry-
ing out the operations indicated by (1), (2), and (3), the 
fields in the region exterior to the cavity may be written 

(/dA).(1+72r) exp  (-720  cos 0/2/173 (14) 

H  28 = (IdA).(1+72r+722r2) exp (-72r) sin 0/47,4 (15) 

and 

E21, =  (IdA)riu2w(1+72r) exp (--y2r) sin 0/4rr2, (16) 

where E/dill„ is defined as the equivalent magnetic di-
pole contained within the spherical cavity. The ratio of 
(IdA), to the moment IdA is given by 

[MA ],//dA = q71 /31/72C.  (17) 

The above ratio may be considerably simplified in 
form if the operating frequency and the dimensions of 
the cavity, and so on, are such that 

= 0, I al =  <.< 14, and Ill = = 

The ratio of the magnetic moments is then given by 

(TdA),//dA = 3 exp (13)(3 + 313 -I- 02)-i.  (18) 

It is quite evident that this ratio approaches the value 
unity as the magnitude of 0 approaches zero. In other 
words, at sufficiently low frequencies the cavity has lit-
tle or no effect on observed fields in the exterior region. 
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THE POWER DISSIPATED 

If the outer medium is highly conducting and the fre-
quency is sufficiently low, the displacement currents 
play a negligible role. The following approximation is 
then valid: 

72 = [ ipuo (9-2 +  20) ) ]1/2  i0.210.4 ) 1 / 

The power radiated by the dipoles can then be calcu-
lated from the component of the Poynting vector in the 
radial direction, which is given by 

Pr = E04 

The real power p(0), as a function of 0 crossing unit area 
of the cavity wall, is then given by 

= I real part of [E20/48],--o. 

After some algebraic manipulation the expression for 

p(0) is given by 

9 
p(0) = 

2 

where 

IdA )2 µco 
  — sin2 0X(m),  (19) 
\ 4r  a6 

2 (1 + m) m2 
X(m) —   (20) 

(3 3m )2 + (3m  + 2m 2)2 

and 

m = (0-21.L0)/2)"2a. 

The total power P crossing the wall of the cavity is 
found by a suitable integration. 

3 (MA) 2 

P = 2ra2 J 0) sin MO =  AwX(m).  (21) 
4r  a' 

For values of m much less than one, the factor X(m) is 

approximately given by 

X(m)  2m2/9 = aolow2/81.  (22) 

The power is then approximately given by 

P  (IdA)2020.02.72/127a.  (23) 

It is quite evident that the power dissipated becomes 
infinite as the radius of the cavity approaches zero. The 
physical situation of course requires that the cavity 
radius a is a finite quantity; however, it may be con-
cluded that an insulated cavity enclosing a magnetic 
dipole-type antenna does specify the amount of power 
required to maintain a given field in the exterior con-
ducting region. 
The author' has also considered the transient fields of 

a magnetic dipole source, immersed in a conducting 
medium, energized by a positive step-function current. 
These transient fields might have been derived from the 
steady-state equations (14), (15), and (16) of this paper. 

6 J. R. Wait, Geophysics, vol. 16, p. 213; April, 1951. 
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The Behavior of Rectangular Hysteresis Loop Magnetic 
Materials Under Current Pulse Conditions* 

EUGENE A. SANDSt, ASSOCIATE, IRE 

Summary—This paper studies the effect of variation of magnetic 
and physical parameters on the time needed to change a magnetic 

toroid from a condition of residual flux density to the opposite condi-
tion of saturation flux density. The method of measurement is 
described, and the experimental results given. These results are 
compared with results predicted from a solution of the magnetic 
skin-effect equation. Curves are given which show the variation of 
switching time with applied magnetic field strength. An equivalent 
circuit is proposed which dissipates the same amount of energy as 
the core does during its switching time. 

IIERE HAS BEEN considerable interest re-
cently in the use of thin-ribbon magnetic toroids 

  in digital computers.' Attention has been directed 
to rectangular hysteresis loop materials because they 
have two stable, well-defined states of positive residual 
flux density and negative residual flux density to store 
binary information. (See Fig. 1.) Suitable materials are 
cold rolled nickel iron alloys (trade name: orthonik, 
deltamax, permeron, permenorm 5,000z) and oriented 
silicon steels (trade name: silectron, hipersil, microsil). 
Fig. 1 indicates the pertinent magnetic quantities re-

ferred to in this paper. Ilm is the amplitude of the ap-
plied field strength, BM is the corresponding flux den-
sity, and BR is the residual flux density corresponding 
to Hm= 5 oersteds. HC• is the coercive force, correspond-
ing to a previously applied 11m = 5 oersteds, and AB/AII 
is the average slope of the sides of the hysteresis loop. 
The term "switching time," used in this paper, means 

the time it takes to change the state of magnetism of a 
core from negative residual flux density (—BR) to 
positive saturation flux density (+Bm), with the ap-
plication of a step function of applied field strength 
(Hit). The factor which determines switching time is 
the eddy-current losses. A theoretical analysis in which 
saturation effects were neglected, and the  loop 
linearized, indicated that switching time should vary 
directly as the square of the thickness of the material, 

directly as the conductivity, directly as AB/AH, and 
directly as some power between the square root and the 
first power of //r, depending on the value of //m.2 

H m  

Fig. I—Definitions of magnetic parameters on the dc 
hysteresis loop. 

The object of this paper is to study experimentall 
how switching time varies with H m, how it varies with 
thickness of material, and how it varies with AB/AH. 
The cores studied were of orthonik, a rectangular 

hysteresis loop material, and they were wound-ribbon 
toroids whose physical dimensions are shown in Table I. 
The dc hysteresis loops of cores number 182, 183, 

185, and 187 are shown in Figs. 2, 3, 4, and 5, respec-

TABLE I 

Physical dimensions of experimental cores. 

Core number 182  184 185 183 

Magnetic tape thickness (inches) 0.0011  0.0011 
Magnetic tape width (inches) 0.125  0.125 
Number of wraps of magnetic tape 17  14 
Magnetic path length (ems) 5.47  5.42 
Cross sectional area of iron (cm') 0.0156  0.0129 

186 187 

0.0011  0.0005 0.0005 0.0005 
0.125  0.125 0.125 0.125 
14 27  20 22 

5.42  5.40  5.40 5.40 
0.0128  0.0111 0.0084 0.0091 

• Decimal classification:  R282.3. Original  manuscript  re-
ceived by the Institute, August 31, 1951; revised manuscript re-
ceived June 11, 1952. 
t Magnetics Research Company, Chappaqua, N. Y. 
An Wang, "Magnetic delay line storage," PROC. I.R.E., vol. 

39, pp. 401-407; April, 1951. 
W. Papian, A Coincident Current Magnetic Memory Unit, 

Project Whirlwind Report R 192, MIT Digital Computer Labora-
tory, Cambridge, Mass.; Sept. 8, 1950. 

tively. Notice that cores 182 and 185 have identical 
magnetic tape thickness, and identical coercivity, but 
that the slopes of the sides of their hysteresis loops 
differ by a factor of 3.5 to 1. 

2 Bozorth, "Ferromagnetism," I). Van Nostrand Company, Inc.. 
New York, N. Y., pp. 784-788; 1951. 
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The winding configuration used in the measurements 
is shown in Fig. 6. Current pulses were passed through 
two windings to produce an alternating magnetomotive 
force of equal positive and negative amplitude. In this 

A 

DRIVER 

— — 
I 

DRIVER 

155 

 0-

tpf 

L  _J 

INTEGRATOR 
CIRCUIT 

Fig. 6—Experimental arrangement used to obtain appliee field 
strength versus switching-time characteristic. 

way, the cores were cycled between values of negative 
and positive saturation, and the resulting flux pattern 
observed through the means of a third winding con-
nected to an integrator circuit. Each current coil was 
returned to ground through a 10-ohm resistance. The 

A DRIVER 

CURRENT 

B DRIVER 

CURRENT 

APPLIED 

MAGNETOMOTIVE 
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t-
ht•-25pstt-t 

100os 
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 r-
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Fig. 7—Time relationship of A driver current, B driver current, 
applied magnetomotive force, and resulting flux pattern. 

voltage across the 10-ohm resistance was measured, and 
the driving currents adjusted to give an appropriate 
value of H. 
Fig. 7 shows the timing diagram of the A and B 

driver current pulses, the magnetomotive force, and the 
resulting flux pattern. At the beginning of the A driver 

current pulse, the core is at negative residual flux den-
sity. The flux starts to change to positive saturation 
flux density (+Bm), reaching this value at switching 
time, 7', after the initiation of the A current pulse. At 
this time the flux change is complete, and the core re-
mains at +Bm until the end of the A current pulse, 
when it drops to the value +B,. It remains at the value 
+BR until the in it iation of the B current pulse, at which 
t imime it begins to change to —B m. The flux completes 
this change at switching time, T, also, for equal value,. 
of positive and negative //m. The Ilux remains at —Bm 
until the end of the B current pulse, at which time it 
assumes the value —Bk. The complete cycle is then re-
peated. 
The core under test is connected to the A awl b 

drivers, values of Hs, are adjusted, and the resulting 
switching time measured. The measured range of HM 
was between 0.5 and 5 oerste(ls. 
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Fig. 8—Applied field strength versus switching-time curves 
of cores 183 and 185. 

Fig. 8 is a plot of Hm versus  for cores number 183 
and 185. In the region of HM from 1.5 to 5 oersteds, tlo 
curves are approximately similar in shape, but displaced 
in time by a factor of about 2. Referring back to the 
static B-II curves of cores 183 and 185, AB/AH for 
183 = 6.3 X105, and AB/.1/1=1.1X 106 for 185. Accord-
ing to linear theory, the ratio of the switching time of 
the 1.1-mil thick sample to the switching time of the 1--
mil thick sample should be approximately 

( AB 
d2 ) 183 

C B 
—  (12)183 
All 

= 8.45. 

The experimental result is quite different, the switching 
time of the 1.1-mil sample being larger than the 1-mil 
sample by a factor of 1.8 to 2.0, depending on the value 
of llm. Fortunately, it is possible to evaluate the effect 
of AB/All. An examination of the static B-II loop of 
cores 182 and 185 shows that they have identical values 
of Hc, but that AB/ M/ for core 182 =3.8 X106 and for 
core 185 =1.1 X106. They differ by a factor of 3.45. Ac-
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TABLE II 

Hy versus 7' 

0.0005-inch tape cores 

Core number 

Hm 
0.5 
1 
1.5 
2.0 
3.0 
4.0 
5.0 

183 

7' 

35 
8.0 
4.5 
2.8 
1.8 
1.4 
1.3 

186 

30 
6.5 
3.5 
2.6 
1.6 
1.3 
1.2 

187 

30 
7.0 
4.0 
2.7 
1.7 
1.5 
1.3 

Average 

(7)0.5 

31.7 
7.2 
4.0 
2.7 
1.7 
1.4 
1.3 

0.0011-inch tape cores 

182 

7' 

70 
15 
8.5 
5.5 
4.0 
2.8 
2.6 

184 

66 
15 
9.0 
6.0 
3.8 
3.0 
2.8 

185 

64 
15 
8.0 
5.3 
3.6 
2.8 
2.6 

Average 

66.7 
15.0 
8.5 
5.6 
3.8 
2.9 
2.7 

(7) 1.1 
R-

(7') 0.5 

2.10 
2.08 
2.13 
2.07 
2.24 
2.07 
2.08 

•ording to linear theory, this difference should show up 
n their relative switching time, since both cores are 
nade of 1.1-mil material. Core 185 should switch ap-
m-oximately 3.45 times faster than 182. Experimental 
lata does not bear this out (see Table II). The switching 
.ime of core 182 does not differ from 185 by more than 
.10 per cent over the entire range of H from 0.5 to 5 
3ersteds. The conclusion is that AB/AH does not play 
significant part in determination of switching time. 
The best estimate of the effect of change in thickness 

31.1 switching time will be made by taking the average 
;witching time of the three cores wound with 0.0011-
nch thick tape and comparing it with the average of the 
.hree cores wound with the 0.0005-inch thick tape over 
.he measured range of H. Table II gives the individual 
.ore data and the averages for each set. Alongside the 
tverages is plotted a coefficient R which is the ratio of 
-he average switching time of the 0.0011-inch material 
:o that of the 0.0005-inch material. R=2.1, and is inde-
3endent of HM over the range 0.5 to 5 oersteds. The ratio 
3f the thickness of the two materials is 2.2. Therefore, 
:o a high degree of approximation, the reduction in 
;witching time is proportional to that in thickness. 
An equivalent input impedance of an orthonik core 

verating under current pulse conditions will now be 
lerived. First, it will be shown that the magnetic core is 
,1 dissipative element; second, an average resistance •R 
sill be found such that during the switching-time inter-
val the same amount of energy is dissipated in  by the 
nput current as is dissipated by the magnetic core. The 
"(Mowing symbols will be used: 

1 -Cross sectional area of iron in cm'. 
T. - Mean path length of iron in cm. 
N -Number of turns on the input winding. 
r -Current flowing in input winding N (amperes). 
To -Time duration of current pulse (seconds). 
7' --Switching time. 
R --Equivalent input resistance of core (ohms). 
V -Voltage across input winding N. 
cflu -Applied field strength (oersteds). 
iE -Input energy to core. 
tEo -Energy given back by the core at the end of the current pulse. 
1E4 -Energy dissipated in the core. 

To To dB 
1. E,„ = f  Vldt = NA! X10-8 f -  dt 

0 dt 

= NAI(BR BM) X 10-8 . 

2. In CGS units 

= 0.794Ilm(BR  Bm)AL X 10-8 . 

3. Eb = 0.794KElm(Bm - BR)AL X 10-8 . 

K is a number between 0 and 1 and depends on the 
curve joining BR to Bm. 

4. The energy dissipated in switching the core is the dif-
ference between the input energy and the energy re-
turned by the core at the end of the input current 
pulse. 

Eb 

Ein 

5. Eb = Kt  1 _ BR\ / BR 1 + . 

E,„  k BmI7 Bu 

For typical 1-mil orthonik cores BR/Bm = 0.92 so that 
Eb/E,„ 0.05. 

6. Therefore, Ed is approximately equal to E1„. This 
means that the magnetic core is a dissipative element 
when used under these current pulse conditions. 

7. From the definition of W, the energy dissipated in it 
by the current I, during the switching time T, is 

lim2L2T?7, 
I2RT = 

(1. 26)2N2 

8. Equating the energy dissipated in the equivalent re-
sistance to the energy dissipated in the core and 
solving for R 

_  1.26N2(BR Bm)A X 10-8 
R =   

HmTL 

The value of 7R is inversely proportional to the product 
of HmT. This product is approximately constant for 
applied field strengths between 1.5 and 5 oersteds. 
Therefore, T? is approximately constant in this range. 
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can be computed from the physical dimensions of the 
core, the magnetic parameters, and the switching time 
versus applied field curve. 
This equivalent resistance concept has proved very 

useful in the design of magnetic shift registers and mag-
netic memory units for computer use. 

CONCLUSIONS 

(1) The ratio of the switching time of 0.0011-inch 
orthonik to 0.0005-inch orthonik is 2.1, and is independ-
ent of HM in the measured range. 
(2) Switching time varies inversely with 1/m in the 

range 1.5 to 5 oersteds. 
(3) Switching time is independent of AB/AH for large 

values of LB/ H. • 
(4) The solution of the skin-effect equation for a lin-

Correspondence 

ear B-II loop of slope, AB/MI, does not give results 
which agree with experiment. 
(5) The core under current pulse conditions is a dis-

sipative element. 
(6) An average resistance T? can be found that dissi 

pates the same amount of energy as the core does during 
the switching-time interval. This resistance is approxi 
mately constant in the range 1.5 to 5 oersteds applied 
II,. 
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A Note on Class C Power-Amplifier 
Design* (4356) 

One of the most straightforward methods 
of practical class C power-amplifier design 
is that due to Wagener,' particularly when 
carried out in a series of systematic steps, as 
indicated by Eastman.2 This method, 
though it assumes linear operation during 
the time-plate current flows, produces results 
which are within the degree of accuracy 
usually required in most design problems. 
When a preliminary design has been 

completed, it is often necessary for the de-
signer to modify his design slightly by 
changing some one or more of the design 
parameters. The effects of these modifica-
tions upon the performance and operation of 
the amplifier may not be readily discernible 
without repeating a considerable portion of 
the analysis. 
In Fig. 1 the pertinent design parameters 

Fig. 1 

are indicated. It is assumed that the pulse of 
plate curreht 4 is a portion of a sine wave of 
angular duration 0 and reaches a maximum 
value indicated by The instantaneous 
plate voltage eb reaches a minimum eb; at 
the time 4 goes through its maximum. It is 

*Original manuscript received by the Institute 
April 7. 1952. 

vv. O. Wagener. 'Simplified methods for com-
puting performance of transmitting tubes." PROC. 
IR E.. vol. 25. pp. 47-77; January, 1937. 

2A. V. Eastman. "Fundamentals of Vacuum 
Tubes.' McGraw-Hill Book Co.. Inc.. New York. 
N. 1(.. 3rd. ed.. pp. 407-410; 1949. 

further assumed that the voltage across the 
load (Ebb—es) is sinusoidal and that the load 
impedance is resistive at the fundamental 
frequency. 
For a current pulse of angular duration 0 

and maximum amplitude 4., a Fourier 
analysis yields 

/6 — is, . (sin 012 — ($12) cos 012) 
r  1 — cos to 

Zb rnsx f  — sin   \ 
I„„, — 

\ 1 — cOs 0/2 / 
13 — sin 0  

Jo  2(sin 012 — (012) cos 0/2) 

where 
/6=dc component of the pulse 
It., =peak value of the fundamental ac 

component of the pulse. 
The plate-circuit efficiency is given by • 

= E„„,/„„, (1 — k) ( p„,) 
, (4) Pin = 2E6b/6 = 2  /6 

(1) 

(2) 

(3) 

where 
100n =plate-circuit efficiency in per cent 
Ebb =dc plate voltage 

(Ebb—ebmis) = peak value of funda-
mental ac component of voltage 
across the load 

k 
By making use of the parameters indi-

cated in (1) through (4), the nomogram of 
Fig. 2 has been constructed. Through the use 
of this nomogram, one can quickly and easily 
observe the effect upon the performance of 
the amplifier brought about by a variation in 
any one or more of the parameters. 
It may also be used to facilitate the 

original design. For instance, suppose an 
efficiency of 82 per cent is desired with a 
value of k=5 per cent. Entering the nomo-
gram at (a), the assigned value of n, one pro-
ceeds horizontally to (b), the intersection of 
n with k; thence vertically upward passing 
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Fig. 2 

through (c) to (d), the intersection with the 
(3 curve; thence horizontally to (e). 
The results obtained from the above 

operation for this amplifier are then at 

(a) 

(b) 

(c) 

(d) 

(e) 

82 per cent 

k = 5 per cent 

— = 1.73 

= 137° 

IS 
= 0.248 • 

lb mix 

H. J. Scorr 
University of California 

Berkeley 4, Calif. 
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On the Isotropic Artificial 

Dielectric* (4357) 

In a recent paper, Corkum' has shown 
curves of the variation of refractive index 
with the length of two artificial dielectric 
samples, made up of metal spheres and 
quartz spheres, respectively. In the same 
paper, mention is made of the "interface 
problem" which arises when it is assumed 
that the physical boundary of the artificial 
dielectric actually defines the effective inter-
face between the sample and free space. 
There is strong evidence that the two 

effects are interrelated, i.e., that refractive-
index measurements made on small samples 
deviate from the theoretical value precisely 
because an additional phase shift is intro-
duced at the interface. The discrepancy 
may be expressed by an adjustment of the 
sample size, as Corkum suggests. This pro-
cedure yields an "equivalent length" of arti-
ficial dielectric having the refractive index 
of a very large sample. 
Alternately, the effective sample size 

may be taken to be equal to the actual size, 
arid an adjustment made in the value of re-
fractive index. A first-order theory has been 
proposed in the report of an investigation2 
carried out at Yale University under the 
sponsorship of the Air Force Cambridge Re-
search Center. With this method of attack, 
an "effective refractive index" is defined by 

net = n  -d (1) 

where d is the sample length and xis a factor 
which depends on the geometry of the array 
and the properties of the obstacle material. 

POINfs EXPERIMENTAL, 
CURVES TH'EORET-ItAL 

DIELECTRIC SPHERES 

NUMBER OF TRANSVERSE ROWS 

Fig. 1-Measured values of refractive index and theo-
retical curves for two artificial dielectrics. 

The measurements of refractive index n 
made by Corkum are compared with the the-

, oretical values of ner obtained from (1) in 
the accompanying table and also in Fig. 1 
above. The measured n evidently approaches 

• Original manuscript received by the Institute 
1 May 28. 1952. 

1 R. W. Corkum. 'Isotropic artificial dielectric.' 
I Park. IRE.. vol. 40. pp. 574-587; May. 1952. 

t C. Silaskind, 'Investigation of obstacle-type arti-
&Jai dielectrict• final report under Contract No. 
AF 191122)•270. Yale University. New Haven. Conn.; 
June. 1951. 

values of 1.195 and 1.221 for the metal and 
quartz spheres, respectively. The corre-
sponding values of x used in the theoretical 
computations were 0.095 and 0.084; the 
units were chosen so that the sample 
length d could be expressed simply in terms 
of the number of obstacle rows making up 
the sample. The curves shown in Fig. 1 
are actually plots of (1), and are seen to fit 
the experimental points exceedingly well. 

TABLE I 

Num-  Metal spheres 
ber of 
rows n (meas.) 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

Did, spheres 

nest n (meas.) 

with a resistance load followed by an isola-
tion device and then by an ideal low-pass 
filter. The necessity of including an isolation 
device prevents our conclusions from being 
directly applied to circuits like the simple 
diode directly feeding an RC load. Also, it is 
to be recognized that the term "linear detec-
tion" is a misnomer since detection is never 
a linear process. 
The analysis begins by assuming a modu-

lating function given by 

f(1) = E„, cos cost. 

The amplitude-modulated wave is 

(I) 

nett  e(t) = E,(1 + m cos coat) cos coci.  (2) 

1.284 
1.245 
1.231 
1.222 
1.220 
1.201 
1.205 
1.206 
1.198 
1.197 
1.202 
1.199 
1.118 
1.202 
1.201 
1.200 
1.202 

1.290 
1.243 
1.227 
1.219 
1.214 
1.211 
1.209 
1.207 
1.206 
1.205 
1.204 
1.203 
1.202 
1.202 
1.201 
1.201 
1.201 

1.311 
1.263 
1.249 
1.242 
1.237 
1.234 
1.232 
1.231 
1.056 
1.228 
1.227 
1.227 
1.226 
1.225 
1.224 
1.224 
1.223 

1.305 
1.263 
1.249 
1.242 
1.238 
1.235 
1.233 
1.232 
1.230 
1.229 
1.229 
1.228 
1.227 
1.227 
1.227 
1.226 
1.216 

The value of x =0.095 for the array com-
prising metal spheres was obtained as the 
result of an apparently successful attempt 
to predict this quantity on the basis of 
scattering theory. For the array of quartz 
spheres, the same theory yielded a value 
lower than the x=0.084 used in the present 
contribution; the latter value must be there-
fore considered to be of a semi-empirical na-
ture. The theory has not been published in 
its entirety partly because of this uncer-
tainty, but mainly because of insufficient 
experimental data available for testing the 
theory conclusively. A brief mention of it 
appeared in a paper published in London 
earlier this year.3 

CHARLES SL SSKIND 
Stanford University 

Stanford, Calif. 

C. Stlaskind. 'Obstacle-type artificial dielectrics 
for microwaves." Jour. Brig. IRE, vol. 12. pp. 49-
62; January, 1952. 

Linear  Detection  of  Amplitude-

Modulated Signals* (4358) 

An interesting mathematical treatment 
of "linear detection" of amplitude-modu-
lated signals seems to have been overlooked 
in the literature. This treatment, based on 
a suggestion by McLean of the Rome Air 
Development Center, enables one to express 
the output of an appropriate type of "linear 
detector" in a form which clearly indicates 
the theoretical limitations of the process. 
The type to be considered is an ideal rectifier 

• Original manuscript received by the Institute 
April 7, 1952. 

It should be noted that a component of e(t) 
with a frequency co0 does not exist, so that a 
true linear operation on e(t) cannot recover 

After detection, a component of fre-
quency co,, will exist. For the case of a half-
wave rectifier in the system described above, 
this may be shown as follows: The output of 
the detector eo(t) is the positive part of the 
amplitude-modulated wave, (2), being zero 
for those values of time when (2) is negative. 
Since (1+m cos coat) is always positive (for 
m <1), eo(t) is given by the product of 
(1+m cos coat) and the half-wave rectified 
carrier. Expressing the half-wave rectified 
carrier in a Fourier series, the output be-
comes 

eo(t) = E,(1 + m cos coat)( 1/7r + 1/2 cos wet 

+ 2/3r cos 2coct -1- • • • ). (3) 

Applying standard trigonometric identities, 
eo(t) is seen to contain components with fre-
quency dc, u5,co.-0.1,„ toe,  2coc-co., 
2co„ 204+64, and so on. An ideal low-pass 
filter will separate the desired component of 
frequency co5 from the remaining undesired 
components, provided that 

co. - co. > co5 or co. < 1/2coc.  (4) 

If a full-wave rectifier is used in the sys-
tem described above, the output will be 
given by the product of (1+m cos coat) and 
the full-wave rectified carrier. An analysis 
similar to that used for the half-wave case 
reveals that the output has components with 
frequencies dc, w5, 2w,-w4, 26.1,-1-coa, and so 
on. An ideal low-pass filter will separate the 
desired component of frequency from the 
undesired components, provided that 

2co, - CAI > w5 or w5 >  to,.  (5) 

The preceding analysis shows that an 
ideal modulating and demodulating system 
of the type described above is limited in 
operation by the requirement that the 
highest frequency component of the modu-
lating function satisfy (4) for the half-wave 
case and (5) for the full-wave case. 

H. HELLERMAN 
C. R. CAHN 

Electrical Engineering Department 
Syracuse University 

Syracuse, N. Y. 
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N. J., and then in the department of chem-
. istry and electricity at the U. S. Military 
, Academy in West Point. Besides teaching 
and administrative duties, he designed and 
supervised the installation of the electronics 
, laboratory at the Academy. 

Dr. Hormell has also taught at Southern 
Methodist University and the University of 
' Illinois. He is presently professor of electri-
, cal engineering at Washington University, 
St. Louis, Mo. 
A colonel in the Signal Corps, U.S.A.R., 

Dr. Honnell was awarded the Legion of 
; Merit medal in 1946 for his services at West 
Point. He is a member of the A.I.E.E., Soc. 
: Exploration Geophysics, Seismological Soc. 
Amer., Amer. Geophysical Union, Tensor 
Club of Great Britain, AAAS, Tau Beta l'i, 
and Sigma Xi. 

• 

1
'  R. E. Horn (S'52) was born in St. Louis, 
Mo. on November 30, 1927. lie received the 
B.S. degree in electrical engineering from 

C. R. KNI6111 

W. C. JAKES, JR. 

Washington University in 1950. At that time 
he was awarded a Fortesq tie Fellowship from 
the Westinghouse Electric Corporation, and 

continued his studies 
at the University, re-
ceiving the M.S. de-
gree in electrical en-
gineering in 1951. 
Prior to gradua-

tion, Mr. Horn spent 
two years as an elec-
tronic technician in 
the U. S. Navy, and 
now holds the grade 
of ensign, U.S.N.R. 
At present he is an 
instructor at Wash-

ington University and an engineer on a 
Naval Ordnance research project. 
Mr. Horn is a member of Tau Beta Pi 

and Sigma Xi. 

R. E. HORN 

William C. Jakes, Jr. (S'43—A'49) was 
born in Milwaukee, Wis., on May 15, 1922. 
He received the B.S.E.E. degree from 

Northwestern Uni-
versity in 1944, then 
entered  the  Navy 
and served for two - 
years  as  airborne 
electronics officer. He 
returned to North-
western University in 
1946  for graduate 
study, receiving the 
M.S. degree in 1947 
and the Ph.D. de-
gree in 1949. During 
part of this time he 

was employed by the Microwave Labora-
tory at Northwestern as a research associate. 
Since July, 1949, Dr. Jakes has been a 

member of the technical staff of the Bell 
Telephone Laboratories, Inc., engaged in 
microwave propagation and antenna studies. 
He is a member of Sigma Xi, Eta Kappa 
Nu, and Pi Mu Epsilon. 

C. R. Knight (M'45) was born in Salt 
Lake City, Utah, on September 25, 1918. He 
received the B.S. degree in electrical engi-

neering  from  the 
University of Utah in 
1940. 
From  1940  to 

1951 Mr. Knight 
was  employed by 
the General Electric 
Company in various 
capacities in the elec-
tron-tube field. His 
assignments included 
application engineer-
ing and advanced 
tube -development 

work. At present he is assistant project di-
rector of the Military Tube Project, Aero-
nautical Radio, Inc. 
Mr. Knight is a member of Phi Kappa 

Phi and Tau Beta Pi. 

E. M. MCELWEE 

PAUL N1ANDEL 

Paul Mandel (A'45) was born on Febru-
ary 15, 1906, in Szolnok, Hungary. In 1929, 
he received the diploma of electrical engi-

neering  from  the 
Polytechnical  High 
School of Berlin, Ger-
many, and joined the 
staff of the Dr. G. 
Seibt  Laboratories, 
engaging in research 
work on acoustical 
systems and broad-
casting receivers un-
til 1931, when he be-
came associated with 
the Sachsenwerk A. 
G. in Dresden as 

head of the broadcasting receiver develop-
ment, remaining until 1933. He was engaged 
from 1936 in television research work for the 
Compagnie des Compteurs, Montrouge, 
France, as head of the research group on 
high-definition television systems, large-
screen television projectors, and television 
receivers. In 1949, he joined the Television 
Laboratories of the Radio-Industrie in Paris, 
for further development of high-definition 
television systems as chief of a development 
section. 
Mr. Mandel is a member of the Societe 

des Radioelectriciens, of the Societe Fran-
caise des electriciens, and a member of the 
Comae Mixte de Television. 

Eleanor M. McElwee (M'51) was born in 
New York, N. Y., on May 15, 1924. She re-
ceived the A.B. degree in English and mathe-

matics from Lady-
cliff College in 1944, 
and has done addi-
tional work in science 
at Cooper Union. 
Miss McElwee 

was employed by the 
Western Electric 
Tube Shop,  New 
York City, from 1944 
to 1947 as assistant 
product engineer. 
She came to Sylvania 
Electric Products 

Inc. in 1947, and was in charge of the statis-
tical analysis program and life-testing tubes 
for the engineering analysis section of the 
Product Development Laboratories at Kew 
Gardens, N. Y. 

Markus Nowogrodzki (S'47—A'49) was 
born on September 13, 1920 in Warsaw, 
Poland. He started his undergraduate train-

ing at the Electro-
• technical Institute of 

the  University  of 
Grenoble,  France. 
He came  to  the 
United  States  in 
1940,  and served 
with the U. S. Army 
Intelligence Service 
overseas from 1943 
until 1945. He re-
ceived the B.E.E. de-

M. NOWOGRODZKI gree with honors in 
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1948 and the M.E.E. degree, in 1951, both 
from the Polytechnic Institute of Brooklyn. 
From 1948 until 1951 Mr. Nowogrodzki 

was on the staff of Hazeltine Electronics 
Corporation, where he was engaged in the 
development of microwave components and 
devices for radar equipments. He joined 
Amperex Electronic Corporation as micro-
wave engineer in 1951, and he is now en-
gaged in the development of magnetron test 
equipment and measuring techniques in 
Amperex's Microwave Division. 
Mr. Nowogrodzki is a member of Tau 

Beta Pi and Eta Kappa Nu. 

John R. Ragazzini (A'41—M'46—SM'52) 
was born in New York City on January 3, 
1912. He received the B.S. and E.E. degrees 

at the College of the 
• City of New York in 

1932 and 1933, and 
the A.M. and Ph.D. 
degrees at Columbia 
University in 1939 
and 1941. 
After associating 

with one of the New 
York City Depart-
ments, Dr. Ragazzini 
became an instructor 
in  the  School of 
Technology of the 

City College. In 1941 he joined the faculty 
of the School of Engineering at Columbia 
University, where he is now professor of 
electrical engineering. He was active in the 
Division of War Research at Columbia dur-
ing World War II and later as an engineering 
consultant in the field of feedback control 
and noise problems. In addition to his aca-
demic duties, he is currently directing a 
project in air defense at the new Electronics 
Research Laboratories at Columbia. 
Dr. Ragazzini is a member of Phi Beta 

Kappa, Sigma Xi, Tau Beta Pi, and Eta 
Kappa Nu, and of the A.I.E.E. and A.S.E.E. 

Henry J. Riblet (A'45) was born on July 
21, 1913, in Calgary, Canada. He received 
the B.S. degree in 1935 and the Ph.D. degree 

in 1939 from Yale 
University. 
From  1939  to 

1942,  Dr. Riblet 
taught mathematics 
first as instructor at 
Adelphi College and 
later as assistant pro-
fessor at Hofstra Col-
lege. From 1942 to 
1945 he was at the 
Radiation  Labora-
tory, where he was in 
charge of one of the 

three design sections of the antenna group. 
From 1945 to 1949 he was in charge of the 
antenna and RF groups at the Submarine 
Signal Company. He is now employed by 
the Microwave Development Laboratories. 
He is a member of the American Mathe-

matical and Physical Societies. 

I LA! 

HENRY J. RIBLET 

Ernest G. Rowe was born in 1909 in 
Plymouth, England. He received an honors 
degree in engineering in 1932 and an M.Sc. 

degree a year later 
from London 11ni-
versity. 
In 1933 Mr. 

Rowe joined the de-
velopment staff of 
the M. 0. Valve 
Company, and later 
became chief of the 
valve department. In 
1948, he was named 
chief receiving valve 
engineer of the Bri-
mar Valve Division 

of Standard Telephones and Cables Ltd. 
Mr. Rowe is a member of the I.E.E. and 

an associate of the City and Guilds of Lon-
don Institute, and holds the diploma of the 
Imperial College of Science and Technology. 

Eugene A. Sands (A'48) was born on 
March 15, 1925 in New York City. He grad-
uated from Harvard College in 1944 with the 

B.S. degree in phys-
ics, and then served 
three years in the 
U. S. Navy as a com-
munications officer. 
He returned to Har-
vard to earn the M.S. 
degree  in  applied 
physics in 1948. 
Afterwards  Mr. 

Sands designed hear-
ing aids for the Sono 
tone Corporation of 
Elmsford, N. Y., and 

then joined the Burroughs Adding Machine 
Company in Philadelphia. He is now with 
the Magnetics Research Company of Chap-
paqua, N. Y., doing work on the design and 
application of magnetic components to com-
puters and business machines. 

