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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
spceial design,
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How to tell Quality
in TEFLON

Uniform

STRENGTH

Uniform

DENSITY

Uniform

“MEMORY”

Uniform
DIMENSIONS

Uniform

“MACHINABILITY

You'll have all these properties

with FLUOROFLEX-T*

® “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.

*DyuPont trade mark for its tetrafluoroethylene resin. .
® Resistoflex trade mark for products from fluorocarbon resins.

“Fluoroflex’’ means the best in Fluorocarbons

RESISTOFLEX

CORPORATION

- -------------------------------------------q
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Meetings
with Exhibits

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

A

October 29-Notember 1
Audio Fair Hotel New Yorker, New
York, N.Y.
Exhibits: Harry N. Reizes, 67 West
tith Street, New York. N

)

December 10, 11 & 12, 1952
Joint IRE-AIEE Computers Con-
ference Park Sheraton Hotel
Exhibits: Perry Crawlord, 373 Fourth

Avenue. New York Clity,
A

Junuary 20, 27, 1953
1953 7th Regional IRE Confer-
ence, University of New Mexico,
Albuquerque. N.M.
Exhibits: Hoyt Westcott. 107 No..
Washington St., Albuquerque, N.M.
Chairman: C. W, Carnahan, 3169
11st Place, Sandia Bave, Albuquer-
que.
A
February 3, 6 & 7, 1953
Southwestern [IRE  Conference
Plaza Hotel, San Antonio, Tex.
Accept Exhibits
A
March 23. 21, 25 & 26, 1953
Radio Engineering Show Grand
Central Palace, New York City
Exhibits Manager: Wm. C. Copp. 303
W. 42nd St. New York 36. N.Y.
A
April 11, 1953
NEREM—New England Radio
Engineering Meeting, University
of Connecticut, Storrs, Conn.

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

a

April 18, 1953

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

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

A

May 11,12 & 13, 1953

National Conference on Airborne
Electronies Hotel Biltmore. Day-
ton, Ohio.

Exhibits: Paul D. Haunser. 1430
Gascho Drive, Dayton 3.
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SPRAGUE ELECTRIC compAany
235 Marshall Street o North Adams, Mass.

s |

PUT YOUR FINGER ON THE
RIGHT PULSE NETWORK

Hundreds of combinations
for the right size...voltage...

pulse shape

Whatever your needs in pulse-forming networks—whatever
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 cach application
has been a Sprague specialty since Sprague made the
very first networks for radar during W orld War 11
Literally hundreds of pulse-forming networks have
been designed and buile 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
vour cxact order.

For details, write for our special

bulletin "Pulse-Forming Networks.”

SPRAGUE

WORLD’'S LARGEST
CAPACITOR MANUFACTURER

I.R.E. October, 1952 3




Same Wires-
many more Voices

Connecting new mmhi-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

Ml cit of your Long Distance telephone
system works throngh cable but open-
wire lines are still the most economical in
many places. Thousands of these circuits
are o short that little wonld be saved by
using elaborate carrier telephone systems
which are better suited for long-haul
rountes. But a new carrier system. .. the
Type O designed especially for short
hauls . .. is changing the picture. It is
economical on lines as short as 15 miles.
With Type O thousands of lines will
carry as many as 16 conversations apiece.

messages economically.

Type O is a happy combination of
many elements, some new. some nsed in
new ways. As a resnlt, 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,

Repeater equipment is mounted at base of pole in
cabinet at right, in easy-to-serviee position, Left-
hand cabinet hiouses emergency power supply. System
cmploys twin-channel technique, transmitting two
channels on a single carrier by using upper and lower
sidebands. A single 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

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

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

metallic films in a vacuum ... basis for
the aluminizing of tubes.

THE RAULAND CORPORATION
pe/Lfe_,c,tum_ 771'/zou7A. Keseanch. \

e CHICAGO 41, ILLINOIS

PROCEEDINGS OF THE LRI,
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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

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

4245 N. KNOX AVENUE

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.

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

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

A physicist using a Rauland-developed
radiation meter in checking X-ray radia-

tions from cathode ray apparatus.

"Perfection Through Research’

{




FM-AM SIGNAL
GENERATOR
TYPE 2028

SIGNAL
GENERATOR
TYPE 211-A

Q-METER

TYPE 190-A

Q-METER
TYPE 160-A

Q Meters

Low, Medium and High Frequencies
Very High Frequencies

Signal Generators

Frequency and Amplitude Modvulated
Crystal Monitored
For Mobile Communications Receivers

Univerters

tow, Medium and High Frequencies
VHF for Glide Slope Receivers

Write for complete informotion

Q METERS
Tuning
Type Freq. Range Q Range Capacity Range Q Accuracy Price
160-A 50 ke to 75 me 2010 625 30-450 mmf 5% to 30 mc $625.
190-A 20 mc to 260 mc 5 to 1200 7.5 to 100 mmf 5% to 100 mc $625.
FM-AM SIGNAL GENERATORS
Modvulation
Type Freq. Range Output Range FM AM Application Price
202-B 54-216 mc 0.1 to 200,000 pv 0-240 kc 0-50%, General $975.
202-C 54-216 mc 0.1 to 200,000 uv 0-240 ke 0—50% Mobile $1090.
202-D 175-250 mc 0.1 to 200,000 uv 0-240 ke 0-100%, Telemetering $980.
FM 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 ke Mobile $910.
OMNI-RANGE SIGNAL GENERATOR (Crystal Monitored)
Type Freq. Range Output Range Modvulation Application Price
211-A 88-140 0.1 to 200,000 uv O-IOO% am Omni-Range Revrs. $1800.
GLIDE SLOPE TEST SET
3 Type Freq. Range Output Range Modulation Accessory to Price
212-A 329-335 mc 0.1 to 200,000 pv 0-100%, om 211-A $875
UNIVERTERS
Type Freq. Range Output Range Modulation Accessory to Price
FM AM

207-A 0.110 55 mc 0.1 to 100,000 pv 0-240 k¢ 0-50% 202-B 202-C $345

207-B 0.110 55 mc 0.1 to 100,000 pv 0-240 ke 0-50% 202-D 345
207-C 0.1 to 50 mc 0.1 to 100,000 pv 0-240 ke 206-A 345.

BOONTO

BOONTON -N-J- U-S-A

ADIO
otelion

EREEEN
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Radio Diathermy

;?' Y GUARDIAN

COVER A WIDE RANGE OF APPLICATIONS...

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.

GUARDIANJJELECTRIC

1628-1 W. WALNUT STREET CHICAGO 12, ILLINOIS

& COMPLETE LINE OF RELAYS SERVING AMERICAN IXDUSTRY

L1 FTHE LRI 7A



Units shown magnified approximately 2%z 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-

8a

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-

CAMBRIDGE

custom or standard. .. the guaranteed components

THERMIONIC
CORPORATION

cial problems. For all specifications and
prices, write to Cambridge Thermionic
Corporation, 456 Concord Avenue,
Cambridge 38, Mass. West Coast Man-
ufacturers contact: K. V. Roberts, 5068
West Washington Boulevard, Los
Angeles 16 and 988 Market Street,
San Francisco, California. a
o
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JOBBERS AND DISTRIBUTORS: For information
wrile to Ar Electronics, Inc., 103 Lafayette St.,
New Yotk, N. Y.—Sole Agent for Jobbers and
Distributors in U. S. and Canada.

I'"ROCEEDING ] October, 19582




NEW PRODUCTS

&NEWS and

October 1952

Meters

Sun Electric Corp., 6323 Avondale
Ave,, Chicago 31, NI, announced today
that they are now producing meters (o
meet Military Specification ML-M-10304

Some of the features of the new “Rug
gedized” Meters are: NMeter movement
shock mounted aud housed in rubber-lined
case, observation window rubber grom
meted and scaled o rubber lining of case
providing hermetical seal of high dielectric
materials; terminals side-tapped and pro
vided with tinned binding serews to facili
tate wiring with or without wire lugs or by
pressure, soldering or bhoth. Meters are
available as de 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 Cummington St.,
Boston 15, Mass. It is designed for pre
cision low-level impedance measurements
in the millimeter region when used with a
suitable source and amplier. VSWR's as
low as 1.01 can be read accurately in the
region from 34 to 36 kme,

I'he unit consists of a slotied section
of RG 06/1" waveguide milled from a solid

10a

These manufectuiers have Invited PRO-
CEEDINGS readers to wirte for literature
ond further technical information. Pleasse

mention your |.R.E. effiliation.

picce of brass and silver plated. A movable
carriage s provided carryug o spring
loaded adjustable coupling probe, a silico
diode detector sacket, and coavial ontput
fitting which will mate with o UG-88/U ar
equivadent BNC cable conpector, s
carrigge rests on i semicy indrical polished
bearing surface and 15 positioned by a
micrometer drive, A\ otal Jongitudinal
probe displacement of 07500 inch is avail
able. The probe position can he read ac
curately to 0.001 inch. The 1o1al tsertion
length of the it s 3.25 inches

For flexibility two scts of tapped holes
are available o mate with UG/U and
600/U  waveguide Micro
wave Associittes” special wavegnide choke
flanges 1’ 1001

A high Jevel version of this standing
wave detector, as well as o roving stub
tuner of similar design, are also available

connedctors or

Spectrum Analyzer Adapter

Microwave Associates, Inc., 22 Cum
mington St., Boston 15, Mass., has niide
available its Spectrum Analyser \dapier,
Fype P-330. This adapter consists of .
complete set of rf plumbing to convert any
existing S or X band spectrum analy zer 10
the frequencey range centered at 35,000 mq
Although the unit is designed for priniry
use from 34 to 36 kmc., it will operate satis
factorily over a substantially larger range
The input sensitivity will viry with the
noise ligure of the spectrum analvzer re
ceiver with which it i~ used. However
threshold sensitivitics of 70 b below |
milliwatt are to be expected

I'he unit is composed of a 2IK25 kv
stron operating at N-band and powered
from the spectrum analyzer power supply
The oscillator output is fed through .
variable attenuator to a miner where its
fourth harmonic is mixed with the incom
ing millimeter signal. The signal input
enters through a U'G-381/U connector and
RG-96/U" waveguide. The T F output of
the mixer is a type N conneetor, .\ cali
brated X-band reaction type wavemeter is
provided which covers the X-band funda
mental of the 2IK25. A calibration reading
of the wavemeter is also supplicd.

Plug In Units

Phe development of Unistage s an
nounced Ly Technical Development Corp.,
4058 lace Blvd., Culver City, Calit
U nistage in a selt contained unit assembly
with all components necessary 1o a fum
tional direait. Sizes are available 1o ac
conmodate any combmation from 1 tube
to 4 tube circuns

Unistage is offered 1o the design engi
neer in its basic form, so that any desired
circuitry may be installed. This basic unii
comprises essentially: the die cast alumi
num housing; a terminal board having .
large number of single and through termi
nals which are coded for casy assembly
ol components; the tube plate which allows
the use of standard miniature and noval
socketrs; and the tube well or wells, Pro
duction and process engineering informa ;
tion is included. “T'echnical Development
Corp., also  custom-manufactures  com
pleted Unisiage units with the specificd
cireuitry

Half-Wave Vacuum Rectifier ’

Tube Department, Radio Corp., of '
America, 415 S. Fifth St., Harrison, N. ]
recenthv announced a half-wave vacuum (
rectifier tube (0AX4-CT) of the heater
cathade type. Tt s intended particularhy h
for use as . damper tube in horizontal de
flection circuits of television receivers

Designed 1o withstand negative peak
pulses between heater and cathode of as
much s 4000 volis with o de component
up o Y00 volis, the 6AX4-GT provides
flexibility in choice of deflection circuits,

LR ‘ pPage
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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

124

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.

REVERE

COPPER AND BRASS INCORPORATED

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

Mills: Ba ltimore, Md.; Chicago and Clinton. 1il.; Detrost, Msch.;
Los Anfeles and Riverside, Calif.; New Bedford, Mass.: Rome, N, Y.—
ales Offices in Principal Cities, Distributors Everywhere

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

PROCEEDINGS OF THE I.R.E
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Fixed Composﬂjéﬁn

>
X

Resistors—
in accordance with

AN-R~11

specifications
o

Electronic Components Division

STACKPOLE CARBON COMPANY, St. Marys, Pa.
o )\
\

“

A DEPENDABLE
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Which part

interests

YOU?...

KoLLsMAN INSTRUMENT CORPORATION

ELMHURST, NEW YORK

Perhaps that’s one question that righttully belongs with your
future planning

For, like ourselves, your manutacturing divisions may be
toiling night and day in the interests of America’s safety

But to research scientists seeking the solution to some in-
tricate problem of instrumentation and control — Kollsman
offers an expertenced hand. A reputation based on inventive

ingenuity, preciston craftsmanship and world-over acceptance
of 1ts 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 ¢ e e Optical Parts and Optical Devices
Radio Communications and Navigation Equipment

GLENDALE, CALIFORNIA
SUBSIDIARY OF

Standard coiL PRODUCTS co. INC.

PROCEEDINGS OF THF LRI
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TECHNICAL CERAMICS ?

These parts ore enlarged approximately one and one haif times. ’

Many people are kind enough to say we're the first to try ceramics. If you have an ‘‘impossible’’ requirement, let us
for any “impossible' technical ceramic. It's probably true know. We might be able to work it out with you. Anyway,
that we've made more different sizes, types and shapes we'd be caught trying.
than anybody. We don't make a thing but technical ceramics. We've
Through cooperation, and a little give and take on both been doing it for over fifty years. It might pay you to give
sides, we've been able to make a lot of ‘‘impossible” us first crack at anything in technical ceramics.
P.S.Acoup|eoinewp|°"'*i"p'o' 51S8T7T YEAR OF CERAMIC LEADERSHIP

s SIS AMERICAN LAVA CORPORATION

OFFICES: METROPOLITAN AREA: 671 Brood St., Mewark, N. J., Mitchell 2.8159 © PHILADELPHIA, 1649 North Brood St , Stevenson 4.2823
SOUTHWEST: John A. Green Co., 6815 Oricle Drive, Dollos 9, Dixon 9918 ® NEW ENGLAND, 1374 Moassochuselts Ave., Combridge, Moss., Kirkiond 7.4498
10S ANGELES, 5603 Narth Huntington Drive, Copital 1.9114 ® CHICAGO, 228 North LoSolle St., Central 6-1721 ® ST. LOUIS, 1123 Washington Ave., Gorfleld 4959
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Antars Chemicale Division
' Goneral pyestuff Gorporation
435 HudsoB Street
New York 14, N T

Gentloment

We consider our now "Super-I” radio obasels to be be finest, 308% dependable in
radionic history = second to DoDe gor power end seneitivity . For all our 1F oir-
culte we wake our own IF Units — using threaded cored solded of GALT Carbony?
Iron Powders. We use your kK and TH Lypes — 8¢ wo have for some 10 years.

In our Arnstrong i Core Tuping Unite ¥e bave rocently switohed from your S¥ wpe
Lo your newly devoloped sJe Powder. We find that vwe got e sa®e stability with
o higher Q value.

Re are slweys on the search for finer paterisls. We are bapyy Lo acknowledge and
give oredit, when ¥ find thoB.

Vory truly yours,

ZEN1TH RADIO CORPORATION

G. E. Gustafson
Vice President ip Charge of Enunnrin(

A&F CQrbcny
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G A&F Carbonvl 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
within each particle—proportional to the square
of the particle diameter. In core-making, the
particles are insulated from each other by coat-
ing th:iem, before compounding, with an efficient
insulating agent.

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

PROCEEDINGS OF THE LRI October, 1952

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,
vour 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.

DIVISION OF

Vg,

5
~

y 7urbonyl iro;l'l

Wy, powders
(.,/f;/ - \\\

THIS WHOLLY NEW 32-
PAGE BOOK offers you the
most comprehensive ircal-
ment yel given 1o the char-
acteristics and applications
of GA&F Carbonyl Iron
Powders. 80% of the story
is 10ld with photomicro-
graphs, diagrams, perform-
ance charis and 1ables.
For your copy — without
obligarion—kindly address
Depariment 32.

ANTARA CHEMICALS
GENERAL DYESTUFF CORPORATION

435 HUDSON STREET ¢ NEW YORK 14, NEW YORK




SILECTRON
"“C” CORES \

for quik
akhivery
IN
PRODUCTION
QUANTITIES

... wound from strip as thin as 0.00025"

Q .
omdl

% 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 crnsny of 10 kg.

% 1-mil cores are tested for pulse
permeability at 0.2 5 microseconds,
1000 pulses per second, at a peak
flux density of 2500 gauss.

* 1, and 14-mil core tests by special
arrangement with the customer.

18a

Now available—'"C'" Cores made
from Silectron (oriented silicon
steel) thin-gauge strip to the
highest standards of quality.
Arnold is now producing these
cores in a full range of sizes wound
from Y, Y%, 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-

*Manufactured under license arrangements with Westinghouse Electric Corp,

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.

waD 4211

P General Office & Plant: Marengo, mm-; 5

o |

PROCEEDINGS OF THE I.R.E October, 1952



= =
, \

THE NEW

RAYTHEON
TYPE CK628 ©

LOW MICROPHONIC
SUBMINIATURE TRIODE

OF A UNIQUE DESIGN®

FOR : guided missiles

telemetering

AT

recorder amplifiers

- andall audio frequency amplifiers
£ critical for microphonics

® AMPLIFICATION FACTOR. .................. ... 60
MICROPHONIC NOISE OUTPUT — NOT
MORE THAN 2.5 MILLIVOLTS across e MUTUAL CONDUCTANCE............... 2500 umhos
plate resistor of 10,000 ohms with applied & HEATER s v-0 05 vasu sasnnmvanios cove 6.3 volts, 200 ma.
vibrational acceleration of 15 G at 40 *The low microphonics result from Raytheon’s advanced
cycles per second. design — not from tube selection.

RAYTHEON MANUFACTURING COM PANY

RAYTHEON MAKES ALL THESE
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TWO-POINT SUSPENSION

F

holds the shaft here...and here

In all Mallory Midgetrols the control
shaft is held firmly at fico 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 make~ pos
sible a shorter shaft bushing. and
permits use of longer shafis.

Small in size...

but big in features

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: -aves chassis space—outside diameter is only 15",
overall depth is onlv 335,”.

WOBBLE-PROOF CONSTRUCTION: (wo-point suspension. patented
by Mallory. holds shaft firmly. eliminates end and side play ...
prevents damage and uneven wear of the element when the shaft
is turned or when heavy pressure is used 1o apply the knob.

QUIET OPERATION: cxclusive Mallory sliding, silvered contact gives
positive electrical connection without troublesome pigtail wiring.

STABILITY: unique manufacturing methods for applving 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 contral. 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.

Television Tuners, Special Switches, Controls and Resistors

MALLORY & CO.,

INC., INDIANAPOLIS 6, INDIANA

SERVING INDUSTRY WITH THESE PRODUCTS:

Electromechanical —Resistors ¢ Switches ¢ Television Tuners ¢ Vibrators

Electrochemical—Capacitors ¢ Rectifiers ®» Mercury Dry Batteries
Metallurgical—Contactse Special Metals and Ceramics * Welding Materials

PROCIEDINGS OF THE I R.E October, 1952
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Eimac Power Tetrodes '
Dependable

Economical

Years of dependable operation have established Eimac e ) )
We invite consultation concerning your

tetrodes as economical, incomparable performers. Econ- slacimonle problems witdmeeds For
omical because of low driving power, long life and  free information about any of Eimac’s
simple circuit requirements. Incomparable because of the complete line of power tetrodes-write

; ] . : i our application engineering d tment,
many Eimac features, including high power gain, ability PP gineering depar

to withstand great amounts of mechanical and thermal
shock and stability of operation. Eimac tetrodes range

Now available for 25 cents is the Eil
in plate dissipation ratings from 65 to 20,000 watts and e & Ser SRS

. application bulletin number eight, “The
operate over the spectrum from audio frequencies to Care and Feeding of Power Tetrodes”.
the ultra high frequencies of television. Eimac tetrodes This 28-page booklet was written by
vacuum tube engineers to help you

illators, modulators or amplifiers by those
dre ygeld) @5 cscilia ! P u get the most out of your tetrodes.

who demand the ultimate in transmitter performance.

EITEL-McCULLOUGH, INC.

S AN B RUNO, CALIFORNIA

Export Agents: Frozar & Hansen, 301 Clay St., San Francisco, California
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marion's |
\
an MEASURES
SENSITIVITY AND RESISTANCE

metel'teStel' 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 mecsurement it also measures internal resist-
ance of sensitive instruments without exceeding full scale rating of
the instrument under test.

FEATURES SPECIFICATIONS

e Regulated Power Supply ACCURACY: Overall better than % ot 1%
Stepless Vacuum Tube Voltage Control RESISTANCE RANGE: 0-5000 ohms
Illuminated 8%" Mirror-Scale Standard POWER SOURCE: 115V A C 60 cycles
Instrument, Hand Calibrated CASE SIZE: 15%" x 10%" x 5%"

Marion Ruggedized Null Indicator WEIGHT: 15 Ibs.
movement for bridge balance indication

SENSITIVITY RANGES

Decade of .1% accurate Manganin

Wire Wound Resistors 0-25UA 0-200UA 0-800UA 0-10 MA
o Direct Reading Bridge Circuit using Helipot 0-S0UA 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.

Reg. U.S. Pat. OR
MANUFACTURERS OF RUGGEDIZED, HERMETICALLY SEALED AND STANDARD PANEL INSTRUMENTS
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TYPE 252, JAN-R-19, Type RA20

: 2 watt, 1175, RA20, JAN Shatt Typo SO RA20 High Torque, JAN Shaft Type SO
diametsr variable Resistance CTSPart  JAN-R-19 TYPE CTS Pant JAN-R-19 TYPE
VLENG GUTHC) RA20A2SD500AK
resistor. Also 504109 88079 RA20A1SDS00AK X3496 Do
available with 100£10% w6929 RA20A1SDI0IAK 19388 RA20A2S

i » 2504+10% X3497 RA20A1SD251 AK M9879 RA20A2SD251AK
other special 500£10% w6931 RA20AISD501AK X3498 RA20A2SDS01AK
military features 1000.+10% w6932 RA20A1SD102AK X3499 RA20A2SD102AK
not covered by 15004109 6933 RA20A1SDIS2AK M9809 RA20A25D152AK
JAN-R-19. 2500+10% w6934 RA20AISD252AK 19103 RA20A25D252AK
Attached Switch 5000+10% w6935 RA20A1SD502AK 19104 RA20A2SD502AK
can be supplied. 10,000+:10% W6936 RA20A1SDI03AK H8979 RA20A2SD103AK

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

4 watt, 1174," RA30. JAN Shaft Type SD RA30 High Torgue, JAN Shatt Type SO
diameter variable

5 Resistance CTS Part JAN-R-13 TYPE CTS Part JAN-R-19 TYPE
o Nouns 50£10% X3502 RA30A1SD500AK w2837 RA30A2SDS00AK
+10%

;ﬁ,s;?f:[:ieA‘:igh 100:10% X3503 RA30AISDIOIAK X3504 RA30A2SD101AK
th ial 250+10% X3505 RA30A1SD25!1AK X3506 RA30A25D251AK
oLuer specia 500£10% X3507 RA30AISDS0IAK M7566 RA30A2SD501 AK
military features 10002109 X3508 RAJ0AISDI02AK S2844 RA30A2SD102AK
not covered by 1500 +:10% X3509 RA30AISDIS2AK X3510 RA30A2SD152AK
JAN-R-19, 2500 +10% X3511 RA30A1SD252AK $2736 RA30A2SD252AK
Attached Switch 5000410% Q1409 RA30AISD502AK X3512 RAJOA;SD]SOZAK
i 10,0004:10% X3513 RA30A1SDI03AK R1561 RA30A2SD103AK

can bé supplied. 15,000£10% X3514 RA30AISDIS3AK 19107 RA30A2SD153AK

Immediate delivery from stock

JAN-R-94 AND JAN-R-19 TYPE MILITARY VARIABLE RESISTORS

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 REPRESENTATIVES IN CANADA

J § Ak 9 g Henry £ Sanders €. C. Meredith & Co.
Designed for use in military equipment subject to John B. McClateny Brge. Sheeistiel Oatao
extreme temperature and humidity ranges including 691h & Market SL
Jjet and other planes, guided missiles, tanks, ships Phone Flanders 2443 lsogli:l:.i’onn?:lzﬁ'cn
and submarines, telemetering, microwave, portable Buenos Aires, Argenting

. 5 .1 W S Harmon Company Montevideo, Uruguay

or mObll? eq.""pment’ and all other mllltary 1638 So. La Cienega Bivd Rio de Janeiro, Brazil
communications. Los Angeles 35, Catit Sao Paulo, Brazil

Phone: Bradshaw 2-3321
OTHER EXPORT

Sylvan Ginsbury .
8 West 40th Street

New York 18, N. Y

For further information, write for Stock Sheet No. 162
John A Green Co
6815 Oriole Orive
Qallas 9, Texas

NEW 38-PAGE ILLUSTRATED CATALOG— Describes
Electrical and Mechanical characteristics,
Special Features and Constructions of a complete
line of variable resistors for military and

civilian use. Includes dimensional drawings of

each resistor. Write today for your copy.

FOUNDED 1896 - ELKHART, INDIANA

CTS SHAFT TYRPE L7-2
LOCKING BUSHING

125 200/
,—SCREW DRIVER

SHAFT TYPES s ‘,;'f‘i”;;"’gf'?ﬁ“

et $-32P - NEF-2 THD
AVAILABLE
MOUN7'/N6 HARDWARE ASSEMBLED

MOUNTING HARDWARE ASSEMBLED
MOUNTING NMUT § HEX
ON STOCK CONTROLS oG 1l MOUNTING NUT § HEX + &
LOCK WASHER #/9/44 LOCK WASHER ®1914.4

. |
F-32P ~NEF-2 THO.

A



TYPE 65

CTS Part
CTS Part Locking Bushing
Resistance CTS Shaft Type RE  CTS Shalt Type LT-2 15 watt 70°C, 35"’
250 +10% X3516 X3530 d'ametef
500+10% x3517 x3531
1000 +10% X3518 X3532 variable
2500 +10% X3519 X3533 e
5000 £10% X3520 X3534 °°ml?&si;tt'g:
10,000 +:10% x3521 X3535 .
25,000 +:10% X3522 X3536
50,000 +:10% X3523 X3537
100,0004109% X352 X3538
250,000410%  X3525 X3539
500,000+10%  X3526 X3540
1 Meg +20% X3527 X3541
2.5Meg+25%  X3528 X3542
TYPE 95, JAN-R-94, Type RV4
JAN-R-94 JAN-R-94 CTS Pan 2 watt 70°C, 114"
TYPE RV4 TYPE RV4 Non-JAN Locking Bushing diameter variable
Resistance JAN Shaft Type SD JAN Shaft Type RJ CTS Shaft Type LT-1 composntlon
100+10% RVAATSD101A RVAATRII01A w3160 tesistor. Also
250+10% RVAATSD251A RVAATRI251A w3161
500£10% RVAATSDS01A RVAATRIS01A w3162 a‘(’)‘:;}:}": :::'g{ .
1000 +10% RVAATSD102A RVAATRJ102A w3166 i P T
2500+10% RVAATSD252A RVAATR)252A w3163 military features EM ]
5000:10% RVAATSD502A RVAATRIS02A w3164 not covered by
10,0004:10% RVAATSD103A RVAATRJ103A w3167 JAN-R-94.
25,000 +10% RV4ATSD253A RVAATRJ253A w3168 Attached Switch
50.000+10% RVAATSDS503A RVAATRIS03A w3169 can be supplied.
100,000410%  RVAATSDIO4A RVAATRI104A w3170
250.000410%  RVAATSD254A RVAATRI254A w3l
500.000+10%  RVAATSDS04A RVAATRIS04A w3172
1 Meg+20% RVAATSD1058 RV4ATRJ1058 w3173
| 25 Meg+20%  RVAATSD2558 RVAATRJ2558 w3165
5 Meg+20% RVAATSDS058 RVAATRI5058 w3159

TYPE 45, JAN-R-94, Type RV2

17 watt, 154¢”
diameter variable
composition
resistor. Also
available with
other special
military features
not covered by
JAN-R-94.
Attached Switch
can be supplied.

| CTS Part
RV2, JAN Shatt Type SD Non-JAN Locking Bushing
Resistance CTS Part JAN-R-94 TYPE CTS Shaft Type LT-1
100+10% A5876 RVZATSDIO1A A5922
| 2504+10% A5877 RV2ATSD251A A5923
; 50010% A5878 RV2ZATSDS501A A5924
: 1000+10% AS5879 RV2ATSD102A A5925
2500 +10% A5880 RV2ATSD252A A5926
5000+10% A5881 RV2ATSDS502A A5927
10,000 +10% A5882 RVZATSDI03A A5928
25,000410% A5883 RVZATSD253A A5929
50,0004+10% A5884 RVZATSDS03A .A5930
100,0004+10% A5885 RVZATSD104A A5931
250,000+:10% A5886 RV2ATSDZ54A A5932
500,0004+10% A5887 RV2ATSD504A A5933
1 Meg+20% A5888 RV2ATSD105B A5934
2.5 Meg +20% A5889 RVZATSD2558 A5935

CTS Part

RV3, JAN Shaft Type SD Non-JAN Locking Bushing
Resistance CTS Part JAN-R-94 TYPE CTS Shaft Type LT-1
100+10% A5861 RV3IATSDIOIA A5907
2504+10% A5862 RV3ATSD251A A5908
500+10% A5863 RV3ATSDS01A A5909
10004:10% A5864 RV3ATSD102A A5910
2500+10% A5865 RV3ATSD252A A5911
500010% AS866 RV3ATSDS502A A5912
10,000+10% A5867 RV3ATSDI03A A5913
25,000+10% A5868 RV3ATSD253A A5914
50,000 410% A5869 RV3ATSD503A A5915
100,000 +10% A5870 RV3IATSDI04A AS916
250,000£10% AS5871 RV3ATSD254A A5917
500,000 +10% A5872 RV3ATSDS504A A5918
1 Meg+20% AS873 RV3ATSD1058 AS919
2.5 Meg £:20% A5874 RV3ATSD2558 A5920
5 Meg+20% AS875 RV3ATSDS058 A5921

JAN SHAFT TYPE RJ

—_250 toos

SCREW ORIVER
SLor
047 005" WIDE x
063" 563" DEER
3 -32P-NEF-2 THO. . d-a2p-nEF-2 THO
— dz —d — 2 _——
MOUNTING HARDWARE ASSEMBLED MOUNTING HAROWARE ASSEMBLED

MOUNTING NUT 2 HEX « MOUNTING NUT 2 HEX «
LOCK WASHER */920A4 LOCK WASHER 19204

TYPE 35, JAN-R-94, Type RV3

15 watt, 14"’
diameter variable
composmon
resistor. Also
available with
other special
military features
not covered by
JAN-R-94.
Attached Switch
can be supplied.