ERNEST G. ROWE 

EUGENE A. SANDS 

Thomas G. Slattery was born in Boston, 
Mass. in 1918. From 1941 to 1946 he served 
as a communications officer in the U. S. Air 

Forces. He received 
the B.S. degree in 
electrical engineering 
in 1948 and the M.S. 
degree  in  applied 
mathematics in 1949, 
both from the Uni-
versity of Michigan. 
From 1947 to 1949 
he was a research as-
sistant at the Engi-
neering Research In-
titute, University of 
Michigan,  working 

on operations research problems for the 
Office of Naval Research. 
In 1949 Mr. Slattery became a project 

engineer at Sperry Gyroscope Company, and 
was engaged in theoretical design studies for 

T. G. SLATTERY 

a guided missile project. The following year 
he joined the staff of the Avion Instrument 
Corporation of Paramus, N. J., and worked 
on the design and construction of aircraft 
fire-control computers. 
From 1951 to 1952 Mr. Slattery was a 

senior engineer with Melpar, Inc., primarily 
engaged on a countermeasures project and 
acting as a consultant on radar and tele-
metering projects. Ile is presently employed 
as a project engineer by the Transducer 
Corporation of Boston, Mass. 

James R. Wait was born in 1924 in 
Ottawa, Canada. During World War II he 
was a radar technician in the Canadian 

Army. In 1949 he re-
ceived the M.A. de-
gree in applied phys-
ics, and in 1951 the 
Ph.D. degree in elec-
trical engineering, 
both from the l'ni-
versity of Toronto. 
He was employed by 
the Research Labora-
tories of the Hydro 
Electric Power Com-

J AMES R. WAIT  mission of Ontario in 
1948 and by New-

mont Exploration, Ltd. of Jerome, Ariz. in 
1951 and 1952. 
Dr. Wait is now in charge of the theo-

retical section of the Radio Physics Labora-
tory of the Defence Research Board in Ot-
tawa. He is a member of the Professional 
Engineers of Ontario, the Canadian Associa-
tion of Physicists, and the Society of Ex-
ploration Geophysicists. 

Chester B. Watts, Jr., was born in Wa -,11-
ington, D. C., on June 16, 1918. After recci% - 
ing the B.S. degree in electrical engineering 

from the Massachu-
setts  Institute of 
Technology in 1940, 
he went to work for 
the  Federal  Tele-
graph  Company, 
Newark, N. J., on 
developing antennas 

' and  modulation 
equipment for ins:ru-
ment landing localiz-
ers and radio ranges. 

C. B. WATTS, JR.  From  1942 to 

1946, Mr. Watts was 
an engineering project officer in the Aircraft 
Radio Laboratory, Wright Field. He was 
awarded the Legion of Merit for work in 
connection with the development of auto-
matic landing equipment. 
Since 1947 Mr. Watts has been employed 

by the Civil Aeronautics Administration in 
the development of radio aids to air naviga-
tion, principally instrument landing. 

For a photograph and biography of DR. 
Lont ZADEtt, see page 1128 of the Septem-
ber issue of the PROCEEDINGS OF THE 
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Calendar of 

COMING EVENTS 

IRE-RTMA Radio Fall Meeting, 
Syracuse, N. Y., October 20-22 

IRE Annual Broadcast Conference, 
Franklin Institute, Philadelphia, 
Pa., October 27 

Symposium on Microwave Circuitry, 
Western Union Telegraph Com-
pany Auditorium,  New York, 
N. Y., November 7 

Kansas City IRE Technical Confer-
ence, President Hotel, Kansas 
City, Kan., November 21-22 

1952 National Conference on Vehicu-
lar  Communications,  Statler 
Hotel, Washington, D. C., De-
cember 3-5 

IRE-ALEE-ACM Computers Confer-
ence, Park Sheraton Hotel, New 
York, N. Y., December 10-12 

IRE-AIEE Meeting on High Fre-
quency Measurements, Washing-
ton, D. C., January 14-16 

IAS-IRE-RTCA-ION Symposium on 
Electronics in Aviation, New York, 
N. Y., January 26-30 

IRE Southwestern Conference and 
Electronics Show, Plaza Hotel, 
San Antonio, Tex., February 5-7 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 

9th Joint Conference of RTMA of 
United States and Canada, Am-
bassador  Hotel, Los Angeles, 
Calif., April 16-17 

1953 National Conference on Air-
borne Electronics, Dayton, Ohio, 
May 11-13 

KANSAS CITY SECTION 
CONFERENCE SLATED 

The fourth annual Regional Papers 
Technical Conference will be sponsored by 
the Kansas City IRE Section, November 
21-22, at the President Hotel, Kansas City, 
Kan. 
"Electronics in Industry" carries the 

zeneral theme of the conference. The two-
lay sessions will cover recent advancements 
.n the fields of industrial communications, 
iudio and video circuitry, instrumentation, 
antennas and radiation, and radio and tele-
vision broadcasting. 

1952 STUDENT AX1ARDS 

The IRE Board of Directors has estab-
lished a plan whereby students in the differ-
ent IRE Student Branches may be given an 
award by the local Section. The Annual IRE 
Student Branch Awards for 1952, as well as 
the name of the Student Branch in which 
the student winner was enrolled, are listed 
as follows: 

Student Branch 
Award Winner 

M. A. Winkler 
R. W. Hellwarth 
A. 0. Levy, Jr. 
J. L. Preston 
B. J. Shinn 
J. E. Dixon 
W. D. Sneddon 

E. R. Schmidt 
N. A. Bourgeois, Jr. 
A. B. Welch 

J. S. Lodato 

J. L. Minck 
Jack Schwartz 

E. R. Yoder 
J. W. Long 
J. D. Crane, Jr. 

William Rouse 
E. W. Messinger 
R. B. Naugle 
R. B. Kieburtz 
P. E. Kammerman 
R. L. Van Allen 

Orrin Kaste 
R. W. Sackett 
R. J. Talbot 

M. L. Fox 
J. W. Christie 
Joseph Ossanna, Jr. 
E. G. Gilbert 
K. L. Johnson 
R. M. Wolfe 
G. A. Breakey 

F. W. Keay 
John Tomlinson 

Student Branch 

Univ. of Akron 
Princeton Univ. 
Rutgers Univ. 
Yale Univ. 
Univ. of Connecticut 
Univ. of Dayton 
Univ. of British Co-
lumbia 

Univ. of Illinois 
Tulane Univ. 
Southern Methodist 
Univ. 

Louisiana  State 
Univ. 

Univ. of Notre Dame 
Illinois Inst. of Tech-
nology 

Northwestern Univ. 
Univ. of Kansas 
Utah State Agricul-
tural College 

Syracuse Univ. 
Univ. of Cornell 
Univ. of Arkansas 
Univ. of Washington 
Univ. of Maryland 
George Washington 
Univ. 

Univ. of Wisconsin 
Marquette Univ. 
Michigan College of 
Mining and Tech-
nology 

Kansas State College 
Univ. of Detroit 
Wayne Univ. 
Univ. of Michigan 
Seattle Univ. 
Univ. of Louisville 
Carnegie  Inst.  of 
Tech. 

Univ. of Pittsburgh 
Pennsylvania State 
College 

MICROWAVE SYMPOSIUM 
SLATED FOR NOVEMBER 
A symposium on "Microwave Circuits," 

sponsored by the IRE Professional Group 
on Microwave Theory and Techniques, is 
scheduled for November 7, 1952, at the 
Western Union Telegraph Company Audi-
torium, New York, N. Y. 
Registration fee for the symposium, re-

ceived before October 24, will be $1.75. The 
fee will be advanced to $2.00 after that date. 
Registrations filed after October 12 will be 
held and can be obtained at the entrance to 
the auditorium on the date of the meeting. 
All persons desiring to register for the sym-
posium should send their remittance to: 
W. M. Goodall, Bell Telephone Laborator-
ies, Inc., Box 107, Red Bank, N. J. 

Program 

Morning Session: November 7 

Andre Clavier, Chairman 

Introduction and Welcome, Ben Warriner, 
Chairman of IRE Professional Group on 
Microwave Theory and Techniques 

"A New Chart for the Solution of Transmis-
sion Line and Polarization Problems," 
A. Deschamps, Fed. Tele. Labs. 

"Some Coupled-Wave Theory and Applica-
tion to Waveguides," S. E. Miller, Bell 
Telephone Labs., Inc. 

"Audio Modulation Substitution System for 
Microwave Attenuation Measurements," 
J. Korewick, Sperry Gyroscope Co. 

"The Microwave Interferometer for Meas-
uring the Time Displacement of a Pro-
jectile Within the Barrel of a Gun," 
H. C. Hanks, Jr., Glen L. Martin Co. 

Afternoon Session: November 7 

G. C. Southworth, Chairman 
"Performance of Ferrites in the Microwave 
Range," A. G. Fox, Bell Telephone 
Labs., Inc. 

“Microstrip—A New M icrowave Transmis-
sion Technique," H. F. Engelmann, Fed. 
Tele. Labs. 

"Some New X-Band Components for Radar 
Use," H. J. Riblet, T. S. Saad, and E. 
Hodge, Microwave Development Labs., 
Inc. 

"Duplexing Filter Design at 2,000 Mc," 
D. R. Crosby, RCA Victor 

"A Standard Waveguide Spark Gap," David 
Dettinger, Wheeler Labs. 

LAST CALL! 

AUTHORS FOR IRE NATIONAL CONVENTION!! 

Lloyd T. DeVore, Chairman of the Technical Program Committee for the 1953 
IRE National Convention, to be held March 23-26, requests that prospective au-
thors submit the following information: (1) Name and address of author, (2) Title 
of paper, (3) A 100-word abstract and additional information up to 500 words (both 
in triplicate) to permit an accurate evaluation of the paper for inclusion in the Tech-
nical Program. 
Please address all material to: Lloyd T. DeVore, c/o IRE Headquarters, 1 East 

79 Street, New York 21, N. Y. 
The deadline for acceptance is November 17, 1952. Your prompt submission will 

be appreciated. 
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Professional Group News 
AUDIO 

Recent activities of the Audio Group 
have included the distribution of PGA-9 
TRANSACTIONS to the members, and peti-
tions for the formation of Group Chapters in 
Philadelphia and Albuquerque. 
At the National Electronics Conference 

in Chicago, III., September 29—October I, 
1952, the Audio Group presented the follow-
ing papers: "Analog for Loudspeaker De-
sign," by J. J. Baruch and H. C. Lang; 
"High-Power Audio Amplifiers," by L. F. 
Deise and H. J. Morrison; and, "Direct 
Measurement of the Efficiency of Loud-
speakers by Use of a Reverberation Room," 
by H. C. Hardy, H. H. Hall, and 1... G. 
Ramer. 

VEHICULAR COMMUNICATIONS 

The IRE Professional Group on Vehicu-
lar Communications will sponsor the third 
annual National Conference on Vehicular 
Communications, December 3-5, 1952, in 
Washington, D. C. 
Inquiries for further information on the 

Conference may be addressed to the Chair-
man: W. A. Shipman, Box 215, 109 E. 
Broad St., Falls Church, Va. 

1953 IRE NATIONAL CONVENTION 

Each IRE Professional Group has ap-
pointed a representative to serve on the 1953 
IRE National Convention Journal Com-
mittee. 

RADIO TELEMETRY AND REMOTE 
CONTROL 

M. V. Kiebert, Chairman of the IRE 
Professional Group on Radio Telemetry and 
Remote Control, has volunteered to speak 
at IRE Section meetings throughout the 
country on, "Telemetering Installations and 
Systems." Mr. Kiebert travels across the na-
tion about once a month and should be con-
tacted directly at Bendix Aviation Corpora-
tion, Teterboro, N. J., in regard to speaking 
engagements. 

INSTRUMENTA1 ION 

The 202-page Proceedings of the Sym-
posium on Progress in Quality Electronic 
Components, held in Washington, D. C., 
May 5-7, 1952, containing 48 papers, fully 

illustrated, are available from the Radio-
Television Manufacturers Association, 800 
Wyatt Building, 777-14 St., N.W., Wash-
ington, D. C. The price is $5.00 per copy. 
The Instrumentation Group has ap-

pointed R. L. Sink as sponsor representa-
tive for the West Coast Symposium 011 Qual-
ity Electronic Components which will be 
held in May, 1953. 
In conjunction with the Cleveland IRE 

Section, the Group sponsored a technical ses-
sion at the annual meeting of the Instrument 
Society of America, in Cleveland, Septem-
ber 8-12, 1952. P. L. Hoover, head of the de-
partment of engineering, Case Institute of 
Technology, was the Group representative 
for the session. 

INFORMATION THEORY 

Nathan Marchand, Chairman of the In-
formation Theory Group has announced 
that the Group's Administrative Committee 
is planning a National Conference for this 
fall. In addition, there will be activities on 
the West Coast. Time, place, and details will 
be announced shortly. 

BROADCAST TRANSMISSION SYSTEMS 

The IRE Professional Group on Broad-
cast Transmissions Systems will sponsor the 
second Annual Broadcast Conference, Octo-
ber 27, 1952, at the Franklin Institute, 
Philadelphia, Pa. 
Approximately nine papers of technical 

interest will be presented, and a luncheon 
and banquet will be included in the confer-
ence program. 
Further information may be obtained 

from the Conference chairman: Lewis Win-
ner, Bryan Davis Publishing Company, 52 
Vanderbilt Ave., New York 17, N. Y. 

ELECTRONIC COMPUTERS 

The Electronic Computer Group has ap-
pointed the following committee for the 
Joint Computer Conference at the Hotel 
Park Sheraton, New York, N. Y., December 
10-12, 1952: N. H. Taylor (Chairman), 
J. H. Howard (Secretary), S. N. Alexander 
(Program Chairman), M. M. Astrahan, 
P. Crawford, Jr., F. J. Maginnis, J. C. Mc-
Pherson, A. R. Mohr, W. H. MacWilliams, 
C. V. L. Smith, V. G. Smith, S. B. Williams. 

JTAC Report on Spectrum 
Conservation Available 

A comprehensive survey and appraisal of the utilization of the radio spec-
trum is now available in a volume entitled "Radio Spectrum Conservation," 
prepared by a group of well-known experts under the auspices of the Joint 
Technical Advisory Committee. 
Subjects covered in the volume are as follows: (chapter 1) history of the 

allocation of the radio spectrum from 1896 to the present; (chapter 2) propaga-
tion characteristics of the radio spectrum from 10 kc to 300,000 mc; (chapter 
3) an ideal approach to allocations covering all types of services; (chapter 4) 
critique of the present allocations from 10 kc to 300,000 mc; (chapter 5) dy-
namic conservation of spectrum resources covering past lessons and present 
problems, ideal and actual conditions of spectrum occupancy, technical meas-
ures to implement conservation, economic factors, and specific examples. 
"Radio Spectrum Conservation" is available from the McGraw-Hill Book 

Co., 330 W. 42 St., New York 18, N. Y., at $5.00 per copy. 

TECHNICAL COMMITTEE NOTES 

The Standards Committee convened on 
July 31, under the chairmanship of A. G. 
Jensen. Chairman Jensen brought to the at-
tention of the Committee the question of 
appointments of technical committee rep-
resentatives in connection with the submis-
s'on of material for the Annual Review. 
R. R. Batcher, Chairman of the Annual 
Review Committee, stated that preliminary 
work with the Annual Review should be 
commenced immediately. Last year 20 to 25 
per cent of the reports arrived after the dead-
line, causing a delay of about two months. 
Chairman Jensen advised the members, as 
chairmen of technical committees, to select 
a representative, or representatives, and to 
so advise Mr. Batcher, with a copy to L. G. 
Cumming, Technical Secretary. The Com-
mittee Chairman is also to ascertain that 
appointee is willing to do the work and %% 
carry it through to completion, thus elimi-
nating instructions and relevant data to in-
dividuals not actually concerned with the 
work. The Annual Review Committee is 
presently preparing instructions, etc., which 
will be distributed as soon as the appoint-
ments are made. A. G. Clavier reported on 
the work being done in his Symbols Com-
mittee and the Subcommittee on Graphical 
Symbols for Semiconductors. Discussion en-
sued concerning the forthcoming ASA 
Standard on Graphical Symbols which will 
be available in final draft form in about three 
weeks. In order to avoid any conflict in sym-
bols, it was suggested that this document be 
given a wide circulation. The Symbols Com-
mittee will consider this document at its 
next meeting, after which it should be sub-
mitted to the Standards Committee for ap-
proval. The Committee then turned its at 
tention to the Definition of Noise Figure 
(Noise Factor), to be included in the docu-
ment 51 IRE 17. PS3 and which was given 
final approval at the last Standards Com-
mittee meeting. 
On July 11, the Electron Devices Com-

mittee met under the Chairmanship of G. D. 
O'Neill. Chairman M. E. Hines of the Ad 
Hoc Committee on Reorganization of the 
Coinmittee on Electron Devices, stated that 
the first meeting of this group would be held 
early in the fall. During a general discussion 
of the problems facing this Committee, it 
was pointed out that the standards work on 
cathode-ray tubes, storage tubes, and pickup 
tubes is now the responsibility of a single 
subcommittee. The Chairman of this sub-
committee, R. B. Janes, has begun work on 
Phototube Definitions and Methods of Test, 
in collaboration with R. G. Stoudenheimer. 
Although most of the material inherited 
from the work of past years requires nearly 
complete revision, it should be ready for the 
main Committee by late 1952. Pickup tube 
standards will be considered in 1953. Ap-
proval has been given to the name of the 
Subcommittee for Test Methods for High-
Vacuum Microwave Tubes with the numeri-
cal designation 7.11. A list of Microwave Tube 
Definitions was discussed and a final revision 
was made. R. M. Ryder reported that the 
Subcommittee on Semiconductor Devices 
had organized two task groups, one on Defi-
nitions and Letter Symbols, under S. J. 
Angell°, and one on Methods of Test under 
W. J. Pietenpol. 
The Electronic Computers Committee 
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,Technical Committee Notes, cont.) 

met on June 27, under the Chairmanship of 
Robert Serrell. Nathaniel Rochester pre-
sented a detailed report of the Eastern Defi-
nitimis Subcommittee's present and pro-
jected activities. Liaison will be maintained 
with an AIEE subcommittee on computer 
definitions. It is planned to give particular 
attention to such terms in common use in 
patent specifications. Attention will also be 
given to the proper style of all their defini-
tions. During the discussion it was pointed 
out that all such analog computer terms 
which do not deal specifically with servo-
mechanisms, should be included within the 
province of the two Definitions Subcommit-
tees. Specific servomechanisms terms (such 
as the word 'servomechanism" itself) should 
be handled by the Servo-Systems Commit-
tee. The next item discussed concerned the 
formation of a new Subcommittee on Mag-
netic  Recording. Chairman Serrell an-
n,ounced that he had appointed S. N. Alex-
ander the Subcommittee Chairman. Mem-
bers of this Subcommittee on Magnetic Re-
cording for Computing Purposes will be ap-
poin -ed by its Chairman. The scope of the 
new Subcommittee has been tentatively de-
y:-.ribed as follows: 'To study the physical 
characteristics of apparatus and materials 
used in magnetic recording for computing 
p irposes on continuous media (tapes, drums, 

at are significant in determining the 
'-=.s.r.ce of these devices. To establish 

;,roper technical methods of measuring: (1) 
relevant physical characteristics of equip-
ment and materials: (2) performance.' At 
he suggestion of Dr. Alexander, a discussion 
ensued on doing similar work for computer 

a-:ed Dr. Alexan-

der and Mr Rochester to consider the situa-
tion and make recommendations later. 
On June 13, the Navigation Aids Com-

mittee convened under the Chairmanship of 
P. C. Sandretto. A list of terms presented by 
L. M. Sherer was considered by the Com-
mittee. Also considered was a list of terms 
prepared by R. E. Gray, who extracted the 
definitions from the Radiation Laborator.• 
Wartime Seri , volume 19. 
The Sound Recording and Reproducing 

Committee, under the Chairmanship of 
A. W. Friend, met on July 29. Revisions 
were made in the tentative Standards on 
Sound Recording and Reproducing: Meth-
ods of Measurement of Noise in Sound Re-
cording and Reproducing Systems, 1951 (51 
IRE 19. PSI). as the result of comments and 
suggestions received by the Committee. This 
material is now ready for Standards Com-
mittee action. A. P. G. Peterson, Chairman 
of Subcommittee 19.1, submitted, by mail, 
a list of his present personnel and reported 
that R. E. Zenner had submitted a revision 
of his material on 'Proposed Standards on 
Frequency Response of Recording-Repro-
ducing Systems with Resistive Termina-
tions' to the Subcommittee. Comments 
have been made which will delay sending 
this proposal to the main Committee. The 
proposal on 'Distortion: Definitions and 
Procedures for Measurement" is still on the 
agenda: however, no new proposal is yet 
ready for submission. Lincoln Thomdson, 
Chairman of Subcommittee 19.2, reported 
that his Subcommittee on Mechanical Re-
cording is still preparing a draft on Record 
Calibration. It is hoped that this material 
will be ready for submission to the Commit-
tee during 1952. H. E. Roys explained in de-
tail (with the help of Mr. McNaughten, 

Chairman of the CCIR Committtee on Re-
cording and Reproducing) the general pro-
gram by which CCIR is attempting to aug-
ment the international exchange of radi 
program material through the medium of 
mechanical disc and magnetic tape trans-
criptions. The chief problem is to complete 
the necessary field of agieement for record-
ing and reproducing standards among the 
various CCIR nations. It was indicated that, 
through Mr .McNaughten's efforts, a large 
part of the United States magnetic tape re-
cording standard was accepted by the inter-
national group. The remaining objective is 
international standardization in the me-
chanical recording field, and in the field of 
methods and procedures for the measure-
ment of the characteristics of recorded 
information of both mechanical and mag-
netic transcriptions. Standardization also is 
necessary on the recording amplitude as a 
fluctuation of frequency. Mr. N1cNaughten 
talked widely on the various practical prob-
lems of his ventures into these fields of inter-
national standardization. His remarks con-
tributed much to the committee members' 
knowledge of CCIR problems, and it was 
agreed to set up under the Sound Recording 
and Reproducing Committee a CCIR Task 
Group. Mr. Roys will serve as Chairman. 
The other members will be A. W. Friend, 
L. Thompson, R. M. Fraser, \V. S. Bach-
man, and R. C. Moyer. Mr. Roys announced 
that he would proceed, with the assistance of 
the various Task Group members, to pre-
pare as much material as possible relating to 
the present state of the mechanical and mag-
netic recording arts in the United States. 
This material will be submitted to Mr. Mc-
Naughten for his use in the forthcoming 
CCIR meeting. 

IRE People   
Leo  L. Beranek (S'3(.1--A'41—SNI'45-

7-'2 has been made a Fellow in the Ameri-
Academy of Arts and Sciences. 

Dr. Beranek was 
born in Solon, Iowa, 
on  September  15, 
1914. He received the 
B.A. degree in 1916 
from Cornell College, 
and the M.S. and 
D.Sc. degrees from 
Harvard University 
in 19.37 and 1940, 
respectively,  and an 
honorary D.Sc. de-
gree  from  Cornell 
College in 1946. 

Dr. Beranek was associated profession-
ally with Harvard University, and served 
surrf-ssively as a research assistant instruc-
tor, director of sound-control research, and 
director of the Electracoustic and Systems 
Research Laboratories from 1937 to 1946. 
In 1947 he was appointed to his present 
position of associate professor of communica-
tions engineering and technical director of 
the Acoustics I..aboratory at the Masaachu-
setts Institute Of Technology. 
Dr. Beranek is a fellow of the American 

Physical Society, a fellow and a<sociate 
editor of the Acoustical Society of America, 
and a member of the American Association 

for the Advancement of Science, Sigma Xi, 
and Eta Kappa Nu. He served as the Na-
tional Chairman of the IRE Profes=ional 
Group on Audio, as chairman of the Acous-
tics Section Z-24 of the American Standards 
Association, and is the chairman of the 
Acoustics Panel, Research and Development 
Board, Department of Defense. 

Edward Stanko  •A'27) has been ap-
pointed manager of engineering, technical 
products division, RCA Service Company, 
Inc. He will direct specialized training of 
field personnel, preparation of technical in-
formation, and development of new and im-
proved methods for installation and servic-
ing of RCA technical products. 
Mr. Stanko was born in Hastings, Pa., 

and attended the National Radio Institute, 
the University of Buffalo, and the College of 
South Jersey. 
Beginning his career as a ship's radio 

operator in 1920, for fifteen years he held 
various positions as announcer, transmission 
engineer, and chief engineer with broad-
casting companies in Buffalo, N. Y.  He 
served as both commentator and engineer 
on a night-time musical program over Sta-
tion WF,1312, Buffalo, one of the first radio 
stations in the United States to broadcast 
continuously for 24 hours each day. In 1928, 

Mr. Stanko brought television to Buffalo for 
the first time, using a crude "scanning disc" 
set to receive a picture of a girl transmitted 
from an experimental station at Schenec-
tady, 200 miles away. 
Joiaing RCA as a sound engineer in 

1937, Mr. Stanko later worked as a senior 
engineer on specialized projects for the 
government. In 1943 he was appointed 
manager of the RCA Company's technical 
products and district operations groups until 
his recent promotion. 
Mr. Stanko is a member of the Society of 

Motion Picture and Television Engineers, 
and has a commercial radio operator's 
license. He is an active radio "ham' operat-
ing station W2RHT. 

• 

A. B. Hunt (SNI'43) has been elected 
president and chairman of the board of the 
Radio-Television  Manufacturers Associa-
tion of Canada. for the 1952-1953 year term. 
Mr. Hunt, a native of London, Ontario. 

received his B.S. degree from the University 
of Toronto in 1928, and joined the Northern 
Electric Company Ltd., as a manufacturing 
methods engineer in connection with theatre 
sound systems and vacuum tube production. 
In 1933, he was appointed special products 

(Continued on paze 1258) 
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IRE People. 
manufacturing superintendent and, in 1935, 
took over the added duties of radio receiver 
engineering. He was later made a special 
products superintendent and then elec-
tronics manager of a separate division of 
Northern Electric. In 1950, Mr. Hunt was 
made assistant manager of Northern's tele-
phone division in Montreal and later was 
appointed to his present position of manager 
of the communications division. 
Mr. Hunt was winner, in 1946, of the 

R. A. Rose Medal for his paper, "The Fu-
ture of Radio Communications in Canada." 
For many years a director of the RTMA 
of Canada, his affiliations include member-
ships in the Corporation of Professional 
Engineers of Quebec, Engineering Institute 
of Canada, Canadian Manufacturers As-
sociation, and the Canadian Industrial 
Preparedness Association. He also holds the 
rank of Lieutenant Colonel as former com-
manding officer of a Signals Regiment. 

• 

Alvin J. Zink, Jr. (M'44-SM'51) has 
been appointed general manager of the Tru 
Connector Corporation of Lynn, Mass., 
manufacturers and designers of microwave 
fittings. 
Mr. Zink was born in Methuen, Mass., in 

1914, and received his B.S. degree from the 
University of North Carolina in 1936. 
Beginning his career with the National 

Company. Inc., Mr. Zink formed a private 
consulting firm in the field of industrial, ma-
rine, and municipal communication sys-
tems. In 1943 he became a staff member of 
the Radiation Laboratory at the Massachu-
setts Institute of Technology as a design and 
production engineer for microwave com-
ponents. Until his recent appointment, Mr. 
Zink was associated with the research divi-
sion of the United Shoe Machinery Corpora-
tion, Beverly, Mass., designing and develop-
ing industrial electronic equipment. 

Claud E. Cleeton, (A'41-SM'46), head 
of the Security Systems Branch of Radio I 
Division, has been appointed superintendent 

of Radio I Division, 
National  Research 
Laboratory. 
A native of Mis-

souri, Dr. Cleeton re-
ceived his B.S. de-
gree in 1928 from the 
Northeast  Missouri 
State Teachers Col-
lege, the M.S. degree 

•  from the University 
of Missouri in 1930, 
and the Ph.D. degree 
in physics from the 

University of Michigan in 1935. He was an 
instructor in physics at the Teachers Col-
lege from 1930-1931, Moberly Junior Col-
lege, Missouri, in 1931-1935, and the Uni-
versity of Michigan from 1935-1936. 
Joining NRL as a physicist, Dr. Cleeton 

did pioneer research work in microwave 
communications and electronic switching 
circuits from 1936-1940. During 1941-1942, 
he directed the research and development 
of electronic identification systems, radio 

control, guided missile electronics and coun-
termeasures, and speech privacy systems. 
In 1942 he was appointed head of a com-
bined research group from the United 
States, United Kingdom, and Canada to 
develop a new and uniform radar identifica-
tion and recognition system for use by the 
allied armies, navies, and air forces. For this 
activity, he was awarded the Meritorious 
Civilian Service Award in 1947. 
Dr. Cleeton is a member of the American 

Physical Society. 

Axel G. Jensen (A'23-M'26-1.-42) has 
been awarded the G. A. Hagemann Gold 
Medal, by the Royal Technical University of 

Denmark, in recog-
nition of his contri-
butions  to  funda-
mental television re-
search. 
Mr. Jensen grad-

uated from the uni 
versity in 1920 and 
acted as an instruc-
tor and scientific as-
sistant there for two 
years. He then came 
to the United States 
as a fellow of the 

American Scandinavian Foundation and 
soon entered the services of the Bell Tele-
phone Laboratories, Inc. He recently became 
director of television research there. 

A. G. JENSEN 

Robert J. Bibbero (M'49-SM '50) has 
been appointed head, servomechanisms sec-
tion, of the newly formed guided missiles 

division of Republic 
Aviation  Corpora-
tion,  New  York, 
N. Y. He was for-
merly  servomecha-
nisms group leader 
with the Bell Air-
craft  Corporation, 
Buffalo, N. Y. 
Mr. Bibbero was 

born in San Fran-
cisco, Calif., and re-
ceived the B.S. de-
gree  in chemistry 

from the University of California in 1938. 
During 1938-1939, he did chemical engi-
neering graduate work at the University of 
Michigan on a fellov, ship. 
Until 1942, Mr. Bibbero was a research 

engineer of Moore Business Forms, Inc., 
when he was called to active duty as ord-
nance officer with the United States Navy. 
After training at Bowdoin College and 
Massachusetts  Institute of Technology 
Radar School, he served as electronics 
officer in several naval shipyards and as 
ordnance officer in the Pacific Fleet. Re-
leased from the Navy in 1946 as a lieutenant 
commander, Mr. Bibbero joined the re-
search staff of Linde Air Products Company. 
In 1948 Mr. Bibbero attended the Uni-

versity of Buffalo where he received the 
M.S. degree in electrical engineering and 
worked on his Ph.D. degree in chemistry. 
Mr. Bibbero is a senior member of the 

American Chemical Society, a member of 

R. J. BIBBERO 

the American Association for the AdvailLt: 
ment of Sciences, and a licensed professional 
engineer in New York and California. He 
was recently elected Secretary-Treasurer of 
the Buffalo-Niagara IRE Section. 

Wilbur S. Hinman (SM '46) has been ap-
pointed associate director for ordnance de-
velopment of the National Bureau of Stand-

ards,  Washington, 
D.C. I le will co-ordi-
nate NBS work in 
the field of ordnance 
research and develop-
ment. 
Mr. Hinman was 

born in Washington, 
D. C., and attended 
the Virginia Military 
Institute,  receiving 
the B.S. degree in 
electrical engineering 
in 1926. From 1926-

1928, he was a student and radio engineer 
for Westinghouse Electric Corporation. In 
1928, Mr. Hinman joined the staff of NBS 
as a member of the radio section. 
Mr. Hinman has achieved outstanding 

recognition as an authority on the radio 
proximity fuze and radio meteorography. 
He is co-inventor with the late Harry 
Diamond of a basic design utilized in the 
radio proximity fuze, the radio sonde, and 
the automatic weather station. He has also 
conducted extensive research on upper-air-
wind-measuring equipment, direction find-
ers, automatic volume control for aircraft 
radio receivers, radio compasses, and blind 
landing aids. 
In recognition of his contributions during 

World 1Var II, Mr. Hinman received the 
Presidential Certificate of Merit, the Ord-
nance Development Award, the Army's Cita-
tion for Exceptional Service, and Depart-
ment of Commerce Medal for Meritorious 
Service. 
Mr. Hinman has served for some years as 

chairman of the 1Varlicad and Fuzes Panel 
of the Guided Missile Committee of the 
Research and Development Board. 

W. S. HINMAN 

Raymond E. Diake (SM'45), staff 
engineer of the electronic subdivision 
Air Materiel  Command, Wright 
Field, died recently. 
Mr. Drake was born in Indiana on 

June  10, 1907, and received the 
B.S.E.E. degree from Purdue Uni-
versity in 1929. 
From 1929-1930, Mr. Drake was 

a student engineer at Westinghouse, 
East Pittsburgh, Pa., and from 1930-
1935, he served as a radio engineer at 
RCA Victor, Camden, N. J. He then 
became associated with the Aircraft 
Radio Laboratories, Wright Field, 
Dayton, Ohio, where he worked on 
communication equipment for the 
Army Air Force, subsequently trans-
ferring to the position he held at the 
time of his death. 
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Books 
.Introduction to Electronic Circuits by R. 
Feinberg (4359) 

Published (1952) by Lengmans. Green and Com-
pany. Inc.. 55 Fifth Avenue. New York. N. V. 161 
pages 4-2-page index -1-xiv pages. 121 figures. 51 X134. 
83 50. 
R. Feinberg is a research engineer and former 

lecturer at the University of Manchester. England. 

According to the preface, this book is 
based on a lecture and laboratory course 
given to students in the Honours Schools of 
electrical engineering and physics at the 
University of Manchester. It is intended as 
an introductory course in electronics for 
university undergraduates and may be help-
ful to research workers as a review. 
The chapter headings offer a reasonable 

outline of the contents; these are: Therm-
ionic vacuum valves I; Thermionic vacuum 
valves II; Fundamentals of alternating-
current amplification; Nonlinearity effects 
of vacuum valve characteristics; Sinusoidal 
oscillators;Relaxationoscillators:Thermionic 
gas-filled  valves;  Cold-cathode  valves, 
photo-valves, and mercury-pool valves. 
The general application emphasizes the 

• fundamental physical principles that are 
pertinent to the situation. Each chapter is 
provided with a set of numerical problems, 
usually comparatively simple, with answers. 
wenty-four laboratory experiments, well 
hosen for an introductory treatment, are 
interspersed throughout the text. The ex-
periments, described in reasonable detail, 
employ English valve types. It is un-
fortunate that it is almost as hard to replace 
a valve by a tube in a laboratory experiment 
as in a radio or radar chassis, a circumstance 
which puts a significant limitation on the 
book's general utility in this country. 
The mathematical treatment, though 

fairly full and carefully done, is vaguely un-
satisfying even for an introductory text in 
that it does not seem to go quite far enough. 
The expressions for gain as a function of 
frequency are given but have not been ex-
ploited in detail. There is no treatment of 
the relation between gain and bandwidth 
that is so basic in wide-band circuits. How-
ever, there are useful points about some of 
the less common circuits. 
There are a few errors that are noticeable 

on casual reading. On page 47, the condition 
for a stationary Lissajous figure is incor-
rectly stated; on page 67, it is apparently 
stated that the gain of a cathode follower is 
always much less than unity. On page 150, 
in a discussion of cold-cathode gas-filled 
tubes it is implied that electron emission 
from the cathode is due to the electric field 
there, rather than the result of positive ion 
bombardment and photoelectric effect. 
The references are valuable as a further 

search of the literature, including many of 
the older articles where various points are 
first described. On the whole, the book is 
likely to be moderately useful as a com-
panion to other treatments, but it is not 
likely to replace other sources. 

S. N. VAN VOORHIS 
M.I.T. 

Cambridge. Mass 

Receiving Problems in the Ultra-High-
Frequency Range (Empfangsprobleme im 
Ultrahochfrequenzgebiet) by Herbert F. 
Matare (4360) 
Published (1951) by R. Oldenburg Publisher. 

Munich. Germany. 261 pages +3-page index. 190 
figures. 61 X91. 
Herbert F. Matare is a physicist at Westinghouse. 

Paris, France. 

This book presents primarily a mathe-
matical treatment of the sensitivity of uhf 
and microwave receivers and contains 
valuable design information for input stages 
of such receivers. The presentation is con-
centrated on the basic elements of electron 
tubes and crystal detectors, their perform-
ance and noise characteristics for various 
operating conditions. 
The first half of the book considers input 

stages with conventional electron tubes; a 
very complete coverage of the problem of 
mixing with diodes and triodes is included 
in this section. 
The second half is concerned with 

crystal detector circuits. The topics include: 
the physics of the crystal detector and its 
characteristics, impedance measurements, 
a discussion of the equivalent circuit, fre-
quency conversion, rectification, a compari-
son between the performance of tube and 
crystal detector input stages, instructions 
for the choice of crystals with the most ap--
propriate characteristics for various ap-
plications, and examples for the design of 
mixer input circuits. Also included is a 
short chapter on the measurement tech-
nique of receiver sensitivity. 
The theoretical results are reduced to 

simple formulas which are supplemented by 
a large number of graphs. Examples of 
measurements are quoted to justify the 
validity of the assumptions in the theory. 
The book is largely based on material 

which was compiled in Germany during the 
war and which, in part, has not been pub-
lished before; new literature is considered. 
The author, an expert in receiver and 

detector problems, has made valuable con-
tributions to the literature on these subjects. 
This fact, or limited space, perhaps, may be 
the reason for the omission of background 
information helpful to understanding of the 
contents by a reader not skilled in this field. 
However, one specializing in the design of 
high quality receivers will find much useful 
information in this book. 

GEORG GOUBAU 
Signal Corps Engineering Labs. 

Fort Monmouth. N. J. 

Principles of Radio, Sixth Edition by Keith 
Henney and Glen A. Richardson (4361) 
Published (1952) by John Wiley & Sons. Inc.. 440 

Fourth Ave.. New York 16. N. V. 041 pages 4-13-page 
index +vil pages. 404 figures. 5f X11}. 85.50. 
Keith Henney Is consulting editor of Plearorlics. 

New York. N. V. Glen A. Richardson is assistant pro-
fessor of electrical engineering. Iowa State College. 
Ames, Iowa. 

This sixth edition of Henney and 
Richardson's "Principles of Radio" has been 
issued ten months after the ninth printing 

of the fifth edition; an indication of the ac-
ceptance and popularity of this book which 
first appeared in 1929. 
The book is aimed at "those who must 

learn radio without the help of a teacher." 
It uses little algebra and, for the most part, 
is a verbal and extremely elementary de-
scription of circuits and systems. A great 
deal of the book is devoted to the explana-
tion of common terms. 
The new edition represents a thorough 

revision and an appreciable expansion of the 
preceding edition, but in substance and 
character the book remains much the same. 
Rather than acknowledge the many details 
of the revision, we will proceed to take a 
critical look at this text as a mature unit. 
Basically and with due consideration 

for the level of the book, it can be asked 
whether the material is sufficiently com-
prehensive and well correlated, whether the 
book shows those elements of editing which 
might be more important here than at other 
levels, and similar questions. 
Rather surprisingly, there seems to be 

many points for criticism. The authors' in-
sistence on using "flow" with current when, 
ever possible makes the distinction between 
current and charge almost disappear in the 
introductory discussion. Polarity and polar-
ity marks enter almost surreptitiously, are 
used liberally, but are not included in the 
index. Potential is in somewhat the same 
situation. Phase, phase angle, and phase 
difference appear in confusing, if not con-
tradictory, relation to one another. Termi-
nology and notation are not completely con-
sistent throughout the book, and the dis-
cussion of radiation, of which the authors 
endeavor to ward off adverse criticism by a 
footnote, should still be noted; it should not 
be present at all in the displayed form. Oc-
casional references to engineers and engi-
neering, for example, "Engineering the 
Voltage Divider," tend to give the reader 
an impression of a level considerably re-
moved from the one before him. 
The reviewer concludes that age has 

not brought complete maturity to this 
popular book. 

J. G. BRAINERD 
Moore School of Elec. Eng. 

Philadelphia. Pa. 

Radio and Television Receiver Trouble-
shooting and Repair by Alfred A Ghirardi 
and J. Richard Johnson (4362) 

Published (1952) by Rinehart Books, Inc., 232 
Madison Ave., New York 16, N.Y. 795 pages +26-
page index +xxiv pages. 416 figures. 6 X9. 86.75. 
Alfred A. Ghlrardi is a radio and electronic engi-
neering consultant and technical writer and editor. 
Darien. Conn. J. Richard Johnson is the technical 
editor of Rinehart Books. Inc.. New York, N.Y. 

Based on the success of Ghirardi's 
original "Modern Radio Servicing" text-
book, the present book was written to pro-
vide an enlarged and more comprehensive 
up-to-date treatise on troubleshooting and 
repairing radio and TV equipment. The new 
book assumes the reader's familiarity with 
"Radio and Television Circuitry and Oper-
ation," by the same authors. 
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Books  
The book is written on the nonmathe-

matical technican level for school courses 
and practicing service technicians, although 
the authors recognized that service work is 
beyond the scope of a single practical vol-
ume. About 110 pages are devoted exclu-
sively to television; however, much other 
information on AM and FM receivers is 
applicable to television. 
Well written, the book generally follows 

in the logical order. Each chapter is followed 
by a summary and a set of review questions. 
A conscientious study of the book by the 
technician should bring about increased 
technical understanding and ability. 
Considering the class of individuals to 

which the book is directed and the rapid ad-
vancement of the art, the book is timely. 

ALOIS W. GFtAF 
135 South LaSalle St. 

Chicago, III 

The Recording and Reproduction of Sound 
by Oliver Read (4363) 

Published (1952) by Howard W. Sams & Com-
pany. Inc.. 2201 East 46 St.. Indianapolis 5. Ind. 708 
pages +70-page appendix +10-page index +xv pages. 
690 figures. 6 X9. $7.95. 
Oliver Read is the editor of Radio and Television 

News and Radio-Electronic Engineering. Chicago. Ill. 

Almost every communications engineer 
of professional competence needs to defend 
himself from time to time against naive in-
quiries that begin, "How do I go about de-
signing an equalizer (or filter, or loudspeaker 
enclosure, or preamplifier, etc.)?" Here, at 
last is an encyclopedic audio manual to 
which such inquirers can be referred. This 
shunt-path solution of the problem is not 
wholly without negative feedback hazards, 
however, for while there is a wealth of prac-
tical and useful information packed into the 
800 pages of this fat volume, the portions 
of it devoted to the scientific foundations of 
the audio art are lamentably weak. 
On the black-ink side of the ledger is the 

completeness of coverage afforded. Division 
of the subject matter into 29 chapters and 
an appendix provides for the separate treat-
ment of almost every category of activity or 
equipment that concerns the audio prac-
titioner. Constructional details, specifica-
tions, and complete wiring diagrams are 
given for a substantial fraction of the com-
mercial equipment in current use, and while 
this feature may date the handbook within 
a few years, it also constitutes one of its 
valuable features. The NARTB Recording 
and Reproducing Standards are presented 
in uno and the appendix collects for the 
laboratory technician a further glossary of 
terms and miscellaneous reference data 
ranging from Ohm's law through color codes, 
tube date, and computation nomograms. 
On the other hand, the author's attempt 

to translate acoustical science into semi-
technical language falls far short of achiev-
ing success (and in some cases constitutes a 
positive menace to understanding). One of 
the features that distinguishes science from 
pseudoscience is the accurate and careful 
usage of technical terminology. The practi-
cal man to whom this manual is addressed 
might have been able to make substantial 
gains in understanding with the help of a 

good glossary if the author had taken more 
pains to avoid wrong, ambiguous, and non-
specific use of technical terms. Unfortu-
nately, there is much loose scientific talk 
in this manual. For example, no glossary will 
straighten out, "all sound waves are com-
posed of frequency, intensity, periodicity, 
and wave form" (page 2). Neither are the 
quantitative concepts of acoustics clarified 
very much by "the decibel is a ratio ... not 
a quantity" (page 2), nor by "Intensity is 
the amplitude or power of vibration" (page 
2). It is also a little startling to read that "a 
sound having 10 watts of power is 10 times 
as loud to the ear as a sound of 1 watt ... a 
sound of 100 watts only 20 times as loud" 
(page 124). How much simpler life would he 
for psycho-acousticians if subjective loud-
ness could be computed in this way. 
Almost no branch of the audio art is more 

beset with old-wives' tales than is the record-
ing and reproduction of disk records. The 
various chapters devoted to different aspects 
of this art assemble an impressive body of 
practical information, but the author has 
not succeeded in freeing the subject from the 
technical nonsense that clings tenaciously 
to it. As a result, these sections do not fill 
the long felt need for a truly discriminating 
survey of this field. A good many examples 
of this loose handling of the facts could be 
exhibited, but a few will suffice. Translations 
loss and pinch effect are treated as synony-
mous in one passage (p. 90), while elsewhere 
a "knee-action" playback needle is sug-
gested as a palliative for the pinch effect; 
also, among the first requirements specified 
for a good phonograph stylus is that "it 
must be kind to the ear. ... " (page 170). 
This reviewer also takes an especially dim 
view of the author's perpetuation of the 
dimensional inconsistency involved in re-
peated reference to pickup "stylus pressure" 
in weight units. The inconsistency is par-
ticularly glaring when in successive sen-
tences there is reference to a stylus contact 
pressure of 25,000 pounds per square inch 
and to an assumption that the point is op-
erating at a pressure of 1.5 ounces (page 
168). There is urgent need for reform of this 
terminology since the 1-mil stylus of a mod-
ern light-weight microgroove pickup actu-
ally operates at higher bearing pressures 
than prevail for 1-ounce pickups using a 
2.85-mil stylus. 
Engineers whose professional occupation 

is not primarily concerned with audio will 
find this manual a useful reference book, 
since they can make good use of the col-
lected information about available equip-
ment and will have enough technical sophis-
tication to take or leave the science. En-
gineers who are primarily concerned with 
audio will welcome this collection of data 
into a single volume and will enjoy compar-
ing their professional prejudices with the 
author's. The lay technician will only wel-
come the practical guidance and reference 
data set forth here, but he is likely to be 
seduced into believing that this is the real 
scientific lowdown on his art. 

F. V. HUNT 
Cruft Laboratory 
Harvard University 
Cambridge. Mass. 

Proceedings of the National Electronics 
Conference, Volume VII (4364) 

Published (1952) by the National Electronics Con-
ference. Inc. 852 E. 83 St., Chicago 19. III. 607 pages 
+I4-page Index +xli pages. 477 figures. 6 X9. $5.00. 

This bound volume of some 600 pages 
presents the Proceedings of the National 
Electronics Conference, held in October, 
1951, in Chicago, Ill. Included are over 70 
papers, a few of which are reported in ab-
stract form. The general coverage of the 
conference is similar to that of previous 
years, and as customary, the term "elec-
tronics" is interpreted in the broad sense. 
The Proceedings include papers on servo-
mechanisms, information theory, signal de-
tection, medical applications, as well as 
electronic tubes and circuits. 
One general comment is that the papers 

are not of uniform quality. A good number 
of papers are well written, thoroughly docu-
mented, and represent a significant advance 
in, or report of, their respective fields. On 
the other hand, there are a few papers whose 
quality is so distinctly inferior, it is doubted 
that they would have been accepted for 
publication if subjected to a critical review. 
However, in spite of this criticism, the reader 
will find a wealth of reference material in 
this volume and will find it well worth his 
while to obtain or have access to a copy. 

J OHM R. RAGAZZ NI 
Columbia University 
New York, N.Y. 

Most Often Needed 1952 Television Serv-
ices Information Compiled by M. N. Reit-
man (4365) 

Published (1952) by Supreme Pvblications, 3727 
W. 13 St.. Chicago 23. Ill. 190 pages of diagrams. 
models, and figures. 2-page index. 81 X10 f. $3.00. 

In this new "1952" manual, are included 
the circuit diagrams and the essential serv-
ice facts on every popular television receiver 
currently produced by some thirty mann-
. facturers. From the favorable acceptance of 
his previous volumes, the compiler has had 
good reason to believe that his selection and 
editing of the factory-supplied service and 
adjustment procedures fills a definite and 
timely need for this information on new re-
ceivers. The material presented is selected 
carefully and edited concisely so as to pro-
vide, in a compact and handy format, most 
of the information needed to identify a par-
ticular make and model, and to service and 
align its circuits properly. 
Essential portions of the manufacturers 

service notes and alignment operations are 
cleanly and clearly reproduced by the piano. 
graph  process; forty-one complete cir-
cuit diagrams, supplemented by the com-
piler's notes, are extended to cover some 
six hundred types or chassis numbers of the 
current years' models. The editor of this 
half-inch manual has performed an excellent 
job of tying together these "most often 
needed" service notes in order that they 
may be of greater assistance to the television 
serviceman. 

JOHN R. HEFELE 
Bell Telephone Labs.. Inc. 

Murray Hill. N.J. 

a 
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fr,r High-Vacuum Microwave Tubes 

1. Espersen, Chairman 
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J. M. Cage Eugene Mittelmann 

Walther Richter 

10.2 Dielectric Measurements 

John Dalke, Acting Chairman 

G. W. Klingaman  J. H. Mennie 
H. R. Mmihl  C. F. Spitzer 

J. 
J. 
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S. B. Fishdein, Secretary 

Paul Adams 
Paul Hansel 
M. Leifer 
George Litchford 

J. T. MacLemore 
Charles Marshburn 
P. W. Siglin 
Vernon Weihe 

14. PIEZOELECTRIC CRYSTALS 

R. A. Sykes, Chairman 
W. P. Mason, Vice-Chairman 

W. L. Bond  W. D. George 
W. G. Cady  Edward Gerber 
J. K. Clapp  Hans Jaffe 
W. A. Edson  S. Roberts 
Clifford Frondel  P. L. Smith 

K. S. Van Dyke 

15. RADIO TRANSMITTERS 

M. R. Briggs, Chairman 
A. E. Kenvien, Vice-Chairman 

E. L. Adams 
J. H. Battison 
T. J. Boerner 
H. R. Butler 
L. K. Findley 
Harold Goldberg 
J. B. Heffelfinger 

P. J. Herbst 
J. B. Knox 
L. A. Looney 
J. F. McDonald 
John Ruston 
Berthold Sheffield 
I. R. Weir 

SUBCOMMITTEES 

15.1 FM Transmitters 
John Ruston, Chairman 

John Bose  Nathan Marchand 
J. R. Boykin  Perry Osborne 

H. P. Thomas 

15.2 Radio Telegraph Transmitters 
up to 50 Mc 

H. R. Butler, Chairman 

J. L. Finch  Berthold Sheffield 
J. F. McDonald  F. D. Webster 

I. R. Weir 

15.3 Double-Sideband AM Transmitters 

J. B. Heffelfinger, Chairman 

E. L. Adams  L. T. Findley 
R. E. Beethatn L. A. Looney 

15.4 Pulse-Modulated Transmitters 

Harold Goldberg, Chairman 

Ross Bateman 
L. L. Bonham 
W. F. Cook 
H. Kohler 
G. F. Montgomery 

W. E. Newlon 
W. K. Roberts 
B. D. Smith 
W. G. Tuller 
R. M. Whitchorn 

15.5 Single-Sideband Radio Communi-
cation Transmitters 

A. E. Kerwien, Chairman 

M. R. Briggs 
A. Brown 
John Costas 

Leonard Kahn 
E. A. Laport 
J. B. Singel 

15.6 Television Broadcast Transmitters 

I', J. Ilerbst, Chairman 
F. J. Bias  T. M. Gluyas, Jr. 
Ervin Bradburd  L. A. Looney 

John Ruston 

16. MOBILE COMMUNICATION 
SYSTEMS 

F. T. Budelinan, Chairman 
Alexander Whitney, Vice-Chairman 
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(Committee 16, cont.) 
G. M. Brown 
A. V. Dasburg 
D. B. Harris 
C. M. Heiden 
C. N. Kimball, Jr. 

D. E. Noble 
J. C. O'Brien 
David Talky 
George Teommey 
R. W. Tuttle 

17. RECEIVERS 

Jack Avins, Chairman 
J. D. Reid, Vice-Chairman 

K. A. Chittick 
R. De Cola 
U. E. Closson 
L. M. Harris 
K. W. Jarvis 
J. K. Johnson 
W. R. Koch 
I. J. Me!man 
Garrard Mountjoy 

F. R. Norton 
Leon Richman 
L. M. Rodgers 
W. F. Sands 
S. W. Seeley 
R. F. Shea 
W. 0. Swinyard 
F. B. Uphoff 
R. S. Yoder 

SUBCOMMITTEES 

17.3 Single-Sideband Receivers 

K. Jarvis, Chairman 

D. E. Norgaard 

17.4 Spurious Radiation 

R. F. Shea, Chairman 
E. W. Chapin  John Rennick 
K. A. Chittick L. M. Rodgers 
H. E. Dinger  E. H. Schrot 
W. R. Koch  H. Schwarz 
13. J. Lawrence  S. W. Seeley 
T. S. Loeser  C. G. Seright 
R. A. Maher  W. 0. Swinyard 
F. L. Pampel H. J. Tyzzer 

R. S. Yoder 

17.5 Annual Review Material 

I. M. Harris, Chairman 

17.8 Task Group to Review I.E.C. Proposal 
on Standardization of Measurements of 

Receivers for AM Broadcast 
Transmissions 

R. DeCola, Chairman 
H. Adler 
W. F. Cotter 
J. K. Johnson 

E. R. Pfaff 
S. C. Spielman 
W. 0. Swinyard 

R. Yoder 

17.9 Automatic Frequency Control 
F. B. Uphoff, Chairman 

19. SOUND RECORDING AND 
REPRODUCING 

A. W. Friend, Chairman 
Lincoln Thompson, Vice-Chairman 

S. J. Begun  A. P. G. Peterson 
M. S. Corrington  H. E. Roys 
R. M. Fraser  Harry Schecter 
E. W. Kellog  C. F. West 
C. J. Lebel  R. E. Zenner 

SUBCOMMITTEES 

CCIR Task Group 

H. E. Roys, Chairman 

W. S. Bachman  A. W. Friend 
R. M. Fraser R. C. Moyer 

L. Thompson 

19.1 Magnetic Recording 

\ P. G. Peterson, Chairman 
W. H. Erikson  Ward Shepard, Jr. 
J. H. McGuigan R. E. Zenner 

19.2 Mechanical Recording 

Lincoln Thompson, Chairman 
W. S. Bachman  R. C. Moyer 
T. Lindenberg  F. W. Roberts 
A. R. Morgan  M. S. Royston 

Arthur S. R. Toby 

19.3 Optical Recording 

R. M. Fraser, Chairman 

Price Fish  Everett Miller 
Charles Townsend 

21. SYMBOLS 

A. G. Clavier, Chairman 
K. E. Anspach, Vice-Chairman 

W. J. Everts  A. F. Pomeroy 
W. A. Ford 
R. T. Haviland 
0. T. Laube 
C. D. Mitchell 
C. Neitzert 

M. 13. Reed 
M. P. Robinson 
M. S. Smith 
H. R. Terhune 
H. P. Westman 

SUBCOMMITTEES 

21.2 Graphical Symbols for Semi-
conductors 

C. D. Mitchell, Chairman 

L. F. Hescock  R. M. Ryder 
F. J. Lingel  A. D. Shaw 

E. H. Ulm 

21.3 Task Group on Graphical Symbols for 
Functional Operations of Control, Com-
puting, and Switching Equipment 
W. B. Callaway, Chairman 

J. C. Bayles 
C. W. Frank 
J. D. Hood 
A. Lesti 

B. McMillan 
F. J. Roehm 
J. L. Wagner 
R. M. Walker 

22. TELEVISION SYSTEMS 

R. E. Shelby, Chairman 
R. M. Bowie, Vice-Chairman 

W. F. Bailey I. J. Kaar 
M. XV. Baldwin, Jr.  R. D. Kell 
A. 11. Brolly P. J. Larsen 
J. E. Brown H. T. Lyman 
K. A. Chittick  Leonard Mautner 
C. G. Fick J. Minter 
D. G. Fink  J. H. Mulligan, Jr. 
P. C. Goldmark  A. F. Murray 
R. N. Harmon D. %V. Pugsley 
J. E. Hayes  Martin Silver 
J. L. Hollis  David Smith 
A. G. Jensen M. E. Strieby 

A. Talamini 

SUBCOMMITTEES 

22.1 Definitions 
M. W. Baldwin, Jr., Chairman 

A. V. Bedford  D. L. McAdam 
F. J. Bingley  H. A. Samulon 
J. W. Christensen  E. Sieminski 
C. J. Hirsch  G. R. Tingley 

%V. T. Wintringham 

22.2 Television Picture Elements 

R. M. Bowie, Chairman 
W. E. Bradley  P. Mertz 
S. Helt  H. A. Samulon 
M. Leifer  0. H. Schade 

23. VIDEO TECHNIQUES 
W. J. Poch, Chairman 

A. J. Baracket, Vico-Chairman 

(Committee 23, cont.) 

J. Battison 
K. B. Benson 
R. W. Clark 
Stephen Doba, Jr 
V. J. Duke 
G. L. Freclendall 

B. 

R. L. Garman 
K. E. Graham 
J. L. Jones 

.  J. E. Keister 
L. L. Lewis 
C. G. Pierce 

F. Tyson 

SUBCOMMITTEES 

23.2 Utilization, Including Video Record-
ing: Methods of Measurement 

R. L. Garman, Chairman 

K. B. Benson L. D. Grignoi, 
J. M. Brumbaugh  Sidney Kraem,i 
V. J. Duke H. Milholland 
George Gordon II. J. Schlafly 

23.3 Video Systems and Components: 
Methods of Measurement 

.1. J. Rini( ket, Chair M a n 
I. C. Abrahams  G. L. Fredendall 
R. Betts J. R. Heide 
R. DeBaiin  A. Lind 

J. F. Wiggin 

23.4 Video Signal Transmission: 
Methods of Measurement 

J. L. Jones, Chairman 
K. 13. Benson  R. M. Morris 
S. Brand  Keith NIullenger 
R. D. Chipp  R. S. O'Brien 
Stephen Doba, Jr.  C. A. Rosencrans 
L. R. Moffett E. H. Schreiber 

B. F. Tyson 

24. WAVE PROPAGATION 
Newbern Smith, Chairman 
11. W. %Veils, Vice-Chairman 

E. W. Allen, Jr. D. E. Kerr 
S. L. Bailey 
H. G. Booker 
C. R. Burrows 
T. J. Carroll 
A. B. Crawford 
A. E. Cullum, Jr. 
%V. S. Duttera 
R. E. Fontana 
I. H. Gerks 
M. C. Gray 

Morris Kline 
R. K. Moore 
M. G. Morgan 
K. A. Norton 
H. 0. Peterson 
George Sinclair 
R. L. Smith-Rose 
A. W. Straiton 
A. If. XVaynick 
J. W. Wright 

T. XV. Wright 

SUBCOMMITTEES 

24.1 Standards and Practices 

0. Peterson, Chairman 
W. S. Duttera  beorge Sinclair 
F. M. Greene  E. F. X'andivere 

J. IV. Wright 

24.2 Theory and Application of 
Tropospheric Propagation 

Thomas Carroll, Chairman 
H. G. Booker Marion C. Gray 
A. B. Crawford A. W. Straiton 

R. P. XX'akeman 

24.3 Theory and Application of 
Ionospheric Propagation 

M. G. Morgan, Chairman 
R. Bateman R. A. Helliwell 
K. W. Bowles C. W. Mcl,eish 

J. H. Meek 
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24.4 Definitions and Publications 

George Sinclair, Chairman 
, B. Crawford I. H. Gerks 
• E. Eaton Karl Jansky 
' G. Fubini Martin Katzin 

D. E. Kerr 

24.6 Radio Astronomy 

C. R. Burrows, Chairman 
E. Covington F. T. Haddock, Jr. 

J. Hagen 

25. MEASUREMENTS AND 
INSTRUMENTATION 

F. J. Gaffney, Chairman 
P. S. Christaldi, Vke-Chairman 

. L. DaIke 
iarold Dinger 
;. L. Fredendall 
V. D. George 
V. J. Mayo-wells J. R. Steen 

Ernst Weber 

G. A. Morton 
C. D. Owens 
A. P. G. Peterson 
J. G. Reid, Jr. 

SUBCOMMITTEES 

25.1 Basic Standards and Calibration 
Methods 

W. D. George, Chairman 
L. Bailey G. L. Davies 

F. J. Gaffney 

25.2 Dielectric Measurements 

John DaIke, Chairman 
2. A. Biding Fred A. Muller 

25.3 Magnetic Measurements 

C. D. Owens, Chairman 

W. Cairnes P. H. Haas 
S. Fay E. J. Smith 

25.4 Audio-Frequency Measurements 

A. P. G Peterson, Chairman 

25.5 Video-Frequency Measurements 
G. L. Fredendall, Chairman-

Joseph Fisher  H. A. Samulon 
Richard Palmer  W. R. Thurston 

25.6 High-Frequency Measurements 
R. W. Lowman, Chairman 

R. A. Braden  G. B. Hoadley 
I. G. Easton  E. W. Houghton 
C. J. Franks  B. M. Oliver 
F. J. Gaffney  H. E. Webber 

25.9 Measurements of Radioactivity 

G. A. Morton, Chairman 
P. W. Davison, Acting Secretary 

R. L. Butenhoff  F. D. Lewis 
D. L. Collins  A. Lovoff 
L. F. Curtiss  M. A. Schultz 

W. W Schultz 

25.10 Oscillography 
P. S. Christaldi, Chairman 

M. J. Ackerman 
R. R. Batcher 
Edward Durbin 
Rudolf Feldt 

E. R. Haberland 
W. J. Jones 
H. M. Joseph 
A. L. Stillwell 

Howard Vollum 

25.11 Statistical Quality Control 

J. R. Steen, Chairman 

25.13 Telemetering 

W. J. Mayo-Wells, Chairman 
J. F. Brinster  F. Lehan 
R. E. Colander  E. E. Lynch 
C. K. Duff  M. G. Fawley 
A. P. Gruer  G. M. Thynell 
R. L. Harding  F. L. Verwiebe 
C. H. Hoeppner  .G. F. C. Weedon 
M. V. Kiebert  G. E. White 

W. A. Wildhack 

25.14 Electronic Components 

J. G. Reid, Jr., Chairman 
G. B. Devey A. W. Rodgers 
J. C. P. Long N. H. Taylor 
J. H. Muncy  A. E. Zdobysz 

26. SERVO-SYSTEMS 
W. M. Pease, Chairman 

V. B. Haas, Jr.  E. A. Sabin 
W. K. Linvill  P. Travers 
J. Lozier  R. B. Wilcox 

S. B. Williams 

SUBCOMMITTEE 

26.1 Terminology for Feedback Control 
Systems 

J. C. Lozier, Chairman 

M. R. Aaron  L. Goldman 
Martin Cooperstein L. H. O'Neill 
J. 0. Edson Ralph Redemski 
Thomas Flynn  C. F. Rehberg 

Felix Sweig 

Special Committees 
ARMED FORCES LIAISON 

COMMITTEE 

G. W. Bailey, Chairman 

I RE-IEE INTERNATIONAL 
LIAISON COMMITTEE 

F. S. Barton 
Ralph Bown 
R. H. Davies 
Willis Jackson 

F. B. Llewellyn 
C. G. Mayer 
R. L. Smith-Rose 
J. A. Stratton 

PROFESSIONAL RECOGNITION 
G. B. Hoadley, Chairman 

C. C. Chambers  W. E. Donovan 
H. F. Dart  C. M. Edwards 

I NSTITUTE RE PR ESE NTATIVES IN COLLEGES- 1952* 

*Agricultural and Mechanical College of 
Texas: H. C. Dillingham 

I *Akron, University of: P. C. Smith 
*Alabama Polytechnic Institute: R. M. 
Steere 

i•Alberta, University of: J. W. Porteous 
*Arizona, University of: H. E. Stewart 
*Arkansas, University of: W. W. Cannon 
"British Columbia, University of: L. R. 
Kersey 

-*Brooklyn, Polytechnic Institute of, (Day 
Division): H. A. Foecke 

*Brooklyn, Polytechnic Institute of, (Eve-
ning Division): A. B. Giordano 

*Brown University: J. P. Ruina 
l*Bucknell, University of: Appointment 

later 
; *California Institute of Technology: W. H. 

Pickering 
I *California State Polytechnic College: Clar-

ence Radius 

• Colleges with approved Student Branches 

*California, University of: L. J. Black 
California, University of at Los Angeles: 
E. F. King 

Carleton College: G. R. Love 
*Carnegie Institute of Technology: G. H. 
Royer 

*Case Institute of Technology: J. D. Johan-
nesen 

Cincinnati, University of: A. B. Bereskin 
*Clarkson College of Technology: Joseph 
Salerno 

*Colorado, University of: P. W. Carlin 
*Columbia University: J. R. Ragazaini 
*Connecticut, University of: H. L. Heydt 
*Cooper Union: J. B. Sherman 
*Cornell University: True McLean 
Dartmouth College: M. G. Morgan 
*Dayton, University of: Appointment later 
'Delaware, University of: H. S. Bueche 
*Denver, University of: Herbert Reno 
*Detroit, University of: Thomas Yamauchi 

*Drexel Institute of Technology: R. T. Zern 
Duke University: H. A. Owen 
Evansville College: J. F. Sears 
*Fenn College: K. S. Sherman 
*Florida, University of: S. P. Sashoff 
*George Washington University: Appoint-
ment later 

*Georgia Institute of Technology: M. A. 
Honnell 

Harvard University: E. L. Chaffee 
*Illinois Institute of Technology: G. F. Levy 
*Illinois, University of: P. F. Schwarzlose 
*Iowa, State University of: L. A. Ware 
*Iowa State College: G. A. Richardson 
*John Carroll University: J. L. Hunter 
*Johns Hopkins  University: Ferdinand 
Hamburger, Jr. 

*Kansas State College: J. E. Wolfe 
*Kansas, University of: D. G. Wilson 
*Kentucky, University of: N. B. Allison 
*Lafayette College: F. W. Smith 
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*Lehigh University: D. E. Mode 
*Louisiana State University: L. V. McLean 
*Louisville, University of: S. T. Fife 
*Maine, University of: Appointment later 
*Manhattan College: T. P. Canavan 
Manitoba, University of: R. G. Anthes 
*Marquette University: Appointment later 
*Maryland, University of: G. F. Corcoran 
*Massachusetts Institute of Technology: 
E. A. Guillemin, %V. H. Radford 

Massachusetts, University of: C. S. Roys 
McGill University: F. S. Howes 
*Miami, University of: F. B. Lucas 
*Michigan College of Mining and Technol-
ogy: R. J. Jones 

*Michigan State College: I. 0. Ebert 
*Michigan, University of: L. N. Holland 
*Minnesota, University of: Leroy Anderson 
*Mississippi State College: P. T. Hutchison 
*Missouri School of Mines and Metallurgy: 
R. E. Nolte 

*Missouri, University of: G. V. Lago 
*Montana State College: R. C. Seibel 
*Nebraska, University of: Charles Rook 
Nevada, University of: I. J. Sandorf 
*Newark College of Engineering: D. W. 
Dickey 

*New Hampshire, University of: A. L. Winn 
*New Mexico College of Agriculture and 
Mechanic Arts: H. A. Brown 

*New Mexico, University of: A. D. Wooten 
*New York, College of the City of: Harold 
%Volf 

*New York University: Philip Greenstein 
*North Carolina State College: G. B. Hoad-
ley 

*North Dakota Agricultural College: E. M. 
Anderson 

*North Dakota, University of: Clifford 
Thomforde 

*Northeastern University: G. E. MI 
*Northwestern University: A. It Wing, Jr. 
*Notre Dame, University of: H. E. Ellithorn 
*Ohio State University: G. E. Mueller 
*Oklahoma Agricultural and Mechanical 
College: A. L. Betts 

Oklahoma, University of: C. L. Farrar 
*Oregon State College: A. L. Albert 
*Pennsylvania State College: C. R. Ammer-
man 

*Pennsylvania, University of: D. F. Hunt 
*Pittsburgh, University of: John Brinda, Jr. 
*Pratt Institute: David Vitrogan 
*Princeton University: N. W. Mather 
*Purdue University: R. P. Siskind 
Queens University: H. H. Stewart 
*Rensselaer Polytechnic Institute: II. D. 
Harris 

*Rhode Island, University of: R. S. Haas 
Rice Institute: C. R. Wischmeyer 
Rose Polytechnic Institute: II. A. Moench 
*Rutgers University: J. 1. Pot ter 
*St. Louis University: G. E. Dreifke 
*San Diego State College: D. C. Kalbfell 
*San Jose State College: Harry Engwicht 
Santa Clara, University of: 11. P. Neut.-
sheim 

*Seattle University: Appointment later 
*South Carolina, University of: Appoint-
ment later 

*South Dakota School of Mines and Tech-
nology: Appointment later 

Southern California, University of: G. W. 
Reynolds 

*Southern Methodist University: Paul Har-
ton 

*Stanford University: H. P. Blanchard 
Stevens Institute of Technology: A. C. Gil-
more, jr. 