C7S SHAFT TYPE LT-/

LOCHING BUSHING

250 2001

" SCREW ORIVER
StoT
.... 1 047 taos” WIDE X

4

063" 2:905° DEER
|.- _.1 $-32P -NEF-2 THO.

~ MOUNTING MHAROWARE ASSEMBLEDO
MOUNTING WUT 2 HEX X
LOCK NUT 3 HEX x5
LOCK WASHER "/920A



improve your product with -

MYCALEX is a highly developed glass-bonded ing new efficiencies, improved perform-

mica insulation backed by a quarter-century of ance. The unique combination of characteristics
continued research and successful performance. that have made MYCALEX the choice of leading
Both pioneer and leader in low-loss, high fre- electronic manufacturers are typified in the table
quency insulation, MYCALEX offers designers for MYCALEX grade 410 shown below. Complete
and manufacturers an economical means of attain- data on all grades will be sent promptly on request.

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

® PRECISION MOLDS TO
EXTREMELY CLOSE TOLERANCE
©® READILY MACHINEABLE
TO CLOSE TOLERANCE
® CAN BE TAPPED THREADED,
GROUND, SLOTTED
©® ELECTRODES, METAL INSERTS
CAN BE MOLDED-IN
@ ADAPTABLE TO PRACTICALLY
ANY SIZE OR SHAPE

MYCALEX is available in many grades
to exactly meet specific requirements

CHARACTERISTICS OF
MYCALEX GRADE 410

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

Power factor, 1 megacycle 0.0015
Dielectric constant, 1 megacycle 9.2
Lass factor, 1 megacycle 0.014
Dielectric strength, valts/mil 400
Volume resistivity, ohm-cm 1x 10!
Arc resistance, seconds 250
Impact strength, lzod,

ft.-1b/in. of notch 0.7
Maximum safe operating

temperature, °C 350
Maximum sofe operating

temperature, °F 650
Water absorption % in 24 hours nil
Coefficient of linear expansion, °C 1 x 10°6
Tensile strength, psi 6000

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

SINCEI919

fTHE INJULATOR Y

Mycalex 410
Tuning Coil Farm

Mycolex 410
Tuning Switch Plate

o o« ® 6 06 0 0 0 0 0 0 4 0 s 00 0o

260 0 0 000 0 s e 00 e e s

]
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Mycalex 410 Terminal Bose)
and Cap Assembliy for
Fire Detection Equipment

Mycalex 410
Ratary Switch Statar

Mycclex 410

M.
Salenaid Type Coil Form veoreRsno

Tuning Statar Plate

[ 25K 20K 2N I TR JRE JEE K R N IR IR TR I TR I I L SN R T N B B L B

® 9 € & % 0 ° P s s P eV e e e S sV e e s s

MYCALEX CORPORATION OF AMERICA

Owners of ‘MYCALEX' Patents and Trade-Marks

Rt O Exscutv Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 — Plant & 6entral ices: CLIFTON, N. J.
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TAKES UP TO 10,000 VOLTS TEST

tov

HIGH VOLTAGE
TERMINAL

Q
R
\

HERMETIC's new high voltage terminal is
a glass-metal header that can take up to
10,000 volts and yet occupies only '/”
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.

Whot 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 HERMETIC’s
informative new 32-page brochure, the

most complete presentation ever offered TEST VOLT *
on hermetic seals.
1533-50 17732 5000 |

1533-75 | 7/8 |23/32] 7500

W«~/ 1533-100] 1.0__|29/32 | 10000

X |, HERMETIC SEAL PRODUCTS CO. 28 So. St St, Newark .M.
Hinygc HEASE

FIRST & FOREMOST IN MINIATURIZATION

PROCEEDINGS OF THE 1.R.E. October, 1952
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DIFFERENTIALLY TEMPERED

STRDNG INSULATING SHELL

IMBEDDED TINNED LEADS

The tinned leads of Bradley- The resistor element of all The leods of all Bradleyunits

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

Bradleyunits is encased in a
strong plastic shell, which in
sulates the resistor complete
ly. Hence, these units can be
closely grouped with safety.

are enlarged at! the resistor
end to produce a conical sec-
tion, Ample contact and great-
er mechanical strength are
thereby obtained.

STANDARD R.T.M.A. CDDING

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

oé)o{ M for ALLE

ACCURATE RESISTANCE VALUES

For stability and permanence,
Bradieyunits are reted at 70 C

. not 40 C. Available in
three tolerances—plus or minus
5%.10%. or 20%. They with
stand heot, cold, ond moisture.

N-BRADLEY RESISTOR QUALITY

-

— i

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

-rl} _ )

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.

ab

ALLEN-BRADLEY

FIXED & ADJUSTA

=

BLE RADIO RESISTORS

> quauy e

e T
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Mobile Radio Operators...

A

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
MICROPHONE CONTROL

With Microfoot Switch Operation

ANSWER
INCOMING
CALLS...

TALK TO
YOUR
MOBILE
UNITS

... Without
Switching
Microphones!

Model DFS-100 (Patent Pend-
ing) W.3 1/16°. H.3 3/6°.
L-7-1/2°.

Foot Switch Operoted . .. Equipped with microfoot switch. Leaves oper-
ator's hands free for logging calls.

Multiple Assembly ... Can be installed in multiple where more than one
operatar 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 tax, Micro-
Switch faot switch included. Shipped camplete with instructions.

EFFICIENT - DEPENDABLE -EASY TO INSTALL - GUARANTEED

® American Radio Telephone Co., Inc.,, Dept. PI-1, 3505 4th St. No., St. Petersburg, Florida |

@
RADIOTELEPHONE [Eaom
COMPANY, lNC. ADDRESS
ST. PETERSBURG, FLORIDA ciry

PROCREDINCS OF TIIE IR Octul

Plaose ship
switch, (@ $75.00 plus $7.50 Fodorol tox.
[J Chock enclosed

Model DFS-100 Microphone Control Switch, including Micro-Switch foot

|

[J Purchase Order Enclosed [ ship C.0.D. [ Pleose send literoture |
B _TITLE = B I
- |

= —_— —_— e — I
. - — |
— __ZONE__ STATE = |
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MALLORY
paper
dielectric
capacitors

JAN-C-25 types

R. MALLORY & CO., INC.,

INDIANAPOLIS

I
For use in military electronic equipment, Mallory manufactures a |
line of paper dielectric capacitors which will conform to Character- | New Folder Describ
istic E of Specification JAN-C.25. Included in the Mallory line are I SWALocer e“f' es
the following tvpes: | JAN-C-62 Capacitor Types
CP-25, CP-26, CP-27, CP-28 I In addition to paper dielectric
CP-29, CP-53, CP-54, CP-55 I capacttors Mallory produces a
) ) | full line of electrolviie
Into these military-type capacitors go the same engineering know-how [ capacitors conforniing to
and production craftsmanship which have made Mallory capacitors | JANLC02. Write for vour copy
the standard of quality in the industrial and electronic fields. They | of the new Technical
are now in quantity production and your inquiry will receive prompt | "llf“lf"'ﬂfl"m Bulletin. [t is an
. v ideal reference for evervone
attention. I B uEEe-or Bpecilis
Look 1o Mallory for all vour capacitor needs . . . whether for military : clectrolviic capacitors
or civilian applications. l
r P.R.MALLORY & CO. Inc. SERVING INDUSTRY WITH THESE PRODUCTS:
Electramechanical —Resistors * Switches « Television Tuners * Vibrators
A L l o R Electrachemical—Capacitors s Rectifiers » Mercury Dry Batteries
Metallurgical—Contactse Special Metals and Ceramics » Welding Materials

6, INDIANA
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PHENOLIC CARTRIDGE
HERMETICALLY SEALED

Diometer Voo ta 17
Diameter 3/16% ta 1.1/47 Llength. ... L T e 127
Length. .. 9/16” ta 10” Current: half-wave. . 1.5 ma to 60 mo
Current: holf-wave..1.5 ma to 60 ma Voltage: DC ovutput 20 volts to
Valtage: DC output 20 valis to 10,000 volts
4,000 volt
i EL SEGUNDO
CALIFORNIA
r 4

SELENIUM DIODES

Diometer. ....... 100" te 0.300”
length. .......... 210" te 0.250”
Output Voltoge. .. . R. ... 20V to 80V

Output Current. . .20 vo to 1.5 mo
Temperature Range BB 50°C to 100°C

A recent month’s production OwWERS ACK

Owned and managed by En-
included Rectifiers to supply

: Kw BilPowe gineers who are specialists
40 microamperes, 1,000 volts, Consi dt in the design and manufac-
and Rectifiers with a capacity 59

P s AR single ¥ N - ture :of Selenium Rectifiers.
, peres, 14 volts. produced Submit your problems for

analysis and we will be glad
to offer ourrecommendations.

thelaitie st
stock

INTERNATIONAL RECTIFIER

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

Chicago Branch Dffice: 205 West Wacker Drive - Phone: Franklin 2-3889
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keeping communications ON THE BEAM

JK STABILIZED
H-7 CRYSTAL

FREQUENCY & MODULATION MONITOR
CRYSTALS FOR THE CRITICAL

The H-7 ervstal is in common use with two-
way police radio systems. Frequeney range: 3
to 20 me. Water and dust-proof. it is pressure
mounted. has stainless steel electrodes, Just
one of many JK crystals made to serve EVERY

erystal need!

M oni

ony four f ies onywhere b en 25 mc ond
175 mc, checking both freq y deviotion ond oly
modylotion. Keeps the “beom™ on ollocotion; guorontees

more solid coveroge, tool

Time-Saver to Prowt &bu,lz}e-S@vm Yo Thousands/

In o split second your police stotion ond the forthest cruising prowl
cor con respond os one mon! Such "sofety ot your doorstep’ is
possible only through compocily. efficient two-woy rodio. JK erystols
ond monitors ore in constont use to keep police rodio frequencies

reliobly “‘on the beom."

;;\\ ' L

’/*\ Q - .-.‘
r » ~.% J

P

THE JAMES KNIGHTS COMPANY

SANDWICH 1, ILLINOIS
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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 mid -
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

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 and unusual effi-
ciency in high frequency by-passing.

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

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION

October, 1952

Sales Offices: Cliffside, N.J. «
Detroit, Mich. ¢ Cincinnati, Ohio * Los Angeles, Calif.

Factories: ERIE, PA.

Main Offices: ERIE, PA.

Philadelphio, Pa. ¢« Buffalo, N. Y. « Chicago, Hi.

« LONDON, ENGLAND < TORONTO, CANADA




For / Applicaﬁons
Trip'eﬂ 630A Has No Counterpart

to 1%

with a Mirror-Scale

(Al

with %Y% resistors

Try it at your distributors

et DA

[
\
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Llow initial cost

Dependable—
large component
safety factor

50 watt
VHF transmitter,
Type 408A

Highly selective
and sensitive receiver,
Type 305A

Rapid installation—
easily moved

Nothing Elseto Buy

>,
) TN

-~ -
T
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S —

<

wileox

153,
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2 "-.ﬁ 1 !
113 14§54
e i &
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N One ant
) /’ = for ':aensr:i:::aand

receiver

Spurious responses
at Jeast 100 db down

Frequency range
118-132 mc/s

All controls
within easy reach

Easy maintenance

Write today for
complete specifications



e ‘o‘-de\'s

for aircraft, industrial
and laboratory applications

Exclusive Heiland “700" Features

X One surface
operation, control
and loading

X Rack or table
mounting

WIRE WOUND—
SILICONE COATED
RESISTORS

Complete welded construction
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%, 0.5%,
1%, 3%, 5%.

X Direct monitoring
of galvanometer
light spots

X Damping resistor
panel

HEILAND Series 700" Oscillo- i
graph Kecorders have been de- o ]
signed and developed to enable :
the testing engineer and scien-

RH TYPE — Available
in 25. 50 and 250 watt sizes.

Silicone sealed in die-cast,
black anodized radiator finned
housing for maximum heat

tist to solve the wide variety of —l
industrial and laboratory prob-
lems involving the measurement

dissipat A
g 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. 24-channel
Oscillograph

L =
i
Recorders
a5 | Ocher “700" models up to 60 chan-
' ' nels are available. Write today for
_____ —., a complete catalog of Heiland “700"

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

A708

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,

oscillograph recorders.
The Heiland Research Corporation
130 East Fifth Avenve, Denver 9, Colorado

Dalohm resistors are true power in
minjature — provide the answer

Carefully crafted in every respect, d
to those space problems. e

nendable instruments

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

9 DALE PRODUCTS,
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* 1% Magnetic Voltage

Made under one or more of the follo
ing U.S. patents: 2,143,745; 2,212,198 e gl
2.346,621; and patents pending.

with less than 3% Harmonic Distortion

Regulation . ..

for Industrial and Defense PROCESS CONTROL, TESTING and RESEARCH

Now all the advantages of static-magnetic voltage
requlation 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
trequencies harmonically related to the funda-

FIXED OUTPUT, Type CVH

Stock units range in capacities from
30va to 2000ve

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

SOLA

Conitonit Vlige

TRANSFORMERS oo

mental. In addition, they have all the character-
istics of the standard Sola 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 — Solavolt

Two stock units of 250va and 500va
are available.

The “Solavolt” will deliver any voltage
from 0-130v stabilized within *1%, and
total harmonic distortion less than 3%.
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.

The complete line of Sola Constant Voltage
Transformers is described in o 24 poge

catalog. Write on your letterhead for o copy

Transformers for: Constont Voltoge ® Fluorescent Lighting @ Cold Cothode Lighting ® Airport Lighting ® Series Lighting ® Luminous Tube Signs

Oil Burner Ignition ® X-Roy ® Power ® Controls ® Signal Systems ® etc. ® SOLA ELECTRIC CO., 4633 W. 16th Street, Chicago 50, Illinois
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YLVANIA TUBE SOCKETS

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PROOUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIBN TUBING WIRING DEVICES; LIGHT BULBS
. : ; PHOTOLAMPS; TELEVISION SEIS

38a

JAN 7- 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.

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.

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.

Warren, Pa,

Products Inc., De

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.

Highest quality i

. y is guaranteed by S ia”

exacting quality control. Sy HamiSIons
For full inform

Sylvania Tube Sockets write: Sylvania Electric
pt.A-1310, Parts Sales Division,

ation on the complete line of

*SYLVANIA =
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HOW MANY j.

= AT 5,000
MEGACYCLES?

AT 25,000
. MEGACYCLES?

precision
variable attenvators

@ METALLIZED

The use of metallic-film-on-glass techniques to provide
GLASS ATTENUATING

attenuation at microwave frequencies is no longer new.

ELEMENTS This type of PRD attenuator is now well recognized
@ PRECISE, PERMANENT for its constancy of attenuation with time as well as for its
CALIBRATION insensitivity to variations of humidity and temperature.

@& BROADBAND PRD has now augmented this line of attenuators with
CHARACTERISTICS units employing metallized mica elements to provide
@ NEGLIGIBLE broader-band characteristics for the millimeter region of
INSERTION LOSS the microwave spectrum. As a consequence, it i1s now
possible to offer complete coverage of the range
® BACKLASH-FREE from 2,600 to 40,000 megacycles per second in designs
@ LOW REFLECTION varying from a simple level set attenuator to a
’ . “Write t o
® WELL SHIELDED CASING precisely calibrated secondary .standard rite today for
our complete new catalog of microwave test
equipment — address Dept. R-10.

[ lylectni

RESEARCH
& DEVELOPMENT
COMPANY, Inc. |

55 JOHNSON STREET, BROOKLYN 1, NEW YORK
WESTERN SALES OFFICE

737 NO. SEWARD STREET, HOLLYWOOD 38, CAUF,
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These “Firsts” Helped

Westinghouse Customers

USERS OF WESTINGHOUSE TUBES GET
FIRST BENEFITS FROM MANY NEW

TUBE DEVELOPMENTS

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 23" high.
Designers seeking the ultimate in
space and weight savings will find
them in these new WL-6102 and
WL-6103 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 warchousing 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 yowr
nearest Westinghouse representative, or write to

Department C-110

RELIATRON

YO

u CAN BE SURE...IFITS

Westinghouse

L3 B JTIX

V_Jestinghouse Makes
First Dry Battery
WD-11 Tube

WESTINGHOUSE INVENTS
NEW KU-610 THYRATRON

ukwr the most emastng vovvnu‘
hyer Ourtrery We stm ol e IR

Westinghouse Patents

KOVAR for Meta.ll-to-
Glass Tube Sealing

We§tinghouse Unveils
First High Power
UHF Tube

WL-530 in Radar
at Pearl Harhor

Milien SO i ey

2 reees taoncla,
ui

ELECTRONIC
T UBE DI VIiIsioN

Westinghouse Electric Corporation
Box 284, Elmira, N. Y.
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T ONE JUMP AWAY
oM A LT A7

You can use 3 pogo ~ |
Stiek o make i1 177...

BUT it’s simpler to
design the radio
around the battery!

National Carbon offers a complete range of “Eveready’
“Nine Lives” radio batteries. Just design your new model
receiver—any type or size—around stundard, compact,
long-lasting “Eveready”™ batteries and forgee you ever
had a battery problem.

Users prefer them, too. They enjoy befter listening
longer ...and when replacements are necessary,
“Eveready” brand radio batteries are sure to be available
wherever radio batteries are sold.

W'rite to our Battery Engineering Department for full
detailsandspecificationsof "EVEREADY “radio batteries.

"Ereready’’ No. 964 "A"
battery and "Ereread)”
No. 477 "B” battery for
""personal’’ receivers —
lowest priced complement
of its size on the market
— feature lowest cost per
hour of listening plus a
new high in balanced life
of the two components.

eVEREADY

TRADE-MARK

RADIO BATTERIES

PROCEEDINGS OF THE LRE. October, 1952
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The terms ''Eveready
are registered trade-marks of Union Carbide and Carbon Corporation

Nine Lives’’ and the Cat Symbol

NATIONAL CARBON COMPANY
A Division of Union Carbide and Carbon Corporation
30 East 42nd Street, New York 17, N. Y,

District Sales Offices: Atlanta, Chicago, Dallas, Kansas City,
New York, Picesburgh, San Frandsco

IN CANADA
National Carbon Limited, Montreal, Toronto, Winnipeg

U4 ‘\
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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 varlety of sizes and
colors.

RADIO AND INSTRUMENT HOOK-UP WIRE,

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

G

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,

-7 ——

SHIELDED MULTIPLE CONDUCTOR CABLES

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

',
&L &,
\"\

R

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.

] N —

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,

et aaaany oo o ]

JACKETED MICROPHONE CABLE

Conductors: Extra-flexible tinned copper. Polythene
insulation. Shield: 36 tinned copper, closely braided,
;vgl;;lMt:ugh durable jacket overall. Capagity per foot:

TINNED COPPER SHIELDING AND
BONDING BRAIDS

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

PA AND INTERCOMMUNICATION CABLE

Conductors: #22 stranded tinned copper. Insulation:
textile or plastic insulated conductors. Cabie formed of
Twisted Pairs, color-coded. Cotton braid or plastic
jacket overall. Furnished in 2,5, 7, t3 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

42A
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Front View

our relay problems o CLARE

Side View

CLARE Type "CP” POWER RELAY

® Some of the most important relay developments
of the past decade have been the result of CL ARE
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
whichsimpliﬁe(iconlrolequipmenl,sa\'esmoneyand
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 & Co., 4719 West Sunnyside Avenue, Chicago
30. Hlinois. In Canada: Canadian Line Materials
Lid., Toronto 13. Cable Address: CLARELAY.

LARE RELAYS

First in the Industrial Field

A%




BRUSH and the future of
communications...

News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical

information. Please mention your L.R.E. affiliation.
(Continued from page 10A4)

Attentuation Networks

The Daven Company., Dept. AN, 191
Central Ave,, Newark 4, N. J., announces
the availability of its new “T” or Balanced
“IH" Attenuation Networks, Series 690,
These networks are designed for use in gen-
cral laboratory and production testing
where ruggeduess, flexibility and reliability
are of prime importance.

RN T

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 1o meet requirements.

I'he 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 attennation net

Brush headphones using the exclusive BIMORPH CRY ST AL
drive element provide flat response, high sensitivity, and
low distortion . . . are also engineered for comfort.

works is the noninductive, card type.
A feature of the Series 690 is the use of

THE news flash "HARDING 1s 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!

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 uniferm contact resistance
over the life of the unit.

The networks are available in either
portable or rack maodels.

Single Mike Switch for
Dual Communication

I'he 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 from 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-
mumcation 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-

THE gy "itotectric Coystals and Ceranics
X A . tor to mobile units by radio. Claim is also
Magnetic Recording Equipment : / .
n £ . ; & tquip made that it can be used between any two
| Acoustic Devices J electronic communications systems to in-

DEVELOPMENT COMPANY ! Ultrasonics crease operator efficiency through faster

. message transmission,
3405 Perking Avenve + Clevelond 14, Ohio Industrial & Research Instruments | (Continued on page 544)
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Mica specifications checked to
thousandth-inch accuracy.

Completed mounts are inspected
for visual defects.

3

4
A

L

il

Statistical control assures uni-
formity of quality and per-
formance.

TUNG-SOL ELECTRIC INC,, Newark 4, N. J.
Sales Offices: Atlanta, Chicago, Culver City, Dallas, Denver, Detroit, Newark

tl:: .':;'ei iF'"O"e Tung-Sol Tubes TUNG-SOL MAKES All-Glass Sealed Beam Lamps, Miniature Lamps, Signal Ftashers,
' ’ Picture Tubes, Radio, TV and Special Purpose Electron Tubes.
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New

-hp- 809B UNIVERSAL PROBE CARRIAGE
Model 809B 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- 806B 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 lincar 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.)

WAVEGUIDE
NSTRUMENTS

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.

(38

- An integrated set of instruments is available for
each commonly-used waveguide: 3" x 115", 2" x 1”
8" x 22", 14" x 56", 1” x 14” 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 -/)/1- waveguide ¢quipment, you select
the exact instruments you necd. Each is designed in
its most fundamental form, yert is integrated mechan-
ically and clectronically with the complete -hp- wave-
guide line. You are assured maximum operating
flexibility, efficicncy, convenience and economy.
For complete details, see your -hp- field
rflbrﬁl’t’”"d’ilr'(’ or urite l/irt’[’

HEWLETT-PACKARD COMPANY

2522D PAGE MILL ROAD - PALO ALTO, CALIFORNIA, U. S A,

Data subject to change without notice. Prices f.0.b. factory.

Complete Coverage! HEWLETT-PACKARD

PROCEEDINGS OF TIE I.R.E
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" BROAD BAND COVERAGE

(Full Frequency Range of Waveguide)

HIGH ACCURACY
INTEGRATED UNITS
SIMPLIFIED DESIGN

— i & w -hp-810B WAVEGUIDE

! SLOTTED SECTIONS
The broad band -5p-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 -bp- traveling probe mounted on the Carriage samples
the waveguide's electric fields and makes possible accurate
plotting ot 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 oftered in 5 common
waveguide sizes covering all frequencies 3.95 to 18.0 kmec.
Sizes: 2" x 1”,1%" x 34", 14" x %", 1" x 2" and .702" x .391".
Price, $90.00 each.

-hp- 440A

-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 -bp- 444A Untuned Probe.
Model S810A is offered in the 3" x 1'3” waveguide size only
(2.6 to 3.95 kmc). It measures 122" 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 VSWR. Impedance is 50 ohms to match flex-
ible coaxial cables. Price: $200.00

P

DETECTOR MOUNT

Simple, easy-to-use in-
strument for detecting rf
energy in waveguide of
coax systems,2.4to 12.4
kmc. Only one tuning
adjustment. Uses crystal
or bolometer. Fits Type
N plug. When used with
-hp- 4428 becomes sen-
sitive, easily tuned wave-
guidedetector.  $85.00

Data subject 1o change without notice. Prices f. 0. b. factory.

-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 %4” dia.
mountings. $50.00

-hp- 444A
UNTUNED PROBE
A 1N26 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 24" dia. holes. In-
cludes crystal, $50.00

@ INSTRUMENTS — Complete Coverage!
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Smallest

T 1AIRb

TRANSFORMER MFG. CO.

1
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70«4 modern plants .
to serve you! Now producing o 1
for America’s leading plane L 2

and industrial manufacturers. _\__‘
Put your specifications N EXECUTIVE OFFICES
up to experts. / & [

74 n’ >

/ : i-'. - b = R -
g a R T R o
. ] (R -

LE LR T

| I

20 East Elizabeth Ave., Linden, Ne

w Jersey
T BRANCH

: OFFICE § =
BALTIMORE oS ANGELES SEATTLE
CHICAGO ST. Louls DAYTON
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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.

A X\
“AERO-SEAL” HOSE CLAMPS

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

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

& 0

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.

AR

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,

PROCEEDINGS OF THE I.R.E
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A Quarter Century
of Design
Experience backs

HHEEZ2) 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. J.
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Designed for Application
Grid Dip 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 ke, to 300 me. ineorporates 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 me. It likewisc incorporates the three wire
grounding type cord and metal carrving 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 casc of the industrial model. It is supplied
without grounding lead and without carrying case. The range is 1.7 to
300 me. Extra inductors available extends range 1o 220 ke.

The Millen Grid Dip Meter ia a calibrated stable RF oscillator unit with
a meter to read grid current. The frequency determining coil is plugged
into the unit go 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 uze the unit on antenna measure-
ments and other usages where \.C. power is not available. Compactness

JAMES MILLEN

MAIN OFFICE

has been achieved without loss of performance or convenience of usage.
The incorporation of the power supply, oscillator and probe into a single
unit pr.ovid.es a convenient device for checking all types of circuits. The
m‘(hcnlmg nstrument is a standard 2 inch General Electrie instrument
wnlrh an easv to read ccale. Uhe calibrated dial is a large ° deum dial
which provides seven direct reading scales, plus an additional universal
s(.'ah-. all with the same length and readatulity. Each range has its indi-
vidual plug-in probe completelv enclosed in a contour fitting polystyrene
case for assurance of permanence of calibration as well as to prevent any
possibility of mechanical damage or of uniatentional coatact with the
components of the circuit being tested.

The Grid Dip Meters muay be used as:

1. A Grid Dip Oscillator

2. An Oscillating Detector

3. A Signal Generator

4. An Indicating Absorption Way emneter

The mort common nsage of the Grid Dip Mecter is as an oscillating

frequency meter to determine the resonant frequencies of de-energized
tuned circuita

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

MFG. CO., INC.

AND FACTORY

MALDEN, MASSACHUSETTS, U.S.A.
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HUDSON TOOL AND DIE COMPANY - INC gy
PRODUCERS OF CASES, COVERS AND CUSTOM METAL STAMPINGS FOR ELECTRICAL, ELECTRONIC AND NUCLEONIC INDUSTRIES \ f!
118-122 SO. FOURTEENTH STREET, NEWARK 7, NEW JERSEY
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this sure cure for
e 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 FROM
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 Desk212.
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Scope Image Film Recording

1 Single-frome photography of stationary pat-
¢ terns using a continuously running sweep.

e

l Scope Imoge Film Recording

2 Single-frame photography of single transients
* using a single sweep.

|

0088000000000

|

e

r Scope Image Film Recording

3 Continuous-motion photography employing film
® motion os a time base.

4 Continuous-motion photography employing

|
|

“ Scope Image Film Recording
} ® oscilloscope sweep as a time base.