*Syracuse, University of: Herbert Hellerman 
*Tennessee, University of: E. D. Shipley 
*Texas, University of: H. W. Smith 
*Toledo, University of: R. E. Weeber 
*Toronto, University of: George Sinclair 
*Tufts College: A. H. Howell 
*Tulane University: J. A. Cronvich 
Union College (Nebr.): M. D. Hare 
United States Naval Post Graduate School: 
G. R. Giet 

*Utah State Agricultural College: Clayton 
Clark 

*Utah, University of: M. E. Van Valkenburg 
*Villanova College: Appointment later 
*Virginia Polytechnic Institute: R. R. 
1Vright 

*Virginia, University of: J. C. Mace 
*\Vashington, University of: H. M. Swarm 
*Wayne University: R. E. Kuba 
Western Ontario, University of: E. H. Tull 
•XX'est Virginia University: R. C. Colwell 
*XVisconsin, University of: Glenn Koehler 
Wit watersrand, University of: G. R. Bozzoli 
*Worcester Polytechnic Institute: H. II. 
Newell 

*Wyoming, University of: \V. M. Mallory 
*Yale University: J. G. Skalnik 

INSTITUTE REPRESENTATIVES ON OTHER BODIES 

American Association for the Advancement 
of Science: J. C. Jensen 

American Documentation Institute: J. H. 
Dellinger 

ASA Standards Council: A. G. Jensen; Ernst 
Weber, L. G. Cumming, alternates 

ASA Electrical Standards Committee: L. G. 
Cumming, E. A. LaPort, F. B. Llewellyn 

ASA Drawings and Symbols Correlating 
Committee: A. F. Pomeroy, A. G. Clav-
ier, alternate 

ASA Sectional Committee (C16) on Radio 
(Sponsored by IRE): R. R. Batcher, 
Secretary; A. G. Jensen, M. R. Briggs, 
L. G. Cumming 

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms; M. W. Bald-
win, Jr., A. G. Jensen, Haraden Pratt, 
J. G. Brainerd 

ASA Subcommittee (C42.1) on General 
Terms: J. G. Brainerd 

ASA Subcommittee (C42.6) on Electrical 
Instruments: Ernst Weber 

ASA Subcommittee (C42.13) on Communi-
cations: J. C. Schelleng 

ASA Subcommittee (C42.14) on Electron 
Tubes: L. S. Nergaard 

ASA Sectional Committee (C60) on Stand-
ardization on Electron Tubes: L. S. Ner-
gaard, C. E. Fay 

ASA Sectional Committee (C61) on Electric 
and Magnetic Magnitudes and Units: 
S. A. Schelkunoff, J. W. Horton, E. S. 
Purington 

ASA Sectional Committee (C63) on Radio-
Electrical Co-ordination: John Dalke, 
D. E. Watts. alternate 

ASA Sectional Committee (C67) on Stand-
ardization of Voltages—Preferred Volt-
ages-100 Volts and Under: J. R. Steen 

ASA Sectional Committee (Y1) on Abbre-

viations: A. F. Pomeroy, II. R. Terhune, 
alternate 

ASA Sectional Committee (Y10) on Letter 
Symbols and Abbreviations for Science 
and Engineering: A. G. Clavier, II. R. 
Terhune, alternate 

ASA Sectional Committee (Y10.14) on 
Nomenclature for Feedback Control 
Systems: W. M. Pease, J. R. Ragazzini 

ASA Sectional Committee (Y14) on Stand-
ards for Drawing and Drafting Room 
Practices: Austin Bailey, A. G. Clavier, 
alternate 

ASA Sectional Committee (Y15) on Pre-
ferred Practice for the Preparation of 
Graphs, Charts, and Other Technical Il-
lustrations: H. R. Terhune, A. G. Clav-
ier, alternate 

ASA Sectional Committee (Y32) on Graph-
ical Symbols and Designations: Austin 
Bailey, A. F. Pomeroy, alternate 

ASA Sectional Committee (Z17) on Pre-
ferred Numbers: A. F. Van Dyck 

ASA Sectional Committee (224) on Acousti-
cal Measurements and Terminology: 
W. D. Goodale, Jr., H. F. Olson, alter-
nate 

ASA Sectional Committee (257) on Sound 
Recording: H. E. Roys, A. \V. Friend, 
alternate 

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. D. Goodale, 
L. G. Cumming, alternate 

ASME Glossary Review Board (Nuclear 
Physics): W. R. G. Baker, Urner Liddel, 
alternate 

Atomic Energy Commission (Policy Com-
mittee for Release of Technical In-
formation): Keith Henny, D. H. Lough-
ridge, alternate 

International Radio Consultative Commit-

1952 

tee: Exec. Comm. of U. S. Delegation, 
A. G. Jensen, L. G. Cumming, alternate, 
Study Group XIV (Vocabulary), A. G. 
Jensen, M. XV. Baldwin, alternate 

International Scientific Radio Union (URSI) 
Executive Committee: S. L. Bailey 

I RE-AIEE Committee on Noise Definitions: 
A. W. Friend, A. G. Jensen, S. Goldman, 
Jerry Minter, LeRoy Moffett 

Joint IRE-AIEE Committee on High Fre-
quency Measurements: R. A. Braden, 
I. G. Easton, C. J. Franks, F. G. Gaffey, 
G. B. Hoadley, H. W. Houghton, D. Y. 
Keim, R. V. Lowman, B. M. Oliver, B. 
Parzen 

Joint IRE-AIEE Co-ordination Committee: 
S. L. Bailey, A. N. Goldsmith, Donald B. 
Sinclair, ex officio 

Joint  IRE-AIEE-NEMA  Co-ordination 
Committee on Commercial Induction 
and Dielectric Heating Apparatus: John 
Dalke, George P. Bosomworth, alternate 

Joint IRE-RTMA-SMPTE-NARTB Com-
mittee for Inter-Society Co-ordination 
(JCIC): A. G. Jensen, M. W. Baldwin, 
alternate 

Joint Technical Advisory Committee: D. B. 
Sinclair 

National Electronics Conference Board of 
Directors: A. VI. Graf 

National Research Council, Division of En-
gineering and Research: F. B. Llewellyn 

U. S. National Committee, I.E.C., Advisers 
on Electrical Measuring Instruments 
(via ASA C39): Wilson Aull, Ernst 
Weber, alternate 

U. S. National Committee, I.E.C., Advisers 
on Symbols: Austin Bailey, A. F. 
Pomeroy, alternate 

U. S. National Committee of the I.E.C.: 
I.. G. Cumming, F. B. Llewellyn 
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;OUSTICS AND AUDIO FREQUENCIES 

6:534  2406 
References to Contemporary Papers on 
:oustics—R. T. Beyer. (Jour. Acous. Soc. 
mt.., vol. 24, pp. 234-243; March, 1952.) 
mtinuation of 1797 of August. 

4.2 2407 
Transient Phenomena in Sound Transmis-
an —A. Darre. (Frequenz, vol. 6, pp. 65-71; 
arch, 1952.) Discussion of phenomena con-
red in the production of linear distortion 
fly, with particular reference to frequency 
sponse, phase relations and group transit 
me. The characteristics of moving-coil and 
Lrn-type loudspeakers are considered and also 
,e effect of room reverberation on the response 
[rye of a loudspeaker. 

14.213.4-13  2408 
The Propagation of Sound through Gases 

intained in Narrow Tubes —L. E. Lawley. 
'roc. Phys. Soc., vol. 65, pp. 181-188; March 
1952.) Results for air, 0, Hand N at frequen-
rs between 60 and 150 kc indicate a vis-
mity/thermal-conductivity constant 5 per 
•nt above the theoretical value. 

14.23:534.321.9  2409 
Transmission of Ultrasonic Waves through 
Thin Solid Plate at the Critical Angle for the 
ilatational Wave —K. R. Makinson. (Jour. 
cous. Soc. Amer., vol. 24, pp. 202-206; March, 
152.) The transmission through an isotropic 
ate immersed in a liquid is examined experi-
,entally and theoretically. Total reflection 
curs near the critical angle for a considerable 
Lnge of thickness of plate. It is therefore 
)ssible to measure the velocity of the dilata-
onal wave in a solid even when only thin 
,)ecimens are available. 

34.23-16  2410 
Spherical-Wave Propagation in Solid Media 

-F. G. Blake, Jr. (Jour. Acous. Soc. Amer., 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February 1952, 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. 

vol. 24, pp. 211-215; March, 1952.) An analysie 
shows that when an impulsive pressure is 
generated in a spherical cavity in an infinite 
solid medium, a damped oscillatory wave train 
is radiated which differs essentially from the 
form of the original pressure pulse. 

534.23-16  2411 
Transmission of Sound through Plates — 

A. Schoch. (Acustica, vol. 2, no. 1, pp. 1-17; 
1952. In German.) Theory for plane waves and 
limited beams is developed in a form clearly 
showing the connection with free waves in 
plates. Cremer's concept of total transmission 
as "coincidence" of the incident wave with a 
free wave in the plate is critically discussed. 
Experiments with Al plates and ultrasonic 
waves give results in good agreement with 
theory. 

534.231  2412 
A New Expansion for the Velocity Potential 

of a Piston Source —A. II. Carter and A. 0. 
Williams, Jr. (Jour. Acous. Soc. Amer., vol. 24, 
p. 230; March, 1952.) Correction to paper ab-
stracted in 1815 of 1951. 

534.232  2413 
Radiation Loading of a Piston Source in a 

Finite Circular Baffle —R. B. Watson. (Jour. 
Acous. Soc. Amer., vol. 24, pp. 225-228; March, 
1952.) Experimental results are given for baffle 
dimensions of the order of a wavelength. Exami-
nation of the results shows the lack of suitable 
expressions for calculations. 

534.24: 534.321.9  2414 
Lateral Displacement of a Totally Reflected 

Ray at Ultrasonic Frequencies—A. Schoch. 
(Acustica, vol. 2, pp. 18-19; 1952. In German.) 
Schlieren photographs of 5.5-mc and 16-mc 
waves reflected from an Al plate in xylol 
clearly show this displacement, which occurs 
at the angle of incidence for which a Rayleigh 
wave is excited in the solid. 

534.26  2415 
The Diffraction of a Plane Sound Pulse 

Incident Normally on a Regular Grating of 
Perfectly Reflecting Strips —E. N. Fox. (Proc. 
Roy. Soc. A, vol. 211, pp. 398-417; March 6, 
1952.) The general methods previously de-
scribed (2417 of 1949) are used to find the pres-
sure on both sides of gratings whose aperture 
areas are 'I, of the total grating area. Both 
the exact solution and an asymptotic solution 
for use in the later stages, when exact calcula-
tion becomes too laborious, are discussed. The 
results of both solutions are shown graphically. 
The analysis can be extended simply to rec-
tangular pulses of finite duration. 

534.321.9:534.2321.047  2416 
The Biological Effect of High-Level Com-

plex Noise (Ultrasonic Region of the Spectrum) 
—P. Bugard. (Ann. Tilicommun., vol. 7, pp. 
139-143; March, 1952.) Pen and cro recordings 

of the output of a Hartmann whistle for differ-
ent adjustments of the compressed-air jet are 
discussed and the corresponding auditory 
sensations are noted. Two distinct types of 
output, depending on the jet adjustment, are 
identified: (a) a fairly pure high-level ultra-
sonic wave; (b) white noise of higher mean 
level. 

534.41  2417 
A Detector of Transients and its Applica-

tions to the Study of Music and Speech Signals 
—A. Moles and G. Corsain. (Radio franc., 
no. 3, pp. 1-7; March, 1952.) Discussion of 
equipment designed to isolate the transients 
from the envelope of the energy spectrum and 
to effect their summation. Preliminary results 
..obtained on signals derived from speech in 
different languages, orchestral, piano and 
violoncello music, and logatoms formed by 
coupling selected consonants and vowels, are 
shown and discussed. 

534.7  2418 
Recovery of the Auditory Threshold after 

Strong Acoustic Stimulation —I. J. Hirsh and 
W. D. Ward. (Jour. Acous. Soc. Amer., vol. 
24, pp. 131-141; March, 1952.) The elevation 
of the threshold after fatigue by pure tones and 
white noise was measured. Recovery to about 
the normal value usually occurs during the 
first minute, followed by an increase reaching 
a maximum about two minutes after the cessa-
tion of the fatiguing tone. In some cases a 
minor maximum occurs about five minutes 
later. 

534.75  2419 
Auditory-Psychological [hOrpsychologische) 

Acoustics —P. Burkowitz. (Funk u. Ton, vol. 6, 
pp. 136-140; March, 1952.) Summary of the 
essentials of a new theory of the basic principles 
of single-channel transmission and reception of 
sound. 

534.845  2420 
Comparative Reverberation-Room Meas-

urements of the Absorption Coefficient of 
Sound-Absorbent  Materials—G.  Venzke. 
(Tech. Ilausmitt. Nordw Dtsch. Rdfunks, vol. 4, 
pp. 1-3; January/February, 1952.) The results 
of measurements in eight laboratories of the 
absorption coefficient of hallonit, a rock-wool 
material made in slabs 40X40X3 cm, are 
shown graphically. The size of the teat surface 
used had no appreciable effect on the results, 
and measurement accuracy was about the 
same for warble-tone and white-noise sources. 
No dependence of the results on the shape and 
size of the test chamber could be found. Two 
sets of measurements by a Kundt's-tube 
method (perpendicular incidence) gave values 
of the maximum absorption coefficient about 
15-20 per cent less than the mean value given 
by the reverberation measurements, in which 
surface areas of 7.5 m2 or 15 ml were used, in 
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general distributed on two adjacent walls and 
the floor of the test chamber. 

534.846  2421 
Acoustics of the Remodeled House and 

Senate Chambers of the National Capitol — 
P. E. Sabine. (Jour. Acous. Soc. Amer., vol. 24, 
pp. 121-124; March, 1952.) Details are given 
of the materials and dispositions of sound-
absorbing surfaces used, together with the 
results of articulation tests showing the excel-
lent performance obtained. 

534.85  2422 
Thorn Needles—S. Kelley: A. M. Pollock. 

(Wireless World, vol. 58, pp. 243-244; June, 
1952.) Further discussion on 2089 of 1951 
(Pollock) and author's reply. 

534.851  2423 
Phonograph Needle-Drag Distortion--J. 

Rabinow and E. Codier. (Jour. A cous. Soc. 
Amer., vol. 24, pp. 216-225;, March, 1952.) 
Analysis indicates that tangential motion of the 
tip of a pickup needle will occur and may cause 
distortion of the output signal. Attempts to 
detect such distortion were unsuccessful owing 
to the presence of other distortions which 
masked it. 

534.861.2  2424 
Helmholtz Resonators in the Acoustic 

Treatment of Broadcasting Studios—C. L. S. 
Gilford. (Brit. Jour. App!. Phys., vol. 3, pp. 
86-92; March, 1952.) "A theory of the action 
of Helmholtz resonators as sound absorbers is 
presented, covering both the isolated resonator 
and regular arrays. Experiments in reverbera-
ation rooms and acoustically treated studios 
are described and general recommendations 
for design are given. Regular arrays are prefer-
able to single resonators, openings being made 
more resistive by covering with a fabric. It is 
concluded that great variations in design to 
suit architectural requirements may be made 
without loss of effectiveness, and the widths 
of the frequency band over which absorption 
takes place may be varied between wide 
limits." 

621.395.623.8  2425 
Centralized Public-Address System —( Tele-

funken Zig, vol. 25, pp. 68-70; March, 1952.) 
Recent investigations indicate that for large 
audiences better results are obtained by using 
one or two vertical arrays of loudspeakers at a 
central point than by means of many loud-
speakers distributed over the area to be cov-
ered. For vertical arrays the sound pressure 
increases with distance up to a certain point. 
With two vertical arrays (each with 48 loud-
speakers) of over-all length 7 m and raised 6 m 
above the ground, a 300-w amplifier sufficed 
to give good sound distribution to a crowd of 
300,000 people assembled in the holy place 
Fatima, Portugal. 

621.395.625.2  2426 
New Sound Reproducer for Engraved-

Tape Records —P. Hemardinquer. ( TSF el TV, 
vol. 28, pp. 113-114; March, 1952.) Descrip-
tion of commercially available equipment using 
a piezoelectric head with sapphire needle for 
reproduction from records on wax-coated tape. 

621.395.625.3  2427 
An Investigation into the Mechanism of 

Magnetic-Tape Recording—P. E. Axon. (Proc. 
1EE, Part III, vol. 99, pp. 109-124; May, 
1952. Discussion, pp. 124-126.) Asymmetry of 
hysteresis loops is found to give distinctive 
properties to recording and distortion charac-
teristics of unbiased recording. The properties 
have been confirmed experimentally.  The 
mechanism of recording using high-frequency 
bias is examined. Predictions are made con-
cerning transitions to be expected in the charac-
teristics as the high-frequency bias field is 
increased from zero to saturation value; these 
are experimentally confirmed. Adequate high-

frequency bins eliminates the asymmetry of the 
af intensity variation. The effect of a bias-
leakage field outside the recording gap is 
discussed with reference to the coercivity of the 
tape material. 

621.395.625.3  2428 
A New Recording Medium for Transcribed 

Message Services —J. Z. Menard. (Bell Sys. 
Tech. Jour.. vol. 31, pp. 530-540; May, 1952.) 
A magnetic recording medium composed of 
rubber impregnated with magnetic oxide and 
lubricant, and used in the form of moulded 
bands, is found particularly suitable for appli-
cations involving repetition of short messages. 

ANTENNAS AND TRANSMISSION 
LINES 

621.315.212  2429 
Elements with Rotational Symmetry for 

Coaxial-Cable Junctions-11. Meinke and A. 
Scheuber. (Fernmeldetech. Z., vol. 5, pp. 109-114; 
March, 1952.) General explanation of the prop-
erties of units with sudden changes of conduc-
tor diameters or uniform variation of diameter 
and change of dielectric. The design of such 
units for reflection-free connection of cables 
with different characteristic impedances is 
outlined. A simple conversion rule is given 
which enables the calculations to be applied to 
lines of different characteristic impedance. 

621.392:621.396.67  2430 
Anti-Resonant H. F. Transmission Lines, 

Input Impedance Characteristics—H. M. Bar-
low. (Wireless Eng., vol. 29, pp. 145-147; June, 
1952.) Treatment of the short-circuited X/4 
line, deriving convenient expressions for the 
maximum value of the resistive component 
R. and of the reactive component X. of the 
input impedance.  The lengths 
of line at which these maxima occur are slightly 
different. 

621.392.2:621.396.67  2431 
A Cage Type of Feeder—A. Schweisthal. 

(Tech. Ilausmitt. NordwDisch. Rdfunks, vol. 4, 
pp. 45-47; March/April, 1952.) Description of 
feeder lines for broadcasting antennas. At 
Coblenz, SaarbrUcken, Bad DUrrheim and 
Ravensburg the lines are 200 m long; that for 
the Rhine transmitter has a length of 500 m. 
The central conductor is a Cu tube (2-cm 
diameter) with joints hard soldered and is sup-
ported by an internal steel-wire rope under 500 
kg tension. The outer screen consists of twelve 
3-mm Cu wires evenly spaced round a circle 
of diameter 50 cm and with a similar total 
tension. Insulated supports, carried on poles 
6 m high, are provided at 12-m intervals for 
both core and wires, the latter having short-
circuiting rings at the ends. The characteristic 
impedance is about 205 SI. Attenuation is con-
siderably less than for a 9.5/36 cable and total 
cost much less. 

621.392.21  2432 
Note on the Variations of Phase Velocity 

in Continuously-Wound Delay Lines at High 
Frequencies—I. A. D. Lewis. (Proc. I EE, 
Part III, vol. 99, pp. 158; May, 1952.) Discus-
sion on 2637 of 1951. 

621.392.26  2433 
The Completeness of the System of E- and 

H-Type Waves in Waveguldes—E. Ledinegg 
and P. Urban. (Arch. elekt. tibertragung, vol. 6, 
pp. 109-113; March, 1952.) It is proved 
mathematically that the solutions correspond-
ind to the E-type and H-type waves represent 
all the possible solutions of Maxwell's equa-
tions, and that the plane waves in waveguides 
constitute a complete system in this sense. An 
essential element in the proof is the assumption 
of a finite value for the em field at infinity. 

621.392.26  2434 
The Impedance of Unsymmetrical Strips in 

Rectangular Waveguides —L. Lewin. (Proc. 
IEE, Part III, vol. 99, pp. 167-168; May, 

1952.) Summary only. Formulas are derived 
for the impedance of inductive and capacitive 
strips situated either centrally or unsymmetri-
cally in a waveguide. 

621.392.43  2435 
The Use of Directional Couplers in Aerial-

Matching Problems —S. Gratania. (Tijdschr. 
ned. Radiogenoot., vol. 17, pp. 85-102; March, 
1952.) The operation of the coaxial-line re-
flectometer is described; this incorporates two 
directional couplers, measuring the intensity of 
the original and reflected waves respectively. 
Advantages of this instrument over the stand-
ing-wave indicator Include wide frequency 
range, absence of moving parts, rapid operation. 
Calculations are made for an experimental 
model for the frequency band 5-500 mc. A 
method is described for obtaining a cro indica-
tion of the bandwidth of an antenna. 

621.396.67  2436 
A Note on Booker's Extension of Babinet's 

Principle —R. S. Elliott. (Picric. I.R.E., vol. 40, 
p. 729; June, 1952.) Discussion showing that 
Booker's extension  of  Babinet's principle 
(1335 of 1947) is only applicable to a restricted 
class of apertures with symmetry about the 
polarization axis of the primary source. 

621.396.67  2437 
A New Solution for the Current and Voltage 

Distribution on Cylindrical, Ellipsoidal, Conical 
or Other Rotationally Symmetrical Aerials - 
O. Zinke. (Frequenz, vol. 6, pp. 57-65; March, 
1952.) The method is based on the solution of 
the static potential equation der= 0. For rota-
tionally symmetrical antennas the solution can 
be effected either by means of electrolyte-tank 
measurements, or graphically, or by South-
well's relaxation methods. The es field strength 
normal to the metal surface is thus known and 
the charge per unit length of the surface con-
tour is deduced. Only in exceptional cases, 
such as homogeneous cables or ellipsoidal 
antennas, is the charge per unit length inde-
pendent of position. In the dynamic case the 
current and voltage distributions are sinusoidal 
only in these special cases. Constant charge 
per unit length in the static case thus corre-
sponds to sinusoidal current distribution in the 
dynamic case, and nonuniform static charge 
density to nonsinusoidal current distribution. 
The scalar potential along cylindrical trans-
mission lines and antennas is sinusoidal; on 
circular plates it is given by Hessen; functions. 
The theory is applied to the determination of 
the charge, current and voltage distributions 
along a cylindrical antenna for the cases of 
current resonance (1,---X/4) and voltage reso-
nance (I <X/2). 

621.396.67  2438 
Theory  of  Multiple-Feed  Aerials —R. 

Walter.  (Tech.  llousnijgg.  NordwDtsch. 
Rdfunks, vol. 4, pp. 12-10; January/February, 
1952.) Analysis shows that a current distribu-
tion corresponding to the function e-31  gives a 
good directional characteristic for a broad-
casting antenna, but that even better charac-
teristics can be obtained with multiple-feed 
arrangements. Vertical directional characteris-
tics are shown for a system of two antennas of 
heights X and X/2, independently fed at the 
foot, the ratio of the currents having the values 
1.5, 2, 2.5, 3 and 4. Corresponding characteris-
tics for single homogeneous antennas of heights 
0.56X and 0.625X are included for comparison. 
The current ratio 4 gives the closest approxi-
mation to the Gaussian curve, but in practice 
a ratio of 2.5 or 3 is preferred.  The  0.625X  

single antenna has a null point at 37 degrees, 
but a side lobe with an amplitude 31 per cent 
of that of the horizontal radiation. Any further 
Increase of height is consequently not permissi-
ble. With the double antenna system, improve-
ment of the directional characteristic by in-
crease of antenna height is practicable up to 
1.2X, while for a triple-antenna system with 
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triple feed, improvement of the characteristic 
is theoretically possible up to a height of about 
1.8X. 

.621.396.67  2439 
Experience with Double-Feed Medium-

Wave Aerials —A. Schweisthal. (Tech. Ha:is-
m:a. NordwInsch. Rctfunks, vol. 4, pp. 52-59; 
March/April, 1952.) The antennas at Bad 
Ihirrheim and Ravensburg are essentially 
similar and consist of square-section lattice 
masts 120 m high, insulated at the foot and with 
an insulating section at a height of 75 m. The 
lower section forms a 175-11 transmission line, 
with a galvanized-iron tube as core, for feeding 
the upper section. Copper tubes connect the 
tubular core and the foot of the lower section 
with the antenna tuning network used for ad-
justing the location of the potential node. The 
observed vertical radiation diagram is shown 
together with the calculated one. For the Rhine 
transmitter, the required 2:1 or 3:1 concentra-
tion of the radiation in the NW-SE direction 
is effected by means of two 150-rn antennas, 
divided at a height of 80 m and located 100 m 
'about X/3) apart on a N W-SE line. These are 
lcd in antiphase with a prescribed power ratio. 
A diagram shows the horizontal radiation pat-
tern (a) with one mast fed at the foot and the 
,,ther earthed, (b) with double feed for both 
masts. A method of measuring the potential 
distribution on a transmitting antenna is out-
lined in an appendix. 

621.396.67:621.397.62  2440 
Television Receiving Aerials —F. R. W. 

Strafford. (Wireless World, vol. 58, pp. 213-
218 and 264-267; June and July, 1952.) The 
haracteristics of simple dipole and multi-
Icrnent types of antenna are discussed; calcu-
ited and measured values of impedance are 
,,lotted against frequency for two types of 
dipole for channel 4. In receiving antennas, 
losses due to mismatching are less important 
• han those due to feeder attenuation. With 
-,resent British television standards there is no 
:d vantage in using folded dipoles, though the 
zreater  bandwidth  corresponding  to  the 
French 819-line standard does require their 
use. Problems involved in making measure-
ments on antennas are examined, and some 
aspects of indoor antennas and the mechanical 
design of outdoor antennas are discussed. 

I 621.396.671:537.311.5:538.569  2441 
On the Current Induced in a Conducting 

Ribbon by the Incidence of a Plane Electro-
magnetic Wave —E. B. Moullin and F. M. 
Phillips (Prot. IRE, Part III, vol. 99, pp. 165-
166; May. 1952.) Summary only. The analysis 
in terms of Mathieu functions given by Morse 
and Rubenstein (905 of 1939) for the diffraction 
of plane waves by ribbons and slits is extended, 
and the distribution of current density in rib-
bons of widths X/w, 2X/w- and 4X/r is evaluated. 
The results show that, in the range of widths ex-
amined. the distribution of both the in phase 
and the quadrature component near the edge 
depends very little on the width of the ribbon. 
The distribution is practically the same as that 
near the edge of a half-plane, for which a solu-
tion has previously been given. The disturbed 
density is largely concentrated in a region very 
near the edge and can be replaced by an equiva-
lent filament for the purpose of predicting the 
polar diagram. A practical treatment is thus 
available which does not involve laborious 
mathematics. A curve is given showing the 
strength of the echoed field as a function of 
ribbon width; this is valid down to zero width. 

621.306.677  2442 
An Annular Corrugated-Surface Antenna — 

E. M. T. Jones. (Pitoc. I.R E., vol. 40, pp. 
721-725; June, 1952.) Analysis is presented for 
an antenna system which is the axially sym-
metrical counterpart of the rectangular an-
tenna discussed by Reynolds and Lucke (922 
of May). The surface wave is easily excited 

from the end of a coaxial line, with the center 
conductor extending X/4 above the surface of 
the antenna. The far-zone radiation pattern 
is uniform in the azimuthal direction and 
polarized in a direction perpendicular to the 
surface. The major lobe is directed slightly 
above the plane of the antenna. Experimental 
results for an antenna operating at a wave-
length of about 4 cm, in a finite ground plane, 
are in good agreement with theory. 

621.396.677  2443 
A New Type of U.H.P. Lens [aerial] —J. C. 

Simon. (Onde ilea., vol. 32, pp. 181-189; 
April/May, 1952.) Theory shows that the usual 
defects of uhf antenna systems are not due 
to diffraction effects difficult to calculate, but 
to phase aberrations analogous to those met 
with in optical instruments. For this reason, 
in the antenna systems for ens Paris-Lille link 
phase correction methods are adopted. The 
antennas consist of two elements, one being a 
small waveguide horn radiating towards a con-
cave hyperbolic reflector of diameter 150 cm, 
which is rigidly attached, by means of a conical 
metal structure, to the second element, a 
special lens of variable index of refraction, con-
structed from metal plates drilled with circular 
holes of wavelength dimensions and with an 
aperture of 7 me. Phase correction is applied to 
both elements of the system, and it is possible 
to correct local phase defects. The resulting 
beam has a half-power width of 1.7 degrees, 
and the first ring at 4 degrees from the axis is 
20 db below the main lobe. The measured gain 
is about 38.5 db for the 7-me area and the 
swr is <1.12 in a band of 300 mc centered on 
3.64 kmc. See also 970 of May and 82%.0::of 
1951 (Ortusi and Simon). 

621.396.677:537.226  2444 
Isotropic  Artificial  Dielectric —Corkum. 

(See 2523.) 

621.396.677:621.396.9  2445 
A Family of Designs for Rapid-Scanning 

Radar Antennas —R. F.  Rinehart. (Max. 
IRE., vol. 40, pp. 686-688; June, 1952.) 
Analysis resulting in the design of lenses with 
smaller feed circles than those of the lenses 
previously described (1593 of 1949), thus per-
mitting rapid rotation of the source. 

621.396.677.012.71 +621.396.81  2446 
Aerial Measurements in the Microwave 

Range—J. M. G. Seppen. (Tijdcchr. ned. 
Radiogenoot., vol. 17, pp. 63-83: March, 1952. 
Discussion, p. 84.) Energy radiation and collec-
tion in the wavelength range 3-10 cm are dis-
cussed generally. Various methods of obtaining 
radiation characteristics are mentioned, and an 
account is given of the method used for meas-
urements over the path from DenHelder to 
Tessel, readings being taken at successive 10' 
antenna rotation angles. The equipment is 
described, with special attention to the attenu-
ator. Tidal effects over the sea path, and atmos-
pheric scattering and attenuation are taken into 
account. 

621.396.677.029.64  2447 
A Practical Method for the Design of Para-

bolic Aerials for Microwaves—J. Deschamps 
and G. G. Esculier. (Onde elect, vol. 32, pp. 
209-213; April/May, 1952.) Description of a 
simple method for determining the contour of a 
reflector excited by a waveguide horn, and for 
evaluating the horn dimensions, for specified 
radiation characteristics. No elaborate mathe-
matics is required. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.013.5:621.3.011.23'621.314.2 045  2448 
Calculation of the Magnetic Field created 

by Conductors of Rectangular Cross-Section 
in a Slot, and its Application to the Determina-
tion of the Reactance of Transformer Windings 
—E. Billig. (Rev. gin. Elect., vol. 61, pp. 135-
149; March, 1952. Correction, ibid., vol. 61, 

p. 196; April, 1952.) French version of paper 
abstracted in 602 of April. 

621.3.015.7:621.387.4  2449 
A Single-Channel Pulse-Amplitude Ana-

lyser  for  Measurement  of  Coincident 
Pulses —R. Wilson (Jour. Sci. Instr., vol. 29, 
pp. 70-72; March, 1952.) 

621.314.3f :[621.396.615.17+621.396.619.2 
2450 

The Use of Saturable Reactors as Discharge 
Devices for Pulse Generators— W. S. Mel-
ville. (Proc. IEE, Part III, vol. 99, pp. 156-
157; May, 1952.) Discussion on 2362 of 1951. 

621.316.8.029.53/.55  2451 
Survey of Radio-Frequency Resistors with 

Kilowatt Ratings —D. R. Crosby. (RCA Rev., 
vol. 12, pp. 754-763; December, 1951.) Discus-
sion of design and operating characteristics of 
resistors used for communication and RF-
heating equipment in the frequency range 300 
kc-30 mc. Resistance values may be from a 
few tenths of an ohm to about 600 U, and the 
power range is 5-100 kw. The three basic types 
used are metal-wire, carbon-film and water-
column resistors. 

621.316.842(083.74)  2452 
A Design for Standard Resistance Coils — 

C. R. Barber, A. Gridley and J. A. Hall. (Jour. 
Sci. Instr., vol. 29, pp. 65-69; March, 1952.) 
Details are given of a method of construction 
specially suitable for resistance coils used in 
bridges. A strain-free helix of minalpha (man-
ganin) wire is supported in a spiral groove cut 
in a perspex disk, and hermetically sealed 
between perspex cover plates. The heat treat-
ment of the wire to obtain good stability is 
described. Coils of 1,000 SI resistance, made 
from about 42 m of 0.006-inch wire, showed a 
rise of resistance of the order of 2 parts per 
million per month during the first few months 
after winding. 

621.316.87:541.18:537.311.35  2453 
Polaresistisity and Polaristora —Hollmann. 

(See 2538.) 

621.318.42.018.78  2454 
Harmonic and Combination Oscillations in 

Ferromagnetic  Materials—G.  Hoffmann. 
(Arch. elekt. tibertragung, vol. 6, pp. 99-108; 
March, 1952.) Distortion effects at very low 
frequencies in coils with ferromagnetic cores 
are investigated theoretically, particularly for 
the case of simultaneous excitation by two 
sinusoidally varying fields of different frequen-
cies.  The relation  between the complex-
permeability curve and the combination fre-
quencies is derived for the Rayleigh region 
(where the branches of the hysteresis loop are 
parabolic). For magnetically stable (carbon-
free) materials the calculated values are well 
supported by measured values over a wide 
range. For magnetically unstable materials, the 
calculation provides, in conjunction with dis-
tortion measurements, a possible method of 
investigating the creep effect. 

621.392  2455 
Introduction  to  Formal  Realizability 

Theory: Part X—B. McMillan. (Bell Sys. 
Tech. Jour., vol. 31, pp. 541-600; May, 1952.) 
Discussion of conditions to be satisfied for a 
network to realize a given positive real imped-
ance matrix. Part 1: 2138 of September. 

621.392  2456 
The Synthesis of RC Networks to have 

Prescribed Transfer Functions —H. J. Orchard 
(Paoc. IRE., vol. 40, pp. 725-726; June 
1952.) Discussion on 2371 of 1951. 

621.392.5  2457 
The Iterated Network and its Application to 

Differentistors—M. C. Pease. (Puoc. I.R.E., 
vol. 40, pp. 709-711; June, 1952.) A compact 
and convenient expression is derived for the 
transmission matrix of any iterated structure 
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in terms of the number of units in the structure 
and of the transmission matrix of the unit 
element. The expression is used for analysis of 
the operation of an iterated RC differentiating 
network, which is shown to have an effective 
time constant much less than that of the unit 
element. 

621.392.5  2458 
Image Impedances of Active Linear Four-

Terminal Networks—II. Sutcliffe. (Wireless 
Eng., vol. 29, pp. 169-170; June, 1952.) A 
matrix treatment showing that the formula 
expressing the image impedance of a passive 
quadripole in terms of open-circuit input imped-
ance and short-circuit admittance applies to 
an active linear network. 

621.392.5  2459 
The Gyrator—G. W. 0. H. (Wireless Eng., 

vol. 29, pp. 143-145; June, 1952.) Comment, 
with further analysis, on the special 4-terminal 
network conceived by Tellegen. See 301 of 
1951 and back references.  ' 

621.392.5  2460 
Operational Analysis of Variable-Delay 

Systems—L. A. Zadeli. (Paoc. I.R.E., vol. 40, 
pp. 564-568; May, 1952.) The output of a 
variable-delay system is related to its input by 
a delay operator which has the usual exponen-
tial form, but differs from conventional (time-
invariant) delay operators in that the time 
delay is a function of time. Systems in which the 
variation of delay is due to motion of the re-
ceiver (R) or source (S) or both (RS) are 
analyzed in general terms. An operational rela-
tion is obtained for the correlation function of 
the output of a type-R system, and is applied 
to the determination of the correlation function 
of a FM sound wave. 

621.392.5: 517.56  2461 
The Approximation with Rational Functions 

of Prescribed Magnitude and Phase Charac-
teristics—J. G. Linvill. (Paoc. I.R.E., vol. 40, 
pp. 711-721; June, 1952.) A method of succes-
sive approximations is applied to the selection 
of network functions having desired magnitude 
and phase variation with frequency. Adjust-
ment of the magnitude and phase characteris-
tics is effected simultaneously. 

621.392.5:534.321.9:534.133  2462 
Performance of Ultrasonic Vitreous-Silica 

Delay Lines —M. D. Fagen. (Tele-Tech, vol. 
11, pp. 43-45, 144; March, 1952.) The electrical 
performance of an ultrasonic delay line is 
analyzed in terms of its equivalent circuit; 
insertion loss and bandwidth are investigated 
in relation to the parameters of the piezoelec-
tric transducer, the acoustic medium and the 
electrical termination. Results of tests at 10 
and 60 mc and with resistive terminations of 
75 to 1,000 0 are shown. With low terminal 
impedance a large bandwidth is obtained but 
insertion loss is relatively high. 

621.392.52  2463 
Electrical Separating Networks with Series-

Resonance Circuits as Blocking Elements — 
R. Becker. (Telefunken Ztg., vol. 25, pp. 33-40; 
March, 1952.) Discussion of devices enabling a 
single antenna to be used with two transmitters 
oi receivers simultaneously, or with a trans-
mitter and a receiver. General design formulas 
are derived and applied to the design of a unit 
for use with two 1-kw transmitters with fre-
quencies of 46.4 and 49.1 mc respectively. 
Calculated values of attenuation for the two 
frequencies were in good agreement with meas-
ured values (•-•-93db) for practical equipment, 
which is described. The construction is also 
described of a transmitter-receiver type for the 
range 45-75 mc and of a low-power unit for 
beam R/T on 80 mc. 

621.392.52  2464 
On the Theory of Filtration of Signals--

L. A. Zadeh. (Z. angew. Math. Phys, vol. 3, 

pp. 149-156; March IS, 1952. In English.) An 
outline of the theory of linear variable filters. 
See also 2147 of September. 

621.392.52 
Theory of Transmission Time and Buil 

Time in Electrical Filters with Phase Di 
tion —T. Laurent. (Arch. elekt. Uberirag 
vol. 6, pp. 91-98; March, 1952.) The theo 
based on the frequency-transformation met 
developed previously (471 of 1937). New 
nitions of transmission time and buil 
time are derived which are valid for filters 
phase distortion and which enable value 
be calculated easily from attentrat ion and p 
shift. 

2465  2471 
d-Up  Resonant Circuit with Periodically Varying 
stor-  Parameters —P. Bunt and D. M. Tombs. 
nag,  (11'ite/e5.s Eng., vol. 29, pp. 95-100 and 120-
ry is  126; April and May, 1952.) Theoretical and 
hod 
deli-
d-up 
with 
s to 
hase 

corresponding fundamental frequencies may 
disappear completely, to be replaced by mul-
tiples of half the variation frequency. 

621.392.52.015.7  2466 
Pulsed Circuits. Transmission Function. 

Problem  of  Isomorphic  Transmission— II. 
Borg. (Ann. Telecommun., vol. 7, pp. 115- 12(1; 
March, 1952.) A definition of an ideal filter, 
based on the symbolic expression for the tran-
sient response of a passive linear system, im-
plies certain conditions of amplitude, phase 
and pass band. Echo phenomena in actual 
filters are studied by different series dcvelop-
ments of the transmission function and by 
analysis based on Laplace transforms. An 
analytical expression for the transmission 
characteristic of a passive circuit is derived in 
terms of pulse amplitude, duration and delay 
time; this determines the conditions under 
which no alteration of the pulse shape occurs. 
.39 references. 

621.392.54.012.3:621.392.26  2467 
Chart for the TEa Mode Piston Attenuator 

—C. M. Allred. (Bur. Stand. Jour. Res., vol. 
48, pp. 109-110; February, 1952.) An :time for 
determination of attenuation as dependent on 
frequency and on conductivity and radius of 
a cylindrical-waveguide attenuator. 

621.395.645:621.395.97  2468 
Radio-Diffusion Amplifiers for Standard 

(telephone] Circuits —J. Jacot. (Tech. Mitt. 
schweiz. Telegr.-TelephVerw., vol. 30, pp. 81-
87; March 1, 1952. In French.) Developments 
in Switzerland up to 1938 are reviewed and 
descriptions are given of two types of atnplifier 
designed to meet C.C.I.F. requirements for 
program transmission on standard telephone 
circuits. The two types are similar in principle, 
both having two coupled stages, the essential 
difference being in the feedback circuit used to 
correct the gain for the very low and the high 
frequencies. 

621.395.661.1  246 
Study of, Tests on, and Suggestions fo 

Acceptance Standards for Repeater Coils use 
on Lines for Musical-Programme Transmissio 
—R. Salvadorini. (Poste e Telecommunicazion 
vol. 20, pp. 115-130; March, 1952.) The char 
acteristics of repeater coils are exam ine d, an  
results of tests on six samples reported. Mini 
mum performance requirements in respect  o 
insulation, distortion, losses, frequenc y charac  
teristics, transients, crosstalk, and de tests  ar  
listed, as a basis:Jor acceptance standar ds. 

621 .396 .611 .1 2470 
Free Oscillations in fl-Mesh Networ ks with  

Varying Parameters—W. Haacke. (A rc h. elekt.  
bertragung, vol. 6, pp. 114-119 ; M arc h, 
1952.) The system is represented by a matr ix 
of n linear second-order differential equat ions  
with periodically varying coefficients; the indi-
vidual equations are separated by a linear  
transformation and solved by Erdelyi's method 
(1934 Abstracts, p. 436), and the comp lete  
solution is obtained by combining the individ-
ual solutions. Circuits with capacitances vary-
ing periodically about a mean value are mainly 
considered; the calculation is similar for  the 
case of varying inductances. The ana lys is 
applies only to cases where all the parameter  
variations obey the same law. Where the so lu-
tions of any of the n equations are unstable, the 

621.396.611.1: 517.51 

experimental investigation of the circu it with  
periodically varying resistance . The var iat ion  
is achieved by applying a vo ltage  of given  fre-
quency to the grid of a dynatron , thus  vary ing  
the magnitude of the negative resistance  which  
the dynatron presents to the osc illatory  circuit.  
A steady-state solutien of Mathieu's equation 
is obtained by means of integra l equations, 
and for the oscillatory regime  a so lut ion  of  an  
extended lull's  is obta ine d by a 
method similar to that of Ince . The steady•  
state response to an applied alternat ing  voltage,  
of frequency approx imate ly the same  as  the  

resonance frequency, exhibits multiple-reso-
nance effects, each maximum corresponding to 
detuning equal to an integra l mu ltiple of  the  
frequency of the resistance var iat ion.  As in the  
case of oscillation exc itat ion  by var iation  of  
inductance or capacitance, the frequency  at  
which oscillations  are  most  eas ily  excited  by  
resistance variation is double the resonance  
frequency of the circuit. If the alternating  
voltage applied to the dynatron  gr id is in-
creased gradually from  zero,  at  a certain  
critical voltage osc illat ions  suddenly  com-

mence, with frequency exact ly half  that  of  
the grid voltage, even  if the circu it is detuned.  
Experimental result s are  shown  graph ically.  

62 1.396.611.21.029.3  2472  
Quartz Vibrators for  Audio Frequencies— 

J. E. Thwaites. (Proc.  IRE, Part  III,  vol.  99,  
pp. 158-159; May, 1952.) Summary  only.  
Results obtained for sil ver -plate d wire-mounted  
+5 degrees X-cut bars  show  that  the  frequency  
f of flexural vibrat ions  is given  by  the  formula  

f= 5,740 w/P, where ! is in kc and w and 1 are 
respectively the width an d length  of  the  bar  
in mm. The frequency /te mperature character-
istics of such bars  are approximately parabolic, 
with a vertex of maximum frequency at some  
temperature between —10 degrees  and +50 
degrees C, depending  on  the value  of 10. For 
bars of ring form  w ith  a small  gap, ./-=- 4,350 
will where w is the width  in  the  plane  of  
flexure and 1 is the mean  arc  length.  Approxi•  
mate relations between  dimens ions,  frequency  
and temperature are shown grap hically  for  
straight bars and for  gapped  rings.  Both  types  

9  -have ,.wo nodes and can  be supported  by  four  
r  wires in a glass  envelope.  In  straight  bars  the  
d  distance of the no des  from  each  end  is 0.224  1; 
n  in gapped rings  the nodes  subtend  an  angle f 
i  66 degrees at the center  of  curvature.  A simple  

method of determ ining  the  parameters  of  the  
d  equivalent circu it for  such  vibrators  is de-
-  scribed. 

621 .396 .611.39:621.392.26  2473 
Microwave Coupling by Large Apertures_. 

S. B. Cohn. (Paoc. I.R.E., vol. 40, pp. 696- 
699; June, 19.52.) A frequency-correction factor 
is proposed for Bet he's small-aperture coupling 
relation for a transverse diaphragm in a rec-
tangular waveguide. Experimental results for 
apertures of many different shapes and sizes 
show this correction factor to be accurate up 
to slightly above the resonance frequency of 
each aperture. Approximate formulas are 
given for the resonance length of a narrow 
rectangular aperture and for the Q of a reso-
nant iris loaded by matched waveguide. The 
effect of wall thickness is also considered. 

621.396.615.001.8 
2474 

The  Action  of  Locked  Oscillators—E. 
Roessler. (Pernmeldetech. Z., vol. 5, pp. 97-100; 
March, 1952.) Fixing of the starting point of 
oscillations by means of a locked oscillator is 
uscd at present for three purposes: (a) for the 
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; suppression of transmitter noise in multi-
channel  p.phm transmission on dm-wave 
links, (b) for the suppression of receiver noise 
in superregenerative reception, (c) for the pro-
• sluetion of a phase-related pulse for utilizing the 
Doppler effect in radar measurements. The 
I action of the locked oscillator in these three 
cases is explained and further possible applica-
t ions are considered. 

621.396.615.029.3:621.396.621.53  2475 
Beat-Frequency Tone Source. Mathemati-

cal Theory of Mixing —C. G. Mayo. (Wireless 
Eng., vol. 29, pp. 148-155; June, 1952.) Three 
• systems of mixing are discussed: (a) multiplica-
tion in a square-law device, (b) addition fol-
lowed by linear rectification, (c) addition of 
one component to a square wave synchronous 
with the other component, followed by linear 
rectification. Method (c) is analyzed in detail 
and the distortion likely to occur in practical 
circuits is evaluated. With regard to output, 
distortion and noise, method (c) is by far the 
best. 

621.396.615.17  2476 
Production of Very Short Pulses by Means 

of a Pulse-Excited Oscillatory Circuit Shunted 
by a Germanium Crystal —H. Mayer. (Compi. 
Rend. Acad. Sci. (Paris), vol. 234, pp. 1131-
1133; March 10, 1952.) The circuit described 
by Reiffel (2375 of 1951) is adapted for actua-
tion by pulses from a multivibrator. The opti-
mum operating conditions are calculated and 
.i comparison is made between theoretical and 
experimental results. 

621.396.615.17:621.3.087.4551.510.535  2477 
A Timebase Circuit for a High-Precision 

Ionospheric Sounding Apparatus —B. M. Ban-
rice and R. Roy. (Indian Jour. Phys., VOL 
24, pp. 411-419; September, 1950.) Description 
• ,t a circuit which produces a 10-line raster on 
t lie screen of the cro. Each line of the raster 
takes 333as, a time which corresponds to 50 
km of ionosphere height. Marker pips indicate 
i-km intervals and an intensifying pulse is 
.ipplied to any one of the ten lines selected by 
.in adjustable trigger circuit. Fully detailed 
ircuit diagrams of the different units of the 
• quipment are given. 

621.396.615.17: 621.396.615.141.2  2478 
Magnetron Harmonics at Millimeter Wave-

lengths—J. A. Klein, J. H. N. Loubser, A. H. 
Nethercot, Jr., and C. H. Townes. (Rev. Sci. 
Instr., vol. 23, pp. 78-82; February, 1952.) 
Harmonics present in the output of magnetrons 
are isolated (a) by using a tapered waveguide 
, section to cut off at wavelengths shorter than 
the fundamental, (b) by using a diffraction 
grating. A Golay cell or a Si-crystal rectifier is 
used as detector. The tenth harmonic (X=1.25 
mm) has been obtained from K-band tubes and 
t lie third harmonic (X=1.1 mm) from 3.3-mm 
t ubes, with an estimated peak power of a few 
hundred microwatts. Data are included on the 
harmonic spectra of various types of magne-
tron. 

621.396.616.015.7:621.316.546  2479 
Nonelectronic Rectangular- Wave Genera-

tor—B. Bederson and M. Silver. (Rev. Sci. 
lnstr., vol. 23, p. 133; March, 1952.) A circuit 
including a mercury relay tube in series with 
dc supply and resistive load produces square 
1 pulses of peak power 250 w and duration from 
' 10 ms to 2.5 seconds. 

621.396.645  2480 
Cathode-Coupled Amplifier—I. F. Mac-

diarmid. (Wireless Eng., vol. 29, p. 169; June, 
' 1952.) Discussion on 1559 of June (Lyddiard). 
An alternative equivalent circuit and conven-

1 ient method of calculating harmonic distortion 
I are described. 

i 621.396.645  2481 
Cathode-Follower Operation —A. J. Shim-

ming. (Wireless Eng., vol. 29, pp. 155-163; 
June, 1952.) The response of cathode-follower 

circuits to pulse and sawtooth signals has been 
considered previously (846 of 1951). Three 
methods of improving the transient and steady-
state performance of cathode-follower circuits 
with a capacitive load are studied: (a) simple 
series-inductance compensation, (b) use of a 
low-pass filter as the cathode load, (c) increase 
of the capacitance between grid and cathode. 
Method (a) offers considerable advantages; an 
inductance value of 0.5 CzRo2 is found suitable, 
where CL is the load capacitance and Ro the 
output impedance. 

621.396.645  2482 
Amplifier  Frequency  Response —D.  A. 

Bell. (Wireless Eng., vol. 29, pp. 118-119; May, 
1952.) Discussion of the effect of feedback, 
including consideration of (a) faults that can-
not be corrected by use of feedback, (b) cases 
in which the desired result can be achieved 
equally well by other means. 

621.396.645:621.396.822  2483 
Background Noise in Amplifiers —Its Re-

duction —Application  in  Physiology —B. 
Bladier. (Acustica, vol. 2, no. I, pp. 23-34; 
1952. In French.) Experiments with a 1-200-cps 
amplifier for encephalography showed that the 
background noise consisted mainly of thermal 
agitation noise in the input resistance and in the 
load resistance of the first tube, with a smaller 
contribution due to shot effect. By reducing the 
input resistance and using a diode as the load 
resistance, the noise was reduced by two thirds. 
Type-4673 and Type-1603 tubes were found to 
be best suited for the particular purpose. 

621.396.645.018.7  2484 
Distortion of N-Shaped Signals in RC 

Amplifiers —II. Oertel. (Funk u. Ton, vol. 6, 
pp. 123-129; March, 1952.) Analysis indicating 
that with a single-stage amplifier, less than 10 
per cent distortion of an N-shaped pulse is 
only to be expected when w,, •T<0.1 and 
W. • T >100, T being the signal duration and wo 
and w0 the angular velocities corresponding to 
the lower and upper limiting frequencies respec-
tively, 

621.396.645.029.3  2485 
High-Quality  Amplifier  Modifications — 

D. T. N. Williamson. (Wireless World, vol. 58, 
pp. 173-176; May, 1952.) Describes how the 
original circuit (3101 of 1949) should be modi-
fied for use with long-playing records, and gives 
details of circuit changes necessary for the 
direct connection of high-impedance pickups. 
Published articles will be reprinted in a re-
vised edition of the "Williamson Amplifier" 
booklet. 

621.396.822:621.396.615:529.786  2486 
Effect of Background Noise on the Fre-

quency of Valve Oscillators —A. Blaquiere. 
(Compt. Rend. Acad. Sci. (Paris), vol. 234, 
pp. 1140-1142; March 10, 1952.) in most 
practical cases the primary changes of phase 
and amplitude produced by noise pulses (see 
2162 of September) are accompanied by a 
secondary effect due to the dependence of 
oscillation frequency on amplitude; the fre-
quency fluctuation is related to noise power. 
The magnitude of this secondary effect it, the 
best criterion of quality of an electronic clock. 
The extension of Nyquist's theory previously 
developed (335 of March) is used to classify 
oscillators from this point of view. 

GENERAL PHYSICS 

535.42:538.566  2487 
Huyghens' Principle in Diffraction Prob-

lems —J. P. Schouten and A. T. de Hoop. 
(Tijdschr. ned. Radiogenoot., vol. 17, pp. 45-
62; March, 1952.) Using a method due to 
Clavier (Elec. Commun., vol. 25, p. 148; 1948), 
Huyghens' Principle is derived directly from 
Maxwell's  equations,  without  introducing 
fictitious magnetic charges and currents. In the 
limiting case when the surface over which the 
integration is extended is an infinite plane, the 

expressions  obtained  coincide  with  those 
derived by Bethe (706 of 1945) and Smythe 
(Phys. Rev., vol. 72, p. 1066; 1947). 

537.311.31  2488 
On the Theory of Electrical Conductivities 

of Monovalent Metals —A. B. Bhatia. (Proc. 
Phys. Soc., vol. 65, pp. 188-191; March 1, 
1952.) 

538.221  2489 
Some Magnetic Properties of Metals: Part 

1—General Introduction, and Properties of 
Large Systems of Electrons —R. B. Dingle. 
(Proc. Roy. Soc. A, vol. 211, pp. 500-516; 
March 20, 1952.) The Schrodinger equation is 
solved for an unbounded system, and the limit-
ing case of a system much larger than the elec-
tronic orbits is considered. Expressions for the 
density of states and the free energy of the sys-
tem are derived, and the magnetic suscepti-
bility is evaluated assuming the thermody-
namic potential per electron is constant. Ex-
plicit formulas are given for the temperature 
dependence of the field-independent term in 
the susceptibility. Corrections for electron spin 
are applied to the results obtained. 

538.221  2490 
Some Magnetic Properties of Metals: Part 

2—The Influence of Collisions on the Mag-
netic Behaviour of Large Systems —R. B. 
Dingle. (Proc. Roy. Soc. A, vol. 211, pp. 517-
525; March, 20, 1952.)"A discussion of the 
effect of collisions on the magnetic properties of 
a large system of free electrons shows that the 
nonperiodic term in the susceptibility is hardly 
affected, but that the periodic terms are re-
duced in magnitude by a factor exp (—hp 
N H), where p is the harmonic considered, 
is the mean collision time, and 0= ehl2rmc." 

538.521  2491 
Effect of Torsion on a Longitudinally-

Magnetized Iron Wire —G. W. 0. H. (Wireless 
Eng., vol. 29, pp. 115-117; May, 1952.) An 
account of effects observed by W. V Drom-
goole, New Zealand. An emf is induced in a 
ferromagnetic wire on twisting one end of it 
in an alternating axial magnetic field, due to 
the circular component of the alternating 
magnetic flux; the emf depends on the angle 
of twist and the permeability of the material 
and is large over the frequency range 300 cps 
to 20 kc. Several practical applications are 
suggested. 

538.569.4  2492 
On the Absorption of U.H.F. Radio Waves 

by Opalescent Binary Liquid Mixtures —A, 
Choudhury. (Indian Jour. Phys., vol. 24, pp. 
507-512; November, 1950.) Investigations of 
nitrobenzene-hexane and aniline-cyclohexane 
mixtures in the range 300-510 mc show that in 
both cases a new absorption peak appears on 
the If side of the peak found for one of the pure 
constituents having polar molecules, the origi-
nal peak being much reduced. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.5:621.396.9  2493 
Characteristics of Radio  Echoes from 

Meteor Trails: Part 3—The Behaviour of the 
Electron Trails after Formation —J. S. Green-
how. (Proc. Phys. Soc., vol. 65, pp. 169-181; 
March 1, 1952.) It is suggested that long-dura-
tion meteor echoes are due to reflection from 
trails with very high electron density. Further 
evidence is adduced to show that the ampli-
tude fluctuations observed are caused by the 
influence of atmospheric turbulence on the 
meteor trail. Winds with velocities of the order 
of 20 m/s at heights between 80 and 100 km 
are inferred. See also 2782 of 1948 (Lovell and 
Clegg) and 359 of 1951 (Greenhow). 

523.72:539.1  2494 
Emission of Corpuscles from the Sun-

K. 0. Kiepenheuer. (Jour. Geophys. Res., vol. 

• 
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57, pp. 113-120; March, 1952.) Arguments in 
favor of the existence of solar corpuscles are 
reviewed and the geomagnetic action of such 
particles is analyzed. The streams producing 
moderate disturbances of the earth's magnetic 
field are identified with invisible extensions of 
the solar streamers. 

523.746 "1951.10/.12"  2495 
Provisional Sunspot-Numbers for October 

to December 1951 —M. Waldmeier. (Jour. 
Geophys. Res., vol. 57, p. 138; March, 1932.) 
See also Z. Mel., vol. 6, p. 58; February, 1952. 

621.396.11:523.78  2496 
Effect of the Annular Eclipse of March 7, 

1951, on Radio- Wave Propagation—(See 2575.) 

523.8:621.396.822  2407 
A New Radio Interferometer and its Appli-

cation to the Observation of Weak Radio 
Stars— M. kyle (Proc. Roy. Soc. A., vol. 211, 
pp. 351-375; March 6, 1952.) The reception 
pattern of a pair of in-phase spaced antennas 
is A (0). If a X/2 length of feeder is inserted in 
the line to one of them the pattern in which the 
maxima and minima are interchanged. becomes 
A'(0). A switch changes the pattern rapidly 
from A1 to Al so that the output contains an 
alternating component which is proportional to 
(A1-A2) and to the power flux received from a 
point source. An amplifier discriminates in 
favor of the alternating component and allows 
the output due to a point source to be observed 
without interference from steady sources or 
random noise. The method can be used for the 
detection of weak point sources but has other 
important advantages, including high accuracy 
of position finding. 

550.372:551.311.234.5:621.3.029.62  2498 
The Electrical Constants of Soil at Ultra-

high Frequencies—P. M. Sundaram. (Indian 
Jour. Phys., vol. 24, pp. 469-478; November, 
1950.) A Lecher-wire system, completely buried 
in the soil for an adjustable length, was used 
to investigate the variation of the dielectric 
constant K and conductivity o of a clay soil as 
a function of frequency (43-74 mc), sand 
admixture and moisture content. Results are 
shown in tables and curves. A peak in the 
curves for a occurs at about 47 mc. At all the 
frequencies used, a increases with moisture 
content up to 10 per cent or 12 per cent and 
then decreases. A maximum value of a was 
found for moisture content of 8-10 per cent. 

550.38  2499 
The Earth's Magnetism and its Changes— 

S. Chapman. (Proc. Indian Ass. Cult. Sci., vol. 
33, 16 pp.; 1950; Indian Jour. Phys., vol. 24, 
16-page insert between pp. 420-421; Septem-
ber, 1950.) Text of Ripon Professorship Lec-
ture, Calcutta, January 1949, reviewing pres-
ent knowledge and discussing various theories. 

550.38:523.75:551.510.535  2500 
Characteristics of the Solar Flare Effect 

(Sqa) on Geomagnetic Field at Huancayo 
(Peru) and at Kakioka (Japan)—T. Nagata. 
(Jour. Geophys. Res., vol. 57, pp. 1-14; March, 
1952.) The transient characteristics of the geo-
magnetic-field variations due to solar-flare ef-
fects are examined statistical13, taking into ac-
ccunt induction effects in the ionosphere and in 
the earth. An estimated value of 6-7 X 10-2  emu 
is found for the integrated conductivity of the 
ionosphere over Huancayo,  Kakioka and 
Watheroo. 

550.38"1951.07/.09"  2501 
International Data on Magnetic Disturb-

ances, Third Quarter, 1951 —J. Bartels and 
J. Veldkamp. (Jour. Geophys. Res., vol. 57, pp. 
135-137; March, 1952.) 

550.38"1951.10/.12"  2502 
Cheltenham (Maryland) Three-Hour-Range 

Indices K for October to December, 1951 — 
R. R. Bodle. (Jour. Geophys. Res., vol. 57, p 
138; March, 1952.) 

550.384/.385  2503 
Geomagnetic Field Variations at Xodalka-

nal —M.  V.  Si varamakt suntan.  ( Nature 
(London), vol. 169, pp. 409-410; March 8, 
1952.) Anomalies in sudden commencements, 
and geomagnetic effects of solar flares, are 
reported for the period 1949-1951. 

550.385 2504 
On the Theory of the First Phase of a 

Geomagnetic Storm: a New Illustrative Calcu-
lation Based on an Idealized (Plane not 
Cylindrical) Model Field Distribution —V. C. A 
Ferraro. (Jour. Geophys. Res., vol. 57, pp. 15-
49; March, 1952.) Extension of discussion pre-
sented previously by Chapman and Ferraro 
(14 of 1941). 

550.385"1951.07/.12" 2505 
Principal Magnetic Storms [July-Dec. 1051) 

—(Jour. Geophys. Res , vol. 57, pp. 139-141; 
March, 1952.) 

551.510.3 2506 
The Pressure, Density, and Temperature of 

the Earth's Atmosphere to 160 Kilometers— 
R. J. Havens, R. T. Koll and II. E. LaGow. 
(Jour. Geophys. Res., vol. 57, pp. 59-72; March, 
1952.) From rocket measurements made at 
White Sands, New Mexico, and at the equator 
the following values are deduced: pressure at 
160 km, 2 X10-2  mm Hg; density at 160 km, 
1.5 X 10-, g/m3; temperature passes through a 
maximum of 270°K at 50 km and a minimum 
of 190°K at 80 km, increasing to about 500°K 
at 160 km. 

551.510.535  2507 
Limitations on the Calculation of Expected 

Virtual Height for Specific Ionospheric Dis-
tributions—J. Shmoys. (Jour. Geophys. Res., 
vol. 57, pp. 95-111; March, 1952.) Virtual 
height is defined (a) on a geometrical-optics 
basis and (b) in terms of the frequency deriva-
tive of the phase of the reflection coefficient; 
the former definition can be derived from the 
latter by use of the phase-integral method. The 
two definitions are compared for the cases of 
linear, rectangular, Epstein and parabolic 
charge distributions. When the reflected wave 
contains more than one pulse the relation 
between virtual height and frequency deriva-
tive of phase is not valid; in this case the fre-
quency derivative of phase cannot be inter-
preted as the time delay of any one of the 
pulses. 

551.510.535  2508 
The Reflection Coefficient of the Exponen-

tial Layer—J. Shmoys. (Jour. Geophys. Res., 
vol. 57, pp. 142-143; March, 1952.) Discussion 
on 132 of February (Mitra). 

551.510.535  2509 
Movements of the Sporadic-E Layer of the 

Ionosphere—N. C. Gerson. (Z. angew. Phys., 
vol. 4, pp. 81-82; March, 1952.) Report of 
observations made in North America on 16th 
and 17th June 1949. Mean drift velocities of 130 
and 300 km/hr were deduced. See also 2426 
and 2998 of 1951. 

551.510.535.525.624  2510 
Tides in the Ionosphere—A. P. Mitra. 

(Indian Jour. Phys., vol. 24, pp. 387-404; 
September, 1950.) A connected account of the 
results of various recent investigations, both 
theoretical and experimental, of tidal effects 
in the ionosphere, and discussion of Martyn's 
electrodynamic theory of such effects. Results 
of observations at Calcutta, Delhi and Chun-
king during 1946-1948 are presented; the 
curves showing the average diurnal variations 
of the height of the F2 layer have two maxima, 
one about noon and the other about midnight. 

551.510.535:551.594.5  2511 
The Association of Absorption and E. 

Ionization with Aurora at High Latitudes— 
J. P. Heppner, E. C. Byrne and A. E. Belon. 
(Jour. Geophys. Res., vol. 57, pp. 121-134; 

March, 1952.) An analysis based on the co. 
existing auroral conditions is made of nocturnal 
E. Ionization and "no echo" occurrences as 
observed from Al records obtained at College, 
Alaska, during the period 8th Sept. 1950-16th 
of April 1951. In general, (a) E„ ionization 
increases at successively greater heights as 
aurora approaches the zenith from the north; 
(b) in the presence of different nonpulsating 
auroral forms the E„ ionization varies with 
changes in auroral form in the same way as 
luminosity varies, and variations in the height 
of maximum ionization follow variations in 
auroral height; (c) complete absorption is only 
slightly more frequent during nonpulsating 
aurora than during absence of aurora, but pre-
vails in the presence of pulsating aurora. Geo-
magnetic influences are discussed. 

621.396.9  2512 
Technique for Measurement of Radar 

Characteristics of Targets —R.  G.  Peters. 
(TV Eng. (N.Y.), vol. 2, pp. 10-11, Decem-
ber, 1951; and vol. 3, pp. 26-27; January, 
1952.) Description of a method using models, 
the reflections from which cause unbalance of 
a hybrid junction in the waveguide feeding a 
horn antenna, the amount of unbalance being 
a function of the echoing area of the model. A 
9.8-kmc frequency-stabilized transmitter was 
used, and balance stability was improved by 
constructing the hybrid junction and horn of 
invar. Suitable suspension arrangements for 
the models were determined by experiment. 
Calibration was effected by use of spheres, of 
diameter ranging from 5 to 10 inches. 

621.396.9: [523.7 523.4  2513 
On the Possibility of obtaining Radar 

Echoes from the Sun and Planets—F. J. Kerr. 
(Paoc. I.R.E., vol. 40, pp. 660-666; June, 1952.) 

621.396.9:621.396.8  2514 
Fluctuations of Ground Clutter Return in 

Airborne Radar—T. S. George. (Proc. IEE, 
Part III, vol 99, pp. 160-161; May, 1952.) 
Summary only. Two types of fluctuations are 
analyzed: that in a single-range sweep at 
fixed azimuth where clutter is assumed to be 
due to a large number of small reflectors 
randomly situated on the ground, and that 
which occurs between video pulses at the same 
range due to the relative motion of the aircraft 
and ground. 

621.396.932./.9331.1 +621.396.97  2515 
Common- Wave Broadcasting and Hyper-

bolic Navigation —M. Poliontsch. (Telefunken 
. Zig, vol. 25, pp. 27-32; March, 1952.) Discus-
sion of the connection between the problems of 
frequency control of common-wave trans-
mitters and those of Decca and similar naviga-
tion systems. To be continued. 

621.396.932.2 2516 
Requirements for Modern Radio Direction 

Finders and Means for their Fulfilment—NV. E. 
Steidle. ( Tclef :coke,' Zig, vol. 25, pp. 12-15; 
March, 1952.) Discussion of sensitivity and 
sharpness of direction indication, with com-
parison results for Telefunken ship equipment 
used with different antenna systems. The use 
of an iron-cored goniometer in conjunction 
with a high-gain superheterodyne receiver 
has increased the sensitivity of the Telegon 
df equipment, using crossed screened frame 
coils of area 0.95 rn2, up to that of equipment 
on the German hyclrographic survey vessel 
Gauss  which  used  crossed  stretched-wire 
loops of area 9 and 52 m2, respectively. 

621 .396 .932 .2:621.396.677.5  2517 
Comparison  between  Frame-Coil  and 

Stretched- Wire-Loop Aerials for Ship Direc-
tion Finders —II. Gabler, G. Gresky and W. 
Runge. (Telefunken Zig, vol. 25, pp. 5-11; 
March, 1952.) Measurements showed that 
when using the Telegon direction finder with 
its crossed coils of area 0.95 m2, the width of 
the minimum was 2.4 times greater than with 

••••• 
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dretchNi-wire loops of area about 0  The 
lirection-finding sensitivity of the Telegon 
squipment was lound equal to that of goniom-
tt et- direct ion  findets  using stretched-wire 
.̀oPsof area about 10110. Theoretical invest iga-
-ions of the effect of the geometry anti electrical 
t a of a coil on the sharpness of the dl indi-

-at ion were confirmed expe  tntally. 

N21.306.033  2518 
An Aided Layer for Shoran —R. C. Richard-

Jour. A pp!.  vol. 3, pp. In-24; 
\l arch, 1052.) Description of n unit in which a 
;tot or, whose speed! is controlled through a 
celodync 1002 of 1048 (Williams and l'ttleyll 
A rotation of the shoran handwheel, is iii reel 

htfvuellt 1.1 4 to the handln heel shaft anti thus 
•d ii fates its rota! i.tii when t he tangy is varying 
•,tu,ily. The output drive from the unit to the 
'liv and ot her assixiated units is through 
Admiralty NI-type elet trical transmission 

vst em. 

.Q1 306.0 33.2 7621.3 06 .677 .6 25(9 
Recent  Developments  in  Short- Wave 

Adcock Direcvtoiol. n Finders -  Troost. 25, pp  pi 27; March. 1052.) 

relative merits of ('-type' and 11-type' 
ntennas are discussed.  For transportable 
quipment U•t ype antennas are preferable. 
sternal ic errors can he reduced by increasing 
number of antennas used; this also results 

:1 increased sensitivity. Subdivision of anten-
,5 gives improvement as regards night effect, 

• .totessiddir of resonance errors, and a cosine 
ot  vertical  characterist ic for  single 

-fines throughout the frequency range. A 
mast system is considered the best. With 
a or more masts the slight increase of 

IitI5 IV is offset by increased liability to 
aritation and resonance errors. A deserip-
Al is given of equiptnent using six S 5-ni 
;,•scopic niasts at the corners of a hexagon 
m across The goniometer is of the iron-ring 

• \-pe nit ii es screen. The use of a push-pull 
Id-ha nd am pli fii•r gives a sensitiyit y of 
I, 0.3 rX/in, depending on the irequency, 
.• range covered in lour bands being 4 ; 25 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

;31.788.541.56  2520 
The Measurement of Extremely Low Pres-

:tires below 10 ' mm Hg by means of an 
Adsorption Manometer -M. Sedilig and G. 
I I.,..se. 7 anc,:e. Prtyr., vol. 4, pp. 105-10S; 
March, 1052 1 Description of an experimental 

procedure by which pressure changes after 
' eettering and sealing off are determined from 
the slope of the work function/time cliaracter-
istic of a purified tungsten emitting surface 
in the evacuated space. The work function is 
determined by photoelectric measurement. 

535.5  2521 
The Production of Very High Vacua by the 

Use of Getters —S. Waeener  I ER, 
Part III, vol. 00. pp. 135-147; May. 1952.) 
, The characteristics of getters are defined and 
correlations between them are derived. Meth-
ods for  measuring  the characteristics are 
described and values of these for different get-
ters and gases are given. Two main mecha-
nisms of the gettering process are distinguished!, 
; namely contact gettering anti discharge get-
, tering, of which the latter, on account of the 
, higher gettering rates attainable, is found to 
be of chief importance for the production of 
very high vacua. The processes contributing to 
I discharge gettering are investigated in detail, 
and an attempt is made to determine the parts 
played by adsorption, diffusion and chemical 

1 reaction in different systems of getters and 
gases The efficiency of flash getters is compared 

I with that of coating getters,  particularly 
I thorium. It is found that gases like oxygen and 
I carbon dioxide are taken up irreversibly during 
discharge gettering with thorium. The pressures 

.ittainable in tubes using flash and coating 
getters are measured, and the influence of 
sonic parameters such as baking time on the 
pump or pressuie during sealing•off is investi-

gated." 

535.215.4 : 537.311.33 546.86  2522 
Properties of Films of Non- Metallic Anti-

mony —T. S. Moss. (Proc. Phys. Sot., vol. 65, 
pp. 147-(48; February I, 1952.) Consideration 
of the periodic table of elements in the light of 
recent  investigations  of  photoconductivity 
indicates t hat there should be a semiconducting 
form of Sit with activation energy between 
0.37 and 0.1 ev and with photoconductive 
properties for wavelengths near 8 jr. Such 
layers  were  obtained  experimentally  by 
evaporation on to substrates at 195°K or 90°K. 
Resistance/reciprocal-terniAerat tire and sensi-
tivity/wavelength curves obtained from meas-
urements are slaown. 

537.226 621.306.677  2523 
Isotropic  Artificial  Dielectric —R.  W. 