- - - -
o - - -
| - - r
| e ot - " L3
| - - - -
- - - -
| . e - -
| bt b - -
| bt - - -
il - prs - -
| - bt L) L)
| i . - -
t - o ) [ ]
| FILM MOTION FILM MOTION
TIME BASE AND SCOPE SWEEP
5 Continuvous-motion photograph employing
e, binati of film i and oscill P

sweep as a time base.

Want an oscilloscope camera NOW?

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

FAIRCHILLD 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 tlfe 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/min. to
3600 in/min.

® TOP OF SCOPE MOUNTING
that leaves controls casily acces-
Sibl& 1. Camera, 2. periscope, 3. electronic speed

control. Accessories include 400- and 1,000-

® PROVISION FOR 3 FILM fr. film magazines, magazine odaptor and

motor, universal mount for camera and peri-

LENGTHS—IOO, 400 or 1,000 feet. scope, binocular split-beam viewer.

FAIRCHILD TAKE-UP CASSETTE FOR SHORT RUNS

Where only a few pictures
are 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 tage to a

It is easily attached to the
top of the camera by means
of an adapter. 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.

Complete information about applications and operation

York, Department 120-18F2.

52a

! of both the Fairchild Oscillo-Record Camera and the )
Fairchild-Polaroid Oscilloscope Camera is available. / R‘ LD
Write today to Fairchild Camera and Instrument Cor-

poration, 88-06 Van Wyck Boulevard, Jamaica 1, New

0}‘.; CILLOSCOPE RECORDING CAMERAS
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Cxperts 41 E. 42nd S, Now Yerh 17, N.

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-Q components valued
for their dependable performance, long life and rigid adher-
eence to specifications. Whether it be disk capacitors.... tubu-
lars, plates or plate assemblies . .. high voltage slug types...
trimmers, wire wound resistors or choke coils...you can
count on the Hi-Q trade mark as a guarantee of quality in
ceramic units, And you can likewise count on Hi-Q engi-
neers for skilled cooperation in the design and production of
new components to meet specialized or unusual needs.

AEROVOX 0RPORATION

AEROVOX corrararion

NEW BEDFORD MASS. CLEVELAND, OHIO
Y, @ Ceble; AEROCAP, N. Y. @ In Canada; AEROVOX CANADA LTD., Hamilton, Ont. JOBBER 'ADDRESS: 740 Bellaville Ave.. New Bedford, Mo,

Hi1-Q TUBULAR CAPACITORS

... may be had with axial leads and a specially
developed endseal as shown above, or with con-
ventional leads. Hi-Q tubulars are available in a
complete range of by-pass, coupling and tem-
perature compensating types as well as in an
HVT 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 Hi-Q,

OLEAN, N.Y.

WI I- KOR DIVISION




AMERICAN PHENOLIC CORPORATION
CHICAGO 50, ILLINOIS

1830 SOUTH S4TH AVENUE

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 feaiure
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

POLYTETRAFLUOROETHYLENE

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

» dest

Connectors with Teflon L B
wialped wih

or extreme heat appli- <

cations.

|
I
inserts for high voltage : TEFLO

Write for this free
literature describing H HHE 3
Amphenol Teflon cable. : = £
Address Dept. 13D =

—_—

S = =

‘aMPHENOL_

lNews—New Products

These manufacturers have Invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your |.R.E. affllistion.

(Continued from page 94A4)

| Remote Control RF
Inductor
The H3M 3I19L INCREDUCTOR®
| controllable inductor has been added to the
line of available Increductor units manu-
|factured by C. G. C. Laboratories, Inc., 31
‘ l.udlow St., Stamford, Conn.

P 9| 3|

tibatel st ol bl

The maximum inductance of this unit,
at zero control current, is 30 mh which can
I'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 ke. The H3M 31191
type features a linear relationship between
frequency shift and control curret extend
ing over atleast 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 perfornt 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
| 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) ~
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BUSS ruses i

Help Protect Your Product...
Your Profit. .. Your Reputation

Ksows LINE OF FUSES

for: TELEVISION
RADIO
RADAR

CONTROLS
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.

1F 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.. ..

BUSSMANN MFG. CO., Division McGraw Electric Company
Unlversity at Jefferson St. Louis 7, Mo.

October, 1952

INSTRUMENTS

... Plaues
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

Tidle..

Company..
Address......
City & Zone.......

S e iirens State.........ceooereeeee. IRE—1052
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Regardless of conditions-
BLAW-KNOX CAN BUILD YOU
A BETTER 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 T'V 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 capableengineering assistance with your plans.

BLAW-KNOX COMPANY
Blaw-Knox Division
2037 Farmers Bank Bldg.
Pitisburgh 22, Pa.

-KNOX rowkrs
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FERROX
cores are

o —

When your drawings call for Ferroxcube 3C cores for your
APPLICATIONS: 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
advbntages of Ferroxcube 3C.

Complete technical data is yours for the asking in
Engineering Bulletin FC-5101A, available on letterhead
requests. * * * * * * * * *

- FERROXCJUBE

M O D E ATERIAL

FERROXCUBE CORPORATION OF AMERICA

. A Joint Affiliate of Philips Industries and Sprague Electric Co., Managed by Sprague
d SAUGERTIES, NEW YORK




METERS AND INSTRUMENTS

VOLTAGE REGULATORS

RECTIFIERS

Ready to serve expanding tv industry—

TRANSFORMERS POWER SUPPLIES

CONTROL AMPLISTATS

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

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. *

GENERAL @B ELECTRIC

58a
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TIMELY HIGHLIGHTS

ON G-E COMPONENTS

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

Oetrnt
20me 64 om0

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.

New analog tield 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 Froctional-hp motors
Meters, Instruments Rf"”'"’
Dynamotors T'"“e"‘
Copocitors Indicating lights
Transformers Control switches
Pulse-forming net- Generators

works Selsyns
Delay lines Relays
Reoctors Amplidynes
Thyrite * Amplistots
Motor-generator sets  Terminal boords
Inductrols Push buttons
Resistors Photovoltaic cells

Voltage stabilizers Glass bushings

*Reg. Trade-mork of Generol Eleciric Co.

EQUIPMENT FOR
ELECTRONICS
MANUFACTURERS

Indicate:

Development
and Production
Equipment

Soldering irons
Resistance-welding
control
Current-limited high-
potential tester
insulotion testers
Vocuum-tube vo|'-|
meter
Photoelectric recordeul
Demognetizers
|

Name

Company

City

PROCEEDINGS OF THE I.R.E.
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New G-E program boosts
electronics In Industry

“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 B667-22
Schenectady S, New York

Please send me the following bulletins:

\/for reference only
X for planning an immediate project

|

|

|

GEA-5777 Drawn-Oval Capacitors I

(] GEA-5789 Progressive Mechanizotion l

(] GEC-851 Analog Field Plotter l
(1 GEC-898 DC Voltoge-Meosuring Reoctor

|

|

|

State

e
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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 RTMA standards for FM
and TV. -

In addition, JOHNSON manufactures o 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 amangement. Na holding current required.
Features toggle actuated balanced rotary armature and wiping
contacts designed to stay aligned and withstand heavy vibration.

TOW RF energy
flow of Iy with
These fiters PIeveqround. Combll, "5t
re

ing circuit 1 9 ting '€
ting by eftectt ion

T CAPACITORS, INDUCTORS 5 INSULAT
... . ANDJACKS, KNOBS A'.‘D:EIAE ffl.s.i" AND FILOT L

. JOHNSON |
Broadcast/Communication
Transmit.t_ing Accessories |

— =L JOHNSON manufactures
- my 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 dependabilityl

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-fromes
slotted to minimize Eddy current losses. Available in eight
standard models, maximum inductances 10 thry 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.

. Ilustrated, is a remote coupling unit
featuring an interior door that remains closed during adjustments
to provide complete weather-proofing ot all times. Write for full

information on these and other JOHNSON Broadcast Com-
ponents. 2

RS

HNSON ANTENNA lNSULATO
0 Commercial Type
gin with smooth

Made of »= . proce;s pells of non-conos’we
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ite glazing: ENL_ iable in three st y
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4-900
1
1000 V (RMS) e
Available in 2 to 9 { %’Qﬁ
turret head straight \ 60
wire or looped elec- '
trodes.

4-909 THSW-2E illustrated

The Fusite line of glass-to-steel hermetic terminals has
kept pace with the trend toward miniature sizes. As
interest in these small sizes continves to increase, we
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.

__FOR PLUG-IN APPLICATIONS
= -ﬂ.,._

e

4-907 PISW
1000 V (RMS)

For top side plug-in to

standard 7 pin minia-

ture socket.

4-1100 SERIES

1000 V (RMS)

Available in 2 to 11
turret head straight
wire electrodes.

° <
oo

4-1109 THSW-2F illustrated

4-907 THPI
1000 V (RMS)

. For bottom side plug-
in to standard 7 pin
miniature socket.

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

4-1109 PISW
1000 V (RMS)

For top side plug-in to
standard 9 pin minia-
ture socket.

L d

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

4-1109 THPI
1000 V (RMS)

For bottom side plug-

in to standard 9 pin

miniature socket. .

2F Flange illustrated

5-900 SERIES

1500 V (RMS) Available in

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

« TERMINALS .

™ provect PROOUCT
V( PEMFORMANCE

4 \
fg“l\
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5-908 FP-1B illustrated

4-1414 PISW
1000 V (RMS)

For top side plug-in to
standard 14 pin mini-
ature socket.

ooy
2F Flange illustrated

|

5 FUSITE corronarion

6028 FERNVIEW AVENUE -

'CINCINNATI 13, OHIO

61A




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.

HAMMARLUND

MORE THAN 40 YEARS EXPERIENCE COUNTS!

THE HAMMARLUND MANUFACTURING CO., INC.
460 WEST 34th STREET » NEW YORK 1, N.Y.
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#  TYPE
CCS-80W-XP

&y TveE
ABS-40W-XP

E-1... YOUR HEADQUARTERS
FOR HERMETICALLY-SEALED
MULTIPLE HEADERS, OCTAL
PLUG-INS, TERMINALS, COLOR
CODED TERMINALS, END
SEALS, efc. WRITE FOR CATALOGS.
Il
=
DIVISION OF

AMPEREX ELECTRONIC
CORPORATION

_ r r m
I EF o T A4
’ ¢
r TYPE: - e, 5L -
AAA-30W-HS |3 ;@ ' ¥ ;f
. TYPE:
aaa-zow-Hp Ky
. s Ry 2

STANDARD d

minals

TYPE: d
AAA-30W-SX

(7 4
~
S
0

48 STANDARD TYPES NOW AVAILABLE AA-40W-SP
TO SIMPLIFY YOUR DESIGN PROBLEMS,
SPEED DELIVERIES, REDUCE COSTS! o
i / o+ SR
, / s /
N7 TYPE:
00/ WM/ ;[ 7 y / f\y, " AB-60T-5X
The increasingly popular E-I STANDARD ' Q
LINE of SEALED TERMINALS now includes o/
16 additional types making a total of 48 F[ '
items that can be ordered direct from stock with » TYPE:
prompt delivery preassured. Our application ]I’ AB-60W-SS

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

majority of sealed terminal problems thereby 5

b2 ¢

eliminating much of the time and expense ) ”
involved in custom design and production. 4y’ TYPE:
All 48 types are currently being specified 'y AB-60T-LX
in great numbers for an extremely wide
range of applications, thus users of these £
types benefit by the additional economy / ‘lz\ "'49
of large scale production. For complete » J\
information covering all 48 types ‘»l.’ TYPE: —
write today for Bulletin 949-A. + ABS-40W-HH
- e
‘3 ‘ ? ‘ ) ? @ \ ( 'r
," TYPE: J / b

& Y ABS-40W-HP ,', g{ e 55 ,
. 9 ¥ x ﬁfﬁ
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NEW.

NOW, 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

small=size camera tube
for low=cost industrial television

and deflection, and operates with relatively
low dc voltages.

Utilizing a photoconductive layer as its
light-sensitive element, the RCA-G198 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.

rerly - -
ACTUAL SIZE = ||||V|‘ l,
“ = 1Y |

The following components. designed for use
with the RCA-6198 Vidicon,are also available:
RCA-216D) Deflecting Yoke
RCA-217D1 Focusing-Coil
RCA-218D1 Alignment Coil
RCA-23371 Horizontal Deflection Transformer
RCA-234T) Vertical Deflection Transformer
For comp'lete data on the RCA-6198 Vidicon
and associated components, write RCA, Com-
mercial Engineering. Section JR47, Harrison,
N.J.,or contact your nearest RCA Field Office.

FIELD OFFICES: (East) Humbolde 5-3900, 415 S.
5th St., Harrison, N. J, {(Midwest) Whitehall
4-2‘)90. 589 E. Illinois St., Chicago, 1ll. (West)
Madison 9:3671, 420 S, San Pedro St., Los Ange,,
les, California.

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

PROCEEDINGS OF THE I.R.E.

RADIO CORPORATION of AMERICA ...

ELECTRON TUBES

HARRISON, N. J.
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Ernst Weber

1952-1954

DIRECTOR

Ernst \Weber was born in Vienna, Austria, on
September 6, 1901, e received the diploma of
clectrical engincering 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 Polvtechnic In-
stitute of Brooklyn, and in 1931, was appointed to
the permanent position of research professor of
clectrical 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 11, Dr. Weber was named
official investigator by the Office of Scientific Re-
scarch and Development. In recognition for his
contributions to its research group, he was awarded
the Presidential Certificate of Merit. The Micro-
wave Rescarch Institute of the Polyvtechnic Insti-
tute of Brooklyn, and the Polvtechnic Research
and Development Company grew out of this war-
time rescarch. Dr. Weber has been head of the
Microwave Institute since 1945, and was recently
clected president of the Polytechnic Company-.

Dr. Weber has contributed scientific papers to
technical publications on clectromagnetics, linear
and nonlinear circuits, and magnetic amplifiers.

A Member of the IRE in 1941, Dr. Weber be-
came a Senior Member in 1946, and was elected
Fellow in 1951. He has heen actively associated
with numerous IRE Committees. He js also a
fellow of the American Institute of Electrical En-
gineers and the American Physical Society.

October
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CTRIDE=TO

Radio Spectrum Conservation

C0R0

l.ike 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. .\s 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
henefit 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 racdio 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 above. 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

NE 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 I.eonardo
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
phonugraph 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.

* 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.

t Western Union Telegraph Compary, 60 Hudson
St., New York, N. Y.

I. S. COGGESHALLYT, FELLOW, IRE

The nearer to perfection our clectro-
acoustic instrumentalities have approached,
the closer has been the effect of the music
reproduced or projected to satisfying }hc
soul. In a happy blending of the practical
with the beautiful, the realn: of music has
been vastly expanded and enriched by the
influence of radioelectronic  techniques.

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

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 1
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 henefit of electronic devices, are
already dated hold-overs of a by-gone day.

Maodern ingenuity must be capable, not
neeessarily of replacing, but certainly of
augmenting the oboe and the piccolo. Mus-
ical  “prime-miovers,”  containing  electro-
acoustical circuits in plice
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 sil-
aries instead of a box-full of
electrical components. How
usefully, at the same cx
pense, the other seven coul
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
4lru1)prr1 its  accustomed
shackles to a point-source
of sound (even though it be
a 100-point concentration
on a stage). Through co
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-
br.}mlt to Constable, a long succession of
painters experimented in emotional contrasts
of‘lighl 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 hathe the mosaic of his work in a

N
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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-
vond the comprehension of the masters, but

PROCEEDINGS OF THE I.R.E.

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.
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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. HAMLETTY, SENIOR MEMBER, IRE

S smmary—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 fleld are discussed and the
tuture is predicted as of growing value to the engineer-
ing profession as a whole.

INTRODUCTION

HE 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: RO71. Original manu-
script received by the Institute, April 21, 1952,

1 Ergineering 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 hrst,
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 theresponsibility
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 developa 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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DESCRIPTIVE
WRITING

GENERAL DESCRIPTION
DETAILED DESCRIPTION
FUNDAMENTAL THEORY

ETC. .

The Publications Engineer must he 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 scen 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 clectrical engineer, he must be learning
about aerodynamics, hydraulics, and the
like. He is constantly challenged to describe
<omething 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
ficlds; 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 gnides technical illustrators in visnalizing
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-
arcds, He is at the same time an engineer, a
writing specialist, a publications expert, and
a student of psychology!

VARIETY OF WORK

When the yonng 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, [tisa
familiar complaint among engineers that
they become too specialized and know too

-
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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

Time Scale —p»

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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ustomer’s application. Persons with whom he deals directly
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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 wvariation 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 thosé who like to feel
that they are not just “theoretical” writers.

Another attractive feature of the I’ubli-
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 I’ublica-
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
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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. \Vith increasing complexity
there is greater need for more complete in

structional material. As one associate put it,
“the equipment hecomes more complex hut
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 P’ubli-
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 engincers. 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

CT2E=T0

CORRECTION

October

few years because of the increasing com-
plexity of equipment and the inabi]ity of the
research and developinent engineers to
undertake the extensive writing projects
which became necessary.

The Publications I<ngineer must have a
sound engineering cducation 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 reproduction 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 D’ublications 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
mmore 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 effort-
which P’ublications Engineers make to find
new areas of service to the engineering pro-
fession.

. 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 1.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 « from Jin Fig. 1 on page 848.
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Bridges Across the Infrared-Radio Gap®

MARCEL J.

E. GOLAY

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

N THE PAST TEN vyears the radio engineer has
J:[ 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
hecome 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: R111.2)X535. Original manuscript re-
ceived by the Institute, December 5, 1951; revised manuscript re-
ceived, June 11, 1952,

{ Signal Corps Enginecring 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. [t 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 = kTAf. (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
IV 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'=7X%X102°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 AW 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 Af=1, and
a detector at room tempertaure with a noise factor of
10, we obtain

AW = 4 X 107% 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 Af 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,

AW? = 16kk\T5SAf = 4k\T'S-4kT Af, (2)

where ky 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, A2=2 7 eAf. The radiation flow to and
from the detector, k745, is analogous to the current ¢,
and the analogue to the charge of the electron is 4k7",
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

AW = 2.5 X 1072 watts.

When this value is compared with the value obtained
above for the case of radio detection, thermal detection
i1s seen to be eight orders of magnitude less sensitive
than radio detection. The presence of AW? 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 BT'U 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

! The concept of coherence or incoherence of electromagnetic
radiation is utilized qualitatively only in this article, but mention
should bhe made of the quantitative treatment of coherence W_th"
Gabhor gives in his discussion, “Communication theory and physics,
Phil. Mag., vol. 41, pp. 1161-87; November, 1950, in which_he
utilizes the number of auanta in a unit cell of the frequency-time
space as a measure of coherence.
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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-mi('r-(m region is not difhcult 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
botometer, the condition that the electrical vector of the
radiation be nearly zero at the surface of this sheet en-
tails a corresponding decreasce 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 47.30=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
Ro/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 cach 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. 1t is noteworthy that the speed
of light is not involved in this important relationship.)

RETAINER RING — ROCK SALT wINDOW
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BALLAST CELL

|\ T GLASS WINDOW HOLDER
\ GLASS WINDOW

“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. 1t is heated by incoming radiation: the
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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.

~ 7
e
bk

o .
| 1

LINE GRID — N ——NORMAL POSITION OF
‘ -.1:.}_,.&- L : LINE GRID IMAGE.

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-
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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 ita sensitivity of
10-! watts for his molecular absorption studies with
the 11-mm wavelength harmonicsof 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 vet 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 eclectrical 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. Sci. 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,

+ 1. H. N. Loubser and J. A. Klein, “Absorption of mm waves in
nd.,” Phys. Rev., vol, 78, p. 348; 1950.

s]. K Klein, J. H. N. Loubser, A. H. Nethercot, and C. H.

Townes, “Magnetron harmonics at millimeter wavelengths,” Rev.
Sei. 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. 1t 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
n 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 he-
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 1ays 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 # slits each.
With proper slit spacing, radiation of a specified wave-
length—controlled by the position of the optical cle-
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, loc. cit., pp. 351-352.
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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 dises with concentrie slots of varying
amplitude, and, in fact, a suitably selected portion of
these slots can constitute the slits themselves.,

With the arrangement just described, the radiation
within a specilied narrow spectral range passed by the
monochromator, and no other, will be characterized by
a specific time modulating, so that & mcasure of this
radiation can be obtained. 1t must be noted that the
old concept of a monochromator and a detector as two
separate entities is heing replaced here by that of a
monochromator-detector combination, in which the
“monochromator” does not yvield 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. \n ohvious choice would be sinusoidal func-
tions. Thus if the xth entrance and exit slits are sinu-
soidally nodulated at the frequencies fi+xAf and f,
+xAf, with fo — 1> ndf, the radiation of specified wave-
length passed by all corresponding pairs of slits with the
same ordinal number, and no other radiation, will Le
characterized by a sinusoidal modulation of frequency
fo—fi, 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 frequency f, —fi+kAf, and individuai selection and
simultancous measurement of these various radiations
could be made by means of as many selective circuits.
This simultaneous mcasure of many spectral clements
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 he
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 he made of spectrometric systems with
fixed and extended entrance- and cxit-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.®-9

M. I. E. Golay, “Multisli 7"
Amer., vol. 39, p. 437}: 1’)~i0." slit spectrometry.” Jour. Ops. So.

¢ J. Strong, “Experimental | " 'St
day, vol. 4, p. 14; 1951 al infrared spectroscopy,” Physics To-

*M. J. E. Golay, “Stati ishi "
Soc. Ames. val. 20 p)f 468;1191‘;21.nlult1s1|t spectrometry,” Jour. Opt.
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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 3-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 S/N 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
he 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 Gince the drawing of the dotted curve in the upper right corner,
which was meant as an eventual target for the microwave spectros-

Golay: Bridges Across the Infrared-Radio Gap

1165

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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Fig. 4—Instrumental and natural resolving power limits in
the infrared-radio range.

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.)

1 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 he published shortly.
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. *
Technique of Trustworthy Valves
E. G. ROWE}

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 invelved, 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
ARUSTWORTHY 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 arc 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
clectronic 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 reler to . 1,000-hour vibrational condition, to a non-
vibrational life of 530,000 hours or more, to a high shock
reliability tor a very short period, to a long shelf life?
One of the hest general definttions is that a reliable valve
is characterized by o very high probability that it will
operate normally when taken from stock and installed
in cquipment for which it was intended, and by an ex-
tremely low probability 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-
stons will relate only to valves to bhe 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 cither 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 hut
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,

1. History oF WORLD PROGRESS

Acronautical Radio, Inc. were the first to sponsor
project to improve the life of the valves that they used.
By keeping track of the valves in aireraft equipment,
they were able to analyze the failures and the informa-
tion was uscd _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 slowlhy
due to the fact that the range and complexity of their
clectronic cquipment is so much greater.

The major programs have been as follows: (a) Bureau
of Ships \V scries, which are strengthened counterparts
of existing tyvpes and are primarily intended to with-
stand gun-fire shock: () Neronautical Radio, Inc.,
series of miniature types; (¢) Radio Corporation of
America special red tubes; (d) Syvlvania and Raytheon
subminiature tubes,

Work in Great Britain has been centered on types in
the Services Preferred List and mainh on miniatures
and subminiatures. Standard Telephones and Cables,
Ltd. has concentrated on (he 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
.heen 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 1

I'rustworthy Type Valves Available from Standard
Telephones and Cables, Ltd., March, 1951

Trust-

worthy C;‘;'Z:::;s::l Description

type

6180 6SN7GT Double triode, =20

5749 6BAG Vari-mu radio-frequency pentode
5750 6BE6 Heptode frequency changer

6042 258N7GT | Double triode

6057 12AX7 Double triode

6058 6ALS Double diode, separate cathodes
6059 6BR7 Low-noise amplifier, pentode

6060 12AT7 High slope double triode

6061 6BW6 Output pentode, 6V6GT characteristics
6062 5763 Radio-frequency amplifier, pentode
6063 | 6X4 Full-wave rectifier

6064 8D3 High-slope radio-frequency pentode

gm=7.5mA/V at la=10mA

6065 9D6 Vari-mu radio-frequency pentode
6066 6AT6 Double-diode triode, u=70

6067 12AU7 Double triode, u=20

111. 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
c¢lectrical 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.
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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 I.td., 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 23
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 usce 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 pussible; (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 1000 3000

STANDARD CONSTRUCTION

FINAL DESIGN

Fig. 2—Photographic record of noise output over [requency 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

October

components and can only be removed by a complete
change of design technique. As the immediate aim is to
produce valves of similar clectrical 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 deseribed later in Section VE

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 [lealers

Heater failures resulting from open circuits and short
circuits have been due to three causes: (a) excessive
core temperature; (h) movement of the heater inside
the cathode under vibration conditions which damages
the heater coating at the cathode ends; (¢) incipient
fracturing of the core wire at any sharp bends,

I't 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,

» ﬂ.@

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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Fig. 4—(a) and (b) Externa] and X-ray views of the 8D3; (¢) 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.
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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. 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.
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1V. GLAss ProBLEMS

As an envelope material, glass has the advantages of
transparency, chemical inertness, electrical insulation,
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 eracks under quite small
stresses. In addition, residual stresses can lead to ulti-
mate failure of glass structures. ‘T"he 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 scals
which are an inevitable consequence of leading metal
conductors through the glass.

-LEAKS IN GLASS=-
TOMETAL SEAL

CREVICE———
1 - - — % ¢
/ \; !
¢ ~STRAIN RING [
¢ ] 1IN BULB ]
1 ; [
/ /
/ / N
/ 1 Y
LEAKS IN—~F / ’
GLASS-TO- [ ’ "\
METAL 7 _/; ’ \
a - — NP - L
200 / ] expansion [
% MISMATCH i
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the insertion of a conical steel plug, after which the
whole is plunged in boiling water. The glasswork must
not crack.

TABLE 1

Approximate Relative Occurrences of Glass
Faults in Service

Percentage of

group funlts
X Pus reason
Foult Prossible reas ) Loc- | Mini-
Pinch tal | ature
Cracked base ‘I'hermal strain or expan-
sion mismatch : 65
Cracked bulb Rings or patches of strain 10 95 20
Crack from tip
off Crevice 40
Cracked dome Strain ring 10
Bad tp off Crevice 10
Miscellancous | Leaks, ctc. 10 5 5

Expansion Mismatch

There is not usually much trouble in the field from
expansion mismatch beciuse the glasses are suitably

’
]
’
& 1 r‘
[4 STRAIN RING—" A
IN BULB [
H 2
" !
'
LEAKS IN GLASS-/] /
TO-METAL SEALS [ ’
S
1 . H ~ExPaNSION
/ /MISMATCH

CREVICE

PINCH

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 I'ig. 6. The relative occurrences in
the field are best shown in Table 11.

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
ficld. 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

LOCTAL

Fig. 6—Principal points of weakness in glasswork.

CREVICE —/

MINIATURE

chosen to avoid it. It is very important that the glass
stem shall always be slightly compressed by the hull
and Table 111 and Fig. 7 show the results from combin-
ing different commercial glasses to make miniature
valves. a is the coefficient of thermal expansion.

TABLE 11

Effect of F.xp.uy%ion Diﬂ'ere_nces between Bulb and Stem
Glasses of Miniature \alves

Stem, lead glass

Bulb, lime-soda glass Lead glass A }

Lead glass B

a=92 a=90)
Glass C a=98 ﬂatiisfaclor NG -
Sati y Cracked bull
Glass D a=90 Satisfactory Satisfactory )
Glass E a=92 Cracked stem Satisfactory



1952

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

L____ FRACTURE ORIGINS

Fig. 7 —Fracture origins in miniature valves resulting from differ-
ences in bulth and stem glasses. Cracked stem at left occurs when
hoth glasses have same thermal expansion; cracked bulb at right
is for bulb glass of @ =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
laver 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

/\"\_

L~ T STRINGY TIP

{1
(7

OFFSET TIP— /{/
!
( /X
LA ——— SUCK-IN
P
Y,
/ /
SUCK-IN - M/‘,

|

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.
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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)

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 cm?).

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

The present state of the art is that the engineer (:an
design reliability into a valve exclusively by ml(.ul:ltmn
and special testing carried out on laboratory c(Il'.'l”"c'”t-
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 headand associated timing equipment to give a
reliable and repeatable weld.

Fig. 10 shows the comparisons hetween various weld-
ers, Slee 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 during subsequent processing, causing leak-
age and noise in the finished valve.

This trouble can he mitigated only by observance of
the.utmost cleanliness. All components are kept covered
and special trays are used hetween the cleaning opera-
tions and the assembly stage. Valves are assembled un-
der a glass cover (see I'ig. 11) which is slightly pressur-
ized by a dry air'stream 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 hoxes. The valves are sealed in and exhausted
with the minimum of delay.

It is of considerable importance that the inspection
should e 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

~



1952

Rowe: Technique of Trustworthy Valves

1173

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. 0

Such testing starts at the completion of the assembly
stage with a visual inspection of the mounts using a
binocular microscope.

At the sealex scction, 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-Aconditions,
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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Fig. 13—Testing procedure for trustworthy valves.

is shown in Fig. 14. The valve is operated cold and
is given five blows in each of the three planes of the
valves, i.c., (a) horizontally with the major axis 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.

In the case of the vertical position, the shock is ap-
plied from both ends of the valve. The magnitude of
shock imparted to the valve during this test is of the

: <t 1 [
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I - b . PRE-SET
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= _J
E===== <+ —
l 1
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PAPER
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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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A group of valves is mounted on each of the three disks that are fastened to a frame in the
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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 clectrode 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.

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.

Fig.

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. R

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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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.

TI'ype Diversity and Continuous Production

Itis a well-known axiom that high reliability can only
be obtained from valves having a high vield 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

valve maker must be given adequate information from
the field regarding the performance of his valves, he-
cause 1t 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
sce that the valve manufacturer is not hamstrung from
lack of information.

VIII. Suark or 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 emploved for low-dissipation needs with the minia-
ture (18.5-mm, 0.73-inch) and noval (20-mm, 0.79-inch)
tyvpes 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
carly 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
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vears 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 equipinent keep in
step on this matter.

i }
I

Fig. 19—Flying lead valves having, from left to right,
the electrical characteristics of the G6CHS, 12AU7,
6AL.5, 8D3, and a subminiature pentode.
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An Experimental System for Slightly Delayed
Projection of Television Pictures”
PAUL MANDELY, 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.

[. INTRODUCTION

HE PRINCIPAL DIFFICULTIES in presenting
thlevision 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
tll(lgzlnstitute January 3, 1952; revised manuscript received March 5,
952.
{ 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.

1V, K. Zworykin and W. H. Painter, “Development of the pro-
jection kinescope,” ProcC. I.R.E., vol. 25, pp. 6-8; August, 1937.

Knoll, “Kathodenstrahl Bildiibertragungsrohren Telefunken-
Hausmitteilungen.—vol. 81, pp. 65-79; 1939.

E.Schwartz“Entwicklungder Braunschen Fernsehréhre.
Hausmitteilungen Band 1, Heft 4, pp. 123-129; 1939.

P. Mandel, “An experimental television projector,” Proc. [.LR.E,
vol. 37, pp. 1462-1467; December, 1949.

Communication of T. W. Lance at the International Television
Congress, Milan, 1949.

2 F. Fischer-Thieman, “Theoretische Betrachtungen.—Schweizer
Archiv fiir Angewandte Wissenschaft. Heft 1 und 2;1941; Heft 11 und
12: 1941; Heft 1; 1942; Heft 5-7, 10, 1942,

3 G. Schubert, “Das Zwischenfilmverfahren.”—Fernseh Hausmit-
teilungen, Band 1, Heft 3, pp. 65-72; 1939.

-Fernseh
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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.

II. GENERAL DESCRIPTION

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

The circuit begins with a 35-mm hlm in the flving-
spot scanner which generates the television signal. The
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 simultancously 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 “fiying-
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

October

(ilm across the window, special high-precision optical sys-
tem, and compensation for the inertia of the fluorescent
scereen on the eathode-ray tube. However, 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.

1HE HiGH-DEFINITION 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

i i

Fig. 2 View of the flying-spot scanner.

It consists of a cathode-tube light source, lens systen,

shutter, film drive, photoelectric cell, and amplifier. A
diagram of the optical system is shown in Fig. 3.

SCINT SCRLEM

rvoot.
—

Fig. 3—8plit oprical system of the flying spot scanner.

A. Optical System

‘The primary light source is formed by the spot Py as

it traces two interlaced frames of constant brilliance on
the fluorescent screen of the high-tension cathode-ray
tube. The time for cach franme is 1/50 second, corre-
sponding to the French standard.
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A part of the luminous lux issued from the spot is
split by the two prisms pip,, and with the aid of thelens
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 Sa
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-
natingly 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 17, 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
system, 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 sccond 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. Maller, “Mehrfach-Filmablastung.”
lungen 1942, Band 2, Heft 5, pp. 129-133.

% French Patent I2.V. 598,127; October 14, 1950.

¢ French Patent PV 48,755; November 18, 1950.

Fernseh Hausmittei
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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 resolu tion 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 clectro-optical point of view.
High luminous efficiency and a small time constant of
the fluorescent screen are of considerable value in facili-
tating eclectrical compensation for the luminous lag of
the screen.” 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 hecause the cfficiency 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 clectronic 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,0. 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 pa 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

7R. D. Kell, “An experimental simultaneous color TV sys-
tem,” Proc. I.R.E., vol. 35, pp. 861-875; September, 1947.



1180 PROCEEDINGS OF TIIE I.R.E.

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 radijation.

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 photoclectric cell. The over-all noise level de-
pends upon the sensitivity of the photocathode and
upor 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 lincar 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 cach 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 Té¢lévision 3 1015 lignes,” Bull.

S.F.E., 6° série, Tome V, n° 47; May, 19435,
® L. \W. Morrison. “The radar receiver.”— Bell Sys. Tech. Jour.,

vol. 26, p. 754.
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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.'® ‘T'he geometrical distortions are less
than +4 per cent in each field element, representing
1/64th of the picture area,

G. High-Vollage Power Supply

The 30-kv de 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 cach 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 kurge ceramic insulator.

IV, Microwave RELAY

I'he broadband microwave relay was developed to

provide point-to-point transmission 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 Iig. 5.

Both the transmitter and the receiver have the same

1 P, Mandel, “Tecnica a Svilluppo Dei ricevitori di Televisione —

Televisione Italiana, vol. 1, . 5-12: ;
Patent P.V. 631 598; July S, '1)852. 2; March, 1950. Also, French
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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. S.

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.
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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.
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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 § 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 recciver is shown in Iig. 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.

T'he output is fed to the cathode of the first 11 stage
(triode). The other six 11 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 uv with less than 1 per cent noisc
power. Bandwidth response curves are shown in Fig. 7
for the 1F and video amplifiers.

C. Remote Conirol

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,

Oyperationally, 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 recciver is the receiver
gain control for setting the output signal at the proper

level

()

Figs. 9(a) and 9(b Reproductions of registered films.

V. REGISTERING APPARATUS

The registering apparatus is shown m 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
1s 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 theright is a 36-cm (14-inch)
cathode-rav tube for monitoring the picture.
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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

o ' From the camera the exposed film passes continu-
Fig. 10(b)—Registering apparatus kinescopes, camera, and ously through the rapid developing apparatus and

continuous developer. 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 ir 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

e Washing 5.0
N Fixin 19.5

=8 ! Washing 10.0

N ﬂ: Drying 19.0

- r | Total 60.0 seconds
p¥

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
tumens. 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
Fig. 10(c)—Rear view of transcriber units. (b) are televised pictures as reproduced on the film.

— -('gl"'*‘-*
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VII. TEsTs

Preliminary to the field testing of the complete ap-
paratus, each clement 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 he 900 picture ecle-
ments and the vertical 650 clements.

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
clements was produced from an input signal of 900 pic-
ture elements. The input signal was genecrated 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, bhut 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 Cinéma?” 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

audience in the Salon theater. Very satisfactory results

were obtained.'

B. Second Field Test

For the second field test the registering apparatus was
located at “Cinéma Madeleine” and the microwave re-
lay operated between the theater “Gaumont Palace.” .
At Cinéma 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
Liffel-Tower transmitter. The program originated in the
studios of I.a Radiodiffusion FFrangaise.

During the last period, the television programs were
projected as special attractions between the regular
movies. Some of the spectators were interviewed after
cach 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 | icture 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

HE EFFECTS OF NONLINEARITY in televi-
Tsion upon picturc quality has received much at-
tention in the litcrature. 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 recciver 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 heen 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 simultancously provide correc-
tion for hoth the nonlinear color receiver and the
nonlinear monochrome recciver.

This paper attempts to determine the effects of pre-
correcting the signals in a color television system of the
constant luminance type, i.c., a compatible transmission
in which three signals are simultancously 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= Y»,

* Decimal classification: 583, Original manuscript received
by the Institute, February 27, 1952; revised manuscript received,
July 7, 1952.

t Electronics Laboratary, General Electric Company, Syracuse,

The exponent =, is called the gamma of such a tube.
Dicture 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

Fig. 1—Effect of gamma on chromaticity.

red, green, and blue co-ordinates, and shows the result
obtained when a color point of co-ordinates, 7, g, b, is
transformed to the point r», g», b~ 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
nonlinecar picture tubes are used, it is apparent that
some form of compensation or precorrection is required.
This correction may take the form of lincarizing the
picture tube through feedback, or a “rooting” circuit ine
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 cconomical 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 nonlincar 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.! In the intcrest 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), (1), (2), so
chosen that the amount of (17) light nccessary 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)), (V), and (Z) light
would produce the same sensation as an cqual-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, ¥ amount
of (V) light and Z amount of (Z) light, i.e.,

C = X(X)+ Y1)+ 2. (1

If a set of primaries (R), (G), (B) is defined in terms
of (X), (V), and (Z), by lincar 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

YAV, T, Wintringham, “Color television and colorimetry,” Proc.
L.R.E., vol. 39, pp. 1135-1172; October, 1951.

chromaticity. Luminance is one-dimensional whercas
chromaticity requires two dimensions. Color points of
the same luminance hie in a plane parallel to the plane
Y=0. Color points of the same chromaticity lic 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 X4 V47
=1. The chromaticity of a point X, 1, Z may he speci-
fied in this manner by giving any two of the three
co-ordinates of intersection, x, ¥, 3, where

i y
X+ V+7 YT Xy v 42

VA
X+ TV +Z

(3)

Chromaticity is commonly specitied by giving x and
.

Although the color mixture laws enable the specifica-
tion of color stimuli in a lincar co-ordinate svstem, they
do not specify the sensitivity of the eve to a small dis-
placement (noise) in this co-ordinate svstem. A\ great
deal of work has already been done to determine the
sensitivity of the eve to displacements in the three co-
ordinates. Most of this work, however, was done for
relatively large ficlds which were stationary in both
time and space. In television noise, we are concerned
with ficlds which subtend small angles, fluctuate in in-
tensity, and appear to have a random motion. Fortu-
nately, experience seems to indicate that results oh-
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-Fechner Law. The law states that over .
large intermediate range of luminance, the perceptibility
of an achromatic displacement where

AN Av A7

== — (4)

X ¥V VA
is proportional to the percentage change or the Fechner
fraction, AV/ V. At very low levels of luminance, the
Fechner fraction necessary for perceptibility increasces.?

More general investigations have been made by Mae-
Adam?®* and others on the sensitivity of the eve to gen-
eral color co-ordinate displacements. Mac.Adam has also
made visual acuity measurements® which supply much
of the type of information nceded for color television.
It has been shown that the cve is most sensitive to noise
in the 1" co-ordinate and least sensitive to noise in the
Z co-ordinate. The sensitivity of the eve to X, 1, and

? P. Mertz, “Perception of television random noise.”
. 3 S 8 e,” Jour. Soc.
Alola. Pic. & Telev. Eng., vol. 54, pp. 8-34; January, 1950.

[1. L. MacAdam, “Specification of small chromaticity differ-
enct‘:s, * Jour. Opt. Soc. Amer., pp. 18-26; January, 1943.
comb\in'edR'cﬁll:ozmt\'w"tand Pl .. MacAdam, “Visual sensitivities to

aticity and lumina i " ibi 8-

Ba e oTomati nce differences,” ibid., pp. 808
¢ D. L. MacAdam, “Color Discrimination 1 the infl e of
Color Contrast on Visual Acuity ”\I' 2 \1 (an( ’c "Commi ",-
cation No. 1105, v," Kodak Re-carch Lab., Communi
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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 ‘¥’ noise only is evaluated.
A complete evaluation of the effect of nonlincar display
characteristics upon both luminance and chromaticity
noise would involve considerable calculation. The un-
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 scction presents brietly the transformations be-
tween these sets of co-ordinates.

The camera is designed to obtain the standard tri-
stimulus co-ordinates (X, ¥V, Z) of cach point of the
image. The V'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) Xr ¥ & (X)
(green) | =1 x, », 2z, ) | 3)
(blue) YoMy S (Z)

where (X)), (1), and (£) are the units or primaries of the

tristimulus co-ordinate system. It is most convenient |

10 use a set of red, green, and blue primaries (R), (G),
(53) 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 € with unit amount of luminance.
This will be referred to as unit reference white.) The
transformations between co-ordinates in the (X), (1),
(7) and (R), (G), (B) space will be written as

—I"T Cen e O3 X X
( Coy  Cua  Cay )' = I('] }' ’ (())
L /3 (31 (320 (33 L/ -7
and
—X_ _11” 1112 11]3— R R
} II-_'l 11-_;2 1123 « = Il)] G R (7)
LZ— - 1131 113-1 1133— B B_l

where [C]= D]

In a ‘constant luminance' system, the transmission
primaries are chosen so that one of the co-ordinates is
dircetly proportional to luminance. Since color points of
cequal luminance lie in a plane parallel to the XZ plane,
two of the transmission primaries must lie in the XZ
planc. The third primary is chosen to be coincident with
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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 (41), (42), (43) which
satisfies the above conditions is

(4y) 1 0 0 (X)
(.’12) = ‘\'0 1 Zo (Y) . (8)
(A3) 0 0 1 ()

Note that (4,) is the same as (X), (42) is the unit refer-
ence white (Xo, 1, Zy), and (A43) is the same as (Z).

The transformations between co-ordinates in the (X),
(Y), (%) and (A41), (4.), (43) space are

X —1 Xy Om -1
Vl=1o 1 o Aa ], (9
L 7 L0 Z, 1d L. 13
and
—.L0 =X 0 [A )
Ll=l0o 1 of|lVY (10)
L1,d Lo -z, 1dLz

The A4,, A, A3 co-ordinates can also be related to R,
G, B, co-ordinates,

R C1 1 €13 .ll .ll
G = Caq 1 (a3 .lg = II"J /12 (l])
B (3 1 C33 ,l; 113

The A, and A; 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 Ay, As, A3 co-
ordinates would be proportional to the sum of the
luminance signal and the chromaticity subcarrier or

(12)

where w, is the chromaticity subcarrier frequency. The
amplitude and phase of the subcarrier corresponding to
a given color point may be obtained in (X), (), (Z)
space by projecting the given color point in the direction
of reference white upon the XZ planc. The vector in the
XZ plane from the origin to the projection specifies the
subcarrier phasor (Iig. 2).

The A,, A2, Asco-ordinates are only one set of possible
transmission co-ordinates. Any other set, however, may
be defined in terms of the A4,, A;, Az co-ordinates as
follows:

Aa + 1y cos wit + <13 sin wit,

-1/, a0 ang Ay
(o l=10 1 ol 4.
i, azgr 0 ag A3
and (13)
A, Bu O P U,
Ay =10 1 0 U,
Ay Bsi O Pas Us
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The composite signalin Uy, Uy, Uy co-ordinates is pro-
portional to

Uz + Uy cos wt + Uy sin w,l. (14)

The U Uy plane is referred to here as the subcarrier
plane. The Uy 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 Ay, 42, A5 co-ordinates, it is convenient to work
‘A’ co-ordinates for comparing one set of transmission
co-ordinates with another and for obtaining a simple
geometric interpretation of the subearrier.

Y

REFERENCE WHITE

PT.C

- X

PROJECTION OF PT.C
ON XZ PLANE

SUBCARRIER CORRESPONDING
TO PT. C

Fig. 2—Subcarrier in Ay .4, transmission co-ordinates
corresponding to a color C.

PRECORRECTION

The nonlinear characteristics of kinescopes may he
approximated by a power-law of the form,$

r= min{ t + (K”" - I)S}n. (]5)

where
P =amount of light displayved on tube face,
K = P, 0/ Pni. =over-all contrast ratio,
Pax =maximum amount of light displayed,
P,i, = minimum amount of light displayed,
S=normalized signal, varying from 0 to 1 as /P’
varies from Puin 10 Prax.
In a color receiver, there are three display channels.
Assuming cach has the characteristic of (15) and that
cqual signals produce the reference white, we may write

Pr= Pmin{l+(K”"— I)S'}"
Py = Puin{l+ (KV" ~ 1)S,}" (16)
Pb= Pmin{l+(K”"_ l)Sb}"

In order to precorrect for these characteristics, it is

¢ B, M. Oliver, “Tone rendition in television,” Proc. 1.R.E., vol.
38, pp. 1288-1300; November, 1950.
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apparent that the signals Sy, Sy, Sy must be obtained as

N
()
ymln

kl/m ]

Gy
(o)
)’llllll

i : ) 17)
a l\,l/m 1 ( !

I{ 1/ m
< )'l”lll>

Jim — 1

follows:

A

where
R, i, BB =co-ordinates of original image,
Voow = minimum luminance within range of cam
Cra sensitvity,
n/m =over-all system gamma,
k= K= over-all contrast range of camera sensitivity.
For an over-all system gamma of unity, the precorrec:
tion muat he exactly inverse to the display characteristic
which requires that m=n and k=K. Since it is very un-
likely that the available contrast range for display (K
will be cqual 1o the contrast range in the camera signal
output (#), sctting k=K for precorrection will result in
unity over-al camma only in the range for which (16
are valid, Signals outisde this range (5<0, or S>1) will
he distorted,
Asimplified schematic of the operations at the trans.
mitter is shown in IFig. 3.

llm:m '-_L'__.l vatRix | r,0,b | camma  [5r59,5b | mataix [S23y5:
L» L ¢ CORRECTOR o [ —

Fig. 3—Operations at a transmitter.

The X, ¥V, Z co-ordinates of the scanned image are
obtained by the camera unit. These are transformed to
normalized R, GG, B co-ordinates by the ‘C’ matrix opera-
tion, which are then gamma corrected. Following
gamma correction is the ‘1)’ matrix operation which
converts the gamma corrected R, G, B co-ordinates to
corresponding X, ¥, Z co-ordinates. With the gamma
corrector out, the quantities S;, S,, and S, would be
cqual to the original X, ¥, Z co-ordinates, since the ‘¢
and ‘D" matrix operations are inverse. S, SRS (OIS
S, Sb) may be thought of as the co-ordinates of a virtual
image which is o 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

U, l_an 0 1 —Y\, 0 O
=10 1 o)-lo 1 of-|s, [ as
1/3 a3) w33 () —‘ZU ] S,

U, Us, Uy could also be gotten directly from Sy, S,, Sp).
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ErfFECT OF GAMMA CORRECTION ON COMPATIBLE
BLack AND WHITE RECEIVER

_ The compatible monochrome receiver displays the
luminance signal .S, as

Py = Puinfl 4+ (k" — DS}"

If the original image point has the co-ordinates uR,
uG, uB where p is a proportionality factor, then

#R 1/n
Y-
]min

(19)

BUn — 1
’uG 1/n
(v) -
L 20
N o - k]ln o ‘1__’ ( )
B \M»
(r) -
S, = le’n
cee piin — 1 o
and
S, = daS, + d22S, 4 d25Ss. (21)

Since day +dag+day =1, the displayed luminance is

3

/i
(s 5 Pdar(uR)V " 4 daa(uG)M ™ + dzs(/-lB)”"} " (22)
The luminance of the original point is

Y = dg](/.lk) + dzz(MG) + d23(.uB)l

which may be combined with (22) to give

Applebaum: Gamma Correction in Constant Luminance Color TV Systems

1189

P, < 4 >
= K. (23
Pmin Ymin )

. {dle”n‘*‘dQQG”"-*—dnBlln}n

dnR + doG + dnB

where

<

K. is the factor relating the image luminance to the dis-
played luminance. It is independent of the intensity
factor x 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 (K.) 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.

ErreEcT 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- (‘hrr.)m:ni('.il‘\; factor K. for compatible monochrome
receiver with gamma =2 (sce 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 R, G, B space. For this assumption, Fig. 6

o8, T‘—‘ | | T Y m|
|
{ GREEN | l
o7 | |
|
{ { |
06} 4 } t {
|
o:II i I. ] |
04 4 4
| RED
03 —t !
| |
- !
0.2t + 1 4
' |
o1l 1 { 1| } |
| BLUE | |
| | | | ’
ool | ) S _l x b ] | }
Qo Q. 0.2 03 0.4 0.9 06 07 Qs

IYig. 60— 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 ac il-
luminant €, at which any chromaticity will be repro-
duced by the primaries recommended for ficld test by
the NTSC. Similar curves were given by MacAdam? 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 3 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 svstem for all
chromaticities, except for those in the yellow-white re-
gion, than would maximum luminance contours baserd
upon MacAdam’s maximum visual ethciency curves.
Since the cube criterion is also easier to visualize and
analvze, it is used in this report.

The maximum demand criterion on the R, &, B co-or-
dinates may be used 1o find the maximum demand on
the chromaticity subcarrier. If the subcarrier consisted
of the signals 4, and 43 in quadrature, i.e., Uy=4,,
Uy =, 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 lic within a unit cube in
R, G, B space, the co-ordinates S,, .S;, Sy of the virtual
gamma precorrected image also lie within this unit cube

7D. I . MacAdam, “Quality of color reproduction,” Proc. I.LR.E.,
vol. 39, pp. 468—184; May, 1951,

8 1), I.. MacAdam, “Maximum visual efficiency of colored mate-
rials,” Jour. Opt. Soc. Amer., pp. 361-367, September, 1935,

October

[this follows trom (20) ). The Sz, Sy, S co-ordinates of
the gamma corrected image lie within a parallelepiped
in X, V', Z space. The outline of the projection of ths
parallelepiped e the relerence white dircction on the
X Z plane gives the maximum demand on the subcarner.
T'he subcarrier maximum demand contour A, 00
ordinates is shown in Fig. 7 and is obtaimed by plotting
the six points corresponding to the pealk obtaimable
values of the receiver primaries and their complements
Fig. 7 shows that when { A, and Uy
carrier denrand is Largest on blue and vellow. Any othe

l $y the sub

choice ol Cpand Ugrepresents a limear transformation of
Ay Ay corordinate space inowhich a pomnt-to-pomte co

N B

S N

1

Fig. 7 .\l..nxin!un_l (l('m.md. of subcarrier in. 1,4, co-ordinates when all
colors lie within the unit RGB cube, for primaries recommende |
by NTSC.

respondence is maintained and in which straight lines
are preserved. Because of this, the color points which lie
on the maximum subcarrier demand contour in A, A,
co-ordinates remain on the maximum sobearrier de-
mand contour in Uy, {7 co-ordinates, Therefore, (o oh-
tain the maximum subcarrier demand contour for any
choice of Uy, Uy, itis only necessary to plot six points in
the U, Uy subcarrier plane. Forthermore, since the
position of cach primary in the subcarrier plane is sym-
metric about the origin with respect to the |)()sili');1 of
its complement, only three caleulations 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.) IFig. 8 shows the maximum sub-



1952

carrier demand for the Uj, Us 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

U+ VU2 + Ust (24)

Fig. 8- Maximum demand of subcarrier in U1U, co-ordinates
recommended by NTSC.

On a monochrome picture (in reference white), only
the luminance component [z is present, with a range of
0 to 1. The addition of the subcarrier for a color picture
mav make the combined signal greater than 1 or less
than 0. T'his corresponds to the ‘ultra-white” and infra-
black regions, respectively, and would necessitate allow-
ing more sct-up in the transmitted signal, as compared
with present practice, to prevent interference with the
svne, 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

My= U+ VU2 + Us? — 1, (25)

and

M, Us+ VU + Ust (26)

respectively, when these quantities are positive. If, for
any color point, M and M, are both negative, then the
combined signal for that color point lies within the
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range 0-1. If the overswing M, 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 [Ui, Un,
L;] whose complement, C., with respect to unit refer-
ence white [0, 1, 0 in the L), Us, Us space] is —Uh,
1 —U,, — U, The overswings and underswings of the
complement C. are

Moo=1—Us+VUE+ Ut —1 =M, (27)

M. = (U= 1)+ VU + U = 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 (Ui, Uz, U3) has an overswing
(M,>0), it is apparent that the color point, C’, defined
by LUy, LU, [Us (where [ is a constant greater than 1),
has the same chromaticity as C but a greater overswing.
Increasing / until the second color point, C’, lies in the
maximum-demand surface (the three surfaces of the
parallelepiped on 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 applics
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

o

e . R

re-=-—=--

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-
derswing of the original point is not the maximum pos-
sible. The peak overswings and underswings must occur
on the locus of colors which lic on the maximum-demand
surface and whose complements also lic on the maxi-
mum-demand surface. The desired locus, therefore, is
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defined by the lines joining the following points of R,

! G, B space in succession (1,0, 0], [1,0,1 ] [0,0,1] o, 1,

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).
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results are applicable to the compatible monochrome re-
ceiver in a color TV svstem. Sinee the sensitivity of the
eye to small changes in luminance is proportional to the
I*echner fraction over a large portion of the range of
luminance involved in TV, & measure of the noise or
interference sensitivity of a receiver is obtained by find

ing the logarithmic derivative of its display character-

G ©
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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 lincar 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 cx-
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 » for all points R, G, B in the
unit cube. After gamma correction, the point R, G, B is
transformed to the point S,, S, S,. The frequency of oc-
currence of points in the volume dS,, dS,, dS, at the
point (S,, Sy, Sb), va, is given by

a(r, g,_bz_

nSnSrS = <
(S Se S0 =SS s 50

! (29)
Using (20), the average density of points along the
cdges of the cube is found to be

B = Yotk — ROV — D)% (30)

The ratio of this average density to the average den-
sity when n=1is

7, ki — 1\
—_— = nz(_) kin I)IN_

31
7 k—1 L

IFor 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

istic. The Fechner fraction produced by a noise voltage
AN is

AP dr
‘ AN = g,AS, (32)
S
where
d . S .
o, = (og I, noise sensitivity at luminance level 72,
7AY

If the minimum perceptible Fechner draction at a
luminance level Pyis denoted by F, then the peak sic

nal-(.5 = 1)-to-noise ratio, 1/A5, necessary for the noise
to bhe imperceptil leis
1 a
> " (33)
as o,

If the Feciner fraction £, were constant over the
complete range of Tuminance involved, o, would le o
direct measure of signal-to-noise ratio required to make
the noise imperceptible at the luminance level for whiol
o, is computed. F however, increases at low levels of
luminance. Despite this variation in £y, ¢, is still . n=c-
ful measure of noise sensitivity in comparing one sy <tem
with another. Furthermore, the variation in F, is ~till
sufficiently small so that for ordinary display character
istics (1 <3), noise will be most perceptible in the dark
regions of the displaved picture (at the minimum dis-
played luminance). The value of ¢, at the lowest level of
presented luminance is, therefore, a measure of the re
quired signal-to-noise ratio for threshold perception of
noise.

For an #'™ power-law receiver, we obtain from (15,

dr, n(kn — 1)
o 2 (34
I,y’/Su ( I,v >1/n
I’min
The sensitivity of a4 lincar receiver would be
k—1 ;
gy = (3‘)

(")
I,min

The ratio of ¢, to ¢, at the minimum luminance level
(Py=Puin) is a measure of the improvement of the nth
law recciver over the lincar recejver in threshold noise
sensitivity. From (34) and (35), this ratio is found to be

0’1] k—1
Ond PaPmin

n(ktn — 1)

The improvement is 14 dh 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.®

(30)
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In the color receiver, an increment in the co-ordinate
S, will produce an increment in the amount of red light,
. P,, which is displayed. From (16), this is found to be

P, \(»—DIn
> AS'.

min

AP, = nPpin(kV" — 1)( (37)

Similar expressions apply to the increments in green and
blue light displayed corresponding to increments in the
co-ordinates S, and S, respectively. The increments in
the R, G, B co-ordinates of the displayed picture P,, P,,
P, may be translated into corresponding increments in
the X, Y, Z co-ordinates of the displayed picture. By
using the relations between P, and S,, etc., and dividing

through by the luminance, the following relation is ar-
rived at:

AP ~/ P, \(»Vin
(1)
AP
"= a.D) 0 (
r,
AP,
0
— I,ll - —

where o, 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 cssentially in the transmission co-ordinates, it is de-
sirable to relate the noise in the displayed image to noise
in the Uy, U,, U; co-ordinates. From (11) and (13), the
following relation is obtained

AS, Ad, B 0 Bis AU,
A.S", - [I«’] Ad, | = [1«‘] 0 10 AUz ,(3())
AS, AA; Bar 0 Bz LAU,
which, when inserted in (38), gives
AP [ ar Ar...
ha hie s B 0 B AU,
r,
AP,
i = | ha hey Jtas 0 1 0 AU, |, (40)
v
AP,
L P, thl h3s Ifss~ _1331 0 633_ LAU:;_

where the i values result from the matrix multiplication.
“hi,” for example, is given by

[)' (n—-1)/n Pa (n—1)/n
Iln = dncu<' ““) + dlfﬂ(*')
P P,

v

Py (n—1)/n
+ dm(f'm( “‘) . (41)
r,

Sinee light intensities enter only as ratios in (41), by
is a function of chromaticity only. Further, since there
is no nccessity for indicating that the color point is a
displayed color point, we may drop the ‘P’ notation and
obtain
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dC1uRO—VInd1,Co GV 4 d13Cy B DIn "

un=-——— -

Y(n--l)}n_

The expressions for the other k 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

P
Tyuy = P,,A:n = (huBun + haBa)an (43)
AP, 7 .
o = = T ny 4
vup Paur 22 (44)
AP,
OTyuy = 7o = (haPrs + h2sBas)o,. (45)
0 0 F AS,
]’” (n—1)/n
It
I)b (n—1)/n
R
l)ll - —

When Uy=4,, Us=4,, Us=A4;, these expressions re-
duce to

Oya; = h2l°'m (46)
Oya; = hzzo'm (47)
Oyay = h236n- (48)

ha1 is a measure of the noise coupling from the A4,
chromaticity channel to the luminance channel. A value
of 1 for ks would indicate that noise in the 4, channel is
as perceptible (on the chromaticity where k) is 1) as the
same noise would be if applied to the luminance channel
of the monochrome compatible receiver. Contours of
constant kg, for =2 are shown on the trichromatic
diagram, Fig. 11.