Corkimi I Psoc I R F., vol. 40, pp. 574--587; 
May.  1052.)  Theoretical and experimental 
investigations of media consisting of n cubic 
lattice of  metal or dielectric spheres are 
elescr awed  xeressions are derived for the index 
of retraction. dielectric constant, and magnetic 
permeability of such Media. These quantities 
are independent of frequency if the sire and 
spacing of the spheres are small compared wit 11 
the wavelength in the medium. Sample media 
were produced with steel or  fused-quartz 
spheres embedded in styroloam; wnveguide 
measurements of their dielectric properties at 
5 kmc are in good agreement with theoretical 
values. 

537.311 33  2524 ' 
Impurity Scattering in Oxide Semiconduc-

tors -F.  W  j Mit, hell. I  f'nA , ‘;,v 

V OI  6 5,  11 P.  I C 4  161. February  I. 1052 
"It is suggested that electron sa-atteroN by 
neutral impurity centres makes an important 
contribution to the resktivit v of these materi-
als The tanidiar relat ion logodi.. a 4- ii toget her 
with the 1Ilr'orY given by Busch are dist-nosed 
and an alternative explanation involving im-
purity scattering and a dependence 01 • on N 
is given This is comp ired %%Ph eltpetiniental 
refillitg for several oxides. inclieline measure-
clients by the am heir on t lie re:, TOO, system." 
See ais0 9117 of 1051 (Er ginsov) 

537.311.33  :525 
Study of the Conductivity of Semiconduc-

tors and Application to Oxide Mixtures — 
C  anti It  Bertrand. (./,.u•  Reck 
Cenoe not. Reels  Sei , nO  18. Pp.  11S 130: 
March. 1052.1 Investigations are descritied of 
oxide mitt ures of composition s Fe-4),i 1- xl MO, 
where M represents either /n. Mg or Mn and 
x is the molecular propt err ion of Fer() stoichio-
metric composition resulting in ferrite's. Par-
ticular difficulties encountered in resistivity 
(p) measurements on semiconductors, such as 
the contact between the electrodes and the 
material, are discteeseil Curves are given for the 
three types of mixture. showing log p for values 
of x from 0 to 1 and for temperatures of 20', 
100° and 200°C. The curves all indicate mini-
mum resistivity for values of x near that for 
stoichiometric composition. In the case of the 
ZnO mixtures, a maximum of the resistivity is 
found for x=0.65, decreasing to a low value 
for pure ZnO. Curves are also given showing 
er/pio, and piesiressi as functions of x, all exhibit 
sharp maxima with values about 40. Materials 
with compositions corresponding to such values 
can be used with advantage in the production 
of thermistors with very high sensitivity. 

537.311.33:546.289  2526 
Probing the Space-Charge Layer in a p-n 

Junction—G. L. Pearson, W. T. Read :end 
W. Shockley. (Phys. Rem_ vol. 85, pp. 1055-
1057; March IS, 1952.) Theory indicates that 
for a p-n junction the capacitance (C) per unit 

area is Cew K/(4r1V), where K is the dielectric 
constant and W the thickness of the space-
charge layer. The Cs( p-n junction previously 
used by Goucher el al. (1669 of 1951), n speci-
men of square cross section, was investigated 
by measuring the zero-current potential at a 
number of points across the edge of the space-
charge layer on one face of the specimen, using 
a finely pointed tungsten probe Since the value 
of K is 16.1, fringing effects should be small, 
so that the potential distribution across the 
edge of the space-charge layer will be nearly 
the same as in the interior of the specimen. 
Measured potentials for three different reverse-
bias voltages are plotted against distance of 
probe travel. The corresponding thicknesses 
deduced for the barrier layer are respectively 
3.7, 2.9 and 2.4 X 10-1 cm if the curves are taken 
to be cubics. Similar results were obtained on 
the other three faces of the specimen. Since, 
however, the curves can lx' represented equally 
well as parabolas or cubit-1, it appears that the 
junction studied has neither a linear hole and 
electron concentration gradient pm of Febru-
ary (McAfee et all( nor an abrupt transition 
from es to p type (379 of 1950 (Shockley)I. 
This introduces an uncertainty of about 30 
per cent in the estimates of layer thickness. 

537.311 33 621.306.822  2527 
A Unidirectional Generator of Electrical 

Fluctuations —G.  Wlerick.  (Comm.  Rend. 
S, I I P164). vol. 234, pp. 1260-1262; 

March 17. 1052 1 Observations on thin layers 
of Ph.; indicate that in some cases the addi-
tional noise fluctuations produced by palmier 
of current fliaV .lepend on the direction of the 
Current, though the resistance I. othentise the 
&line tor both direitncils It is shown that that! 
doe, not violate the laws of thermodynamics. 
Fluctuation phenomena are capable of reveal-
ing directional differences small enough to es-
cape detection Icy methods such as measure-
ment of conductivity or photessonductivity. 

538 221  2528 
An Interpretation of the Magnetic Proper-

ties of Some Iron-Oxide Powders— W.  P. 
Osmond I Prat.  v,. Sat . vol 65, pp 121-
134. February I, 1952 ) The observed mag-
netic properties ot fine dispersed powders of 
the ferromagnetic iron oxides are discussed in 
the light of modern theories of the magnetiza-
tion of ferrite's aml of ferromagnetiCS containing 
nonmagnetic inclusions." 

538.221 50 
Investigation of the Temperature Variations 

of Thin Mumetal Tapes subjected to Weak 

Alternating Fields —C. Aber ill and I Gelboin. 
(C.,mpt Rent .4 a4. Sei iPar(0, vol 234, pp. 
1265-1207;  March.  1952 1 The  calculated 
value of eddy-current losses for a homogeneous 
magnetic material accounts for only a part of 
the experimentally observed losses. The vari-
ation of the discrepancy over a wide tempera-
ture range is investigated; t his enables the influ-
ence of magnetic after-effect to be separated 
from that of macroscopic structure. Experimen-
tal results are given for tapes ot thickness 10u 
and 590. See also 1933 of 1931 (Epelboin). 

538.221  2530 
Physical Structure and Magnetic Aniso-

tropy of Alnico 5. Part 1—R. D. Heidenreich 
and E. A. Nee-itt. (forie Appl. Phyr., vol. 23, 
131). 352-365; March, 1952.) Results of electron 
microscope and diffraction investigations indi-
cate that the high coercive force and anisotropy 
of alnico 5 are due to a finely divided precipitate 
produced  by  the  permanent-magnet  heat 
treatment. Part 2: 2531 below. 

538.221  2531 
Physcial Structure and Magnetic Aniso-

tropy of Alnico 5: Part 2—E. A Nesbitt and 
R. D Heidenreich. (Jour. A ppl. Phys., vol. 23, 
pp. 166-371; March, 1952.) Measurements of 
the magnetic anisotropy and coercive force of 
single crystals are described, and also the 
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results of heat treatment on the physical 
structure. The present physical picture of the 
alloy is one of single domains of precipitate 
material in parallel with single domains of 
matrix material, the observed coercive force 
being the result of this combination. 

538.221  2532 
Domain Structure of Perminvar having a 

Rectangular Hysteresis Loop— H. J. Williams 
and M. Goertz. (Jour. Appl. Phys., vol. 23, 
pp. 316-323; March, 1952.) 

538.221  2533 
Study of Imperfections of Crystal Structure 

in  Polycrystalline  Materials:  Low-Carbon 
Alloy and Silicon Ferrite —J. J. Slade, Jr. and 
S. Weissmann. (Jour. App!. Phys., vol. 23, 
pp. 323-329; March, 1952.) 

538.221:538.652  2534 

Magnetostriction of Various Ferrites Ori-
ented while Hot—L. Well (Comp!. Rend. Acad. 

Sci. (Paris), vol. 234, pp. 135171352; March 
24, 1952.) Measurements were made on Co 
ferrite and on solutions of Co ferrite in Mg or 
Ni ferrites oriented by application of a field 
while cooling from 850°C to room temperature. 
Results are shown graphically. 

538 .221 :1621 .31 7.335.2+621.317.411  2535 
Dielectric Constant and Permeability of 

Various Ferrites in the Microwave Region —T. 
Okamura, T. Fujimura and M. Date. (Phys. 
Rev., vol. 85, pp. 1041-1042; March 15, 1952.) 
Results  are  tabulated  of  cavity-resonator 
measurements at 6.6-cm wavelength of poly-
crystalline Mg, Cu, Co, Ni and Mn ferrites. 

538.221:621.318.2  2536 
Torque Curves and Other Properties of Per-

manent- Magnet Alloys— K. Iloselitz and M. 
McCaig. (Ptoc. Phys. Soc., vol. 65, pp. 229-
235; March I, 1952.) Further investigations of 
alcomax III and related alloys. See also 426 
of March. 

539.23 : [546.28 + 546 .57 + 546 .62 1  2537 
Electrical Properties of Very Thin Films  of 

Silver, Aluminium  an d Silicon —A.  Blanc-

Lapierre, M. Perrot an d J. P. Dav id.  (Compt.  
Rend. Acad. Sci. (Paris), vo l. 234, pp.  1133-  
1135; March 10, 1952.) The con duct ivity  at  
ordinary temperature  of films  of equivalent  qua  
thickness <10 mu, evaporated at a pressure  of  mm  
10-11 mm Hg, was investiga ted exper imentally.  one  
Field strengths up to 8 kV/cm were used;  Wh 
large deviations from Ohm 's law  were  observed,  spo 
together with hysteresis effec ts in some  cases.  crys  
Results are tabulated and shown  as  I/V charac-  pera  
teristics measured at different  times  after  of  q 
deposition. 

vol. 65, pp. 149 -154; February 1, 1952.) "The 
interaction between crystalline selenium and 
liquid mercury or mercury vapor results in the 
formation of mercuric selenide. When produced 
in this form, this material is an excess semicon-
ductor of high conductivity. The associated 
volume and surface diffusion have been investi-
gated using radioactive sollg. Mercury added 
to selenimn before the crystallization process 
results in material of high resistivity. This is 
ascribed to a reduction of the positive hole 
mobility." 

546.23.02  2540 
A Note on the Structure of Selenium—E. 

Billig. (Proc. Phys. Soc., vol. 65, pp. 216-221; 
March 1, 1952.) "The recently established 
identity of the width of the (optical) energy 
gap, 2.05 ev, for both amorphous and crystal-
line selenium, suggests that the chain struc-

ture of crystalline selenium is maintained also 
in the amorphous phase. The low electrical con-
ductivity of amorphous selenium is ascribed 
to potential barriers existing bet ween individual 
chains." 

541.18:537.311.35:621.316.87 2538 
Polaresistivity  and  Polaristors — H. E.  

Hollmann. (Pxoc. IR E., vol. 40, pp. 538-545 ; 
May, 1952.) If semicon duct ive  part icles  are  
suspended in an insulating  fluid, the conduc-
tivity of the suspens ion  becomes  nonlinear  as  
soon as the fibration  at a certa in cr itical  value  
of the applied field reac hes  the point  at  which  
the semiconductive fibres bridge  the gap  
between the electrodes. Part icu lar  fluid carriers  
can be transformed into a so lid state,  so  form-
ing what are terme d "po lar istors. " The  current  
I and voltage V for  suc h res istors  are  con-

nected by the relation I V(11-k0)/Ro, where 
Ro is the initial resistance  an d k a constant  for  

any given material. Solid polaristors are pro -
duced by use of thermo-setting or cold-setti ng  
plastics. The degree of fibrat ion  in the  forming  
process can be checked by means  of  cro  //V  
characteristics, or by IF oscillograms  similar  to  
modulation trapezoids. Polar istors  are  very  
sensitive to temperature  an d to  mechanical  
stress and may consequently have  a wide  range  
of applications. See also 2247 of 1950.  

546.23:546.49  2539 
The Effect of Mercury on Selen ium —H.  K.  

Henisch and E. W. Saker. (Proc.  Phys.  Sot.,  

546.28+ 546.2891: 541.26  2541 
Lattice Parameters, Coefficients of Therma l 

Expansion, and Atomic W eights of Purest  
Silicon and Germanium—N1. E. Straumanis 
and E. Z. Aka. (Jour . App!. Phys., vol. 23, pp. 
33 0-334; March, 19.52.) 

546.3-74-56+ 546.3-98-571.02/.03 2542  

Electronic  Structures  Physical Proper -
ties in the Alloy Systems  Nickel-Copper  and  

Palladium-Silver —B. R. Coles. (Proc. Phys. 
Soc., vol. 65, pp. 221 -229; March 1, 1952.) 

547.476.3:548.55  2543 
Growth-Rates of Single Crystals of Ethyl-

ene Diamine d-Tartra te:  Flamed  Growth  and  
its Inhibition by Boric Acid— A.  II.  Booth  and  
H. E. Buckley. (Nalure  (London),  vol.  169,  
pp. 367-368; March 1, 1952.) 

621.396.611.21  2544 
Single Response Thickness -Shear  Mode  

Resonators using Circular Beve lled Plates — 

R. Beclimann. (Jour. Sci.  vol. 29, pp. 
73-76; March, 1952.) The effectiveness of 
bevelling for removing unwante d resonances  
IS   illustrated  by response curves for an AT-cut 

rtz disk of diameter 27 mm. thickness 5.28 
and frequency 350 kc, taken after applying 
, two, three and four bevels respectively. 
ere there is a clear, single-frequency re-
nse, the series-resonance resistance of the 
tal is almost constant over a wide tem_ 
ture range; this affords a practical criterion 
uality. 

MATHE MATICS 

519.24 2545 
Properties of Certain Statistics involving 

the Closest Pair in a Sample of Three Observa-
tions —J. Lieblein. (Bur. Stand. Jour. Rey., vol. 
48, pp. 255-268; March, 1952.) Analysis is 
presented which indicates that rejection of an 
outlying high or low reading from a triad not 
only tends to overestimate considerably the 
precision of the experimental procedure, but 
also gives less accurate results. 

681.142  2546 
A Sampling Analogue Computer —J. Broom-

all and L. Riebman. (Pgoc. IR E., vol. 40, 
pp. 568-572; May, 1952.) Description of a 
computer comprising an algebraic unit and a 
pulse converter. Only 15 tubes are used. 
Accuracy is within 1 per cent of full scale. 

681.142:621.396.812.3:519.272 2547 
A Computer for Correlation Functions — 

F. E. Brooks, Jr., and II. W. Smith. (Rev. Sci. 
Instr., vol. 23, pp. 121-126; March, 1952.) 
Data relating to fluctuating phenomena, such 
as recordings of radio signals or temperatures, 
are transcribed in the form of pwm signals on 
to magnetic tapes. These are run through a 
computer which computes the difference be-

tween the integrals of two products in two 
separate channels and hence plots the required 
auto- or cross-correlation function. The appa-
rat us is described and its operation is illus-
trated by application to the study of atmos-
pheric turbulence. 

MEASURE MENTS AND TEST GEAR 

621.3.018.41 + 531.764.51(083.74)(431.55) 

2548 
Standard Frequencies and Standard Time 

of the "Funkamt" (FuA), Berlin, January and 

February 1952 —F. Conrad. (Frequenz, vol. 6, 
p. 88; March, 1952.) Two graphs show com-
parisons between the time markings of the FuA 
standard-frequenc-y equipment  (Rhode and 
Schwarz quartz clock) with GI1R, GIC and 

1V WV signals and with the transmissions 
from the Hydrographic Institute, Hamburg, 
and from Miinchen-Ismaning. 

621.317.3:621.396.611.21  2549 
A Simple Method of Measurement of 

Quartz Crystal Characteristics-4. Coulon. 
(Compl. Rend. Acad. Sci. (Paris), vol. 234, 
pp. 1269-1271; March 17, 1952.) The equiva-
lent-circuit parameters of the crystal are found 
from (a) the curve for the variation of oscillator 
frequency with variation of a control capaci-
tance in series with the crystal, (b) the curve 
for the voltage at the oscillator tube grid, (c) 
a capacitance measurement and (d) an imped-
ance measurement. The circle diagram intro-
duced previously (2550 below) is used. 

62 1.317.3:621.396.611.21  2550 
Plotting the Resonance Curve of a Piezo-

electric Quartz Crystal, using a Circle Diagram 
—J. Coulon. (Comps. Rend. Acad. Sri. (Paris). 
vol. 234, pp. 1138-1140; March 10, 1952.) 
The plotting of the resonance curve is facili-
tated by constructing a circle diagram whose 
co-ordinates are related to the parameters of 
the equivalent circuit of the crystal. 

62 1.317.3:621.396.65 2551 
Measuring Techniques for Broad-Band, 

Long-Distance Radio Relay Systems—NV. J. 
Albersheim. (Paoc. IR E., vol. 40, pp. 548-
551; May, 1952.) Methods are outlined for 
investigation of (a) the transient response of the 
system to step voltages or square waves, (b) 
the frequency characteristics of gain, phase, 
impedance, and their frequency derivatives, 
(c) the amplitude characteristics of output 
nonline.irity and of intermodulation products 

621 .317 .31/.3 4029.3:537.324  2552 
Thermal Converters as A.C.-D.C. Transfer 

Standards for Current and Voltage Measure-
ments at Audio Frequencies —F, L. Hermach. 
(Bur. Stand. Jour. Res., vol. 48, pp. 121-128; 
February. 1952.) An account of thermoele-
ments and associated equipment used at the 
National Bureau of Standards primarily for 
the standardization of ac ammeters and volt-
meters submitted for test  An accuracy to 
within 0.01 per cent in the ac-dc transfer can 
be achieved for currents of 1 ma--.50 a and volt-
ages of 0.2-750 v at frequencies from 25 cps to 
20 kc. Factors limiting the transfer accuracy 
are analyzed and approximate solutions are 
given of nonlinear differential equations govern-
ing the beating of a conductor by an electric 
current. 

621 .31 7.324(083.74)  2553 

Development of V.H.F.  Field-Intensity 
Standards—F, M. Greene and M. Solow. 
(Psoc. IR E., vol. 40, p. 573; May, 1952.) 
Abstract of U.R.S.1.-I.R.E. Meeting paper, 
Washington, 1949. See 3090 of 1950. 

621 .317 .33 6:621.315.212  2554 

Reflections in a Coaxial Cable due to Imped-
ance Irregularities— G. Fuchs. (Proc. IEE, 
Part 111, vol. 99, pp. 161-164; May, 1952.) 
Summary only. Theoretical relations between 
impedance irregularities, input-impedance de-
viation and pulse echo are derived and experi-
ments are described which confirm the theory. 
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621.317.42 2555 
A New Device for Measuring the Strength 

of a Magnetic Field —R. Birebent. (Comp!. 
Rend. Acad. Sci. (Paris) vol. 234, pp. 1135-
_1136; March 10, 1952.) A straight conductor, 
carrying an alternating current, is arranged 
I perpendicular to the lines of force of the field 
to be measured. The mechanical force acting 
on the conductor is applied to a piezoelectric 
crystal, and the ac output of the crystal is 
amplified. 

621.317.73.011.21  2556 
Admittance Meter for High Frequency—J. 

Neumann. (Funk u. Ton, vol. 6, pp. 113-122; 
March, 1952.) Description of a Rohde and 
Schwarz instrument for the range 0.1-10 mc. A 
substitution method is used, resonance meas-
urements being made on an LCR circuit with 
and without the element under test connected 
in parallel, readings being taken on the cali-
brated variable capacitor used for tuning. 
Eleven coils are provided for coverage of the 
total frequency range with adequate overlaps; 
a diode voltmeter is used as resonance indicator. 

621.317.733.029.62  2557 
A Bridged-T Impedance Bridge for the 

V.H.F. Band—R. F. Proctor. (Proc. I EE, 
l'art III, vol. 99, p. 105; March, 1952.) Sum-
mary only. Description of three bridges de-
igned for the measurement, at 50-100 mc, of 
oinplex impedances with resistances of 40-200 
1! and reactances between +200 and -200 B. 

• I wo of the bridges are suitable for measure-
ment of the impedance between the two live 
t,rminals of a 3-terminal network; the third 
bridge is suitable for measurement of imped-
ances balanced to earth. 

621.317.755:621.314.7  2558 
Apparatus for Testing Transistors —P. J. W. 

Jochems and F. H. Stieltjes. (Philips Tech. 
Rey., vol. 13, pp. 254-265; March, 1952.) De-
cription of equipment for cro display of vari-
ous transistor characteristics and for direct 
indication of transducer gain on a meter with 
decibel scale. 

621.317.755:621.397.62  2559 
Television  Oscilloscope— W. Tusting. 

(Wireless World, vol. 58, pp. 233-236 and 280-
' 283; June and July, 1952.) Television-receiver 
waveforms to be examined have repetition 
frequencies of 50 cps-10.125 kc. Design require-
ments for oscilloscopes are considered in terms 
of "sag" and rise time, which depend respec-
tively on the low-frequency and high-frequency 
response of the circuits used; 5 per cent and 
1 sis are taken respectively as upper-limit 
values, using a 5-inch tube. A description, with 
complete circuit diagram, is given of equipment 
built to these requirements. 

621.317.789:621.396.822  2560 
The Design of an Equipment for Measuring 

• Small Radio-Frequency Noise Powers —K. E. 
Machin, M. Ryle and D. D. Vonberg. (Proc. 
1EE, Part Ill, vol. 99, pp. 127-134; May, 

• 1952.) The fundamentals of noise-power meas-
I urement are considered, the minimum detect-
able power being determined by the receiver 

I noise and by the ratio of input and output 
f bandwidths of the receiver. Inherent practical 
I difficulties have been overcome by the design 
of self-balancing equipment in which a locally 
generated noise power is continuously adjusted 

' to equality with the incoming power. The 
equipment is described, some sections in detail. 
The performance is analyzed in terms of its 
accuracy, its response to an input step function 
and the fluctuations of its output indication; 
experimental performance figures compare 
reasonably well with theory. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.232:621.315.612.4:620.178  2561 
New Techniques for Measuring Forces 

and Wear in Telephone Switching Apparatus— 
W. P. Mason and S. D. White. (Bell. Sys. 

Tech. Jour., vol. 31, pp. 469-503; May, 1952.) 
Very rapid wear tests are made using the 
BaTiO3 transducer described by Mason and 
Wick (1818 of 1951) to produce a normal or a 
tangential wearing force. The force is meas-
ured by inserting a BaTiO3 ceramic plate at 
the point of application of the force and observ-
ing on a cro the piezoelectric voltage gener-
ated in the plate. 

537.533:535.417  2562 
Electron  Interferometer—L.  Marton. 

Phys. Rev., vol. 85, pp. 1057-1058; March 15, 
1952.) Discussion of the basic principles of an 
interferometer operating with electron beams. 

621.3.012.8: 629.11.012.8  2563 
Application of the Methods of Electromag-

netic Analogy to the Study of Motor-Car Sus-
pension Systems —G. Cahen. (Onde elect, vol. 
32, pp. 89-90; March, 1952.) Comment on 
article noted in 1060 of May (Lansard). 

621.365.55t  2564 
Temperature  Distribution  with  Simul-

taneous Platten and Dielectric Heating —H. M. 
Nelson. (Brit. Jour. App!. Phys., vol. 3, pp. 
79-86; March, 1952.) 

621.38.001.8:543/545  2565 
Recent Developments in Electronic Instru-

mentation  for  Chemical  Laboratories —F. 
Gutmann. (Jour. Brit. IRE, vol. 12, pp. 161-
180; March, 1952.) The account previously 
given (710 and 2308 of 1950) is brought up to 
date. 98 references. 

621.384.611.1t  2566 
A Coil System for an Air-cored Betatrcn — 

R. Latham, M. J. Pentz and M. Blackman. 
(Proc. Phys. Soc., vol. 65, pp. 89-93; February 
1, 1952.) Description of the coil for a small 
betatron producing 300-key electrons, and of 
measurements of the field configuration. 

621.384.612.1t 2567 
A Fixed-Frequency Cyclotron with 225-cm 

Pole Diameter —H. Atterling and G. Lind-
strom. (Nature (London), vol. 169, pp. 432-
434; March 15, 1952.) Designed to produce 
deuterons of energy 25 mev, this unit is now 
in operation at the Nobel Institute for Physics, 
Stockholm. See also 2254 of 1951 (Atterling). 

621.384.612.1t  2568 
The University of Birmingham Cyclotron — 

(Nature (London), vol. 169, pp. 476-477; 
March 22, 1952.) Deuterons of 20-mey energy 
are obtained from this 10.24-mc fixed-fre-
quency unit. 

621.385.833  2569 
Magnetic Electron-Microscope Projector 

Lenses—G. Liebmann. (Proc. Phys. Soc., vol. 
65, pp. 94-108; February 1, 1952.) Theory 
previously given [1701 of July (Liebmann and 
Grad)I is applied to projector and similar 
lenses. The calculated results are in good 
agreement with measurements by Ru3ka. 

621.385.833  2570 
The Magnetic Electron Microscope Objec-

tive Lens of Lowest Chromatic Aberration — 
G. Liebmann. (Proc. Phys. Soc., vol. 65, pp. 
188-192; March 1, 1952.) 

621.387.424  2571 
Toroidal Geiger Counters—N. G. Trott. 

(Jour. Sci. Instr., vol. 29, pp. 87-88; March, 
1952.) Two new types are described, in one, 
the cathode consists of a set of parallel wires, 
in the other of a wire helix. 

PROPAGATION OF WAVES 

538.566  2572 
Universal Wave Polarization Chart for the 

Magneto-ionic Theory— W. Snyder and R. A. 
Ilelliwell. (Jour. Geophys. Res., vol. 57, pp. 73-
84; March, 1952.) The expression for complex 
polarization given by the magneto-ionic theory 
is plotted on the complex plane, using normal-
ized parameters related to ionization density 

and collision frequency. A further chart gives 
ellipticity and tilt angle related to the same 
normalized parameters. A chart is included 
for converting the normalized parameters to 
the corresponding values of ionization density 
and collision frequency. See also 1471 of 1951 
(Scott). 

621.396.11  2573 
North Pacific Radio Warning Service— 

(Tech. Bull. Nat. Bur. Stand., vol. 36, pp. 33-
34; March, 1952.) Twice-weekly forecasts of 
propagation conditions for local and long-
distance communication circuits are issued by 
the N.B.S. center at Anchorage, Alaska. 24-
hour operation is envisaged. 

621.396.11  2574 
Comparison of Ionospheric Radio Trans-

mission Forecasts with Practical Results— 
A. F. Wilkins and C. M. Minnis. (Proc. I EE, 
Part III, vol. 99, pp. 148-154; May, 1952.) 
Discussion on 2520 of 1951. 

621.396.11:523.78  2575 
Effect of the Annular Eclipse of March 7, 

1951, on Radio- Wave Propagation —( Nature 
(London), vol. 169, pp. 361-362; March 1, 
1952.) Summary of paper by L. H. Martin, 
presented at the N.Z. Geophysical Confer-
ence. Observations made at Wellington on 
11.75-mc signals from GSD and 10-mc signals 
from W WVH are reported; measurements 
were also made of received radio noise on fre-
quencies ranging from 1.4 to 30 mc. Effects 
due to the eclipse were difficult to segregate 
because it occurred soon after sunrise and 
because a magnetic storm of moderate intensity 
commenced on the same day. The results con-
firm those of previous observers in indicating 
that density of ionization and values of critical 
frequencies for the ionized layers decrease 
during the eclipse. The noise measurements are 
not conclusive; greater attention to this aspect 
should be given during future eclipses. 

621.396.11: 551.510.52  2576 
Average Radio-Ray Refraction in the Lower 

Atmosphere —M. Schulkin. (Puoc. I.R.E., vol. 
40, pp. 554-561; May, 1952.) Corrections 
hitherto applied for atmospheric refraction in 
the calculation of radio field strengths are re-
viewed with particular regard to their applica-
tion in ray-bending computations. A practical 
scheme is presented for calculating the at-
mospheric refraction of rf rays numerically 
from radiosonde data. Ray-bending computa-
tions are made for a range of climatological 
conditions for rays passing entirely through the 
atmosphere and departing or arriving tangen-
tially at the earth's surface. About 90 per cent 
of the ray bending occurs in the lowest 10 km 
of the atmosphere. Uncertainties in the de-
termination of atmospheric refractive indices 
from meteorological, sounding data are dis-
cussed. 

621.396.11.029.51  2577 
The Ionospheric Propagation of Radio 

Waves with Frequencies near 100 kc/s over 
Short Distances—K. Weekes and R. Stuart. 
(Proc. IRE, Part III, vol. 99, pp. 99-102; 
March, 1952.) Summary only. Investigations of 
downcoming waves, isolated by the use of 
suitable antenna systems, are described. The 
transmitters used were those of the British 
chain of Decca navigation stations, which are 
all <150 km from the receiving sets in Cam-
bridge. Diurnal and seasonal variations of the 
conversion coefficient (ratio of amplitude of 
abnormal component of downcoming wave to 
that of incident wave) are shown graphically. 
The average decrease in the apparent height of 
reflection around sunrise was 7-8 km, but the 
value was very variable from day to day. 
The effect of a sudden ionospheric disturbance 
is to decrease the amplitude of the downcoming 
wave very greatly and to decrease the apparent 
height of reflection by an amount which may 
be as large as 10 km and is the same on all 
frequencies from 16 to 113 kc. 
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results of heat treatment on the physical 
structure. The present physical picture of the 
alloy is one of single domains of precipitate 
material in parallel with single domains of 
matrix material, the observed coercive force 
being the result of this combination. 

538.221 
2532 

Domain Structure of Perminvar having a 
Rectangular Hysteresis Loop--II. J. Williams 
and M. Goertz. (Jour. App!. Phys., vol. 23, 
pp. 316-323; March, 1952.) 

538.221 
2533 

Study of Imperfections of Crystal Structure 
in  Polycrystalline  Materials:  Low-Carbon 
Alloy and Silicon Ferrite —J. J. Slade, Jr. and 
S. Weissmann. (Jour. App!. Phys., vol. 23, 
pp. 323-329; March, 1952.) 

538.221:538.652 2534 
Magnetostriction of Various Ferrites Ori-

ented while Hot—L. Weil (Comp!. Rend. Acad. 
Sci. (Paris), vol. 234, pp. 1351-1352; March 
24, 1952.) Measurements were. made on Co 
ferrite and on solutions of Co ferrite in Mg or 
Ni ferrites oriented by application of a field 
while cooling from 850°C to room temperature. 
Results are shown graphically. 

538 .221 4621 .317.335.2+621.317.411 2535 
Dielectric Constant and Permeability of 

Various Ferrites in the Microwave Region —T, 
Okamura, T. Fujimura and M. Date. (Phys. 
Rev., vol. 85, pp. 1041-1042; March 15, 1952.) 
Results are tabulated  of cavity-resonator 
measurements at 6.6-cm wavelength of poly-
crystalline Mg, Cu, Co, Ni and Mn ferrites. 

538.221:621.318.2  2536 
Torque Curves and Other Properties of Per-

manent-Magnet Alloys—K. Hoselitz and M. 
McCaig. (Ptoc. Phys. Soc., vol. 65, pp. 229-
235; March 1, 1952.) Further investigations of 
alcomax III and related alloys. See also 426 
of March. 

539.23: [546.28 + 546.57+ 546.621  2537 
Electrical Properties of Very Thin Films of 

Silver, Aluminium and Silicon—A. Blanc-
Lapierre, M. Perrot and J. P. David. (Comp!. 
Rend. Acad. Sci. (Paris), vol. 234, pp. 1133-
1135; March 10, 1952.) The conductivity at 
ordinary temperature of films of equivalent 
thickness <10 mm, evaporated at a pressure of 
10-4 mm Hg, was investigated experimentally. 
Field strengths up to 8 kV/cm were used; 
large deviations from Ohm's law were observed, 
together with hysteresis effects in some cases. 
Results are tabulated and shown as I/V charac-
teristics measured at different times after 
deposition. 

541 .18:537.311.35:621.316.87 2538 
Polaresistivity  and  Polaristors —H. E. 

Hollmann. (Puoc. IRE., vol. 40, pp. 538-545; 
May, 1952.) If semiconductive particles are 
suspended in an insulating fluid, the conduc-
tivity of the suspension becomes nonlinear as 
soon as the fibration at a certain critical value 
of the applied field reaches the point at which 
the semiconductive fibres bridge the gap 
between the electrodes. Particular fluid carriers 
can be transformed into a solid state, so form-
ing what are termed "polaristors." The current 
/ and voltage V for such resistors are con-
nected by the relation /= V(I +kV2)/Ro, where 
Ro is the initial resistance and k a constant for 
any given material. Solid polaristors are pro-
duced by use of thermo-setting or cold-setting 
plastics. The degree of fibration in the forming 
process can be checked by means of cro //V 
characteristics, or by IF oscillograms similar to 
modulation trapezoids. Polaristors are very 
sensitive to temperature and to mechanical 
stress and may consequently have a wide range 
of applications. See also 2247 of 1950. 

546.23:546.49  2539 
The Effect of Mercury on Selenium —H. K. 

Henisch and E. W. Saker. (Proc. Phys. Soc., 

PROCEEDINGS OF THE I.R.E. 

vol. 65, pp. 149 -154; February I, 1952.) "The 
interaction between crystalline selenium and 
liquid mercury or mercury vapor results in the 
formation of mercuric selenide. Vhen produced 
in this form, this material is an excess semicon-
ductor of high conductivity. The associated 
volume and surface diffusion have been investi-
gated using radioactive 103 11g. Mercury added 
to selenium before the crystallization process 
results in material of high resistivity. This is 
ascribed to a reduction of the positive bole 
mobility." 

546.23.02  2540 
A Note on the Structure of Selenium—E. 

Billig. (Proc. Phys. Soc., vol. 65, pp. 216-221; 
March 1, 1952.) "The recently established 
identity of the width of the (optical) energy 
gap, 2.05 ev, for both amorphous and crystal-
line selenium, suggests that the chain struc-
ture of crystalline selenium is maintained also 
in the amorphous phase. The low electrical con-
ductivity of amorphous selenium is ascribed 
to potential barriers existing between individual 
chains." 

546.28 + 546.2891:541.26  2541 
Lattice Parameters, Coefficients of Thermal 

Expansion, and Atomic Weights of Purest 
Silicon and Germanium—NI. E. Straumanis 
and E. Z. Aka. (Jour. App!. Phys., vol. 23, pp. 
330-334; March, 1952.) 

546 .3-74- 56+546.3-98-571.02/.03  2542 
Electronic  Structures  Physical  Proper-

ties in the Alloy Systems Nickel-Copper and 
Palladium-Silver—B. R. Coles. (Proc. Phys. 
Soc., vol. 65, pp. 221 -229; Mardi 1, 1952.) 

547.476.3:548.55  2543 
Growth-Rates of Single Crystals of Ethyl-

ene Diamine d-Tartrate: Flamed Growth and 
its Inhibition by Boric Acid—A. II. Booth and 
H. E. Buckley. (Nature (London), vol. 169, 
pp. 367-368; March 1, 1952.) 

621.396.611.21  2544 
Single Response Thickness-Shear Mode 

Resonators using Circular Bevelled Plates — 
R. Bechmann. (Jour. Sc!.  vol. 29, pp. 
73-76; March, 1952.) The effectiveness of 
bevelling for removing unwanted resonances 
is illustrated by response curves for an AT-cut 
quartz disk of diameter 27 mm. thickness 5.28 
mm and frequency 350 kc, taken after applying 
one, two, three and four bevels respectively. 
Where there is a clear, single-frequency re-
sponse, the series-resonance resistance of the 
crystal is almost constant over a wide tem-
perature range; this affords a practical criterion 
of quality. 