Similarly, k3 is a measure of the noise coupling from
the A; chromaticity channel to the luminance channel
(Fig. 12).

ks gives the effective luminance interference sensitiv-
ity to noise in the luminance channel. Contours of con-
stant ks are shown in Fig. 13 for n =2. For about 95 per
cent of the color triangle, %z 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 =2 was sclected for the computations
of the ‘A’ factors only to facilitate the calculations. The
algebraic definitions of the k factors, however, show that
h varies slowly with respect to # except in the immediate
vicinity of the primaries. Both ks, and ks 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 ha is of the order of 5 to 10 times greater than hs.
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Fig 11— Chromaticity factor ky for luminance sensitivity to
noise in the (1, channel with gamma =2,
Noise in the A, channel will, therefore, produce 5 to 10
times more luminance noise in the displayed picture
than noise in the As channel. Noise in the A, channel is
more than 1.5 times as effective as noise in the 4, chan-
nel.
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I, 12 Chromaticity factor hy for luminance sensitivity to
noise in the o1, channel with gamma =2,
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CONCLUSIONS

Gamma correction at the transmitter in red, green
and blue co-ordinates results in Bnear tone rendition on
the compatible monochrome ree civer, The Tuminance ol
saturated colors is attenuated somewhat on the mono-
chrome receiver.

Although the peaks of demand upon the subcarrier
and composite video signal are unaffected by gamna
correetion, the lrequency ol occnrrence of these peak
demands is reduced considerablyv by gamma correction,

The use of nonlinear display characteristics results in
noise coupling from the chromaticity: channel to- the
luminance channel. This coupling is zero on a white
hackground and increases roughly with the color satu

ration.

xi ©

l"iz: 13 —Chronmticit, factor h,, for luminance sensitivity to
noise i the 1, channel with gamima =2 (sce Appendix €)
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ArpPeNDIX

A. For reference purposes, a list of the transformations
involved in the co-ordinates recommended for field
testing by the NTSC qre tisted helow.
1. Chromaticitics of receiver primaries

(red) C.0700 0,330 0.0007(Y)
(green) | =

(blue)

0210 0,710 0.080 |1 (V)
0. 140 0,080 (.780 (Z)
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2. Transformations to normalized red, green, blue
co-ordinates.
Unit reference white=0.981(X)+(Y)+1.182(Z)

'R'| 1.010 —0.532 —0.2880X
G {=| —0.985 1.999 —0.028 | ¥V
LBJ 0.058 —0.118  0.898 l.z
—.\'—| 0.607 0.174 0.2()()-| R
Vv l= 0.299 0.587 0.114301G
LzJ 0.000  0.066 1.116J B
3. Transmission co-ordinates.
.lq 1 —0.981 0 XW
o =10 1 INEDY
15 0 —1.182 14L7
(1 0.028 0 04427 A
l, 0 1 0 Ao
] —1.675 0 ().253_| ng

B. “h™ coctlicients of (40).
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hyy = diCii + diCaide + dilCaids
hie= du M+ die Mt dis N
his = diyCishi + di2Cashs + diCasha
hay = doCihi + duCade + d2:Caika
hoe = day M+ dn Mt du N
hys = dyyCiahi + d2Coshs + d2Cashs
hy = dsiCui + d3eCaile + daxCaiks

hyo = dy M+ diz Mo+ das As
d3iCiant + d32CasN2 + d3:Cashs

h;; =

where

R\ 1in G\ in B (n—1)/n
() () e 0)
|13 vV 14

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
iNluminant C. For the NTSC recommended co-ordi-
nates, the results would differ slightly.

Principles and Applications of Converters for

High-Frequency Measurements’

). A. ALSBERGT, SENIOR MEMBER, IRE

“This paper was procured by and is published with the approval of the 1RE Professional Group

on Instrumentation.

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

NCTHE MEASUREMENT of complex electrical
I[ quantitics 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 cquipment. 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.

The Editor.

constant amplitude and constant phase propertics 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 clectrical 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 hetween 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 lincar transducer
places the dominant constraint on the final accuracy
obtainable.
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We have now a mecasurement 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 lincar 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
hasic phase and transmission measuring set! 23 is shown
in Fig. 1. In the “S” converter, the reference signal is

W

X CONVERTER

r -
[ ] F ] N
APS:;S:LUS i f o ]Hr IR
RTER
| vEst ' l VERTER] L v
i |
VAN |
L J
] F+F, PHASE AND
‘\ SIGNAL | BEATING ] AMPLITUDE
1 OSCILLATOR | OSCILLATOR DETECTION |
F F+F AND
- | ) \' FeFy COMPARISON |
r 1
: 5 :
]
1 t
F : [ 1 1 : Fa
— CON —
1 venre»"‘[
L ) '
[

"'S™ CONVERTER
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 lincar relationship must exist between input
and output over the range of levels encountered.
(2) Sufficient isolation must cxist 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,

*J. G. Kreer, L. A, Ware, and I 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. .

® M. Levy, “Methods and apparatus for measuring phase dis-
tortion,” Elec, Commun. (London), vol. 18, pp. 206-228; January,
1940,
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To facilitate the measurement as the measuring fre-
queney is changed, another design aim s desirable:
(3) The phase shift and transmission characteristics
of the “.X7 and “S” converters should be identical
as far as possible. 'Fhus when the reference zero
conditions at the converter inputs are identical,
no corrections have to be made at the converter
outputs for differentials hetween “X” and 87
converter characteristics as the measuring fre-
quency s changed,
The three requirements mentioned will he discussed
scparately and then in their relationship.

[. CONVERTER LINEARITY AND DyNaMic RANGE

Dy namic range of a converter mav he dehined as the
range of input levels over which a given lincarity limit
mayv be met. The Jower limit is caused by the presende
of noise. The upper limit is determined by the distortion
due to overload. Electron-tube converters of the enrva
ture type are considered primarily and are discussed
specifically here.

The linear tyvpe of converter (linear rectifier) is not
discussed here. 1o achieve sufficient linearity for precise
measurement purposes, expedients such as feedback have
to be used in practice. \dequate 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 cqual to the maximum tolerable departure from
lincarity. Thus, for example, for a lincarity tolerance of
0.01 db, an cffective signal-to-noise ratio of 60 db is re-
quired for the smallest possible input signal.

With the tow impedances encountered i high-fre-
quency wide-band circuits, Johnson noise js usually
negligible compared to shot noise.

The shot noise of an clectron 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 117 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 st
limiting means.

It has been found convenie
poses to refer the noise current (o the input grid ex-
pressed as the noise of an cquivalent resistance noise
generator.f® Ior our purposes we use the cquivalent
noise resistance computed for amplifier operation (R, .

ability of the band

nt for computation pur-

*W. A, Harris, “Fluctuations in v, i
. ) R s acuum tube ; a
input systems,” RCA Rev., vol. 5, pp. S05-524; z\lr::il u]n();;l;hers ot

¢ W. J. Stolze, “Input circuit noise c; i )
i ) e, ; se calculations fo E le-
vision receivers,” Communications, o, 27, p. 12 /1. l;c{;:\uia:;dl:ﬂg
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The equivalent noise resistance of a triode is*

2.5
R, = —, (D
Em
where gn is the actually used mutual transconductance.
The equivalent grid input noise voltage due to shot
noise is

en = V1.6 X 109 Af R, 2

where Af 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 g. to the cffective con-
version transconductance g, 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
2
R<=R,.< &r ) (3)
g'e"

\We define as modulation loss in db

Em

nm = 20 log (€))]

g'e"
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)

Overload Effects

By beating two frequencies F and F+ Fa together
in a nonlinear device, we obtain as useful output the
difference frequency Fa. Fa is produced by all even-
order modulation products.® Expansion of the coef-
ficients of the modulation products further shows that
only Fa 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 cocfficients of the fourth and higher
even-order products are not linear functions of the ampli-
tudes of Fand 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
tll")‘;g performance,” Bell Sys. Tech. Jour., vol. 28, pp. 315-328; April,
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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 7. =12 db, which requires swing-
ing the grid to the virtual cutoff point Eo.
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Fig. 2—6AKS characteristics.
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Unfortunately, tubes are not specitically designed to
achicve 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 transconductanee
characteristies, the final determination must be muade
on the experimental basis to locate fine structure vari-
tions which can only be found by actual measurement.

In practice, distortion incrcases rapidly outside the
well-defined lincar transconductance range. “Fhus, with
the maximum usable input voltage range Ae estal-
lished, maximum undistorted output current is ob-
tained when both input signals, F and F4 F,, are of
cqual magnitude, having a peak value of Ae/4cach;
hence,

Ae

iPAuu\x = T Beett- (())

Dynamic Range

IFrom (2), (3), and (6) we can write for the signal-to
noise ratio of the overload limited input signal
s (B ) N0

— = § X 100 " (7)
Ry VafR,

In (7) only g (/8m, de, and R, are controlled by the
clectron-tube characteristics. Thus, a figure of merit or
dynamic range factor may be detined from (7) as

(8ot /gm)Ae
D, = 4 ' (®)
VR,
IFor the specific case of the triode, substituting (1)

into (8),
D, = 0.63(g..,,/gm)V gm Ae. “)

Equations (8) and (9) show clearly the importance of
minimum modulation loss, and a large Ae. Paralleling
of tubes increases D, only proportionally to the square
root of increase in g,,.

From the foregoing, the following factors must he
balanced against cach other to obtain maximum dv-
namic range:

(a) Overload capacity (Ae).

(1) Inherent internal noise (R,).

(¢) Modulation loss (7.,).

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 Fy as
well as the desired signal. The noise spectrum of same
bandwidth centered on the difference frequency Fu
contains the same amount of energy as the one centered
on I’ or F4 F,. The noise band centered on F, passes
through the converter by the process of amplification;
the noise band centered on F or F+ F, passes through
the converter only by the process of frequency conver-

() tober

sion. Thus, resulting signal-to-noise ratio is again de
graded by ratio 7., ol amphilication to conversion gain

This cffect s minnmized in the case of a converter
Dualanced for hoth Fand 24 Fyo The nose bhand Fyoas
suppressed the same wan the signal frequencies [ oor
I+ Fy are >.|||)|r|t-s>.(-(| \ hand elimmation hlter, ehim
imating the nose-band centered on Fyoahead ot the
converter, also chmimates this effecr. Bandwidth con
siderations to he discussed Later ey make 1 nadyvisa
Dle to use a balanced converter or to construct a noisc
band climination tlter. Then a considerable prenmnum
exists in obtaining a tube with minimum ratio of ampli
fication to conversion gain, to mintmize the effect of the
buffer noise contribution. Usually, tubes suitable for
service ws buffer or preamplifiers have no lower internal
noise carrent than the converter tube, When it becomes
necessary that low levels he measared (and thus tha
wain ahead of the converter s desired to minimize the
clfeets of the converter noise contribution), no henelit 1s
devived unless Fynaise-hand contribution of preampliticr
is climmated by filtering or halanced modulation

Loading [-1]ects

In o triode converter the ontput voltages appearing
in the plite circuit can cause a loading effect by re
modulation.” This sccondary modulation is equivialent to
an crror signal, henee constituting a source of non
lincarity. “The output voltages can be held helow their
critical value if the load impedance of the triode is mude
small. Thus independence from plate remodulation is
achieved at the cost of low voltage output. The plute
load impedance must he designed to:

(@) prevent the desired signal Fy due to prinmarsy

modulation from remodulating in the tube.

() prevent Fand F4Fy in the plate-output circuit
to produce by modulation Fy following a modula
tion law other than square, and differing in phasc
from Fy due to primary modulation.

Oceasionally an additional loading effect is of Prac
tical importance. One of the products of square-Liw
modulation is i de component which is the useful output
in case of a square-law rectifier. 1f cathode bias is used
in the converter tube, this de current produces changes
in bias dependent upon the signal, henee introducing
nonlincarity. When this cathode reaction must be re
duced, a number of techniques are available, such as
bleeding the cathode resistor, cleetronie decoupling by
use of a cathode coupled amplitier, and so on. In
herently, anv of these methods simultancously reduce
the dec feedback which compensates for plate-current
drifts, thus climinating the m

! N ain adantages of cathode
bias. Fixed bias operation the

n often becomes more at-
tractive. This sometimes results in more cconomical cir-
cuitry and eliminates the diffieult problem of satisfac-
tory signal-frequeney: by-passing in case of converters

which operate over o Lirge number of octaves.

2GR « .
b hl he term remodulation” refers to unwanted modulation caused
y 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
have 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.t® IFurthermore, pentodes and tetrodes ex-
hibit “anomalous modulation”® for low signal voltages,
which causes nonlincarity 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
M-

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.

I'he superiority of the triode converter was experi-
mentally veritied during the development of measuring
apparatus for coaxial carrier and radio-relay television
transmission svstems, where numerous tubes were inves-
tigated for suitability as converters. In the range from
50 ke to 80 me for lincarities of 0.01 db, dynamic ranges
exceeding 30 to 35 db were found unattainable with
pentodes. With the 2€43 lighthouse triode, dynamic
ranges from 50 to 60 db for lincarities of 0.01 db have
been attained.

I1. IsoLATION OF “X” axDp “S” CONVERTERS

Assume that F+ Fa is the heterodyning frequency
and F the signal frequency. An error in measurement
results if /° can reach cither converter by any stray
path. One primary stray path by which F can rcach
the “X” converter from the “S” converter, and vice
versi, exists through the common connection furnishing
F4 s to both “X” and “S” converters. The transmis-
sion path for F4 5 voltage is given unidirectional prop-
ertics 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

& 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 Ly fine-grain structure variations of the transconductance

characteristic due to screen structure effects and secondary emission
phenomena.

¢ H. Wallman, A. B, Macoee, and C. 1", Gadsden, “Low noise
amplifier,” Proc. LR, vol. 36, pp. 700-708; June, 1948.
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of the screen grid reducing the coupling between the
plate and the control grid.

[11. 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 f{re-
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
« X7 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 rcalization 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. F+Fa and F were combined
in a plate-load resistor common to both the F buffer
and the second stage of the F+ Fa 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 f., 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 cither 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 dyvnamic
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 aveoid uncon-
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Fig. 5 Converter, front view.

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
clectrolytic 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., cnough 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 F4 Fa buffers mentioned previously
contains F+ Fa only; thus lincar phase differentials be-
tween the two modulators can be mopped up at this
point. The combining stage of Fand F+ F4 buffers con-
tains both F and F4 F,. Thus if the phase slope of this
interstage varies, only the phase change over the inter-
val Fy effects a net change in phase relation between the
two converters. As Fa is normally small, the net phase
effeet 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

T'o illustrate the application of the principles out-
lined, some of the pertinent design details of converters

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.'#? The set is

418 A SHIELDS

CONVERTER a
BASE

Fig. 6—Converter, rear view.

used for gain, loss, phase, envelope delay, reflection co-
cfficient, 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 “IOSl()O;:;]ginecring developments,” Elec. Eng., vol. 70, p. 22;
anuary, . .

1 1y, A. Alsherg, “A precise sweep frequency method of vector
impedance measurement,” Proc. LRI, vol. 39, pp. 1393-1400;
November, 1951,
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1. The Converter

The 2043 lighthouse triode was found to he 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-
cnce frequency Fa of 27.778 ke was chosen as 1,050
ohms. T'he impedance at 50 ke, 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 mmpedance 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-uut by-pass condenser were formed into a co-
axial structure providing a low-inductance path for the
high-frequency (Fig. 7). The 4,000-uuf by-pass was

PLATE BYPASS

GRID

CONTACTOR

PLATE
CONTACTOR

Fig. 7 Converter tube-mounting details.

made part of the input tuning capacity of the 27.778-
ke band-pass filter. However, a parasitic resonance then
occurred at about 13 mc where the 4,000-puf condenser
went into a parasitic resonance with the inductance of
the conncecting lead to the hlter and the residual in-
ductance of the filter. By introducing 10w 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.

October

The cathode hiasing was accomphished by acathode-
Diasing resistor, by -passed by @ 250-ul clectrolvtic low-
inductance condenser. As the frequencey of operation is
increased bevond 20 me, the unavoidable cathaode in-
due tance to ground intraduces enough cathode feed
back ol the same order as encountered i cathode mpuat
gromided-grid operation,  opposing - the  modolation
process, to make cathode mput grounded-grid operation
more attractive, as at the same tme the reaction of the
plate on the input circuit would be reduced. From: ex-
perimentation conducted up to 80 1ne, it s estimated
that grounded-grid converter operation may he supe
rior at {requendies above 100 me,

Balanced converter operation was not considered he-
cause ol the dithicalty of obtaining balanced inputs
through cither transformers or phase inverters which
could he reproduced to sutheient accuracy in both con
verters to permit tracking of the frequency clharacters
tics of the twa converters to 001 db and 0.1° from 0.03
to 20 mec.

2. The Buffer Amplifiers

In ordes to meet the tracking requirement, the huffer
top frequency shoald be 0.6 .1 or 20-me top frequency,
the mimimum catoff then s 33.3 me. Several tubes
were tricd which met this requirement. They failed,
however, 1o mect 0.01-db lincarity and stability 1
quirements. Tt was noted that tubes such as the 4047\
would show changes in transmission of the order of 0.01
db after removing and reapplying a 0.25-volt signal.
The 18N tetrade (G, = 25,000 gmhos) exhibited none of
these defects, and was used even though 1ts cutoff
frequency was far in excess of the requirements. A sl
amount of cathode feedback (4.5 db) was introduced by
leaving the cathode biasing resistors unby-passed. This
also avoided the ditficulty of satisfactory cathode by
passing. For plate and screen by-passes 125-ut low
inductance clectrolvtic condensers were  used. Paper
condensers exhibited spurious resonances within the
transmitted hand, and hy-pass type condensers of e
quately Large capacitance to satisiy phase requirements
at the low end of the band were not available in time to
be used in the design.

The wiring of the interstages could not be sufficientls
controlled to duplicate wiring inductances in a pair ol
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 hoth cathode
and plate circuit inductances, A special hairpin tvpe
variable inductor was designed which had a minimum
inductance of less than 0.01 ‘ull and a4 maximum in-
ductance of about 0.03 yh (I'ig. 8).

A 120-db isolation requirement was met by choosing
the circuit constants such as (o reduce '
coupling through the vacuum tube 1o produce more than
60-db isolation per stage. Common-g

the capacitance

round impedanees



-

1952

Fig. 8—Hairpin variable inductor.

were minimized by choosing a solid-copper ground
plane.

Electromagnetic coupling was controlled by con-
trolling all shicld junctions and cracks. A crack in the
shiclding can be considered as a waveguide with the
lowest mode of transmission controlled by the largest
width of the crack. ANl cracks encountered are sub-
ctantialty 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
shicld junctions to assure adequate attenuation. One
single Nid covers all shicld 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 4187 clectron tubes which were
used as buffer amplifiers radiated an clectromagnetic
fickd which existed in a volume bounded by the ground
plance and a plane § inch distant from the ground plane.
\ blackened solid copper shield surrounds the buffer
tube with none of the ventilation holes penetrating into
the radiated field, thus eliminating coupling of the buf-
fers through this field. This shield meets both the electri-
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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 K, of only 300 ohms residing in the 2€43
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 Fa (27.778-kc) noisc-rejec-
tion filter with no spurious resonances from 50 to 20,000
ke (9 octaves) and the noise limit set by the 418A tubes
was accepted.

CONCLUSION

The introduction of frequency converters as acritical
transmission clement into the active part of a measuring
device for complex clectrical quantitics 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 b and accurate to 0.1° over dynamic ranges of
as much as 60 db.

CBE=TO
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Concerning the Reliability of Electron Tubes”

M. A, ACHESONY, rFeLLow, ke AND 150 M. McELWEET, MEMBER, 1RE

This paper appears with the approval of the IRE Protessional Group on Ouality € ontrol.

INTRODUCTION

HE MAJOR PORTION of electron-tube rescarch

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 heen maintained at a level
commensurate with econoniic 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 ycars, however, there has heen 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 engincering, cquipment
design, and production machinery. This problem has heen
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 clectrical character-
istics over a specified period;

® Decimal classification: R330. Original manuscript received
by the Institute, April 9, 1951. This paperappeared previously in Sylv.
Tech., vol. 1V, pp. 38—40; April, 1951,

t Sylvania Electric Products Inc., 83-30 Kew Gardens Rd., Kew
Gardens 18, L. I, N. Y.

The ldutor,

(¢c) maintenance of balance hetween characteristios
of pairs of tubes, or sections of duotype tubes,
over a specified period;

(1) minimum amount of drift of characteristics b
tween operating cycles in on-off applications;

(¢) characteristics stability and/or low failure rate in
operation at high ambient temperature;

(0) 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 demaned
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 clectronic equipment offers an exampl
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 o
shock, vibration fatigue, and/or comparatively high
ambient temperature (thus adding items (b), (¢), (11,
and (g) from the list above). Uniform effectiveness of
control circuits often depends upon the miaintenance of
balance between the characteristics of pairs of tubes,
or of scctions of duotype tubes, discussed in (¢), which
is a special condition of the performance stability of
(). The flip-flop circuits of electronic computers, with
their intermittent cyceling of voltages applied to tubes,
illustrate the necessity for the (d) type of reliability

ReLiasinity AND “LoxG-LirFg”

Aprevions paper published on the subject of evaluating
the life expectancy of premium subminiature electron
tubest 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 satisfuctory 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, anv

.

LE. M. NMcElwee, “Statistical evaluation of life expee
'eC, ( tancy of
vacuum tubes designed for long-life rati " va .
1, no. 2: i ’ g-life operation,” Sylv. Tech., vol
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nprovements cffected to satisfy specific requirements
such as impact shock, vibration, high temperature) will
imost certainly benefit normal life operation. To this
xtent, there is a definite interrelation between reliabil-
v 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 LIvALUATION OF “LIFE”

Larly evaluations of long-life quality of electron tubes
vere made in accordance with the JAN-1A rating of
sercentage of total possible tube hours.? This method of
waluation was generally acceptable to the industry for
several reasons.

(1) It had been standardized by the JAN committee,
was widely known and understood, and was in
general use.

It served adequately as a basis of comparison for
relative life quality of different tube types or tube
lots.

It included all types of failures ordinarily consid-
cred to terminate tube life—shorts, open cle-
ments, air tubes, or any variation of characteris-
tics bevond 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-

(2)

(3)

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-
trv, more extensive analysis of life-test data is necessary
along lines different from those previously followed.

ANALYSIS OF IFAILURE DATA

Cumulative percentage-failure curves are plotted in
Fig. 1 for two heterogencous 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 tube*)
X hours (number of tubes started)

* ‘I'he 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.

X 100
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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.
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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 mav 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

n
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w? L:_,'eLLLJ.Rcs DUE_TO MECHANICAL DEFECTS
S0
€ Qo 5000

MOURS OF LIFE

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-
cred. 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 tvpe of
information offers additional advantage in guiding the
cfforts 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 & manufacturer to conduct lill)Ol‘(ll()r)'
tests at conditions other than regular life-test specifica-
tions in order to investigate failures which mayv occur in
specialized applications. \When tubes are to be subjected
to intermittent operation of heaters, for example, a
manufacturer will test tubes under severe cyeling 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 subminitatures at a 175°C ambient
temperature to obtain the data used to plot the faiture
curve shown in IMig. 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.
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Fig. 3—DBreakdown 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 Matériel Com-
mand.
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hundred hours of life, decreases for about 1,500 hours,
rises slightly to 3,000 hours, and is fairly level thercafter,
Iailures resulting from the evolution 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 hfe continues. There appears to be an inter-
dependence hetween the gas evolution and detertoration
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 carly 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 tvpe of analysis is to guide
the direction of contemporary rescarch and develop-
ment programs along the particular lines dictated by
specific applications, When certain usages require a line
of tubes which will he highly dependable for 1,000 hoors
of life, development efforts may be concentrated ons:
climination of the mechanical failures normally encoun-
tered within that period. Considerable progress has al-
ready heen made in this ficld by such improvements s
simplificd mount designs and tightened quality-control
systems. \When other applications require tube opera-
tion for a 5,000- or 10,000-hour period, rescarch mav 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 hasic factors as cathode

materials, coating compositions, degassing processes,
and the like. Development programs have heen initiated
on Svlvania premium subminiatures to investigate
methods of attaining both carly dependability and long-
life performance.

The type of tube-failure
should also result in more specific definition of the tvpe
of reliability desired for particular applications, and

analvsis  discussed  here

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 undoubtedlyv 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.

Asignificant advance toward the attainment of tube
“reltability” can be accomplished hy thus identifving
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 com-
ponents. Further progress is possible, however, onlv
when a realistic attitude is maintained toward the prob-
lems which must be solved,
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General Considerations in Regard to Speciﬁcations
: for Reliable Tubes”

C. R. KNIGHTY, mEMBER, IRE AND K. C. HARDINGE

This paper is published with the approval of the IRE I'rofessional Group on Quality Control.— ‘

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
1 new approach to the objective of a more nearly perfect tube. The
specification for such a tube should so accurately describe its char-
acteristics that the finished product, manufactured in accordance
#ith the description, will fully satisfy the needs of the equipment
jesigner. It should also enable him to incorporate the tube into an
1ssembly 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.

F PROBLEM

| FLIABILITY of clectron tubes has been for
“ come time a matter of concern both to the
i manufacturers and the users of tubes. In the past
two svears, 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 o rapid trend toward vastly more complicated elec-
tronic equipment  performing hitherto undrecamed-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
installition. What is more important, tubes in these
new applications are subjected to severe stresses, often
under very adverse environmental conditions. Yet, the
onlv tubes available for the new and complex devices
were those designed and  manufactured to meet the
modest requirements of S-tube and 6-tube receivers for
home under-
standable situation since the new clectronic develop-

entertainment  purposes. This was an
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
s been emploved to doa man's job.

» il (Lssification: R330,2 ROS1. Original  manuseript re-
ceived by the Institnte, January 15, 1952, revised  manuseript
recenved fune 20, 1952

t \eronantical Radio, Tue, Washington, 1). ,

1 Burcan of Ships, Dept. of the Navy, Washington, D. C.

The Editor. |

To build equipment employving a large number of
vacuum tubes is a relatively simple task insofar as the
time element is concerned. Tt 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 e¢lectronic 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 cconomics 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 he 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 approaci to perfection in mind as we dis-
cuss and consider speciications.

PPURPOSE OF A SPECIFICATION

To begin, itis first logical to ask, “What is the purpose
of a specification?” It would appear that a reasonable
answer to this question is: “To deseribe 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 cquip-
ment-design engineer. e, 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. ‘'his 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 usc it within the limitations indicated
in the description.) The foregoing observation may
seem to be a statement of the obvious. /¢ 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 discusscl
later in this paper.

INTEGRATION OF INSPECTION AND APPLICATION
MANUALS WITII SPECIFICATION

‘The writers are fully 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 he
possible to devise an inspection manual definitely cor-
related with an application manual which can then he
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
casy ways in which this can be accomplished. lHowever,
the difficulty of the task does not detract in the lcast
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 satis{y
the needs of the purchaser is toachieve, 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.

October}y
They have generally failed to present the other andij
more important part of the picture,—i.c., to single ()ut“‘
the point in the range of values which characterizes the |
ideal product and to indicate the percentage distribus|
tion of the product within the range. \

The consequence of this situation has been that thels
cquipment designer, for the most part, has mistakenlyl)
assumed that an individual tube is cqually likely tol}
have characteristics at any given point in the range of!}
values as at any other point. To reduce this to coneretel)
terms, let us take as a simple example, an electron tube|
for which the specification permits a tolerance range for
transconductance of 2,500 to 4,500 micromhos. Too of ten
the cquipment designer has muaede 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 characteristies of the tubes in any
given lot would be horizontal. This is an obvious
fallacy. It has been demonstrated that deviations of
idividual 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. 1.
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FFig. 1
ROLE OF THE SPECIFICATION IN APPROACH TO
PErrecTION

It is an clementary and fundamental fact that no
two things in the phvsical world are exactly alike. But
if real progress in tube reliability is to be achicved,
there must be a persistent and unrelenting effort to
make two things as nearly alike as is cconomically prac-
ticable-—that is, to make clectron 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 hetween
two objects. The latter ability depends in turn upon
our measurement technique and precision. How well we
succeed in our cffort 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
jeasurement techniques, it scems 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-
iselv describing the object which we seek to duplicate.
dder specifications presenting only a range of values
lo not supply such a description. They are inadequate,
herefore, in two wavs: First, they do not show the
sercentage distribution of the product within the allow-
ible range of values, and thus fail to describe the
sroduct to the cquipment designer as it really is. Second,
thev 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 materiallv 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 expeeted 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.?
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 casier one.

SYSTEMS FOR ACCEPTANCE

Most of the foregoing discussion has dealt with the
question of how clectron-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.

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 tvpe 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-

1J. A. Davies, “Quality control in radio-tube manufacture,” Proc.
I.R;E., vol. 37, pp. 548-556; May, 1949.

. R. Steen, “The l]ETEC approach to the tube-reliability prob-

lem,” Proc. 1.R.E., vol. 39, pp. 998-1000; September, 1951.
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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 nof 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.

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 S-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-
torv. 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.

SaMrLE Sizi

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 manyv 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 oncs,

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 scem to be of vital
importance, particularly if life tests can be designed to
simulate as much as possible field operating conditions.

Iere 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 scems clear that the size of samples heretotore used
for life tests has heen so inadequate as to be equally
unacceptable. Somewhere hetween 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 aview is justihed,
of course, if life tests are run for a sufficiently long
period. ‘There is, however, a large and rapidly accumu-
lating body of information with respect to standard-line
receiving tubes which indicates that most failures in
well-designed tubes and applications are of a random
nature, rather than of a deterioration tvpe, during a
period of many thousands of hours. Consequently, a
100- or 500-hour life test is of relatively hittle significance
from the standpoint of deterioration, but can give a
wealth of information on random failures. It would
sceny, therefore, that Lurger samples can be justified and
that shipment of samples having completed life test
does not reduce the reliabilitv of the lot. On the con-

trary, in most cases reliability is actually improved, ™

since many of the random failures, which occur carly in
life, have been eliminated. Therefore, hife tests which
provide a tight control on random failures are to he
highly recommended. Such tight control can onlv he
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, alarger 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 tvpes of char
acteristics, such as defective filament in an electron
tube, which are usnally described by saving that the
condition cither exists or it does not exist ; i.c., there are
no varving degrees of the condition. Variables are those
types of characteristics, such as transconductance,
which are generally expressed in varving degrees; ie.,
the object being tested many possess the characteristic
only to a small extent, to a moderate extent, or to .4
very large extent,

CoNcLUsioN

Plainly, the tvpe of clectron-tube specification which
willaccomplish all the objectives described in this paper
cannot be achieved ecasily and quickly. Its development
must necessarily he a gradual, step-by-step process. The
test of the specification in cach step of its development
must obviously be in terms of the field performance of
the electronic equipment in which the tubes arc em-
ploved. In other words, the value of the specification
should be measured against jts 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 satisfv the
needs of the purchaser.” In this case, the purchaser is the

ultimate user of the electronic equipment. -

October
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Resonance Characteristics by Conformal Mapping’

P. M. HONNELLT?, SENIOR MEMBER, IRE AND R. E. HORNY, STUDENT, IRE

Summary—The analytical expression f(A\)=ar+b+c/r, where
=0 +jw, may be called the ‘‘resonance function.” It represents, for
cample, the impedance of the series-connected LRS circuit and the
imittance of the parallel-connected CGT circuit.

The conformal mapping of the A-plane onto the f()-plane yields
figure of considerable usefulness in clarifying the meaning of the
,sonance function for complex frequencies. Typical examples il-
\strate 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.

1. Tine RESONANCE FUNCTION

JHE FOLLOWING expression with real cocth-
cients,

fON) = ax + b+ ¢/N, (1

nay be called the “resonance function.” Now A may in
reneral be considered a complex frequency variable; it
-5 thus instructive to map the A-plane onto the fN)-
Jlane. In order to obtain a single “universal plot,” (1)
nay be transformed in the following way. First define

wo = \/%v (2)

ind then divide (1) by the constant Vac=a-wg, giving

A A b
LA LA 3)

dwo dwg dwg dwoN

If the frequency N is considered as complex, then A=0 .

+jw, and (3) may be written as

(N +3J b
fi) _Trge + _.w.",«" , (4)
awo wo \Vae o+ jw
or finally as
b
F(A) =FE+j0)=A+ + 1/A, (5)
Vae

where S=0/wo and Q@=w/w,, the real and imaginary
parts of the normalized complex frequency variable.

A plot of the A=(2+j)-planc 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
b/~ ac in (5) merely amounts to a shift of the plot along
the real axis of the F(A)-plane. The conformal map in
FFig. 1, which is drawn for the case b =0, thus represents
(1), and may be written as

Fo(A) = A+ 1/A (6)

without loss of generality.

* Decimal classification: R141.2. Original manuscript received
Ly the Institute, February 15, 1952; revised manuscript received
May 21, 1952.

t Washington University, St. Louis 5, Mo.

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 (3) and (1),
the variation of the function (1) for purely
imaginary ranges of the variable A= +jw (This
may be interpreted as the impedance Z(jw) of a
series-connected 1LRS circuit, or the admittance
Y(jw) of a parallel-connected CGT network for
purely imaginary or Jjw-frequencies.),
the variation of the function (1) for complex
ranges of the variable N =0+ jw (This may be in-
terpreted as the impedance Z(o +jw) of the series-
connected LRS circuit or admittance Y(o+jw) of
the parallel-connected CGL network for complex
frequencies N =0 +jw.),
the impedance or admittance of two distinct
groups of networks which may be derived from
the original resonance function (1).

(b)

(©)

(d)

E(A)-PLANE E(A)=A+ 1A

In FIAY

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.

11. PararLiEL-CoNNECTED CGI' NETWORK
APPLICATIONS

The following example illustrates the generalized ad-
mittance of the parallel-connected CGT network for
complex {requencices.

Lxample 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(\) = CA+G + T/\, M
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\as complex conjugate roots atAy 2= —3,000 + 4,000 and
Joles at the origin and infinity. These critical frequen-
ies of the network are conveniently represented by
‘heir positions in the A-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 ¥(A\) =0, and can also be interpreted
1s being the free modes of oscillation of the open-cir-
~uited network. This means that the separate neighbor-
hoods of the A; and \; roots in the A-plane map as over-
lapping areas in the neighborhood of the origin of the
Y(\)-plane. This is shown in Fig. 3 by the cross-hatched
areas in the A-plane and Y(N)-plane. For the particular
magnitude of shunt conductance chosen in this example,
the free modes of oscillation correspond to an ¢xpo-
nentially damped sinusoid.

“The nature of the variation of the admittance func-
tion Y'(\) for both complex and purely imaginary ranges
of the A-variable are most easily visualized from the plot
of the Y(\)-plane, IFig. 3. The admittance for generalized
or complex frequencies is given by the curved lines in the
figure.

The heavy straight line at Re Y(N) =0.006 reciprocal
ohm represents the admittance Y(jw) of the parallel
circuit for jw frequencies, corresponding to the heavy
line in the A-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.!?:?

111. INTRINSIC NETWORK APPLICATIONS

It might be supposed from the example given above,
for which the admittance for jw frequencies is a straight
line, (and similarly for the corresponding  series-con-
nected LIRS 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 jw frequencies.

Thus, referring for the moment to Vig. 4(b), the two
networks shown therein also fall within the purview of
(1) and Fig. 1. For the serics-connected network, the
impedance is

Z\) = A4 r+ R+ 1/(0C + ), (8)
while for the parallel-connected network  the admit-
tance is

Y\) =N +g+ G+ 1/(AL+7). 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 Engincering,” McGraw-Hill
Book Co., Inc., New York, N. Y., p. 49; 1932.
~*R. M. Kerchner and G. F. Corcoran, “Alternating Current
Circuits,” John Wiley and Sons, Inc., New York, N. Y., p. 101; 1943.
. 3Cruft Laboratory Electronics Staff, “Electronic Circuits and
Tubes,” McGraw-Hill Book Co., Inc., New York, N. Y., p. 40; 1947.
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arbitrary magnitude of the network element R in the
impedance expression (8) for the series-connected net-
work indicates that the condition /L =g/C 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.
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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=—G=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 M 2= —1,500
+ 74,770, with poles at ¢ =—3,000 and infinity. The
heavy curvilinear graph now represents the admittance
Y(jw) of the network for jw frequencies.

The admittance diagram Y(\) 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 conjugite roots and poles on negative real axis and
at infinity (“tank circuit”),

the frequency for minimum-admittance (maximum-ini-
pedance) magnitude. This is of some concern in the
operation of output circuits of radio-frequency ampli-
fiers, particularly for high-power applications.

IV, RecaTiON BETWEEN NETWORK GROUPS

The close relationship between the groups of net-
works, represented by Fxample 1 as contrasted with
Example 2, can perbaps be seen in the clearest light
from a consideration of the loci of the roots and poles
for the networks in the A-plane. The locus of the roots
(and the position of the poles) of the simipler parallel
CGL (or series LLRS) networks is shown in Fig. 4(a), and
is known to be a circle

More general circuits implicit in (1) are illustrated in
Iiig. 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 G 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 hy an amount
given by o= —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(h).

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 CGI' parallel circuit. Fig. 6 is
the conformal map of the reciprocal function A(\)
=1/F(7), for special case in which b=0 [(1) and (5)].

* H. \W. Bode, “Network Analysis and Feedback Amplifier De.
sign,” ). Van Nostrand Co., New York, N. Y., p. 27; 1945,

® E. A. Guillemin, “Communication Networks,” John Wiley and
Sons, Iuc., New York, N. Y., vol. 1, p. 181; 1931.
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A universal plot of the resonance function F(A), Fig.
[, 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
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+ 1/4),  (10)

which is the reciprocal of F(A) for the special case
b=1"ac (5).

V1. 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
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function has its counterpart in purely mechanical sys-
tems. Likewise, the resonance equation also arises in the
consideration of the stability of certain clectric® and
clectro-mechanical” networks emploving electron-tube
amplifiers. In these applications, the entire A-plane and
the f(\)-planc 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.?

¢ P. M. Honnell, “The generalized transmission matrix stability
criterion,” Trans. AIEE, vol. 70; 1951.

7P. 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).

8 These figures do not appear in the comprehensive list given by
Betz. A. Betz, “Konforme Abbildung,” Springer-Verlag, Berlin/Gott-
ingen/Icidelberg; 1948.

9 H. \V. Bode, op. cit., chapt. VIL

Scanning-Current Linearization by Negative Feedback®

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
dircect potential difference is essentially one
of “current integration” and may be ex-
pressed in the alternative forms

@F THE WIDE VARIETY of known

(formI) i(t) = R7'p7'E
(form II) i(t) = (Rp)7'E,

where
E =available pd (usually a high-ten-
sion voltage),
p=d/dt is the time-derivative opera-
tor,
R =voltage-current factor,
1(t) =required scanning current form.

Correspondingly, it is found that practical
circuit developments for the realization of
i(t) fall into cither of two categories, accord-
ing to whether the current integration is
performed indirectly by performing the
component processes

(TA) e(t) = pE (i.c., voltage integration)

* Decimal classification: R583 13. Original manu-
script received hy the Inatitute, November 16, 1951;
revised manuscn'{u 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.M.1. Research Laboratories
Ltd.. Hayes, England.

A. W. KEENT{, MEMBER, IRE

(IB) i(t) = R~'e(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
(1.\) derivative voltage feedback,

e(t) = kpeo(t),

(IB) direct (i.e., without waveshaping)
current feedback,

&(8) = Ri(0),
(11) derivative current feedback,
e(t) = Rpio(t),

subscripts f, o denoting feedback and out-
put quantities, respectively. In principle,
the required degree of linearity may then he
obtained merely by use of sufficient loop
gain, subject to the existence of a network
capable of defining 8 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-
lein integrator, the over-all gain approaches,
with increasing u, 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 Cin
the appropriate branch with a resistor R i
theother,giving8=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/7) as the scanning
coil in parallel with the latter, and take the
feedback voltage from across the capacitor.
Then

L
14 . P
—— rify=rig), for L/r = CR.
1+ CRp
Transposing C and R provides derivative

current feedback, as required in process (11).
Thus,

e(l) =

L
1+ —p

T CRrpigh = (CRr)piatd)

o) = 11 Crp

for L/r = CR.

Certain forms of type (11} system may be
derived by carrying out the voltage-current
conversion process within the feedback loop
of type (I1A).

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.f, ASSOCIATL, 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

N 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 ¢nergy rellected from a parabolic re-
tlector coming directlv back into the feed. A fairly
broad-band match can be obtained by use of a vertex
plate mounted on the parabola (i.c, by working af the
discontinuity), but this degrades the miinor 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,

OIRECTIONAL COUPLER

I'he 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 absorhed in the termination on
arm 2 to prevent resonance cffects. However, 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. lor a given
inttal vswr and reduction in vswr, however, the loss for
this scheme alwavs exceeds that resulting from the di
rectional coupler scheme, and, in fact, for a complete
cancellation of the vswr, the loss would be infinite.

1. Thiory
[t has been shown elsewhere! that (£2)/Eg)zm0=jc, so

that evaluating the voltages in Fig. 1 at x =0, and sct-
ting /5=1, we get

E, jc

L jen/1 c? exp (j2p14)

I ¢t exp (j26)

Ly = V1 (1)

/ av/1 ctexp (26 + 1¥)

s = juen'1 exp (280 4+ j¥)

/ a(l = ¢%) exp (261 + jy)

where 8=2x/X\,, A\, =guide wavelength. The amplitude

A — + -
TERMINATION - E2 g SHORT
20 o Eg =——— / | —————— RCUIT TERMINATION
= —— ——— < \‘ 2
|
E3
3 // ———a >e, o >
| E ——» E4 <
| l =
G T = * - -
| | PURE REACTIVE x=1
] — )ISCONTINUITY
X=0

q 0e’V = REFLECTION COEFFICIENT OF THE DISCONT NUITY AND Zq IN PARALLEL

c %‘—l = VOLTAGE COUPLING COEFFICIENT OF THE DIRECTIONAL COUPLER
0
R = VSWR LOOKING TO THE RIGHT AT A
140
Ro = VSWR BEFORE MATCHING = +==
_ - POWERINPUT  |Eg|2
POWER OUTPUT | Ey

Fig. 1—NMlethod of matching with a directional coupler.

* Decimal classification: R117.12XR310.4. Original manuscript
received by the Institute, January 25, 1952; revised manuscript re-
ceived Nay 22, 1952.

1 Bell Telephone Laboratories, Inc., Holmdel, N. J.

' “Principles of Microwave Circuits,” MIT Radiat Lal
Series, McGraw-Hill Book Co., New York, N. Yé [;1 212)):)] iz(l);gr-atory

October
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of the transmitted wave, E,, is given by [1 —¢?]}| 1 44|
=[{(1—-¢)(1—a) ]\
The total wave traveling to the left in the main guide
.past x=01is L3/ In order for this to be as small as
possible, 23 must be out of phase with Eq, or
B +y—-2h=nr, n=4+1,+3,+5,---.(2)
If (2) is satisficd, a complete match may be obtained
by setting | 3] = | E;|. This occurs for a critical value
of the coupling, ¢, equal to

Y

a Ry — 1
Co~ _—

T 144 2R,

3)

Two cases may now be distinguished, depending on
whether ¢ > ¢, (over coupling) or ¢ <¢y (under coupling).
Case 1: 0=2c Zco.

In this case | F5| £ E;l, and the vswr looking to the
right at A is (assuming (2) holds)

V4B =B 1+a1-) ¢
1—|E;| +| s 1l—a(l—c)+ ¢

R.(1 — ¢?)
= N : (1)
14+ ¢*R,
The power ratio, L, is
R+1R,+1
= - (5)
R 1

obtained by substituting for ¢ its value as given by (4).
Case ll: 1 Zc=co.

T T
1 4 1 +

v
o
z + +
w [
o
Iy 1 1 T
w
S !
S 11
‘}_) 4 ! }.
2
3 J | |
] [
) |
4 4 -
w
(0]
: o
-
[e] S 6 \7 8 \908
> i 1 -

T 2 3 4 S 6 1 8 9
R=VSWR IN DB

Fig. 2 - Directional coupler voltage coupling coefficient, ¢, required
for given initial vswr (R,) and final vswr (R). The region to the
right of the line R =0 corresponds to coupling less than critical
(¢ €c4); that 1o the left corresponeds to coupling greater than criti-
cal (¢ Zcy). Critical coupling (¢q) is the coupling which reduces the
standing wave to 0 db.
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Now E3| 2| E;|, thus R becomes
_i-lB B 1R o
14| E| = | Es|  R(l=¢Y)
and
R,+1
(7)

L=(R+1)="

Equations (4) to (7) have been plotted for values of
R, 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 = Ry 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, R,.

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, Bl and
Bl,, 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 scen by examining (2). Using this expression to de-

@
o
£
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-
[+ 4
w
,E, LOSS FOR VSWR = Rg
01—+
. 4 4 4
4 1
4 +
A CHN R S
oosf—+t—+—4 4
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l

iy B BB REE2
|
! 4 L1
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I
R = VSWR IN DB
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~

Fig. 3—Power loss L for given initial vswr (Ry) and final vswr (R).
I'he region to right of the line R=0 corresponds to coupling less
th;mcrlglpal (c Sco);that to the left corresponds tocouplinggreater
than critical (¢ Z¢s). Critical coupling (co) is the coupling which
reduces the standing wave to 0 db.
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Obviously the quantity in parenthesis should be as

small as possible for broad-band operation, which indi-
cates that #= £ 1. The choice in sign depends on the
sign of ¢, and for ¥50, one of the two choices will us-
ually result in better broad-band operation. 1f ¥ =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.

INI. EXPERIMENTAL RESULTS

The experimental set-up is shown in Fig. 4. Tuning
probe #2 was set to give an initial vswr, Ry, 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 9\, 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 N,/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 9\, from probe
#2 (probe #1 removed). Iere /; was set to give a mini-
mum vswr at 4,200 mc, but obviously this particular /,
does not correspond to the optimum value of n. By set-

I'hysical set-up used in experimental verification of the theory.

ting I, to other values which gave 4 minimum vswr at
midband, and taking frequency runs, an optimum set -
ting was found. Curve 4 shows the vswr variation for
this case. The difference in /, for curves 3 and 4 was one
guide wavelength at 4,200 me. Note that the vswr of
04 db at 4,200 me is very close to the § redicted value of
0.3 db. At the band edges the vswr is 0.7 db higher than
predicted; this may be mainly acesunted for by the
A4 term of (8)0 A 4,200 me with £ set to give 0.4 dl
vswr, aloss of 1.7 dh was measured. From the curves,
loss of 1.6 db was predicted,

VSWR N DB

— J
4350 4400

L
4300

4150 4200 4250
FREQUENCY IN MEGACYCLES

= 1 1
4000 4050 4100

Fig. 5—Experimental results, showing variation of the vswr (R)ver
sus frequency for: (1) discontinuity alone; (2) discontinuity with
matching probe O\, away; (3) discontinuity with directional cou
pler matching; (/; not adjusted properly); (4) same as (3), but !/
adjusted for best broad-band matching,

IV, Coxcrusiovxs

A method of using o directional coupler to cancel
standing waves has been investigated theoreticallv and
experimentally. The method will give a broad-hand
match which is independent of the relative location of
the discontinuity and directional coupler. Good agree-

ment with the theoretical design curves has been oh-
tained.
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Synthesis of Narrow-Band Direct-Coupled Filters®

HENRY J. RIBLET{, 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

NUMBER of articles have been written in the
A past few years discussing the theory of narrow-

band, waveguide filters, assuming constant shunt
susceptances. Pritchard,! Fano and Lawson,?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 ef 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
FFano* 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, Mumford® 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. Mumford? 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.

o t Microwave Development Laboratories, Inc., Waltham 54,
Mass.

1\, 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. LLR.E., vol. 37, pp. 990-1002; Septem-
ber, 1949,

¢ A. W. Lawson and R. M. Fano, “The Design of Microwave
Filters,” Microwave ‘I'ransmissions Circuits, M.I.T. Radiation Labo-
ratory Series, McGraw-Hill Book Co., New York, N. Y., vol. 9, pp.
696-703; 1948.

§S. Darlineton, “Synthesis of reactance 4-Poles,” Jour. Math.
Phys., vol. XVIII, pp. 257-353; September, 1939,

s 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. [t is clear that the first state-
ment requires that the input admittance Y; of a reso-
nant cavity when terminated in an admittance Yy may
be written

V= Yo+ j409, (1

where Q is a constant and @ is the frequency variable.
Actually, the approximation in (1) is only approxi-
mately true since Q is a function of ¥, 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 € and attach
significance to the higher power of Q encountered when
all of the underlying approximations 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 /. Using the notation of
Hessel ef al. and putting tan ¢ = —2/B, 6=2xwl/Ng, and
¥ =0¢+268, we obtain

—j(cos ¢ + cos ¢) + sin ¢V,

v, = Siieh i iLAL (2)

sin ¢ + j(cos ¢ — cos )V,

where 1y is the terminating admittance and }, is the
input admittance.

It will be found that the waveguide filters discussed in
the previous references are comprised cither 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
clements, all the resonant elements can be further re-
solved into antiresonant clements. 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
clements. 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 Q. our calcu-
lations need not be carried hevond this order. The result
for the quarter-wave line is obtained from (2) by putting
¢=n/2and 20==/2. Then

j— =/20¥,

S :
— 7/20 4 jT,

(3)
Iere Qs the frequency variable (Ago —X,)/Ag, where Mg
and Age denote the variable guide wavelength and the
guide wavelength at resonance, 1espectively. The ele-
mentsin (3) were obtained by taking the first two terms,
in the expansions in increasing powers of Q of the cor-
responding clements in (2).

The antiresonant element associated with the shunt
susceptance 7B is obtained from (2) by selecting ¢ =0,
for Ag=Ago. Then the corresponding admittance trans-
formation is given, to the first order in Q, by

v J(1 + cos ¢) + o0V, @
§ = — . — _;_ .
2+ j(1 — cos ¢)V,
The form of (3) and (4) is characteristic of antiresonant
clements.
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QuaRTER-WAVE COUPLED FILTERS

Fig. 1 shows a waveguide cavity consisting of two
antiresonant shunt susceptances separated by two anti-
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T

Fig. 1—Schemalic resonant cavity.

resonant quarter wavelengths of line. The first-order
admittance transformation is readily found to be

(1 4 cos ¢) — 2¢

] Q4 1,
v ) 1 —coso¢ )
o (1 —cos @) — 2o :
1+ 133 I
1 4+ coso

For hich Q cavities, B is large and ¢ and 1-cos o tend
to zero. Only then does (3) reduce to the form of (1)
with O, ¢iven by
(1 + cos ¢) — 2¢

41 — cos ¢

0 =

A simpler expression for Q is obtained from (3) by put-
ting }Fo=1 (it is approximately in the pass band of a
hlter) and expanding by the binomial theorem. Then

0= cos ¢(r — o B

sin® o

For futare reference. a table of values of Q for nega-
tive values of Bis given in Table I, while Ilig. 2 gives @
as a function of B,

T —— — e T
6@»\—7—— - -— ¢l L -— .
S Py . = —
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~lx
— 3ng — - - _ B
=
-
Ll 2_{»___
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Fig. 2—¢ vereus B,

I'he quarter wavelength line has the first-order be-
havior given by (3), which can be rewritten as

~




Fomjg ot —— (8)

Neglecting the second-order term in £, the approxima-
tion given by Mumford is obtained in which a variable
ength quarter-wave (at resonance) line is replaced by
1 fixed quarter wavelength line terminated in equal
-esonant elements.

TABLE 1
-B 0] -B Q
1 1.14 11 91.35
2 3.33 12 108.71
3 6.91 13 127.89
4 11.97 14 147.73
5 18.59 15 170.42
6 26.76 16 195.70
7 36.45 17 217.64
8 47.88 18 246.93
9 60.71 19 274.54
10 75.18 20 303.27
(r—¢) cos ¢
sin? ¢

The problem now remains of justifying a continued
fraction expansion in increasingly higher powers of
when the characteristics of the elements of the filter
are obtained only by neglecting all powers of Q greater
than the first.

Consider a section of a quarter-wave coupled filter
~onsisting of a resonant cavity of loaded Q, Q) followed
by a quarter wavelength of line and another cavity of
loaded Q, Qs Then the input admittance is given by

NN

V.= j(‘*('z +
us

f<4()1 + —) Q4+ T,

2
where @ second-order term to be neglected is placed in
the square brackets. In the event of narrow-band
filters, where Q would seldom he less than 5, the error
in the coefficient of Q% in ¥, duc to neglecting [(w/2)Q]?
is less than 1 per cent in the terms involved, and this
approximation is readily justified. Neglecting the terms
in /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 scen to
depend on the fact that the significant frequency vari-
able terms appear with large cocfhicients so that higher
powers of Q2 can not be neglected.

DirkeT-CovpLED FILTERS

The analysis of direct-coupled filters given by Ilessel
el al. depends on an antiresonant clement, readily ob-
tained from (2), which consists of two quarter wave-
length lines on cach side of an antiresonant shunt cle-
ment. Its first-order admittance transformation may bhe
written

Riblet: Synthesis of Narrow-Band Direct-Coupled Filters

j1 - C057¢7)7+ ¢ —mYy

(¢ — M2+ j(1 + cos ¢)Yo

13

This may be rewritten

| Qr — 2
cosd>+[ ( 4>)]

v T — ¢ 1 4 cos ¢ 1 4 cos ¢
i=]__ _— — =
Lo Yo+j<1 :—¢¢>Q

cos

If we neglect the squared power of €, such an antireso-
nant clement can be represented as a quarter wavelength
of line of characteristic admittance v/1—cos ¢/m
with equal tuned elements at cach end. Accordingly,
one might attempt to proceed to a synthesis of direct-
coupled filters in this way. Unfortunately, for values of
Q near the half-power points of narrow-band filters, it
will be found that 1 —cos¢ and the squared termin (15)
are of the same order of magnitude so that this pro-
cedure does not appear to be justified.

Following a suggestion made by Hesscl ef 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 clement 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 ¢’ and ¢’’/, sandwiched between three

" quarter wavelengths of line and a single antiresonant

clement placed between quarter wavelengths of linc.
The first-order admittance transformation for the first
case is readily found to be

j(1 — cos ¢")(1 — cos @) + AQY,

= ’ (10)
BQ + j(1 + cos ¢')(1 + cos ¢") Yo
where
A=¢ +¢"+ (r/2 —¢") cos ¢’ — (r/2 — ¢') cos ¢
3r
= - cos ¢’ cos ¢’
2
B=¢ +¢" — (x/2 — ¢") cos ¢' + (x/2 — ¢') cos ¢"
37" L ’ ’”
= — — cos ¢’ co .
2 2 R

It is clear from (9) and (10) that we obtain zeroth
order equivalence by selecting the single susceptance so
that

1 —cosé (1 — cos ¢')(1 — cos ¢"')
14+ cos¢ (14 cos¢)(1 + cos @)

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

(11)
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limit of large susceptances, for the six-cavity filter to be
described later, it was found that the coefficients of €
in (10) were generally 6 or 7 per cent larger than thosc
in (9). This difference is readily taken into account by
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=14(65.22)'%, and the equivalent direct-coupled

[ ]
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Fig. 3—Prototype and final design.

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. 1t is interesting
that this performance was obtained without any ele-
ments cxtraneous to the theory, and without a swept-
frequency signal generator.
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Fig. 5—Mleasured insertion loss.

CONCLUBING 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 t
relative merits of obtaining

spaced susceptances.

| : a given reflection coefficient
with a single susceptance or with plurality suitably




1952

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. ZADEHY, MEMBER, IRE, AND J. R. RAGAZZINI{, 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
CO.\TSII)ERABLE 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
tll‘;vgzlnstntute December 7, 1951; revised manuscript received June 20,

t Dep’t. of Electrical Engineering, Columbia University, New
York 27, N. Y.

In a report pdblished in 1943, North! developed a
theory of optimum filters—now commonly referred to

“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.?

More recently, Lee, Cheatham, and Wiesner® 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,®

1 D. O. North, “Analysis of the Factors which Determine Signa
/Noise Discrimination in Radar,” Report PTR-6C, RCA Labora-
tories; June, 1943.

t 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 Appl Phys., vol. 17, pp. 940-971; November, 1946,

1Y, W. Lee, T. P. Lheatham Jr and J. B. ersner “Apphca-
tion of correlation analysis to the detection of permdnc signals in
noise,” Proc. I.R.E., vol. 38, pp. 1165-1172; October, 1950.

B 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. 10‘)4—1096 September, 1951.

& “Threshold Slgnals, 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 difficultics. 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 nonlincar 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 noisc. 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 unrcalistic
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 rclatively 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-

8 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 l. L. Davies, “A theory of radar informa-
tion,” Phil. Mag., vol. 41, pp. 1001-1017; October, 1950. See also,
Proc. I.R.E., vol. 39, pp. 1521-1524; December, 1951; and Jour.
IEE (London), vol. 99, pt. I, pp. 37-51; March, 1952.
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tion, might he 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.c., finite observation
time) hlters.

In connection with the extension of North's theory,
the case of nonwhite noise, it should be noted that such
an extension was recently deseribed by Dwork.® [How-
ever, Dwork's results do not resolve the problem of non-
white noise, since his filters are not, in general, phys-
icallv realizable. By contrast, the extension described in
this -p.lpcr alwavs leads to physically realizable filters.