MATHE MATICS 
519.24 

2545 
Properties of Certain Statistics involving 

the Closest Pair in a Sample of Three Observa-
tions —J. Lieblein. (Bur. Stand. Jour. Res., vol. 
48, pp. 255-268; March, 1952.) Analysis is 
presented which indicates that rejection of an 
outlying high or low reading from a triad not 
only tends to overestimate considerably the 
precision of the experimental procedure, but 
also gives less accurate results. 

681.142 2546 
A Sampling Analogue Computer—J. Broom-

all and L. Riebman. (Puoc. IRE., vol. 40, 
pp. 568-572; May, 1952.) Description of a 
computer comprising an algebraic unit and a 
pulse converter. Only 15 tubes are used. 
Accuracy is within 1 per cent of full scale. 

681.142:621.396.812.3:519.272 2547 
A Computer for Correlation Functions — 

F. E. Brooks, Jr., and II. W. Smith. (Rex. Sci. 
Instr., vol. 23, pp. 121-126; March, 1952.) 
Data relating to fluctuating phenomena, such 
as recordings of radio signals or temperatures, 
are transcribed in the form of pwm signals on 
to magnetic tapes. These are run through a 
computer which computes the difference be-

11 October 

tween the integrals of two products in two 
separate channels and hence plots the required 
auto- or cross-correlation function. The appa-
ratus is described and its operation is illus-
trated by application to the study of atmos-
pheric turbulence. 

MEASUREMENTS AND TEST GEAR 

621.3.018.41+ 531.764.51(083.74)(431.55) 

2548 
Standard Frequencies and Standard Time 

of the "Funkamt" (FuA), Berlin, January and 
February 1952 —F. Conrad. (Frequenz, vol. 6, 
p. 88; March, 1952.) Two graphs show com-
parisons between the time markings of the FuA 
standard-frequency eouipment (Rhode and 
Schwarz quartz clock) with GBR, GIC and 
W WV signals and v‘ ith the transmissions 
from the Hydrographic Institute, Hamburg, 
and from Munchen-Isrnaning. 

621.317.3:621.396.611.21  2549 
A Simple Method of Measurement of 

Quartz Crystal Characteristics —J. Coulon. 
(Comp:. Rend. Acad. Sci. (Paris), vol. 2.34, 
pp. 1269-1271; March 17, 1952.) The equiva-
lent-circuit parameters of the crystal are found 
from (a) the curve for the variation of oscillator 
frequency with variation of a control capaci-
tance in series with the crystal, (6) the curve 
for the voltage at the oscillator tube grid, (c) 
a capacitance measurement and (d) an imped-
ance measurement. The circle diagram intro-
duced previously (2550 below) is used. 

62 1.317.3:621.396.611.21 2550 
Plotting the Resonance Curve of a Piezo-

electric Quartz Crystal, using a Circle Diagram 
—J. Coulon. (Comp:. Rend. Acad. Sc!. (Paris), 
vol. 234, pp. 1138-1140; March 10, 1952.) 
The plotting of the resonance curve is facili-
tated by constructing a circle diagram whose 
co-ordinates are related to the parameters of 
the equivalent circuit of the crystal. 

621.317.3:621.396.65 2551 
Measuring Techniques for Broad-Band, 

Long-Distance Radio Relay Systems— W. J. 
Albersheim. (Prtoc. IRE., vol. 40, pp. 548-
551; May, 1952.) Methods are outlined for 
investigation of (a) the transient response of the 
system to step voltages or square waves, (h) 
the frequency characteristics of gain, phase, 
impedance, and their frequency derivatives, 
(c) the amplitude characteristics of output 
nonlinearity and of intermodulation products 

621 .317 .31/.321.029.3:537.324  2552 
Thermal Converters as A.C.-D.C. Transfer 

Standaris for Current and Voltage Measure-
ments at Audio Frequencies —F. L. Hermach. 
(Bur. Stand. Jour. Res., vol. 48, pp. 121-128; 
February, 1952.) An account of thermoele-
ments and associated equipment used at the 
National Bureau of Standards primarily for 
the standardization of ac ammeters and volt-
meters submitted for test., An accuracy to 
within 0.01 per cent in the ac-dc transfer can 
be achieved for currents of 1 ma-50 a and volt-
ages of 0.2-750 v at frequencies from 25 cps to 
20 kc. Factors limiting the transfer accuracy 
are analyzed and approximate solutions are 
given of nonlinear differential equations govern-
ing the heating of a conductor by an electric 
current. 

621 .317.324(083.74) 2553 

Development of V.H.F.  Field-Intensity 
Standards—F. M. Greene and M. Solow. 
(Paoc. IRE.. vol. 40, p. 573; May, 1952.) 
Abstract of U.R.S.I.-I.R.E. Meeting paper, 
Washington, 1949. See 3090 of 1950. 

621 .317 .33 6:621.315.212  2554 
Reflections in a Coaxial Cable due to Imped-

ance Irregularities —G. Fuchs. (Proc. IEE, 
Part III, vol. 99, pp. 161-164; May, 1952.) 
Summary only. Theoretical relations between 
impedance irregularities, input-impedance de-
viation and pulse echo are derived and experi-
ments are described which confirm the theory. 
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i 621.317.42 2555 
A New Device for Measuring the Strength 

: of a Magnetic Field —R. Birebent. (ComPl. 
Rend. Acad. Sci. (Paris) vol. 234, pp. 1135-

1. 1136; March 10, 1952.) A straight conductor, 
carrying an alternating current, is arranged 
perpendicular to the lines of force of the field 

( to be measured. The mechanical force acting 
on the conductor is applied to a piezoelectric 
crystal, and the ac output of the crystal is 
amplified. 

621.317.73.011.21  2556 
Admittance Meter for High Frequency—J. 

Neumann. (Funk u. Ton, vol. 6, pp. 113-122; 
I March, 1952.) Description of a Rohde and 
Schwarz instrument for the range 0.1-10 mc. A 
substitution method is used, resonance meas-
urements being made on an LCR circuit with 
and without the element under test connected 
in parallel, readings being taken on the cali-
brated variable capacitor used for tuning. 
Eleven coils are provided for coverage of the 
total frequency range with adequate overlaps; 
a diode voltmeter is used as resonance indicator. 

621.317.733.029.62 2557 
A Bridged-T Impedance Bridge for the 

V.H.F. Band—R. F. Proctor. (Proc. IEE, 
Part III, vol. 99, p. 105; March, 1952.) Sum-
mary only. Description of three bridges de-
signed for the measurement, at 50-100 mc, of 
omplex impedances with resistances of 40-200 
and reactances between +200 and —200 ft. 
1 wo of the bridges are suitable for measure-
ment of the impedance between the two live 
terminals of a 3-terminal network; the third 
bridge is suitable for measurement of imped-
ances balanced to earth. 

621.317.755:621.314.7  2558 
Apparatus for Testing Transistors—P. J. W. 

Jochems and F. H. Stieltjes. (Philips Tech. 
Rev., vol. 13, pp. 254-265; March. 1952.) De-
scription of equipment for cro display of vari-
ous transistor characteristics and for direct 
indication of transducer gain on a meter with 
decibel scale. 

621.317.755: 621.397.62  2559 
Television OscWoscope — W. Tusting. 

(Wireless World, vol. 58, pp. 233-236 and 280-
283; June and July, 1952.) Television-receiver 
waveforms to be examined have repetition 
frequencies of 50 cps-10.125 kc. Design require-
ments for oscilloscopes are considered in terms 
of "sag" and rise time, which depend respec-
tively on the low-frequency and high-frequency 
response of the circuits used; 5 per cent and 
1 ps are taken respectively as upper-limit 
values, using a 5-inch tube. A description, with 
complete circuit diagram, is given of equipment 
built to these requirements. 

621.317.789:621.396.822  2560 
The Design of an Equipment for Measuring 

Small Radio-Frequency Noise Powers —K. E. 
Machin, M. Ryle and D. D. Vonberg. (Proc. 
SEE, Part III, vol. 99, pp. 127-134; May, 
1952.) The fundamentals of noise-power meas-
urement are considered, the minimum detect-
able power being determined by the receiver 
noise and by the ratio of input and output 
bandwidths of the receiver. Inherent practical 
difficulties have been overcome by the design 
of self-balancing equipment in which a locally 
generated noise power is continuously adjusted 
to equality with the incoming power. The 
equipment is described, some sections in detail. 
The performance is analyzed in terms of its 
accuracy, its response to an input step function 
and the fluctuations of its output indication; 
experimental performance figures compare 
reasonably well with theory. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.232: 621.315.612.4:620.178  2561 
New Techniques for Measuring Forces 

and Wear in Telephone Switching Apparatus— 
W. P. Mason and S. D. White. (Bell. Sys. 

Tech. Jour., vol. 31, pp. 469-503; May, 1952.) 
Very rapid wear tests are made using the 
BaTiO3 transducer described by Mason and 
Wick (1818 of 1951) to produce a normal or a 
tangential wearing force. The force is meas-
ured by inserting a BaTiO3 ceramic plate at 
the point of application of the force and observ-
ing on a cro the piezoelectric voltage gener-
ated in the plate. 

537.533:535.417  2562 
Electron  Interferometer —L. Marton. 

Phys. Rev., vol. 85, pp. 1057-1058; March 15, 
1952.) Discussion of the basic principles of an 
interferometer operating with electron beams. 

621.3.012.8: 629.11.012.8  2563 
Application of the Methods of Electromag-

netic Analogy to the Study of Motor-Car Sus-
pension Systems— G. Cahen. (Onde elect , vol. 
32, pp. 89-90; March, 1952.) Comment on 
article noted in 1060 of May (Lansard). 

621.365.55t  2564 
Temperature  Distribution  with  Simul-

taneous Platten and Dielectric Heating —H. M. 
Nelson. (Brit. Jour. App!. Phys., vol. 3, pp. 
79-86; March, 1952.) 

621.38.001.8:543/545  2565 
Recent Developments in Electronic Instru-

mentation  for  Chemical  Laboratories—F. 
Gutmann. (Jour. Brit. IRE, vol. 12, pp. 161-
180; March, 1952.) The account previously 
given (710 and 2308 of 1950) is brought up to 
date. 98 references. 

621.384.611.1t  2566 
A Coil System for an Air-cored Betatr.m — 

R. Latham, M. J. Pentz and M. Blackman. 
(Prcc. Phys. Soc., vol. 65, pp. 89-93; February 
1, 1952.) Description of the coil for a small 
betatron producing 300-key electrons, and of 
measurements of the field configuration. 

621.384.612.1f 2567 
A Fixed-Frequency Cyclotron with 225-cm 

Pole Diameter—H. Atterling and G. Lind-
staim. (Nature (London), vol. 169, pp. 432-
434; March 15, 1952.) Designed to produce 
deuterons of energy 25 mev, this unit is now 
in operation at the Nobel Institute for Physics, 
Stockholm. See also 2254 of 1951 (Atterling). 

621.384.612.1t  2568 
The University of Birmingham Cyclotron — 

( Nature (London), vol. 169, pp. 476-477; 
March 22, 1952.) Deuterons of 20-mcv energy 
are obtained from this 10.24-mc fixed-fre-
quency unit. 

621.385.833 2569 
Magnetic Electron-Microscope Projector 

Lenses—G. Liebmann. (Proc. Phys. Soc., vol. 
65, pp. 94-108; February 1, 1952.) Theory 
previously given [1701 of July (Liebmann and 
Grad)] is applied to projector and similar 
lenses. The calculated results are in good 
agreement with measurements by Ruska. 

621.385.833  2570 
The Magnetic Electron Microscope Objec-

tive Lens of Lowest Chromatic Aberration — 
G. Liebmann. (Proc. Phys. Soc., vol. (15, pp. 
188-192; March I, 1952.) 

621.387.424  2571 
Toroidal Geiger Counters— N. G. Trott. 

(Jour. Sci. Instr., vol. 29, pp. 87-88; March, 
1952.) Two new types are described, in one, 
the cathode consists of a set of parallel wires, 
in the other of a wire helix. 

PROPAGATION OF WAVES 

538.566  2572 
Universal Wave Polarization Chart for the 

Magneto-ionic Theory — W. Snyder and R. A. 
Ilelliwell. (Jour. Geophys. Res., vol. 57, pp. 73-
84; March, 1952.) The expression for complex 
polarization given by the magneto-ionic theory 
is plotted on the complex plane, using normal-
ized parameters related to ionization density 

and collision frequency. A further chart gives 
ellipticity and tilt angle related to the same 
normalized parameters. A chart is included 
for converting the normalized parameters to 
the corresponding values of ionization density 
and collision frequency. See also 1471 of 1951 
(Scott). 

621.396.11  2573 
North Pacific Radio Warning Service — 

(Tech. Bull. Nat. Bur. Stand., vol. 36, pp. 33-
34; March, 1952.) Twice-weekly forecasts of 
propagation conditions for local and long-
distance communication circuits are issued by 
the N.B.S. center at Anchorage, Alaska. 24-
hour operation is envisaged. 

621.396.11  2574 
Comparison of Ionospheric Radio Trans-

mission Forecasts with Practical Results— 
A. F. Wilkins and C. M. Minnis. (Proc. SEE, 
Part III, vol. 99, pp. 148-154; May, 1952.) 
Discussion on 2520 of 1951. 

621.396.11:523.78  2575 
Effect of the Annular Eclipse of March 7, 

1951, on Radio- Wave Propagation —( Nature 
(London), vol. 169, pp. 361-362; March 1, 
1952.) Summary of paper by L. H. Martin, 
presented at the N.Z. Geophysical Confer-
ence. Observations made at Wellington on 
11.75-mc signals from GSD and 10-mc signals 
from W WVH are reported; measurements 
were also made of received radio noise on fre-
quencies ranging from 1.4 to 30 mc. Effects 
due to the eclipse were difficult to segregate 
because it occurred soon after sunrise and 
because a magnetic storm of moderate intensity 
commenced on the same day. The results con-
firm those of previous observers in indicating 
that density of ionization and values of critical 
frequencies for the ionized layers decrease 
during the eclipse. The noise measurements are 
not conclusive; greater attention to this aspect 
should be given during future eclipses. 

621.396.11:551.510.52  2576 
Average Radio-Ray Refraction in the Lower 

Atmosphere —M. Schulkin. (Paoc. I.R.E., vol. 
40, pp. 554-561; May, 1952.) Corrections 
hitherto applied for atmospheric refraction in 
the calculation of radio field strengths are re-
viewed with particular regard to their applica-
tion in ray-bending computations. A practical 
scheme is presented for calculating the at-
mospheric refraction of rf rays numerically 
from radiosonde data. Ray-bending computa-
tions are made for a range of climatological 
conditions for rays passing entirely through the 
atmosphere and departing or arriving tangen-
tially at the earth's surface. About 90 per cent 
of the ray bending occurs in the lowest 10 km 
of the atmosphere. Uncertainties in the de-
termination of atmospheric refractive indices 
from meteorological, sounding data are dis-
cussed. 

621.396.11.029.51  2577 
The Ionospheric Propagation of Radio 

Waves with Frequencies near 100 kc/s over 
Short Distances —K. Weekes and R. Stuart. 
(Proc. IEE, Part III, vol. 99, pp. 99-102; 
March, 1952.) Summary only. Investigations of 
downcoming waves, isolated by the use of 
suitable antenna systems, are described. The 
transmitters used were those of the British 
chain of Decca navigation stations, which are 
all <150 km from the receiving sets in Cam-
bridge. Diurnal and seasonal variations of the 
conversion coefficient (ratio of amplitude of 
abnormal component of downcoming wave to 
that of incident wave) are shown graphically. 
The average decrease in the apparent height of 
reflection around sunrise was 7-8 km, but the 
value was very variable from day to day. 
The effect of a sudden ionospheric disturbance 
is to decrease the amplitude of the downcoming 
wave very greatly and to decrease the apparent 
height of reflection by an amount which may 
be as large as 10 km and is the same on all 
frequencies from 16 to 113 kc. 
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621.396.11.029.51  2578  

The  Ionospheric  Propaga tion  of  Radio  
Waves with Frequencies  near  100  kc/s  over  
Distances up to 1000 km —K. W eekes  and  R.  
Stuart. (Proc. I EE, Par t III , vo l. 99,  pp.  102-  
105; March, 1952.) Summary  only.  An  account  
of reception experiments  at  Swansea . Leeds  
and Cambridge at distances  of  about  300  and  
900 km from Decca  transm itting  stations  

(British, and Danish chains). The Hollingwort h 
interference pattern was determ ined  from  
signal-strength, records obtained in an  aircraft  
flying at a height of 2,000 feet.  Typical  results  
are shown graphica lly an d discussed. Field-
strength minima at 940 km  from  a 71-kc  trans-
mitter are noted and the changes  of  their  times  
of occurrence throughout a year  are  shown.  
Records indicate that during  a sudden iono-. . 
sp'cue disturbance the amplitude of the down-
coming wave is greatly increased. In a large 
disturbance it was deduced that the reflection 
coefficient (ratio of amplitude of normal corn-  a 
ponent of downcoming wave to that of incident  J 
wave) for 71-kc waves was increased by a fac-
tor of nearly 6. On the higher frequencies the  6 
increase appeared to be rather smallet. 

621.396.11.029.55  2579 
Instantaneous Prediction of Radio Trans-

mission Paths -0. G. Villard, Jr, and A. M. 
Peterson. (QST, vol. 36, pp. 11-20; March, 
1952.) Report of an investigation of the occur-
rence of back scatter as a transmission path 
becomes serviceable. "Scatter-sounding" rec-
ords made at 5-minute intervals during a 24-
hour period are compared with the strength 
of signals received from some 300 amateur 
R/T stations during this time in the 14-mc 
band. Maps show the correlation between 
scatter areas around the central transmitter 
and the location of stations heard. The corre-
sponding cro scatter patterns are shown. The 
results obtained indicate that scatter soundings, 
which can be made with ordinary amateur 
transmitting and receiving equipment, show 
the areas to which radio transmission is pos-
sible, via both the F and sporadic-E layers. As 
a prediction  method  for communication, 
scatter sounding is remarkably sensitive and 
comparatively simple. 

621.396.11.029.62  2580 

Abnormal Ranges of Ultrashort Waves 
and Their Meteorological Causes —B. Abild. 
(Tech. Ilausmili. NordwDisch. Rdfunks vol 4 
pp. 4-11; January/February, 1952.) Theory of  slm 

the effects of variations of temperature and  ma 
relative humidity, and of inversions of the  cus. 
refractive-index gradient, is briefly rev iewed,  
and a detailed accoun t is given  of investigations  
of the relation between  the signal  strength  at  

Flensburg of 89.3-mc  transmissions from Ham-
burg and the meteoro log ica l cond itions  over  
the 150-kb transmiss ion  pat h. In general,  a 
close correlation exists between  the signal  
strength  and  the  difference  between  the  
relative humidities at groun d level  and  at  900-  

my level. The highest values of signal strengt h 
occur when there is a pronounce d inversion  
near the ground. Sudden changes of moisture 
content at heights of 200-800 m  have  little  
effect in producing abnorma l ranges,  but  inver-
sions at heights of about  1 km  have  a large  

effect. Low values of signa l strength  are nenj 
observed when the lower 2 km  of the atmos-  tion  
phere have no pronounce d layered  structure  field  
the strength of the rece ive d signal  and  the  
gradient of the refracti ve index  at  moisture-  spac 

whic content discontinuities at heights up  to  1.5  km.  and 
Other records illustrate the effect  of  squally  ment  
conditions, the occurrence of thunderstorms,  the  u 
and the passage of warm  fronts.  

621.396.11.029.62:551.510.535  2581 
A New Kind of Radio Propagat ion  at  Very  

High Frequencies observable over  Long  Dis-
tances —D. K. Bailey, R. Bateman,  L.  V.  
Berkner, H. G. Booker , G. F. M ontgomery,  
E. M. Purcell, W. W. Salisbury  and  J.  B.  

Wiesner. (Phys. Rey., vol. 86, pp. 141-145: 
April 15, 1952.) The discover y an d some  resu lts  
of a preliminary invest igat ion  of wea k vhf 

propagation via the ionosphere are reported. 
Some preliminary speculations sugg est that  
mechanism concerned in such propagation may 
be scattering caused by ever-present irreg ular i-
ties in the E region. An approximate trans-
mission equation is der ive d in terms  of parame -

ters describing inhomogeneities in this region. 
Experiments carried out on  a frequency  of 49.8 
mc over a test path of 1245 km always showed 
an observable signal irres pect ive  of season,  
time of day, or geomagnetic disturbance, 
although showing dependence  of signa l strengt h 
on these factors and poss ibly on  flu -tear  ac -
tivity as well. During su dden  ionospheric dis-
urbances when Id fade-outs  occurre d, the sig-
nal slowed no evidence  of wea ken ing  an d was  
usually enhanced. For  shorter  accounts  see  
Electronic; vol. 25, pp. 102-103 ; June , 1952 ; 
nd Wireless World, vo l. 58, pp.  273-2 74;  
uly, 1952. 

21.396.8 .029 .51  2582 
Phase  Variations  with Range  of the 

Ground- Wave Signal from C. W. Transmit-
ters in the 70-130 kc/s Ban d— A.  B. Schneider. 
(Jour. Brit. I RE, vo l. 12,  pp.  181-194;  March,  

1952.) Phase-variation/distance  curves  are 
plotted for a uniform smooth earth for various 
values of conductivity, us ing  Norton 's (1596  of  
1942) and Bremmer's (3242 of 1949)  formulas.  
Confirmation of the curves  is prov ided  by  
phase measurements within the react ive  field  
of a cw radiator  an d along  the base-line  exten-

sions of a Decca navigator chain. For the case 
of an inhomogeneous earth, a simple method 
of assessing the variation  of phase  with  distance  
is suggested and is illustrate d by an  analysis  
of readings on the Decca  nav igator  system.  

621.396.8.029.51  2583 
Random Phase Variations of C. W . Signals  

in the 70-130 kc/s Band— W. T. Sanderson. 
(Jour. Brit. IRE, vo l. 12 , pp.  195-205; March, 
1952.) "The accurac y of cw  nav igational  aids  
in this frequenc y ban d depends  fundamentally  
on the phase stability  of the received  signals,  
which in turn is determ ine d by skywave  effects.  
The rms phase errors  depen d on  the  relative  

amplitude of skywave an d groundwave, and a 
method is given for  assess ing  the phase errors 
in Northern Europe  at  any  given. time and 
range from the transm itter.  For  the  sake  of  . . 

placity a number of approx imat ions  are  
de and the resu lting  limitations are dis-

ged. The predicted and observed errors on 
the Decca Navigator Chains in England and 
Denmark are compared, and it is concluded 
that the method gives sufficiently accurate 
results for most practical purposes. Some 
comments are added on the variations of 
errors with height." 

621.396.81.029.62  2584 

U.S. W.  Field  Strength  Predictions for 
Mountainous Terrain —E. Bauernneister and 
W. Knopfel. (Tech. Hausmill. NordwDtsch. 
Rdjunks, vol. 4, pp. 67-73; March/April, 
1952.)  Field-strength investigations in the 
Feldberg district of the Black Forest rot med 
the basis of a method for predicting field 
strengths in the 3-m wavelength region par-

arly for places at which multiple refrac-
and reflection effects are important. The 
strength is determined from (a) the free-
e field strength and (1r) attenuation factors 
h take account of the different refractions 
reflections that occur. Further measure-
s in the Moselle valley district confirmed 
sefulness of the method. 

621 .396 .81 +621.396.677.012.71  2585 
Aerial Measurements in the Microwave 

Range —Seppen. (See 2446.) 

621.396.812.029.64  2586 
Volume Integration of Scattered Radio 

Waves —A. H. LaGrone. (Pgoc. IR E., vol. 40, 

p. 551; May, 1952.) Corrections to paper noted 
in 1412 of June. 

621.396.812.3:519.272:681.142  2587 
Computer  for  Correlation  Functions — 

Brooks and Smith. (See 2547.) 

RECEPTION 

621.396.621 2588 

Linear Rectifiers and  Limiters— D.  G. 
Tucker. (1Vireless Eng., vol. 29, pp. 128-137; 
May, 1952.) Theoretical analysis for an applied 
signal consisting of a carrier (envelope-modu-
lated or unmodulate(l) accompanied by other 
tones or noise. The analysis, which is strictly 
applicable only when the carrier is the predomi-
nant input component, is based on a representa-
tion of the rectifier or limiter by a switching 
function whose form is determined by the 
applied signal and which is expressed in tertns 
of a series of Bessel functions. Consideration is 
given to the effect on the signal/noise ratio 
when the detector is used as a frequency 
multiplier. 

621.396.621:621.396.619.13 2589 
F. M. Receiver Modification —J. G. Spencer. 

(Wirele ,s World, vol. 58, p. 204; May, 1952.) A 
note of minor modifications to the receiver 
previously described (1093 of May) necessary 
to replace the Type XXI frequency changer, 
now obsolescent, by a Type-X79 tube. Perfor-
mance is practically unaffected. 

621 .39 6.622:621.396.619.13 2590 

Detection  of  F.  M.  Waves —Basseras. 
(Radio franc., no. 3, pp. 21-24; March, 1952. / 
General description of the method using 
limiter and  discriminator,  with  part icular 
reference to the use of an oscillating cricuit ;is 
discriminator and to the action of the Tray] , 
and Foster-Seeley discriminators. 

621.396.621.029.6  2591 

Empfangsprobleme im Ultrahochfrequenz-
gebiet, unter besonderer Berficksichtigung des 
Halbleiters (U.H.F. Reception Problems, with 
particular Reference to Semiconductors). (Book 
Reviewl —li.  F.  Matare. Publishers:  R. 
Oldenbourg, Munich, 1951, 264 pp., 37.80 fr. 

(Tech.  Mitt.  schw .iz.  Telegr.-TelephVerw., 
vol. 30, pp. 119-I2U; March 1, 1932.) A com-
prehensive treatment, dealing particularly with 
methods of frequency mixing, amplification, 
detection, sensitivity and noise, design calcu-
lations, and test equipment and methods. 

STATIONS AND CO M MUNICATION 
SYSTE MS 

621.3.0;5.7(083.7)  2592 
Standards on Pulses: Definitions of Terms: 

Part 2, 1952 —(Pkoc. LICE., vol. 40, pp. 552-
554; May. 1952.) Standard 52 IRE 20S1. Part 
1: see 2826 of 1951. 

621.39 
2593 

Modern Systems of Long-Distance Com-
munication —R. Sueur. (Buft. Soc. franc. Elect., 
vol. 2, pp. 123-139; March, 1952.) A short 
review of systems used up to 1940, with a 
general description of the principles of modern 
systems using carrier currents, underground 
balanced-pair or coaxial cables, submarine 
cables, or radio beam systems for the transmis-
sion of telephony, telegraphy, broadcasting 
or television signals. The economics of the vari-
ous systems is discussed and basic considera-
tions which should determine future develop-
ments are outlined. 

621.39.001.11 
2594 

A Comparison of Signalling Alphabets—. 
E. N. Gilbert. (Bell. Sys. Tech. Jour, vol. 31, 
pp. 504-522; May. 1952.) Two channels are 
considered, (a) a discrete channel transmitting 
sequences of binary digits, and (6) a continuous 
low-pass channel. The rate of signalling is com-
puted for a large number of simple alphabets: 
rates near the channel capacity cannot be at-
tained without using complicated alphabets. 
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621.39.001.11  2595 
A Link between Information and Energy — 

J. H. Felker. (Piton. I.R.E., vol. 40, pp. 728-
729; June, 1952.) Discussion of the ultimate 
limits of low-power operation of switching 
systems, computers, and other communication 
machinery. Calculation indicates that for the 
passage of 104 "bits" of information per second 
the power required is >2.85X 10-ot w. 

621.395.44  2596 
Transmission Characteristics of the V60 

Carrier-Frequency Equipment —F. Ring. (Fern-
meldetech. Z., vol. 5. pp. 101-108 and 179-186; 
March and April, 1952.) C.C.I.F. requirements 
for a 60-channel system are outlined and the 
-pecification for the V60 equipment is de-
•cribed. Tests carried out on the Frankfurt. 
Mannheim cable, with repeaters at Erzhausen, 
I lahn and Lorsch, gave results in good agree-
ment with theory. 

621.395.65: 621.318.572  2597 
An Experimental Electronically Controlled 

Automatic Switching System — W. A. Mal-
thaner and H. E. Vaughan. (Bell. Sys. Tech. 
Jour., vol. 31, pp. 443-468; May, 1952.) An 
xperimental telephone switching system is 
described; its use enables the number of control 
and connector circuits to be reduced. 

' 621.395.97:621.395.645  2598 
Radio-Diffusion Amplifiers for Standard 

(telephone) Circuits —Jacot. (See 2468.) 

• 621.396:061.3  2599 
Extraordinary Radio-Communication Ad-

ministrative  Conference,  Geneva,  1951 
(C.A.E.R.) —H. Pressler. (Fernnteldetech. Z., 
vol. 5. pp. 132-136; March, 1952.) Report of 
t he proceedings. 

621.396.018.78: 621.396.677  2600 
Signal Distortion by Directional Broad-

cast Antennas—C. H. Moulton. (Paoc. I.R.E., 
vol. 40, pp. 595-600; May, 1952.) Measurements 
on transmissions from two broadcasting sta-
tions with directive antenna systems show that 
signal distortion occurs and is a function of 
the direction of reception. Distortion results 
from changes produced by the directive antenna 
system in the magnitudes or relative phases of 
the signal components; it is accentuated by 
the existence of deep nulls in the radiation 
pattern, by small antenna band-width, by 
high audio modulation frequency, and by high 
degree of modulation. 

621.396.619.13 ' 621.396.66  2601 
An Aural Monitor for Frequency Modula-

tion—J. L. Hathaway and R. E. Lafferty. 
(Paoc. I.R.E., vol. 40, pp. 545-547; May, 
1952.) The aural monitor at a FM station 
should be responsive to AM to a degree at 
least equivalent to that of ordinary receivers 
with little or no limiting. This requirement, 
as well as others, can be met by proper applica-
tion and adjustment of a "slope detector." Two 
units, which are compact and have been found 
reliable, are described. The simpler unit is 
suitable for TV sound on one of the lower 
vhf channels; the other, a heterodyne type, 
can be used for any TV channel. 

621.396.619.13.018.78 : 621.392.43  2602 
Effect of Aerial-Feeder Mismatch on the 

Distortion in Frequency-Modulation Transmis-
sion—E. Kettel. (Telefunken Ztg., vol. 25, pp. 
41-50; March, 1952.) Analysis shows that 
mismatch causes both amplitude and phase 
distortion owing to reflection effects. For 
matching conditions attainable in practice it 
is sufficient to consider only the strongest of 
such reflections. In the case of receivers using 
amplitude limiting, only distortion of the 
instantaneous frequency results from mismatch; 
this gives a distortion coefficient which in-
creases with the modulation frequency but 
with normal matching and feeder lengths 
remains within tolerable limits for broadcast 

transmissions. For simpler receivers without 
limiters, using signal-flank demodulation, con-
siderably greater distortion is produced by the 
AM due to mismatch. 

In the case of a carrier-frequency multi-
channel telephony system, the phase distortion 
due to antenna mismatch produces nonlinear 
crosstalk between the individual channels; 
calculations indicate that in many cases this 
can only be reduced to a negligible amount by 
limitation of the feeder length. 

621.396.619.16  2603 
Delta Modulation, a New Modulation 

System for Telecommunication —J. F. Schou-
ten, F. de Jager and J. A. Greefkes. (Philips 
tech. Rev., vol. 13, pp. 237-245; March, 1952.) 
A form of pulse modulation is described in 
which the signals transmitted are quantized 
both in time and in amplitude, so that cumula-
tive interference picked up in the transmission 
channel may be eliminated at the receiver. The 
transmitter uses a form of inverse feedback 
such that any signal transmitted is only a cor-
rection of the preceding one; the system thus 
approximates to the optimum in which no 
superfluous information is transmitted. Free-
dom from interference is secured at the expense 
of bandwidth, but the system  described 
utilizes bandwidth more efficiently than any 
other in existence except pcm systems, which 
need very much more complicated apparatus. 
See also 2330 of September (Libois). 

621.396.619.16 : 621.394/.396  2604 
Use of Pulse Technique in the Establish-

ment of Complex Transmission Networks — 
G. Potier. (Onde elect., vol. 32, pp. 197-201; 
April/May, 1952.) Discussion of multiplex 
time-sharing transmission methods. Such sys-, 
tems are technically and economically advan-
tageous and their flexibility renders their 
application practicable for both simple and 
complex transmission networks. 

621.396.619.16 : 621.396.4  2605 
Use of Pulse Modulation for Transmission 

in a Group of Telephony Channels of a Carrier-
Current System —L. J. Libois. (Onde elect., 
vol. 32, pp. 190-196; April/May, 1952.) Dis-
tortion in pulse modulation due to the side-
bands of the modulation spectrum and to the 
limitation of the transmission channel band-
width is discussed, and also the nonlinearity of 
the modulation characteristic. Comparison of 
pulse-modulation multiplex with time sharing 
and with frequency sharing is made with regard 
to the signal/noise ratio for the two methods, 
which from this point of view are found to be 
practically equivalent. See also 2331 of Sep-
tember. 

621.396.619.16:621.396.41:621.396.822.1 2606 
Crosstalk in Time-Division-Multiplex Com-

munication Systems using Pulse-Position and 
Pulse-Length Modulation —J. E. Flood. (Proc. 
I ER, Part III, vol. 99, pp. 106-108; March, 
1952.) Summary only. Some of the results 
previously obtained for pam systems [2830 of 
1951 (Flood and Tillman)] are extended to 
pulse-position and pulse-length modulation 
systems. Sets of curves show the crosstalk as 
dependent on the number of stages of the resist-
ance-coupled amplifier used and on the time 
constant common to all stages. 

621.396.65  2607 
Some Data on Two Former Multichannel 

Beam Links from Athens to Rome and Crete — 
K. 0. Schmidt. (Telefunken Zig., vol. 25, pp. 
64-68; March, 1952.) A few details are given 
of antennas, relay stations and equipment, 
installed in 1941, operating on wavelengths in 
the range 70-80 cm and providing three teleph-
ony and twelve voice-frequency telegraphy 
channels. 

621.396.65 :621.396.41 :621.396.822  2608 
Evaluation of the Signal/Noise Ratio for a 

Multiplex Radio Link —J. Dascotte. (Onde 

elect., vol. 32, pp. 202-208; April/May, 1952.) A 
formula is given for the signal/noise ratio which 
involves the peak power of the carrier wave, 
the gain of the transmitting and of the re-
ceiving antenna relative to a X/2 dipole, the 
losses in the two feeders, the theoretical free-
space attenuation between two X/2 dipoles for 
the transmission path and frequency, the 
noise factor of the receiver, and losses due to 
the terrain and the heterogeneity of the 
atmosphere. Use is made of abace given by 
Bullington (802 of 1948 and 436 of 1951). 
Estimates are made of losses due to the terrain 
for paths within and beyond the optical range. 