11, CritiEriA OF OprriMUM 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, ¥), as a measure of the
disparity hetween two functions x(t) and y(¢). For prac-
tical purposes, the following three types of distance
function are of greatest utility: (The functions x(¢) and
(1), appearing helow, are assumed to be defined over a
long interval of time (0, T%).)

(a) d(x, ¥) = max { l x(t) — y(!)] } = maximum value

of the magnitude of the difference between

a(t) and y(1).

1 To
(b) d(x, ¥) = 1)(:, | x(t)y — ()| dt

1 To 1/2
() d(x, y) = {If [x(1) = y(t')]"’df} .

Of these, the distance function of tyvpe (o) is of widest
applicability, and is also the casiest to handle ana-
Ivtically. 1t will he recognized as simply the rms value
of the difference between x(t) and ().

I order to place in evidence the similarities as well as
the differences hetween the criteria of optimum per-
formance for the predetection filter on the one hand, and
the conventional? filter on the other, it will be helpful to
consider first a typical conventional filter F whose in-
put, u(), consists of the sum of a signal s;(¢) and a noise
n.(#), and whosc output, v(1), is required to be as close as
possible—in terms of a suitable distance function d(x, ¥

to the input signal s,(#). Such a filter may be said to be
optimum if

(n

d[v(!), s,(!)] = a minimum;

)

for all s,(t) in some class S, = Vst } and all #;(¢) in some
class N;= {n,(t)}.

For a distance function of type (¢), this formulation
of optimum filtering reduces to the familiar minimum
meat-square-crror criterion. For the lincar case, the

NU l}’. I}l. Dwork, “Detection of a pulse superimposed on fluctuation
noise,” Proc. LR.E,, vol. 38, pp. 771-774; July, 1950.
. "By conventional filter is meant, here, a network whose function
is to separate signal from noise,
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output of F, 2(¢) consists of the sum of the responses of
F to s;(t) and n;(¢), which are denoted by so(2) and mo(f),
respectively. Thus, v(t) = so(t) +n0(¢), and, on assuming
‘that s,() and n,(t) are stationary and independent, (3)
reduces to'°

[so(t) + no(t) — si(t)]? = a minimum,

(4)

where the bar indicates a long-term time average and
the classes S, and ', consist of stationary random func-
tions having fixed correlation functions ¥,() and ¥,(7),
respectively.

In the case where Fis a predetection filter, the situa-
tion is different in that the purpose of F is to facilitate
the detection of s,(f), rather than to reproduce si(f).
Accordingly, in the case of a predetection filter, it is
reasonable to assess the performance in terms of the
“distance” between the signal component s,(¢) and the
noise component no(t) in the output of F.M More spe-
cifically, by analogy with (3), a predetection filter F will
be said to be optimum if

d[so(t), no(f)] = a maximum,

(%)

for all 5,(1) in some class S; and all n(¢) in some class
N, subject to a constraint'? on ne(t) (or so()). The con-
straint may usually be expressed in terms of the “dis-
tance” between no(f) and the zero signal. Thus, the quan-
tity to be maximized by F becomes

R = d[so(t), no(t)] — A [no(2), 0] = a maximum, (6)

where \ 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,
analvticallv. Of these, the most important is the dis-
tance function of type (¢), with which the expression for
R reduces to

R = '[s;(tjiﬁ(t)-]ﬁ’ — M2o%() = a maximum.

™

In what follows, attention will be confined to the case
where s,(f) is a signal of known form. It is expedient,
then, to replace the time averages in (7) by ensemble
averages, with ¢ held constant at a fixed value fo (rela-
tive to a temporal frame of reference attached to the
signal s;(t)). Straightforward calculation vields for this
case.

R = s¢2(to) — uno*(t) = a maximum,

8)

where p is a constant equal to A—1, and the bar indi-
cates the time average. (It is tacitly assumed that ne(f)
is ergodic, in which case the enscmble and time averages
are identicall)

19 For reasons of mathematical convenience, [d(x, y)J? is used,
here and elsewhere, in place of d(x, y).

1 Another reasonable measure is the “distance” between the out-
put v(t) and its noise component ng(l). Ior the class of filters con-
sidered in the sequel, this measure of performance leads to the same
results as the measurc used in the text.

1 Without such a constraint the “distance” conld be made as
large as desired merely by increasing the gain of F.
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It is readily seen that when Fis a linear filter, (8) is
equivalent to maximizing the signal-to-noise ratio

s0%(to)
ot (t)

= = a maximum, 9)
which is the criterion used in North's theory. Thus,
when the distance function is of type (¢) and F is linear,
the general filtering criterion (6) reduces to the North
criterion.

It is aiso clear that the maximization of R, as ex-
pressed by (8), is equivalent to the minimization of

Q = ng*(t) — Aso(to) = a minimum,

(10)

where \ 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;(f) is a specified but otherwise
arbitrary function of time, and the noise 7:(¢) is ergodic
and has a known correlation function ¥a(7).

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-topf 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.!*

II1I. DETERMINATION oF THE OptiMuM FILTER

The principle of the spectrum-shaping technique is il-
lustrated in Fig. 1. Here u(¢) and »(¢) represent, respec-
tively, the input and output of a filter F, not necessarily
lincar, which is optimum in the sense that it maximizes
(or minimizes) some quantity Q associated with v(¢), on
condition that the corresponding input #(¢) 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
Fis affected by inserting ahead of F a tandem combina-

13}, W. Bode and C. E. Shannon, “A simplified derivation of
linear least square smoothing and prediction theory,” Proc. L.LR.E.,
vol. 38, pp. 417-425; April, 1950.

1 1,. A. Zadeh and J. R. Ragazzini, “An extension of Wiener's

t}(])(;(())ry of prediction,” Jour. Appl. Phys., vol. 21, pp. 645-655; July,
! 5
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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 difficultics. 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-

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. Mag., vol. 41, pp. 1001-1017; October, 1950. See also,
Proc. 1.LR.E., vol. 39, pp. 1521-1524; December, 1951; and Jour.
IEE (London), vol. 99, pt. I11, pp. 37-51; March, 1952.
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tion, might be adapted to a wide range of practical
cases: and sccond, using a special form of this criterion,
1o extend the theory of North filters to the case of non-
white noise and finite memory (i.c., finite obscrvation
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 deseribed by Dwork.® [ow-
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 'papcr alwavs leads to physically realizable filters.

11. CritTreriA OF OrTiMUM FILTERING

In assessing the performance of filters, predictors, de-
tectors, and manv other devices, it is convenient to use
a suitable distance function, d(x, ), as a measure of the
disparity between two functions x(¢) and y(¢). For prac-
tical purposes, the following three types of distance
function are of greatest utility: (The functions x(¢) and
v(2), appearing below, are assumed to he defined over a
long interval of time (0, T%).)

(a) d(x, ¥) = max { | x(t) — y([)l } = maximum value
of the magnitude of the difference between
x(f) and y(1).

1 To
, f | 2 = ()| dt (1)
0

0

() d(x, »)

2

1 To 1/2
() d(x, v = {,1, f (x(t) = }'(l)]'“’l”} . (2)

Of these, the distance function of type (o) is of widest
applicability, and is also the ecasiest to handle ana-
Ivtically. It will be recognized as simply the rms value
of the difference between x(f) and y(2).

I order to place in evidencee the similarities as well as
the differences -between the criteria of optimum per-
formance for the predetection filter on the one hand, and
the conventional? filter on the other, it will be helpful to
consider first a typical conventional filter F whose in-
put, u(?), consists of the sum of a signal s,(¢) and a noise
n.(1), and whosc output, 2(1), is required to be as close as
possible—in terms of a suitable distance function d(x, v

1o the input signal s,(¢). Such a filter may be said to be
optimum if

d[v(t), s,(t)] = a minimum; 3)

for all s,(1) in some class S, = st } and all n;(f) in some
class NV; = {n;(l) I

For a distance function of type (¢), this formulation
of optimum filtering reduces to the familiar minimum
mean-square-crror criterion. For the linear case, the

e ]}'. f}l. Dwork, “Detection of a pulse superimposed on fluctuation
nmsoc, I’roc. LR.E., vol. 38, pp. 771-774; Julv, 1950.
. By conventional filter is meant, here, a network whose function
1s to separate signal from noise,
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ctput of F, v(t) consists of the sum of the respounses of
sto s¢(t) and n(t), which are denoted by so(t) and no(2),
ispectively. Thus, v(2) =50(t) +no(t), and, on assuming
tat s;(¢) and n,(¢) are stationary and independent, (3)
iduces to'?

Ts:(t) + no(-t)_——s-.(—t)]-= a minimum,

)

viere the bar indicates a long-term time average and
1e classes S, and .V, consist of stationary random func-
1ons having fixed correlation functions ¥,(7) and ¥, (1),
ispectively.

In the case where F is a predetection filter, the situa-
on is different in that the purpose of F is to facilitate
e detection of s;(¢), rather than to reproduce si().
ccordingly, in the case of a predetection filter, it is
asonable to assess the performance in terms of the
listance” between the signal component so(t) and the
sise component no(f) in the output of F.! More spe-
fically, by analogy with (3), a predetection filter F will
> said to be optimum if

(5)

r all 5.() in some class S, and all n.(t) in some class
., subject to a constraint’? on no(t) (or so(t)). The con-
raint mayv usually be expressed in terms of the “dis-
ince” between 7o(t) and the zerosignal. Thus, the quan-
ty to be maximized by F becomes

d[so(), no(t)] = a maximum,

t = dso(t), not ] = Nd[no(t), 0] = a maximum, (6)

‘here \ 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 he handled
nalvtically. Of these, the most important is the dis-
ance function of tvpe (¢), with which the expression for
¢ reduces to

R= .[s‘,(t) — ;:o(tﬂ; — )\no’(l)r = a maximum.

Q)

In what follows, attention will be confined to the case
vhere s.(f) is a signal of known form. It is expedient,
hen, to replace the time averages in (7) by ensemble
werages, with ¢ held constant at a fixed value ¢ (rela-
ive to a temporal frame of reference attached to the
ignal s,(¢)). Straightforward calculation vields for this
‘ase.

R = s5o2(to) — uno?(t) = a maximum,

(8)

where p is a constant equal to X—1, and the bar indi-
-ates the time average. (It is tacitly assumed that no(¢)
is ergodic, in which case the ensemble and time averages
are identical.)

19 For reasons of mathematical convenience, [d(x, ¥)]* is used,
here and clsewhere, in place of d(x, y).

1 Another reasonable measure is the “distance” between the out-
put o(f) 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.

12 Without such a constraint the “distance” could be made as
large as desired merely by increasing the gain of F.
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It is readily seen that when Fis a linear filter, (8) 1s
equivalent to maximizing the signal-to-noise ratio

$0%(to)
ot (t)

which is the criterion used in North's theory. Thus,
when the distance function is of type (¢) and Fis 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

= a maximum,

(9)

Q = no*(f) — Aso(t) = a minimum,

(10)

where \ is a constant (Lagrangian multiplier). From the
mathematical point of view, this is the most convenient
form of the predetection fltering 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 arc: The signal s,(¢) is a specified but otherwise
arbitrary function of time, and the noisc n;(t) is ergodic
and has a known correlation function ¥a(7).

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.'!*

IT11. DETERMINATION OF THE OpTIMUM FILTER

The principle of the spectrum-shaping technique is il-
lustrated in Fig. 1. Here u(¢) and v(f) 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 2(¢), on
condition that the corresponding input u(f) is a member
of a specified class of functions of time, U= {u@)}. For
convenience in terminology, I 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
I is affected by inserting ahead of F a tandem combina-

~ ¥ H. W. Bode and C. E. Shannon, “A simplified derivation of
linear least square smoothing and prediction theory,” Proc. L.R.E.,
vol. 38, pp. 417-425; April, 1950.

W1 A, Zadeh and ]. R. Ragazzini, “An extension of Wiener's
t]}:)g%ry of prediction,” Jour. Appl. Phys., vol. 21, pp. 645-655; July,
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tion of two linear networks L and L which are inverses The calculation of N,(w) i.s a slr;ugh.tforward alecy
of one another. (The combination of L and L' is equiva-  braic problem, since, in practice, N(w?) is generally of
lent to a direct connection.) Now the output of L, which  the form
is denoted by u'(t,), may be regarded as the input to a Aw?) do + qwt + - 4 a?
s1te ) » o H H -1 . 2 2 = S ’
icfo;;g)socs)ltc.hltcr ﬁ,- which ?ons:sts c:f\IT ‘.md F.’ Clu\lr/l)"t N(w?) = B(w?)  bo+ b+ -+ + bpwtm
ptimum with respect to the criterion Q and class
of inputs U, then F’ is optimum with respect to the cri- g re A(w?) and B(w?) are polynomials in «?, and m and
terion Qand class of inputs U’ = {u'(t) }. Conscquently, F Irarely exceed 3. Correspondingly, Ny (jw) is of the form
may be obtained indirectly by first designing a filter F’ ’ .
which is optimum with respect to the criterion Q and Ni(Gw) = A+(]w).,
class of inputs U’ and, then combining F’ in tandem By (jw)
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 /..
By a proper choice of the shaping nctwork, a compli-
cated optimization problem involving the design of F

(14)

(15)

where A4 (jw) and B, (jw) are real polynomials in jw of
degrees I oand m, respectively. Thus, A, (jw)A *(jw)
=A(w?) and B, (jw) By *(jw) = B(w?), and ncither 4, (jw)
nor B, (jw) has zeros in the right half of the jw-planc. In
terms of these polynomials, 77, (jw) reads

may, in many cases, be reduced to a simpler problem B (jw)

involving the design of F’. (je) = A, (w) ’ (16)
In applying this approach to optimum filters in the -

sense of criterion (10), which is equivalent to North’s A simple exaumple will serve to illustrate these rela-

criterion, it is convenicnt to consider first the relatively  tions. Consider a noise whose power spectrum is

simple case in which the filter is not required to have w?

finite memory. This implies that the only condition Nw?) = —— . (17)

which the impulsive response must fulfill is that W) w? + a

should vanish for negative ¢. The case in which the im- For this case,

pulsive response is required to vanish outside of a spec- )

ified interval 0=¢<T (finite memory filter) will he Vi(w) = >, (18)

considered later in the paper. jota

and consequently the transfer function of the shaping

Infinite Memory Filters !
network is

In this case, it is simplest to use a shaping network L
which results in a white noise at the input to F’. The . Jw+a
. . (jo) = —-. (19)
transfer function of such a network may be determined Jw

as follows: : i ) )
If N(u?) is the power spectrum of the input noise Now let V() and 11'(¢) be the impulsive responses of

n:(¢) and N’(«?) is that of the output of L, then N'(u?) Fand. F’, rcsl)cctivcl;v. Referring to Fig. 1,i1tis sec:n that
is related to N(w?) by the equation W(?) is related to I1(2) by the operational equation

N'(w?) = | Hy(je) "N (), (11) W) = (W), (20)

Since IIL(p) is specified by (13), the determination of
W(?) is reduced essentially to finding the expression for
W'(t). This is a relatively simple problem, as the follow-

where I1.(jw) is the transfer function of L. Hence, in
order that N'(«w?) be a constant, for example unity, it

is necessary that ing analysis indicates:
1
| Ho(jw) |? = (12) e -
N(wz) sin, s+ | | s+n, : S
. | " m—r v F

Expressing N(w?) as the product of two conjugate fac- ¥t L | v ult) vit)
tors NV, (jw) and N, *(jw) so that N, (jw) and its recipro- o i
cal are regular in the right-half of the jw-plane, it is seen B F
that if I7,(jw) is set equal to the reciprocal of N, (jw) Fig. 1—Principle of spectrum-shaping technique.

(13) Let s:/'(¢) anfl n:'(1) denote signal and noise com-

NG’ ponents of the input to F’. As a conscquence of setting

the transfer function of 7, cqual to 1/N,(jw), the noise

then N'(w?) =1. Thus, a shaping network L whose trans-  component #,(f) is whitc noise [.V'(w?) =1] while the

fer function is given by (13) results in a white noise at  signal component s5,'(t) is related to si(y) (signal com-
the input to F". ponent of the input to F) by the operational relation

Hp(jw) =
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s (1) = H(p)s«t)

S.‘(I). (21)

N (p)

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 = o® — Aso(to), (22)
where o2 denotes n2(t), i.e., the mcan-square value of
the output noise; so(t) is the response of F’ to sd'(0);
tois a specified instant of time; and \ is an arbitrary con-

stant. In terms of 17(¢), the expressions for 62 and so{to)
are

ot = f v e (23)

and

So(to) = fm””(’)s,',(’o - ’)d’. (24)

Substituting these in (22) yields
Q= f [ (W] — AW/ (O)sd(to — O)}de.  (25)

T'he 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 A =2
(for convenience) yields

0= [ "W - sttw - 0}

- f m[s,-’(to — )]t

(26)

Since the second term on the right is a constant, Q is a
minimum when

W) =s/(ta —t), t=0. (27)
In other words, the impulsive response of F is identical
for positive ¢, with the image of s,’(f) with respect to
t=1t,/2. This, as should be expected, is in agreement with
the classic result of North's theory in the white noise
case.

Once W’'(1) is determined, the expression for W(¢) can
easily be found through the use of (20). Thus, introduc-
ing the unit step function 1(¢) (in order to indicate that
W(t) vanishes for t <0) and using (20), one obtains the
operational relation

1
LAURE S

1(0)sd (to ~
(5 (D)5t = 1),

(28)
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where s/(¢) is given by (21) and N4(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
ss/(¢) in terms of its Fourier transform

0 S M
si(t) = f (J“.’)
-» Ni(jw)
where S(jw) is the Fourier transform of s;(t). Substitut-

ing this in (28) yields the impulsive response

1 > S*(ju)
1t | gintt-wdf,
No(p) ()f_., NGy 4

elv'df, (29)

W) = (30)

From this, the expression for the transfer function of F
is found to be

1 ] ] S* s N piw (1—1ty)
f dte‘f”'f ap STEDE ay
0 —w

H(jw) = —
Ge) N (jo) N *¥(iw

where
w’ =variable of integration, f'=w’/2;
( )*=complex conjugate of ( );
S(jw) = Fourier transform of the signal si(1) (at the
inpu. to F);
N(w?) = power spectrum of the noise n:(f) (at the in-
put to F);

N, (jw) =factor of N(w?) which, together with its re-
ciprocal, is regular in the right half of the
jw-plane, and is such that N,(jw)Ni*(jw)
= N(w?).

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 ¢ <0, and con-
sequently the lower limit in the first integral in (31)
should be — ». Then, (31) reduces to

§*(ja)ern

G =~y

(32)
which is identical with the expression given by Dwork.?

Finite Memory Filters

In the finite memory case, the situation is compli-
cated somewhat by the requirement that W(¢) should
vanish not only for ¢ <0 but also for t>T, where T'is a
specified constant. Since W(¢) is related to W’'(t) by the
cquation

W) =H.L ()W (), (33)

the impulsive response of F’ is constrained to be such
that Hp(p) W (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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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 Ni(jw), which re-
sults in a white noise at the input to F’. T'he 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
I1,(jw) indicates that, in the finite memory case, it is
expedient to set IT.(jw) equal to the denominator of
N4(jw). In other words,

M.(jw) = By(jw),

where B, (jw) 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

N(w?) = A(w?) = ao+ a? + - - - + aw?!,

(34)

(35)

where 4 (w?) is the numerator of N(w?) (sce (14)). Also,
the relation between 1W(¢) and 1#7(1) becomes

W(t) = Bo(p)W'(1).

In view of this relation, the requirement that 117(1) =0
for > T imposcs the fo'lowing constraint on ()

B,(p)W'(t) =0 for ¢t > T,

(36)

(37)

which means that, for t> 7", W’(f) must be a solution of
the differential equation B, (p)IV'(1) =0.

Turning to the determination of W’(t), one has to ex-
press o and sg(f) in terms of 17’(¢) and the noise and
signal components of the input to F’. If s,(¢) is the signal
at the input to F, then the signal at the input to F’ is

s () = By (p)si(1), (38)
and correspondingly at the output of F’
so(te) = f W (t)s/(te — t)dt. (39)
0

The expression for ¢? is readily obtained by noting
that a term in N'(w?) of the form @ results in a mean-
square value component

@ d*W7 (1) 2
ol = f ak[ — 1 d!
0 dt®

Hence N’(w?), being the sum of such terms, results in

N "z F"'V'(’)T
4 —j; {GO[W (f)] + 01[ % +

L ORE
+ [‘—d,z—'] }""

which is the desired expression for o2.

On substituting (39) and (41) in (22) and restricting
the range of integration to 0=t <7, the expression for
the quantity to be minimized, a, is found to be

T T (N2
O=‘ﬁ {410[”"(!)]2 + Ul[( Ji ] +

dI”'I(’)—T N (s (¢t r}dr (42)
+01[ o - (s (to — 1) ¢ dt.

(40)

(41)
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The determination of a function IW/(¢) which mini-
mizes this expression is carried out in the Appendix.
Once W7 (¢) has been determined, the impulsive response
(1) of the optimum filter F can be found from the rela-
tion

W) = Bu(p)W'(1), (43)

where Bo(p) is defined by (15). The resulting expression
for V() is given below (W(t) =0 outside of the interval
0<IT):

1 “ S*(jw)ere (¢ o)
1 = l(!)f e df
1\r+(,’) -0 N + (]w)

m—{-—-1

21
+ Z At _l,_ Z ];Ha(u)([)
v=1 u=0

m—l-1

+ D Cam( — T,

B0

(44

where, to recapitulate,
(1) =impulsive response of the optimum filter
F,
N(w?) = power spectrum of the noise component
of the input to F;

N (Gw)=a factor of N(w?) so that N4(jw) and
1/N, (jw) are regular in the right half of
the jw-plane, and IAV+(jw)'~' =N(w?);

( )*=complex conjugate of ()
S(jw) =Fouricr transform of the signal compo-
nent of the input to F;
to=a specified instant of time (relative to the
signal);
2] =degree of the numerator of N(w?);
2m =degree of the denominator of N(w?);
v, By, C,=undetermined coefficients:
@, =roots of the cquation 4(—p?) =0, where
A is the numerator of N(w?);
I'=scttling time (length of memorv);
1(f} = unit step function:
6(1) = unit itapulse function:
6 (1) =vth derivative of 8(1).

In this expression, the terms A 4, exp (aut) repre-
sent the gencral solution of the differential equation
A(=pHI() =0. The terms involving impulse functions
of various orders arise from operating with B,(p) (sec
(43)) on the discontinuities of 1'(t) and its derivatives
att=0and t=T. The first term in (44) mav be written
in a spmcwhat different but equivalent form which is
sometimes ad\'antngcous.

1
First term = 1()s(te — ¢ 45)
\’4-(’)) ( )V ( o )' D)
where
1
s = — 5:(1). 16
Ny(p) .

T.hcre remains the question of the undetermined co-
efficients 4,, B,. and C.. The steps leading to the deter-
mination of these cocfficients can best be formulated by
going back to the minimization of the quantity Q,




Q = a* — \so(to)s (47)

which is achieved with the optimum filter. Previously,
this quantity was expressed in terms of W'(1), i.c., the
impulsive response of F’. Now it will be neccessary to
express Q directly in terms of W(¢).

The expression for ¢? in terms of W (¢) rcads'

T T
f:J'j'wmwmwu—ﬂﬂh
0 0

where ¥, (7) is the correlation function of the noise com-
ponent of the input to . Similarly, the expression for
So(’y i.c

(48)

T
so(te) = f (s (ty — Hdl, (49)
0
where s.(f) is the signal component of the input to F.
Substituting these cxpressions in (47) gives

T T
Q- f f W)W (r)a(t — 7)dtdr

T
— )\f W(0)s.(to — 0)dt. (50)
0
On applving standard variational formulas, it is found
that Q is minimized by a 1°(¢), which satisfies the follow-
ing integral cquation:

T
f W(rpa(t — r)dr = s(to— 1), 0SS T (31)

‘I'hus, the impulsive response of Fis the solution of inte-
gral (51), whose kernel is the correlation function of
n.(t) (the noise component of the input to F), and whose
right-hand member is the image of the signal component
s.(1) with respect to t=10/2. Itis of interest to note that
when 7= = this integral equation reduces to the Wie-
ner-Hopf 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
deseribed in footnote reference 14.)

Now the expression for (1) obtained previously
(sce (44)) is, in effect, the solution of the integral (51).
Conscquently, the undetermined cocfficients in (44)
mav be determined by substituting W(¢), 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.

3y using the fact that IV(2) 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 o2 in the form

T T
a? f dt(f) f Win.(l — 7)dr (52)
. Jg

i [f. M. James, N. B. Nichols, and R. S, Phillips, “Theory of
Servomechanisms,” Rad. Lab. Series, McGraw-[1ill Book Co., New
York, N. Y., vol. 24, chap. 6; 1947,

18N Wiener, “I'he Extrapolation, Interpolation, and Smoothing
}:}' iv{;ni;:(n;ry Time Series,” John Wiley and Sons, Inc., New York,

. Y. 1949,
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and noting that W(¢) satisfies the integral equation
T
[Twow = i = s =1, 0518 T,
0

one obtains

T
o2 = f W (s, (to ~ £)dt, (53)
0
which, in view of (49), is numerically cqual to so(to)-
(Note that, when W(¢) is the solution of (51), so(te) is a
positive quantity.) This implies that the mean-square
value of the noise outpul of the optimum filter is nu-
merically equal to the signal output at t=t,. (The numeri-
cal cquality does not hold unless W () is the solution of
(51).)

Now the general expression for p is p= |so(to)|2/a2.
Making use of the fact that for the optimum filter
a2 = s5o(to), the expression for the signal-to-noise ratio at
the output of the optimum filter becomes

Pmax = 50(10) = ok (54)

It is easily verified that, if the filter is not required to be
physically realizable, (54) reduces to the expression for
pmax given by Dwork.?

I1V. ILLUSTRATIVE EXAMPLES

Two cxamplcs‘ of practical interest will serve to il-
lustrate the theory: First, suppose that s,(¢) is a periodic
signal of period T, consisting of a train of rectangular
pulses of unit height and width d. The scttling time is
assumed to be equal to an integral multiple of T, iec.,
T =kT,. The instant ¢, is specified as

In other words, the signal-to-noise ratio is to he maxi-
mized at the instant immediately following the occur-
rence of the training edge of the kth pulse. The power
spectrum of noisce is assumed to be of the form

Nw?) = —— - (56)
@) =
The first step in determining the optimum filter is to
form the expression for N, (w). For the specified
N(w?), N.(jw) rcads
. 1
Ny(jw) = 7— (57
J
Next, it is noted that 2p=0 (2l =degree of the nu-
merator of N(w?)) and 2m=2(2m =dcgree of the de-
nominator of N(w?)). Thus m—I—-1=0, and therefore
all terms in (44) involving undetermined cocfficients
are zero. Consequently, W(¢) is given by

W) = (p+ 010 [ (@ = s,

0Z5tsT;

(58)

or more simply, (using (45)),
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WO =@+a1)sito—1t), 05tsT, (59
where

si(0) = (p + a)si(1). (60)

From (§9) and (60), the impulsive response of the op-
timum filter is found to be expressed by

Wt =(@—p)s0), 0517, (61)

where s5:(¢) is the specified pulse train. ‘The form of W)
is shown in Fig. 2.

&r s; (1) (input signol )

hl L3 : - r=
'5 ] P [ ] : o
] -— t
L} ]
i : L | o
-d -~ « T . 1
() °
T W (1) (impulsive response )
f ) ]
{
~ _ unit doublet
o
L
1
o
\t, 1
(b)

Fig. 2—(a) Form of the signal s;(¢). (b) 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 1 (jw) of
the optimum filter. From (61), it is readily found that
H(jw) is given by

a’® + w? ) )
H(jw) = ( e )(1 Tl T4
Jw

+ e vk I)To); (62)

or more simply,

a? 1 — ¢ 19kTy
Hju) = ( — jw)a . )[ | ] &)
1 — g=ivTo

Jw

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 F) with transfer function

a2
H\(jw) = <-.— - ]w) (1 — ¢ iwdy, (64)
Jw
and an ideal “integrator” F; with transfer function

Iy(jw) = 1+ ¢=foTo 4 g=i2To 4 ... 4, jth-DaTy, (65)

]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,
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It is of interest to note that the optimum filter has, in
general, this structure (that is, a filter follode .by an
“Integrator”) whenever the signal s;(¢) is periodic and
the power spectrum function N(w?) has a constant for

the numerator.

Second Ixample

In this case the signal s;(¢) is assumed to consist of a
single rectangular pulse of unit amplitude and width d.
The spectral density function is of the form

2

N(w?) = (60)

w2 + 02
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 0T

Following the same procedure as in the preceding

example, one hinds
o Jw R
Ny (w) = - - (67)
Jw+ «a

Since 2= 2im =2, the unit impulse terms in (44) are
zero. The second term, which is the general solution of
the differential equation — p21¥7(1) =0, is of the form

Ao + At (68)
The first term in (44) may be written as (see (86))

(¢ + a)

first term = — - [7; 1()sd(to — 1), (69)

where
(0 = (p+ a)sit) (70)

and
si(8) = 1(t) — 1(t — d). (71)
Calculation of this term vields
ﬁrsttcrm=1—a;~12 for t£4d
a’d?