621.396.65 :1621.396.43  621.397.26  2609 
The Equipment of the Paris-Lille Link — 

H. Gutton, J. Fagot and J. Hugon. (Onde 
Clad., vol. 32, pp. 174-180; April/May, 1952.) 
Discussion of technical considerations which 
determined the broad lines of development of 
the C.G.T.S.F. system, operating on 8-cm 
wavelength, and description of antenna switch-
ing arrangements, relays, antennas, filters, and 
uhf amplifiers using traveling-wave tubes. See 
also 2028 of August (Marzin). 

621.396.65:621.396.5  2610 
The Contribution of Radio Beam Links in 

Field of Telecommunications—R. Cabessa. 
(Onde ilea., vol. 32, pp. 131-151; April/May, 
1952.) Radio and line systems are compared 
from the point of view of transmission quality, 
noise characteristics, secrecy and cost. Quality 
requirements for complete circuits, as specified 
by the C.C.I.F., are correlated with the charac-
teristics of the radio equipment and propaga-
tion medium as defined by the C.C.I.R. 
Short descriptions are given of existing instal-
lations in Europe and in the U.S.A. 

621.396.65:621.396.5  2611 
Radio Beam Links in Modern Telephone 

Networks—R. Sueur and L. J. Libois. (Onde 
ilea., vol. 32, pp. 121-130; April/May, 1952.) 
General discussion of the characteristics of 
beam links and their application for short-
distance and long-distance telephone communi-
cation and for extension of line systems. A few 
details are given of the equipment for beam 
links recently brought into service in France; 
short-distance links use multiplex pulse modu-
lation, while FM is used for long-distance 
operation. 

621.396.65:621.396.5  2612 
Inauguration  of  the  Dijon-Strasbourg 

Radio Beam Telephony Link —M. Lorach. 
(glearonique) (Paris), no. 64, pp. 6-8, 45; 
March, 1952.) A short illustrated description 
of the equipment, which comprises two under-
ground cables linking Dijon with the radio 
transmitter on Mont Affrique, 7 km away, and 
beam links thence to Strasbourg, with relay 
stations on Montfaucon, near Besancon, and on 
the Ballon de Guebwiller. Wavelengths on the 
three sections for transmissions from Dijon are 
respectively 1.25, 1.09 and 1.25 m; in the 
opposite direction the wavelengths are 1.13, 
1.20 and 1.13 m, the changes at the relay sta-
tions being made to isolate the incoming from 
the outgoing signals. 

621.396.65:621.396.5  2613 
The Equipment of the Dijon-Strasbourg 

Radio Beam Link —P. Riv&e and M. Schwin-
denhammer. (Onde ilea., vol. 32, pp. 163-173; 
April/May, 1952.) Detailed description of ter-
minal  and  relay-station  equipment,  with 
simplified circuit diagrams. See also 2612 
above. 

621.396.65.029.62  2614 
A 50-Mc/s Beam Link with ± 500-kc/e Fre-

quency Swing —H. J. Frtindt. (Telefunken 
Ztg., vol. 25, pp. 51-59; March, 1952.) General 
description of equipment, including a quartz-
controlled 1-kw transmitter and selective re-
ceiver, providing multichannel communication 
between Western Berlin and Torfhaus, in the 
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Harz mountains. Results are given of measure-
ments of transmitter and receiver distortion, 
and noise factor. 

( 21.396.712(43-16) 2615 
The Technical Installations of the N. W.D.R., 

1st January 1952 —( Tech. Hou ma,. Nordw-
Rdfunks, vol. 4, pp. 21-25; January 

/February, 1952.) A list of the medium-wave 
and FM usw stations, giving height above 
sea level, frequency, power, type of transmitter 
and type of antenna, a few details of the experi-
mental television transmitter and of the moni-
toring stations at Wittsmoor, Hamburg and 
Norderney, and particulars of the various 
broadcasting studios, including size of rooms 
and their mean reverberation times. 

621.396.933  2616 
Service Range for Air-to-Ground and Air-

to-Air Communications at Frequencies above 
50 mc/a —R. S. Kirby, J. W. Herbstreit and 
K. A. Norton. (Paoc. I.R.E., vol. 40, pp. 525-
536; May, 1952.) Propagation aspects of com-
munication with aircraft are discussed and 
contours of equal received signal strength are 
shown in the form of lobes for various frequen-
cies. For systems with equivalent transmitted 
power, ground-antenna height, and trans-
mitting- and receiving-antenna gain, the serv-
ice range decreases with increase of frequency. 
This is due primarily to decrease of the absorb-
ing area of the receiving antenna and to a 
larger number of nulls in the lobe structure 
owing to interference between direct and 
ground-reflected waves. Ground-station an-
tenna-height diversity and tilted-array ground-
antenna systems are discussed as a means of 
obtaining improved coverage at the higher 
frequencies. 

621 .39 6.97+621.396.932/.93 41  2617 
Common- Wave Broadcasting and Hyper-

bolic Navigation—Pohentsch (See 2515.). 

621.396.97:621.316.729  2618 

The Radio Common- Wave System of the 
S. W.F. [Sildwestfunk] —A. Kolarz, E. Kniel 
and K. 11. Baer. (Tech. Hausmitt. NordwEnsch. 
Rdfunks. vol. 4, pp. 47-51; March/April, 1952.) 
In order to improve the frequency stability of 
the Bad Diirrheim, Ravensburg and Reutlingen 
transmitters, a radio method of synchroniza-
tion was developed, utilizing the 200-kc trans-
missions from Droitwich as a frequency stand-
ard. After demodulation and amplification the 
signals are used to lock the frequency of a 100-
kc quartz oscillator from which is derived, by 
a process of frequency multiplication, division 
and mixing a frequency of 1,538 kc which 
locks the frequency of a quartz oscillator used 
to control the broadcasting transmissions. An 
independent  1,538-kc  quartz  oscillator is 
available for use when the Droitwich trans-
mitter is not operating, or when fading or other 
causes render the synchronization unreliable. 

SUBSIDIARY APPARATUS 

621-526  2619 
Stability of Control Systems. Methods of 

Study —J. Kuntzmann, J. Daniel, and Min-
Yuan Ma. (Rev. gen. Elect., vol. 61, pp. 149-152; 
March, 1952.) Two methods of examining the 
stability of a system are discussed, the method 
of response curves and one depending on zone 
separation in the complex plane. The first 
method is convenient when the effect of only 
one parameter is to be determined; the second 
is preferable when two or more parameters 
are concerned. 

621-526  2620 
Amplifying Dynamos. Their Use in Servo-

mechanisms—G. Lehmann. (Onde ilea., vol. 
32, pp. 78-88; March, 1952.) 

621.314.632.1 +621.314.634).011.22  2621 
Measurement of the D.C. Resistance of 

Selenium and Copper Oxide Rectifiers below 
Room Temperature--D  M. Grinics and S. 

Legvold. (Jour. Appt. Phy)., vol. 23, pp. 312-
315; March, 1952.) Results for temperatures 
(T) from 79 degrees to 300 degrees K show that 
the logarithm of the resistance is nearly a 
linear function of 1/T in all cases except for the 
reverse direction in Se rectifiers, for which the 
resistance (with 6v applied) has a minimum 
value below 200 degrees K. 

621.314.634 2622 
Some Further Observations on the Effect 

of Bending on Selenium Rectifier Discs -P. 
Selenyi. (Proc. Phys. Soc., vol. 65, pp. 161-
162; February 1, 1952. See also 86 of 1948.) 

621.316.721 2623 
General Theory of Current Stabilizers— 

J. J. Gilvarry and D. F. Rutland. (Rev. Sci. 
Instr., vol. 23, pp. 111-114; March, 1952.) The 
theory of voltage stabilizers previously de-
veloped (814 of April) is extended to deal with 
current stabilizers; the performance of an 
arbitrary stabilizer is completely specified by 
four parameters. The effect on stabilizer cur-
rent of load-resistance variation is evaluated. 
Two special cases are discussed. 

621.351/.355  2624 
Modern Batteries and Accumulators used 

in  Telecommunications—J.  Pernik.  (Ann. 
Telecommun., vol. 7, pp. 145-148; March, 
1952.) Complementary to paper noted in 3120 
of 1951. Construction and discharge charac-
teristics of different cells are discussed, includ-
ing primary cells with air depolarization and 
Ni-Fe and Ni-Cd alkaline accumulaters. 

TELEVISION 

621.397.242:621.395.51  2625 
The London-Birmingham Television-Cable 

System —T. Kilvington, F. J. M. Laver and 
H. Stanesby. (Proc. IEE, Part I, vol. 99, pp. 
44-58; March, 1952. Discussion, pp. 59-62.) 
The cable itself has been described by Stanesby 
and Weston (1279 and 1857 of 1949). An 
account is here given of the general arrange-
ments providing channels for relaying tele-
vision signals simultaneously in both directions 
between central points in the two cities, with 
extensions to the transmitters at Alexandra 
Palace and Sutton Coldfield. Details are given 
of the line amplifiers, which have uniform gain 
over the working-frequency range 3-7 mc, the 
cable loss being equalized over the same range. 
Supervisory and power equipment, and termi-
nal modulation and demodulation equipment, 
are described, with typical test results showing 
modulator and demodulator performance on 
10-ps pulses and sawtooth signals, over-all 
vision-frequency  characteristics,  and  test 
patterns before and after transmission from 
Alexandra Palace to Birmingham and back. 

621 .397 .26+621.396.431:621.396.65 2626 
The Equipment of the Paris-Lille Radio 

Link—Gutton, Fagot, and Hugon. (See 2609.) 

621.397.26:621.396.65 2627 
The Paris-Lille Television Radio Link—Y. 

Angel and P. Riche. (Onde, flea., vol. 32, pp. 
152-157; April/May, 1952.) Historical account 
of developments leading to the establishment 
of the link and general description of its techni-
cal features, with ground-contour diagrams 
for the three sections of the 2I8-km path. 
See also 819 of April. 

621.397.26:621.396.65  2628 
The Equipment of the Paris-Lille Tele-

vision Radio Link—J. Laplume, S. Schirman, 
R. Fraticelli and R. Jeannin. (Onde flea., vol. 
32, pp. 158-162; April/May, 1952.) Detailed 
description  of terminal and  relay-station 
equipment developed by the C.F.T.H. and 
operating on frequencies of 940 and 905 mc. 
See also 819 of April. 

621.397.5  2629 
The British Contribution to Television — 

(Engineering, (London), vol. 173, pp. 553 and 

603; May 2, and 9, 1952.) Engineer (London), 
vol. 193, pp. 607-608; May 2, 1952.) Report of 
convention arranged by the Institution of 
Electrical Engineers in April/May 1952, with 
summaries of some of the papers presented. 
These are to be published in full in four special 
issues of Proc. IEE, Part IIIA. (See also Wire-
less World, vol. 58, p. 212, June, 1952; and 
Nature (London), vol. 170, pp. 136-138; July 
26, 1952.) 

621.397.5  2630 
Television-Image Reproduction by use of 

Velocity-Modulation Principles—M. A. Hon-
nell and M. D. Prince. (Pitoc. IRE., vol. 40, 
p. 604; May, 1952.) Reply of one of the authors 
to comment by Thomas (823 of April). 

621.397.5(083.74): 621.397.335 2631 
Variant of the Frame Synchronizing Se-

quence of the C.C.I.R. 625-Line Standard— 
II. Laett. (Tech. Mitt. schweiz. Telegr.-Teleph-
Verw., vol. 30, pp. 87-90; March I, 1952. In 
French and German.) At the plenary session of 
the C.C.I.R., June 1951, the synchronization 
signal adopted consisted of three groups of six 
pulses each. A proposal by the Swiss delegation 
for the groups to have five pulses was not dis-
cussed, owing to lack of time, but has now been 
approved by correspondence and will be in-
cluded in the final report of the proceedings. 
Discussion indicates that while the six-pulse 
group is very suitable for the American 525-
line 60-fields/second system, it is not suitable 
for a 625-line 50-fields/second system if the 
synchronization signal is to be derived directly 
from the mother frequency. The five-pulse 
signal is shown graphically. The two variants 
are practically equivalent as regards receiver 
operation. 

621.397.611.2 2632 
Improvements in Design and Operation of 

Image-Iconoscope Type Camera Tubes —J. E. 
Cope, L. W. Germany and R. Theile. (Jour. 
Brit. IRE, vol. 12, pp. 139-149; March, 1952.) 
Television camera tubes using high-velocity 
electrons for scanning are liable to spurious 
signals and edge flare due to nonuniform redis-
tribution of secondary electrons over the 
storage surface. A description is given of an 
improved photicon image iconoscope in which 
these undesirable effects are reduced by flood-
ing the storage surface with low-velocity elec-
trons from an adjacent annular photo-emission 
surface. A simplified camera control unit can 
be used since the "black" picture signal is 
constant in relation to the level during beam 
suppression; a simple clamp circuit provides a 
satisfactory average-brightness component. 

621.397.62  2633 
Television Developments —a Selection from 

the I.E.E. Convention of Points Applicable to 
Receivers— Wireless World, vol. 58, pp. 210-
211; June, 1952.) 

621.397.62  2634 
Line Eliminator. "Spot Stretching" as an 

Alternative to Spot Wobbling—G. N. Patchett. 
(Wireles), World, vol. 58, pp. 219-212; June, 
1952.) Line visibility in a television receiver is 
reduced, without impairing horizontal defi-
nition, by using an elongated spot, the longer 
axis being vertical. The required auxiliary 
focusing device is most conveniently placed 
between the main focusing device and the 
deflector coils. Photographs of B.B.C. Test 
Card C illustrate improvements obtained. 

621.397.62  2635 

A New U.H.F. Television Converter—D. 
Hesse. (7'ele-Tech. vol. 11, pp. 36-39. 118; 
March, 1952.) Description of a self-contained 
uhf-vhf conversion unit continuously tunable 
over the 470-890-band. 

621.397.62: 621.317.755 2636 
Television  Oscilloscope —Tusting. (See 

2559.) 
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621.307.621  2637 
Workshop Construction of • Scanning As-

sembly for a Wide-Angle Flat-Faced Tube — 
Nt. Duchaussoy and M. Guillaume. ( Taivision, 

I nos. 22 and 23, pp. 75-79 and 104-108; March 
rApril and May, 1952.) Detailed instructions 
for snapping the yoke, winding the deflection 
coils and mounting the whole assembly com-
plete titli focusing coil and deflection circuits. 

621.397.621:621.38S  2638 
Line-Scanning Valves and Circuits—B. 

ast wood and C. C. Vodden. (Jour. Brig. IRE, 
vol. 12, pp. 150-160; March, 1952.) In high-
efficiency line-scanning circuits the tubes have 
to ‘vit!island peak voltages amounting to some 
t liousands of volts during the cut-off part of the 
vele; the special design problems of mass-
;•toduction tubes for use in these circuits are 
,!,scitssed. In pentodes and tetredes thermionic 
i.ossion from the screen grid is reduced by 
,att able processing and by aligning with the 
.ontrol grid. Insulation requirements are ex-
amined. 

621.397.645  2639 
A Study of Grounded-Grid, Ultra-High-

• equency Amplifiers—T. Murakami. (RCA 
•  • vol. 12, pp. 682-701; December, 1951.) 
l'hough the high cost of uhf amplifiers may 
,t-event their general adoption in domestic 
•elevision receivers, they are needed for particu-
.,r applications. The performances of amplifiers 
:sing several different types of tube are com-
,ared; theoretical curves are given for amplifier 
.:.dn and for the noise factor of amplifiers with 
it:itched or mismatched input or output cir-
uits. Experimentally determined noise factors 
• ,r amplifiers using types 5876 and 416A triodes 
t• in good agreement with computed values. 
he use of a grounded-grid amplifier reduces 
• he amount of local-oscillator signal passed 
ack to the antenna; experimental curves are 
.:tven showing the attenuation from output to 
.nput of an amplifier using (a) a type 5876 
node, and (b) a type 416A triode. 

621.307.7  2640 
Kirk  o'Shotts  Television  Transmitting 

Station--lEriziiseer (London), vol.  193, pp. 
;71-373; March 14, 1952.1 Further details, 
;ncluding descriptions of the medium-power 
,quipment, the coaxial-cable links between 
Alexandra Palace, Birmingham and Manches-
ter, and the microwave radio link between 
Manchester and Edinburgh. See 3143 of 1951. 

621.397.82  2641 
Interference in Television Pictures. Effect 

of Line Deflection Circuits—G. Diemer, Z. 
van Gelder and J. J. P. Valeton. (Wireless 
Ellf., vol. 29, pp. 164-168; June, 1952.) Bark-
hausen oscillations are discounted as a cause of 
hf interference effects giving rise to vertical 
lines on the left-hand side of a television screen. 
['hese are ascribed to irregularities above the 
knee of the WI'. characteristic of the power 
tube used in the line-deflection circuit. The 
most important factor influencing the intensity 
of the interference is the leakage inductance of 
the transformer. 

621.397.82  2642 
Relative Magnitudes of Undesired Re-

sponses in Ultra-High-Frequency Receivers — 
Wen Yuan Pan. (RCA Rev., vol. 12, pp. 660-
681; December. 1951.) The relative strengths of 
interfering signals in uhf television receivers 
using crystal mixers are measured with equip-
ment basically similar to commercially avail-
able tuners and converters (see 442 of 1951), 
except that no selective circuit is connected in 
front of the mixer. Cases are grouped into 
single-frequency and two-frequency interfer-
ference, either dependent on or independent of 
local-oscillator frequency. The test results are 
applied in designing the pre-mixer circuits to 
give required selectivity. 

621.397.5  2643 
Fernseben (Television). (Book Review) — 

F.  Kerkhof and  W.  Werner.  Publishers: 
Philips, Eindhoven, 1951, 506 pp. 28 DM. 
(Tech. Ham mitt. Nordtv Thsch. Rdfunks, vol. 4, 
p. 27; January/February, 1952.) An introduc-
tion to the physical and technical principles 
of television technique. Advanced mathemati-
cal treatments are avoided as far as possible. 

TRANSMISSION 

621.396.61:621.306.712  2644 
The Revensburg 2 X 20-k W Broadcasting 

Transmitter—A. Kolar:, A. Schweisthal and 
K. II. Baer. (Tech. Housnsill. Nordw Thsch. 
Rdfunks, vol. 4, pp. 34-42; March/April, 1952.) 
Special precautions were taken in the develop-
ment of a 20-kw transmitter using Doherty 
modulation, to obtain high quality without 
sacrificing simplicity of construction. The per-
formance obtained was found superior to that 
of an anode-modulation transmitter of the 
newest type, the superiority being more evi-
dent the higher the quality demanded in the 
reproduction. 

621.396.61:621.306.712  2645 
Twin Drive as Active Research for Broad-

casting Transmitters—A. Schweisthal. (Tech. 
Ilau,usiti. NordwIstsch. &gunk", vol. 4, pp. 
42-45; March/April, 1952.) Discussion of the 
advantages of an arrangement in which two 
identical transmitters are connected via n 
bridge network to a single entenna. In M AC of 
failure of either transmitter, the other continues 
to transmit alone until the fault has been cor-
rected. The arrangement is considered more 
economical than that in which a stand-by trans-
mitter is provided and seldom used. 

621.306.61.020.62 : 621.396.712  2646 
An U.S. W. Frequency Converter —A. Ko-

lar: and B. Pick. ( Tech. lloususitt. Nordta Thsch. 
Rdtssults, vol. 4, pp. 62 66; March/April, 1052.) 
Description of relay-station equipment for the 
frequency range 87-100 mc. A single quartz 
oscillator is used in conjunction with a local 
oscillator and three mixer stages. The temper-
ature coefficient of the quartz costal is fin low 
that a thermostat is unnecessary, its frequency 
is equal to the frequency difference required 
between input and output, and the mixing 
arrangements are such that frequency changes 
of the local oscillator affect only the IF and 
have no effect on the output frequency. 

621.396.615.14:621.396.619.13  2647 
New Master Oscillator of High Frequency 

Stability for F.M. U.S. W. Broadcasting Trans-
mitters--E. Kettel.  Telefuskeis lie , vol. 25, 
pp. 60-64; March, 1952.) General description, 
with outline circuit diagram, of equipment for 
the 87.7-100 mc range, comprising oscillator 
and modulator with quartz-crystal control unit 
giving frequency constancy to within 2 parts in 

621.396.712 621.396.61:621.398  2648 
Problems of Automatic Operation of Trans-

mitter Groups—A. Kolarx and E. Kniel. ( Tech. 
NordwDtsch. Rdjunks, vol. 4, pp. 59-

62; March/April, 1952.) The S.W.F. (SuillAvst-
funk) caters for three districts with different 
types of population and culture. Problems of 
program switching for the various nif, hf and 
uhf transmitter groups are discussed and pres-
ent facilities are described. Monitoring of the 
transmission quality of all transmitters is 
carried out by means of a suitably equipped 
motor van, normally stationed in Baden-
Baden. 

TUBES AND THERMIONICS 

537.533 .534:621.385.2  2649 
Ions and Electrons with Uniform Initial 

Velocities in a Vacuum —F. Wenzl. (Z. angew. 
Phys., vol. 4, pp. 94-104; March, 1952.) 
Theoretical analysis for a planar diode system. 
A solution of the space-charge equation is ob-

tained in terms of elliptic integrals. For the 
case of a periodic potential distribution, the 
relation between period and amplitude is in-
vestigated; the potential distribution can be 
represented with fair accuracy by trigonometri-
cal approximations if the amplitudes are not 
too large. The occurrence of a virtual cathode 
is investigated for the case of anode emission of 
ions with zero initial velocity; close qualitative 
analogies are found with the case of pure 
electron flow. Questions of stability and the 
realizability of a periodic potential distribution 
are discussed. 

537.582.004.15  2650 
The Efficiency of Thermal Electron Emission 

— M. J. 0. Strutt. (Pitoc. I.R.E., vol. 40, pp. 
601-603; May, 1952. Bull. schtoeis. eleklrotech. 
Fee., vol. 43, pp. 350-353; May 3, 1952. In 
German.) The efficiency is defined as the ratio 
of the total kinetic energy of the emitted elec. 
trona to the heater power applied to a cathode. 
Assuming losses are solely due to heat radi-
ation, an expression for the optimum efficiency 
is derived. This efficiency can never be reached 
with ordinary cathodes. The efficiency deter-
mined from experimental results for a tungsten 
cathode was 0.18 per cent, and for an oxide 
layer on a Pt-Ir base 3.5 per cent. Comparison 
with the the theory suggests that higher effi-
ciencies might be obtained with cathodes having 
a higher index a in the expression c.T" for the 
heat radiation per unit surface area, T being 
the absolute temperature and e, • constant 
depending on the nature of the surface. 

621.314.7  2651 
Present Status of Transistor Development 

—J. A. Morton. (Bell Sys Tech. Jour., vol. 31, 
pp. 411-442; May, 1952.) An account is given 
of progress in improving the reproducibility, 
reliability and performance of transistors. 
Types discussed include point-contact and 
iv-p.m-junction transistors and photo' ransistors: 
characteristics are indicated by families of 
curves.  Compared with thermionic tubes, 
transistors are equal as regards reproducibility 
and superior as regards length of life and 
inechani l strength, but inferior as regards 
temperature effects, the upper limit of operation 
being 70-80 degrees C, though the effect of this 
restriction is reduced because power consump-
tion, and hence heating, is often low. As regards 
miniaturi=ition, transistors are enormously 
superior. As regards applications, transistors 
can be considered seriously for pulse systems 
up to repetition rates of 1-2 Inc and for cw 
transmission at frequencies < 1 mc; for the 
range 1-100 mc transistors should be considered 
only where very great importance is attached 
to smallness and reliability. 

621.314.7  2652 
A Method of Improving the Electrical and 

Mechanical Stability of Point-Contact Tran-
sistors—B. N. Slade. (RCA Res.. vol. 12, pp. 
651-659;  December,  1951.)  Point-contact 
transistors embedded in resin suffer practically 
no change of electrical characteristics when sub-
jected to severe impact and centrifuge tests; 
they are also largely unaffected by storage at 
extreme temperatures and by high humidity. 
Operation at low temperatures is satisfactory, 
but some changes of electrical characteristics 
are observed when operating at high ambient 
temperatures. 

621.314.7:546.817.221  2653 
Double-Surface Lead-Sulphide Transistor 

—P. C. Banbury. (Proc. Phys. Soc., vol. 65 
p. 236; March 1, 1952.) The transistor voltage 
gain is found to increase with decreasing crystal 
thickness for both the type-A and the coaxial 
electrode configuration. 

621.383: 546.817.221  2654 
Lead Sulphide Rectifier Photocells —A. F. 

Gibson. (Proc. Phys. Soc, vol. 65, pp. 214-216; 
March 1, 1952.) The properties of single-
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crystal cells at 290 degrees, 195 degrees and 90 
degrees K, are compared with those of similar 
PbTe cells (2655 below). 

621.383:546.817.241  2655 
Single-Contact Lead TeUuride Photocells — 

A. F. Gibson. (Proc. Phys. Soc., vol. 65, pp. 
196-214; March 1, 1952.) Of single-crystal 
cells studied at 90 degrees K, only those of 
p-type show good rectification and marked 
photo-effects. Photosensitivity and time con-
stant are determined by the total current at the 
contact point. 

621.383.5:546.289  2656 
A Large-Area Germanium Photocell —J. I. 

Pantchechnikoff. (Rev. Sci. Instr., vol. 23, p. 
135; March, 1952.) Brief details are given of a 
cell consisting basically of a Ge disk with a 
semitransparent conducting metal film de-
posited on one face. Advantages of the arrange-
ment as compared with the point-contact type 
cell are indicated and some characteristic data 
are given for a cell with a gold film on n-type 
Ge. 

621.384.5: 621.318.572  2657 
The Development of a Multi-Cathode 

Decade Gas-Tube Counter—G, H. Hough. 
(Proc. IEE, Part III, vol. 99, pp. 166-167; 
May, 1952.) Summary only. As pulses are 
applied to the counter the glow discharge 
progresses round the array of ten cathodes, 
making one complete rotation for every ten 
pulses. Unidirectional progression is achieved 
by a special cathode producing asymmetrical 
priming which reduces the breakdown poten-
tial of the preferred adjacent transfer elec-
trode. The tube operates with a supply voltage 
of 330+ 20 v, developing at least 40 v across 
the 15-1c1/ cathode resistors and counting 
aperiodically over the pulse repetition range 
of 0-20,000/second. 

621.385.029.64:168.2  2658 
A Symbolism for Microwave-Valve Classifi-

cation —G. M. Clarke. (Proc. I EE, Part III, 
vol. 99, pp. 98-99; March, 1952.) Summary 
only, giving an outline of a proposed system. 

621.385.032.213  2659 
The Plasmatron, a Continuously Control-

lable Gas-Discharge Developmental Tube — 
E.O. Johnson and W.M. Webster. (Psoc. I.R.E., 
vol. 40, pp. 645-659; June, 1952.) Full descrip-
tion of the construction and properties of a 
new type of tube using an independently 
generated gas-discharge plasma as a conductor 
between a hot cathode and an anode. See also 
2869 of 1951 (Johnson). 

62 1.385.032.213.1.027.5/.6  2660 
Use of Thoriated-Tungsten Filaments in 

High-Power Transmitting Tubes —R. B. Ayer. 
(Paoc. 1.R.E., vol. 40, pp. 591-594; May, 
1952.) An account of the development and use 
of Th- W filaments in transmitting tubes such 
as the RCA-5671, RCA-5770 and RCA-5771, 
operating with anode voltages >5 kv. Typical 
self-supported  multistrand  Th- W  filament 
assemblies are illustrated. Initial tests of type-
RCA207 tubes fitted with Th- W filaments 
showed that grid currents were very sensitive 
to filament input, best performance being 
obtained at 517 w instead of the usual 1,144 kw 
for w filaments, a reduction of 55 per cent. 
Oxygen-free high-conductivity Cu is used for 
the anodes of the above-mentioned tubes, 
and Pt-coated Mo wires for the grids. Tube life 
in service has proved very satisfactory. 

621.385.032.216  2661 

Correlation of D.C.  and  Microsecond 
Pulsed Emission from Oxide Coated Cathodes 
—F. A. Horak. (Jour. App!. Phys., vol. 23, pp. 
346-349; March, 1952.) Ba-Sr oxide cathodes 
were prepared on base metals of pure Ni, Ni 
with 0.2 per cent and with 4 per cent Si, and Ni 
with 4.7 per cent W. The results of emission 
measurements at intervals during zero-emis-

Ilion life tests show that the base metal affects 
the change of emission with time. The emission 
from cathodes on the W-Ni base remained 
nearly constant and was much higher than that 
for any of the other base metals. 

621.385.032.216  2662 
The Emission from Oxide-Coated Cathodes 

in an Accelerating Field —D. A. Wright and 
J. Woods. Proc. Phys Soc., vol. 65, pp. 134-
148; February 1, 1952. "A theoretical treat-
ment based on the existence of a space-charge 
zone immediately inside the coating. The 
charge in this zone is shown to vary with ap-
plied field and with current density, and with 
certain coating parameters. The variation in 
the charge leads to a variation in work function, 
and thereby to a dependence of emission on 
field strength, which is to be combined with the 
normal Schottky effect." 

62 1.385.032.216:539.433.2  2663 

Loss of Thermionic Emission in Oxide-
Coated Cathode Tubes due to Mechanical 
Shock—D, 0. Holland, I. E. Levy and H. J. 
Davis. (Pa m. I.R.E., vol. 40, pp. 587-590; 
May, 1952.) Experimental results indicate that 
while many factors are Involved in the effects 
of shock on cathode activity, evolution of gas 
from mica spacers is possibly the most impor-
tant cause of emission reduction after shock. In-
crease of the number of mica spacers results 
in greater emission losses; some grades of mica 
are worse than others in this respect. 

621.385.3  2664 
Transit Time Oscillations in Triodes -0. H. 

Critchley and M. R. Gavin. (Brit. Jour. App!. 
Phys., vol. 3, pp 92-94; March, 1952.) Para-
sitic oscillations observed in disk-seal triodes 
over the wavelength range 6-20 cm are found to 
depend critically on the value of anode voltage 
and to occur at frequencies such that the cath-
ode-grid transit time is about five-fourths of 
the oscillation period. The oscillations are 
similar to those previously observed by Llewel-
lyn and Bowen in diodes (3155 of 1939). 

621.385.83  2665 
Axially  Symmetric  Electron-Beam  and 

Magnetic-Field Systems —L. A. Harris. (Pa m. 
I.R.E., vol. 40, pp. 700-708; June, 1952.) 
Theory is presented for long high-density 
beams in axial magnetic fields. Radial oscilla-
tions about an equilibrium radius are found to 
be always stable in the presence of a magnetic 
field, and can be made stable even without the 
field. Design formulas are given for two types 
of cathode, one having the emitting surface in 
a uniform magnetic field and giving a solid 
beam, the other having the emitting surface 
inside a magnetic screen and giving a tubular 
beam. Limited experimental results confirm 
most of the theory, and indicate the possibility 
of focusing without a magnetic field along the 
whole length of the beam. 

621.385.831  2666 
Space-Charge Waves in an Accelerated 

Electron Stream for Amplification of Micro-
wave Signals—Ping King Tien and L. M. 
Field. (PsoC. I.R.E., vol. 40, pp. 688-695; 
June, 1952.) Exact solutions are given for an 
idealized electron stream of infinite extent, ac-
celerated or retarded uniformly through a 
space where dc space-charge effects are as-
sumed to be neutralized by positive ions. The 
solution indicates that space-charge waves on a 
retarded stream grow in amplitude and can 
thus be used for amplifying microwave signals. 
The theory is relevant to the amplifying tubes 
discussed previously f2068 of 1951 (Field et al.)1. 
Three amplifiers of this type have been con-
structed and are described. Measured values of 
gain at frequencies of about 3 kmcs are in good 
agreement with calculated values. 

621.385.832  2667 
A Novel Type of Monoscope —S. T. Smith. 

(Paoc. I.R.E., vol. 40, pp. 666-668; June, 

1952.) Description of a cr tube with a rotation-
ally symmetrical cuspidal target of polished Al 
shaped so that the variation with beam de-
flection, of the secondary-emission current re-
ceived by a conical collector corresponds to 
the variation of a received radar signal with 
angular displacement of the radar antenna. 

621.385.832  2668 
Fundamental Processes in Charge-Con-

trolled Storage Tubes —B. Kazan and M. 
Knoll. (RCA  Rev., vol.  12, pp. 702-753; 
December, 1951.) A comprehensive analysis is 
presented of the equilibrium potentials of in-
sulated elements exposed to electron bombard-
ment and to the action of light. The influence 
of the distribution of secondary-electron veloc-
ities is examined. Signal writing, reading and 
erasing processes are described and the abilities 
of the different methods to deal with half tones 
are discussed. Definitions are given of the terms 
used. 97 references, many of them annotated. 

621.396.615.141.2  2669 
Theory of the Magnetron Amplifier—F. 

LUdi. (Z. angew. Math. Phys., vol. 3, pp. 119-
128; March 15, 1952. In German.) Analytical 
treatment deriving an expression for the am-
plification factor. In contrast to the case of the 
conventional traveling-wave tube, amplifica-
tion is possible when the electron velocity is 
considerably lower than the velocity of the 
traveling field. This is of particular interest for 
extremely short wavelengths. 

621 .396.615.141.2:621.316.727  2670 
R. F. Phase Control in Pulsed Magnetrons 

—E. E. David, Jr. (Pa m. I.R.E.. vol. 40, pp. 
669-685; June, 1952.) Discussion of magnetron 
oscillations started in the presence of an ex-
ternal rf exciting signal whose frequency is not 
greatly different from the steady-state fre-
quency of the magnetron. Two methods of 
analysis are presented. In the first, quasi-
steady-state starting is assumed. Solutions of 
the corresponding differential equation specify 
the phase of the oscillations as a function of the 
time interval after starting. In the second 
method, the oscillator is represented as a 
parallel RLC circuit shunted by a negative 
nonlinear conductance. Approximate solutions 
of the inhomogeneous van der Pol equation for 
this system are used to investigate the fre-
quency and phase transients during starting, 
and also the distortion of the build-up envelope 
by the exciting signal. The initial conditions 
are in both cases established in terms of the 
ratio of exciting signal to preoscillation noise. 
The results of the two methods of analysis are 
essentially in agreement. 

621 .396.615.141.2(083.7)  2671 

Standards on Magnetrons: Definitions of 
Terms, 1952 —(Paoc. I.R.E., vol. 40, pp. 562-
563; May, 1952.) Standard 52 IRE 7S1. 

MISCELLANEOUS 

621 .3.015.7(083.71/.72)  2672 
Technical Vocabulary —(Onde ilect., vol. 

32, pp. 113-114; March, 1952.) A list, prepared 
by the Vocabulary Commission of the S.N.I.R., 
of general terms relating to pulse technique, 
with definitions and in some cases English 
equivalents. 

621.396.6+621.397.6+621.385  2673 

New Radio Components in the World 
Market —M. Alixant. (Radio tech. Dig., Edn. 
franc., vol. 6, nos. 1-3, pp. 3-62, 89-108 and 
139-149; 1952.) Classified review listing the 
characteristics of new circuit components, 
loudspeakers, microphones, sound recording 
apparatus, television equipment and tubes. 

621.396 
2674 

Advances In Electronics, Vol. 3. [Book Re-
viewl—L. Marton (Ed.). Publishers: Academic 
Press, New York, N. V., 357 pp., $7.50. (Brit. 
Jour. App!. Phys., vol. 2, pp. 335-336; No-
vember, 1951.) 