= — a%t + 5 for !> d. (72)

Thus the complete expression for 177(f) is

W) =14 Ao+ Ayt — 0.5q022 foro0s:1=d
= Ao+ 0.5a%d? + (4, — atd)}t ford <1 T. (73)

It remains to calculate the undetermined coefficients
Ao and A4,. For this purpose, it is necessary to set up
the integral (51), of which (2} is the solution. The
kernel of this equation is the correlation function
¥.(r) of the noise component ny(t). Using the fact
that ¥.(7) is the inverse Fourier transform of N(w?)
(Wiener-Khintchine relation), one readily finds

Yo = 8(r) = 0.5g¢ <l"!, (74)
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Hence, for the case under consideration the integral
:quation reads

'fTW(T) fs¢¢ — 1) — 0.5ae~1t-1]dr
= 1(1) — 1(¢t = d), (75)

Substituting W(!) as expressed by (73) into this
equation and requiring that W(¢) be the solution of
(75), yields two linear equations in A and A4, which,
upon solution, give

0=st=sT.

d(2aT + 2 — ad

- (76)
2(aT + 2)

and

a2d(2aT + 2 — ad)

Al =
2(aT + 2)

(7

Substituting these values in {73) yiclds
ad(2¢T + 2 — ad) «2d(2aT + 2 — ad)t

WO =1+ er+2 20T +2)
— 0.54%? for 0St=£d
ad(al + 1)(ad + 2)  a%d(ad + 2)¢
2al +2)  2eT+2)
for d<t=T. (78)

This is the desired expression for the impulsive re-
sponse of the optimum filter. A plot of W) for T=1
msec, d=100 wsec and a= 20,000 sec™!, is shown in
Fig. 3. It will be noted that W(!), as given by (78), bears

3

IMPULSIVE RESPONSE

w(t)

1 SIGNAL

0 OlImsec Telimsec

Fig. 3—Impulsive response of the optimun filter for example 2.
The signal s¢(¢) 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(t)=s.(ts—t). This implies that a “matched” filter
may be far from optimum in a situation whercin 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 cquation

18 Courant-Hilbert, “Methoden Der Mathematischen Phy-ik,”
Interscience Publishers, Inc., New York, N. Y., vol. I, p. 163; 1931,
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A(—=pOW' () = s/(te — 1), (79)

of which W’(t) is a solution. In this equation A4 (—p?)
represents the numerator of N(w?) with «? replaced by
— % and

0=s:t=sT,

s/(8) = By(p)si(1),

where B, (p) is defined in (15).

W’(t) may be written as the sum of two terms, Wp'(¢)
and Wg'(t), of which Wpe'(t) represents a particular
solution of (79), while Wg'(¢) is the general solution of
the homogeneous equation

(80)

A(=pHW'(t) = 0. (81)
The general solution Wg'(¢) is given by
21
We'(t) = 2 A et (82)

yam1

where the 4, are arbitrary constants and the o, are the
roots of the characteristic equation A(—p?)=0. (If a,
is a multiple root of order k, then 4,’ is a polynomial of
(k—1)st degree in £.)

Since a particular solution is not unique, Wge'(f) may
be written in various forms which differ between them-
selves by terms of the form A4,’e*'. Two of the more
convenient exprcssions for Wp'(t) are

:
(1) We'()) = —

a0 =Y
(83)
-0 S g seins-was
A+(p) w0 A*(jw)
and
(2) W) = T 1054 (to — £). (84)
Using the first of these expressions, W’(¢) reads
Wi = 1 | 1(1)fw §*(jw) B *(jw)ei - tdf
A(p) -0 A4*(jw)
+ i A/ et (85)

yu=1

Substituting this in (43) and replacing 4 4 (jw)/ B (jw)
by N.(jw), onc obtains the expression for W(t) given
by (44). The impulsive terms in (44) arise from operat-
ing with B,(p) on the discontinuities of W’(¢) and its
derivatives at t=0and ¢t=T.

When (84) rather than (83) is used to represent
Wa'(t), the first term in (44) is replaced by

first term = i(el— 1()s/(to — 1).

A(=p°)
(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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T'he Detection of a Sine Wave in the Presence of
Noise by the Use of a Nonhncar Filter”

THOMAS G, SLATTERY

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.

LT THEORY OF THE DESIGN 01 NONLINEAR
FILTERS FOR THE DETECTION PROBLEM
A. Introduction
TATISTICAL TECHNIQUIES are being applicd
to an ever growing number of engincering prob-
lems. To demonstrate the logical manner in which
these techniques combine engincering design specifica-
tions and a priori information, the gzeneral problem of
detecting a signal in the presence of noise will be con-
sidered. Many papers, 348 Liave recently heen written
concerning this problem. .\ résumé of the theory will e
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(¢) and the time se-
ries of noise only N(¢). In any physical problem the band-
width of the given time series is limited, and therefore
there is a top frequency present in S(2) and V(7). 1t then
follows that S(t) and N(f) can be completely deseribed in
the time interval

012

by 21 values, where 117is the top frequency present.
\We 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(¢) time se-
ries or the N(f) time series, let us represent these values

* Decimal classification: R143.2XR116. Original manuscript re-
ceived by the Institute, December 7, 1951; revised manuscript
received June 9, 19352,

t Transducer Corp., 1085 Commonwealth Ave., Boston, Mass.

P H: Sullivan, “Proposal for the Study of Non-Linear Prediction,
Interpolation and Extrapolation of “I'ime Series,” unpublished.
(Former Director of Research, Avion Instrument Corp., Paramus,
N J)

JH. Singleton, “Theory of Non-Linear Transducers,” Technical
Renort No. 160, Research Laboratory of Electronics, M.I.T., Cam-
bridge, Mass.; August 12, 1950.

#J. L. Lawson and G. E. Uhlenbeck, “Threshold Signals,” Mec-
Graw-11ill Book Co., Inc., New York, N. Y., chapt. 7, section 7.4;
1950,

* 11. Tlanse, “The Optimization and .\nalysis of Systems for the
Detection of P’ulsed Signals in Random Noise,” Doctoral Dissertation
(MLLT)); January, 1951, .

& M. Schwartz, “A Statistical Approach to the Automatic Search
Problem,” Doctoral Dissertation (fHlarvard); June, 1951,

. “o N where m =211, Now in order o,
determine whether this series of numbers Y, - - - bl

arises from S0 or N, we niust know something of the

Il} .\’), ,\". T

statistical nature of these processes, Ingeneral, the fune-
tions which completely define® a random process of the
Kind we are dealing with are the expressions I,(X,, X,

< X, the joint density function of the signal
plus noise, and 20X, X, - - X)), the joint densitny
function of the noise adone,

The problem then hecomes one of determining
whether the sample of m members arises from . popula
tion whose sampling distribution is P,(X) - - - X)) or
whether it arises from a population whose sampling olis-
tribution 1s (N, - - - X)),

We shall now define the hest way of determining
whether the sample Xy -2 XV, originated from the
time series of signal plus noise or the time series of nojae
onlyv. First we must define o eriterion of hest, We ean
make two Kinds of errors, known to statisticians as t pe
Fand tvpe 11 errors” We can make the error of calling
noise a signal and the error of calling a signal noise, that
is, missing the sivnal altogether. These CITOTS ATC (1550-
clated, respectively, with the terms “false-alarm” prob.a
bility and probability of nondetection.,

We shall thercfore call the svstem of detection “best”
which tn the long run will hold fixed the false-alarm proba-
bility and will minimize the probability of missing the sig-
nal.

To fix ideas, we will now introduce a Very convenient
pictorial representation of the process, first given In
Nevman and Pearson ®? For simplicity, we assume that
there are only two members Niand Xzin the sample and
from these two members Npand Xy, which are two val-
ues of the incoming signal, we are to determine whether
the signal arises from noise aone Or contains a target re-
turn. Now, if we were to take o long series of such pairs
of observations in a real situation, we might get from
One process i set of points as plotied in IYig. 1. The
Crosses (l(:l’l()l(.‘ Saoft) and the O's denote No(1), ecach 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,(X, X',), and the cluster of erosses will
have a density which s cqual to P(X,, X,). Now the

. r:‘llll;cf\lll. _l.amcﬁ.. .\\;.(H. Z\'ilrlhnl:, and R, S, Phillips, “Theory of

servomechanisms,” McGraw-Hill Book ¢ i ork, N. Y

chapt. 6, scction 6.3: 1047, v OGS N
T AL Mood, “Introduction to N i statistics,”

P l Mathematical Statistics,”™ Ne-
Graaw-lhlll Book Co., Inc.. New York, N\, Y., Ch-ll[()?. th-l]I‘)Q;:;_\ e
cmrivll;t\ln;\:'!:unr;u;(t] ‘ll\ ll'('unr\un, “On_the problems of the most

: ol atistic p 5, Phi
ceriay vl st g ]ll){]l:‘l’(”hcseb' Phit. Trans. (London),
* J. Neyman, “Basic ideas and th i isti
\ L 4B as eory of test ta 4
ses,” Jour. Roy. Stat. Soc., vol. 105, p. 292; 1‘)4‘.!;.‘I PR L
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problem is: Supposing that we were given the scatter
diagram of Fig. 1 and had one particular point (X1X2)
which arises from a sample that had been taken from
one of the distributions S(¢) or N(t). How, then, can we
best determine from which distribution it arose?

| ° DIVIDING
LINE

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(f) and that if the point falls on the other side, from
the distribution N(¢). 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 lic on the right-
hand side of the curve and originate from N(1) 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(t) which fall on the left-hand side of the curve.
This implies minimizing.

A= f/'.(,\'.,\'2;(1,\',(1)(2 (1)

left of curve

= probability that point from S(1) will
be to left of curve,

while holding fixed,

B_ f I),.(,Y|X2)IIX111X2 (2)
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right of curve
= probability that point from N(#) 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 (X1X3) — AP.(X1X2) = 0, 3)

A = ———— = 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 N(t). In particular, the decision is made on the

basis of which of the inequality signs applies in the fol-
lowing,

Pa(A’lX2) - XI)ﬂ(krlkri’) 2 O (4)

Now to generalize to the case of m members of the
sample, X, + - - 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:

PNy Xn) = ANP(Xy: -+ Xp) =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, cach statistical
population being defined in terms of its m'* 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 lincar 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 formu-
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. However, 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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ples 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 exeeeds 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 hest
detection filter is the two design parameters that are
part of the basic specilications. 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, N, 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.

I, Tue DETECTION OF A SINE WAVE IN NOISE
BY TIE Usk OF A NONLINEAR IFILTER

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 recciver
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 sinc 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't and Middleton.'

B. The Fundamental Reason Why Nonlinear Filters Are
Better than Linecar Filters

It is known that lincar filters are best only when the
iaput 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 'ulsed Sig-
nals in Noise,” talks given at 1952 {RI National Convention.

u'S, 0. Rice, “Statistical properties of a sine wave plus random
noise,” Bell Labs. Tech. Jour., vol. 27; January, 1948.

2 D. Middleton, “On theoretical signal-to-noise ratios in FM re-
ceivers; comparison with amplitude modulation,” Jour. Appl.
Phys., vol. 20, pp. 334-351; April, 1949, Also, “Spectrum of fre-
quency-inodulated waves after reception in random noise,” Quart.
Appl. Math., vol. 7, pp. 129-173; July, 1949; vol. 8, pp. 59-80; April,
1950,
B C. E. Shannon and H. \W. Bode, “Linear least square smoothing
and prediction theory,” Proc. [.R.E., vol. 38, pp. 417-425; April,

1950,
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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, e,

o(7) j' ’ X p (X)) d N yd Xy (0)

w ¢ o
x, = amplitude of signal at time ¢,
7, = amplitude of signal at time ¢, + 7,
second-order joint density function of
amplitude of signal,

¢(7) = autocorrelation function of signal.

Therefore, any signal with different third- or highe
order density functions, but the same sccond-order
density function, will result o the same lincar hhier
Obvioushy then, when we know the joint density fune
tions of the third or higher order and ignore it, we should
not expect to get the best filter. This is exactly what
happens when you design only lincar filters. Nonlinear
filters, on the other hand, are designed on the basis of the
n't order joint density function of the signal and noisc,
and theretore must preserve far more information about
the original signal.

C. The Joint Probability Density Function of a Sine
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.c., the
joint density function of signal plus noise and the joint
density function of noise alone. In the deteetion prob
lem, we are trying to identify a signal of a certain fre-
quency. FFurthermore, since we are searching a certain
arca with the radar or sonar set, we have a certain
amount of time “f,,,” that we can look in a given diree-
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 well known to be
2fumuxtmux, Where “f,07 is the maximum frequency that
will be considered. Therefore, we have a fixed number
of samples of the incoming signal to deal with in the
time “,... 7" et

N = 2fmaxloax. (7)

Suppose, first, that these .V saumples deseribed a sine
wave plus white Gaussian noise. [ et

Si = k" value of the received signal, (%)
Vi = k" value of the sine wave = Iy sin (kwr + 9),
Nie = k" value of the random noise,
Se=Vie+ N,
k=1,2... XV,
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If the amplitude distribution of the noise has a mean
»f zero and a variance, ¢?, then it is shown in Appendix
that the inequality, P,—\P,>0, becomes,

N 2 N 2y 112
- {[ > Sesin (kwr)] + [ 3" Sk cos (kwr)] }
k=1 k=1

0.2
> K ) 9
E 9)

vhere K is a constant that is determined by the follow-

ng equation,
A\'EOQ ijax mstO ]
Ae , (10
4a? ] XP[ 40? e

md I, is the Besscl function of imaginary argument.
The latter equation, (10), results only if

1 — Dr
[(Zk 1) B 0] -
) 4

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.

To(K) = N\ exp [

kr =

D. The Instrumentation of the Nonlinear Filter for the
Detection Problem

I:xamination of (9) indicates that “p” is the output of
an LC tuned circuit followed by a linear detector
«y " 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 I.C 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 sinc wave
whose maximum frequency is no higher than fuas.

3. A priori noise information —(a?).

4. Maximum time allowed for detection — (f,ax)-
The results given here for the detection of a sinusoid
are a special case of a much more general theorum. Pro-
fessor FanoM of M.L.T. has shown that in the general

1 R. M. Fann, “Signal-to-Noise Ratio in Correlation Detectors,”
Technical Report No. 186, M.LT. Research Laboratory of Electron-
ics, Cambridge, Mass.; I cbruary 1951.
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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 |

A. The Joint Density Function of a Sine Wave Plus
Random Noise

It is required to find the N** 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 “7” 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 gl
Then the joint density function of S, and 8 is

P(Sy, Sz, -+, SN, 0)

P(8)P(S), Sz, - + - , Sn/6)

POP(S1— ¥y, Se—Ya2---

I

Sy — V). (11)

If it is assumed that the samples are independent, then

1 1 N
P(Sy, - - ,Sn,0) = [[zr]uza]NIk__Il

S: — Egsin (kor + 0)1?
-exp [— { : — ( )} ] (12)
2q?
If the samples intervals are chosen such that,
172k — )m
oy —[(———)—o], (13)
w 4
and we let
N
> Sk cos kot = p cos B, (14)
k1
N
Z Sy sin kwr = psin B,
[ 2]
then
Sy, S Sw, 0) ! [ ! ]N
P(Sy, Sz, -+ Sw 0) = S
IR " 27 L (27) %
1 L N F,?
exp [— { > Si? — 2Eg sin (0+ﬁ)+——-o—}j|. (15)
. 20'2] k1 2
When “0” is integrated out, the result is,
1 N
Pg(Sy, Sa, ¢+ -, Sy) = .
ARBEL 2 [\/21r o’]
Nl' oE
exp [ ( DSkt - )]lo(* -o), (16)
202\ o?
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where Iy is the Bessel function of imaginary argument.
When (16) is combined with the expression for
P.(S), Sz, - - -, Sw), the relation P,—\P,>0hecomes

plo NEy?
I, g > Mexp I :I (17)

Let a constant “K” be the argument of the Bessel func-
tion that results in

Simultaneous Radiation of Odd and Even Patterns
by a Linear Array’

CHESTER B. WATTS, JR.f, ASSOCIATE, IRE

Summary—A method is described for obtaining, with a bread-
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.

INTKODUCTION

T IS sometimes desirable to be able to drive a lincar
antenna array with two signals of different tyvpe,
simultancously, and in such a way that the signals
are radiated with different field patterns, one an odd
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Fig. 1-—Curve A: even pattern, f4(0). Curve B: odd pattern, f5(6).

* 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.

1 Civil Aeronautics Administration, Experimental Sta., P.O.
Box 5767, Indianapolis, Ind.

N IFg? :
To(K) = A cxp[ » :l; (18)
40

then in order for incequality (18) to be true,
N 2 v n 172
p = J[ D Sisin kwr] + [ D Sk cos kwr:l }
' k=1 ke=]
ag

>A - (19)
I

function and the other an even function of the azimuth
angle. An illustration of two such ficld patterns is given
in Fig. 1. The pattern f4(0) has even symmetry in that

fa(0) = fa(—0), (1)
while the pattern fz(0) has odd symmetry in that
Su(0) = — fa(—0). (2)

The azimuth angle, 6, is measured from the normal to
the array as indicated in IYig. 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 ficld of direction finding, where the odd

’ ’

I, I I, I I'L L I 8 In

Fig. 2—Symmetrica! lincar array.

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
clements. 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
wray 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
Tig. 1, are wanted, then it becomes very desirable to
1se all or most of the clements of the array in the pro-
luction of both patterns. To accomplish this, there are
rarious methods available, most of which require a
-ather complex network of transmission-line bridges and
sower dividers to feed the clements. The method about
‘0 be described is quite simple, particularly when ap-
Slied 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-
tength. Symbol I, represents the current in any element
numbered p from the center on the right side, and I 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-

¢

| P14
R R IL I
| Z, 2 2, 2, 1,2, 2, 24 2 Z»
| INPUT A
| 11
L et Jm?:?lgn te

INPUT B

Fig. 3—Equivalent circuit.

bols Z1, Zs, - - -, 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, I, where

3)

in which )\, is the wavelength in line or waveguide at the
operating frequency and 6 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
I':,q = - ]':A’

(4)

' P, Caporale, “Fhe CAA instrument landing system,” FElec-
tronics, vol. 18, pp. 116-124; February, 1945; and also pp. 128-135;
March, 1945.
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while a signal applied at input B produces output volt-
ages

EB = EB'. (5)

Now if there is complete symmetry about the center
line throughout the system, the signal at input 4 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 clement 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. Numecrous other variations are

/ %pf

s ——]

Fig. 4—Physical arrangement of elements.

-

-
4

possible.? 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 ncar 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 ficlds in
phase.

AN APPROXIMATE THEORY OF OPERATION

To begin with, let us make scveral assumptions
which, while not exactly true in practice, will make this
approximate theory much simpler. The assumptions are
as follows:

1. The number of clements is large enough to produce
patterns of sufficient sharpness that the difference be-
tween 8 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 ficlds within the guide is
not appreciably disturbed thereby; that is, in the equiv-
alent circuit, the impedance Z, is always high compared
with the impedance across which it is connected.

1 R. E. Clapp, “Probe-fed Slots as Radiating Elements in Linear
Arrays,” M.LT. Radiation Lab. Report No. 455; January 25, 1944,
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where I is the Bessel function of imaginary argument.
When (16) is combined with the expression for
P.(S1, 85, - -+, Sn), the relation P, — AP, >0 hecomes

e TV L R
[ .
0 .2 xp =

et a constant “K” he the argument of the Bessel func-
tion that results in

Simultaneous Radiation of Odd and Even Patterns
by a Linear Array”

CHESTER B. WATTS, JR.f, ASSOCIATE, IRE

Summary—A method is described for obtaining, with a bread-
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 desirahle 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
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Fig. 1—Curve A: even pattern, f4(8). Curve B: odd pattern, f5(6).

* 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, hut 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.

N I5? ’
lo(K)=)\CXP[ " : (18)
4o°

then in order for incquality (18) to be true,

N 2 N 2y 1/2
p = J.l: Z S sin kwr:l + ,: Z Sk cos kwr] }

k1 k=1

(19)

funcuon and the other an even function of the azimuth
angle. An illustration of two such field patterns is given
in Fig. 1. The pattern f4(0) has even symmetry in that

Ja(0) = fa(—0), (1)
while the pattern fi(0) has odd symmetry in that
Iu(0) = — fs(—0). (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

’
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Fig. 2—Symmetrical lincar array.

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
clements. .\ 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
wrray and the odd pattern is produced by additional ele-
nents symmetrically disposed on either side. However,
~hen a pair of relatively sharp patterns, such as those of
Fig. 1, are wanted, then it becomes very desirable to
1se 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
-ather 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.

I)ESCRIPTION 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 I, is
the current in the end clement. 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-

¢
! ki
RTTTTSG G e 6 S h
K2 25 2, 1, 7,'2, 2, 24 Z Z,
i INPUT A
| T
; R
L ET ] Joncrion [oIE
14
INPUT B

Fig. 3—Equivalent circuit.

hols Zy, Zs, - - -, and the like, cach 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, I, where

Ag

1=—2—+5. (3)

in which A, is the wavelength in line or waveguide at the
operating frequency and 8 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
I’:A R I’:A'

C))

! P. Caporale, “The CAA instrument landing system,” FElec-
tronics, vol. 18, pp. 116-124; February, 1915; and also pp. 128-135;
March, 19145.
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while a signal applied at input B produces output volt-
ages

EB = EB'. (5)

Now if there is complete symmetry about the center
line throughout the system, the signal at input 4 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 clement currents, and are not mutually
independent in this arrangement. liven 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 clement may
be as sketched in Fig. 4. Numerous other variations are

// Q
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Fig. 4—Physical arrangement of elements.
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possible.z Here, cach 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 penectration 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 # 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 Z, is always high compared
with the impedance across which it is connected.

1 R, E. Clapp, “Probe-fed Slots as Radiating Elements in Linear
Arrays,” M.L.T. Radiation Lab. Report No. 455; January 25, 1944,




1238 PROCEEDINGS OF THE I.R.E.

3. Distance 8, which is the difference between the ele-
ment spacing and the half-wavelength in the waveguide,
is quite small, so that sin 2x(n8/),) is not appreciably
different from 2x(nd/)\,) and cos 2w (nd/N,) 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

Ja(6) = Ae =’ (6)
f8(6) = Boe 10, €))

in which the constant &, 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.

I4(x) = Cetaz (8)
Ip(x) = Dxe ¥+, 9

where the variable x represents the distance along the
aperture from the center of the array and the constant
ks is given by the relation

74

2T 180)k, (10)

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, €4, 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

éa €y

- 58 —x-

3rd ELEMENT

¢

|
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|
[ ~e ¥, ~f -3,
i ] 2

Fig. 5—Relation of element positions and standing waves
in the waveguide.

standing-wave ratio, the field €, 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 I4(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,

October

B. This time, from considerations of syminetry, there
must be a standing-wave maximum at the center line,
as indicated by the curve labelled Esin 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 ficlds 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 4
is multiplied by a factor roughly proportional to x for
input B. Hence, the desired current distribution Ig(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 1
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 78 up toabout \,/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 assemblyv
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 R(G-8/U transmission line is used to ob-
tain the hybrid junction. There are 18 slot elements,
spaced 70% inches, or approximately 0.707 wavelength.
The slot elements are fed by hooked probes, asindicated
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 é 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 clement 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.

*A. W. Lines, G. R. Nicoll, and A. M. Woodward, “Some

properties of waveguides with periodic st ture,” -
don), vol. 97, pt. 111, pp. 263-276: Tuly, 1950, " Proe. TEE (Lon
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Fig. 6—Sample field recordings for experimental 18-slot array. Solid curve—measured, dotted curve—calculated. (a) Even pattern,
(b) Odd pattern.

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
1alf-wave resonance.

-~
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Conductance Measurements on Operating
Magnetron Oscillators”
MARKUS NOWOGRODZKIf, 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

IHE 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,

N {{Amperex Electronic Corp., 230 Duffy Ave., Hicksville, I..

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 4 —A4,, G. 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’.! ¥,’ is the electron-transit ad-
mittance, the susceptive portion of which, C,, can be
measured experimentally by observing the frequency

! 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
clectron cloud has been analyzed for both the planc and
cylindrical structures.2-5
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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.

1l. 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 clse-
where.® 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:

wo'C’ 1

= — = — 1
O = Gy G~ wlG + Gy &

2 J. C. Slater, “Microwave Electronics,” D. Van Nostrand Co.,
New York, N. Y., chapt. XIII; 1950.

3 1L W. Welch, Jr., “Effects of space charge on frequency char-
acteristics of magnetrons,” Proc. I.R.E., vol. 38, p. 1434; December,
1950.

¢ 1. \V. Welch, Jr. and W. G. Dow, “Analysis of synchronous con-
ditions in the cylindrical magnetron space charge,” Jour. Appl. 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-
quircnments for the M.E.E. degree at the Polytechnic Institute of
Brooklyn; May, 1951.
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where wo’ =2mfy" is the radian frequency of the oscil-

lator.

In terms of these factors, the maximum frequency
deviadon (pulling) of the oscillator from the matched-
load condition when a mismatch of 7, in voltage stand-
ing-wave ratio (vswr) is introduced in the load and
varied in phasc is

- {f (Qt - Ql) ("‘ N riL)

while the maximum output power variation under simi-

lar conditions is
20,
(2
Q.
where Py is the oscillator output power for matched-load
conditions.

In terms of the coupling parameter 8 defined by
Q. =(14pP)Q. . (4) can be written as

Afd (4)

AP,

1) e -, %)

w10 e ) (
o ./U 4()", r. r/' ())
or
Io] 1 1
NS N A
’ 1 +8 4, ' rL ¢
while (5) can be rewritten in the form
1 -8
APy = Py — — 1) 8
0 0 1+ 38 (re ) (8)

Equations (6), (8) and (7), (8) form two independent
sets, each of which can be solved for Q." and Q.’, re-
spectively, in terms of Afo'/fo', APo/Pyand rp. It will be
noted that the quantities f,’, Afo’, Py, and AP, are di-
rectly measurable on an oscillating cavity, and thus the

values of the “operating” Q-factors can be experimen-
tally determined. From (8)

Ay
(=1 = =0
8 = S 9)
Ap,
(ro— 1) +
Py
so that, from (6),
AP
(ro — 1) — “1'-0' y
pl ’ 1
O = ——— L) —»(rL - ——) (10)
AP ’ ’
(o= 1) + 0 B .
0

v




252 Vowogrodzki: Conductance Measurements on Operating Magnetron Oscillators 1241
90 80 70 60 50 500 Similarly, from (7)
100 ;\\\\\ N ;\\\4; \\\ N, \\‘\ 1 AP
N N \ AV
NIRRT A T 0o i - 1
L AN AN \‘ A NN L g .
b NERRR R NN RN 4~ £b QL = AL~ — vy = =}, (11)
RN RSN \\\\\\ Y3 83/ ry = { rL
N \ N -
h, e AN DO AN \‘\\ \ k - .
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&0 M NCERER A %Q - upon. For magnetrons, the usual case of interest is
— A \‘} N * \‘\._\&\ \ r.=1.5, since the magnetron pulling figure is usually
NN \\\ \L‘W\' oINS % 500 defined as the maximum variation in magnetron {re-
N ! . . . 5
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200 '% rRNLE NANENAY \\\-_.f 8 here, the pulling figure thus defined is twice Afy’.
Q\\‘; NIRRT N 1oo In Figs. 2 and 3, (10) and (11) have been plotted for
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Po tional “cold” measuring techniques.® Also, the equiva-
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for mismatch vswr of 1.5:1. of design formulas and equations available in the litera-
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g \\\\* \ ] \ 1 resonant wavelength in the desired mode derived by
7 0 .
or _\\ —\ . \ using the calculated value of C, with the resonant wave-
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] \ \ \ ; approximations, the calculated wavelength (and there-
= \\\\\\ \ [f 1% fore the value of C) can be made to agree with the actual
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< ] g
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. .
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" oy < l‘\\ - \;\ 1100 mains essentially constant as the magnetron is caused to
EP st e SR ;%0: oscillate, all frequency changes being ascribed to the
a0 \\\\ P~ 800 susceptive (capacitive) effect of the electron-transit ad-
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30 . e S 600
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“Po s Sce., for example, C. G. Montgomery, “Technique of Microwave

Fig. 3 ~Chart for determination of Q. Plot of (1)
for mismatch vswr of 1.5:1.

Measurements,” McGraw-Hill Book Co.,
p. 330 et seq.: 19017 )
» G. B. Collins, op. cit., chapt. 11.

Inc., New York, N. Y.,
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mittance ¥,’. Under these circumstances, by measuring
the oscillating radian frequency w,’, the lumped capaci-
tance for an oscillating magnetron can be casily calcu-
lated as

1 Jo?

C'=————=c .
L(wy')? (fo')?

(15)

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)

Qu fo
G +G, = =G 16)
o fo (
G = Qu ﬁG. (17)
Qul fol

from which

_—

1 1\ fo Qu fo
SV S
oL QJ/ fo QO fo

The condition for oscillation requires that the elec-
tron-transit conductance G,’ cancel all conductances to

the right of terminals B-B, Fig. 1(b).1® Thus

Qu -fﬂG, (19)

o S
The loading effect represented by G’’, can be calcu-
lated by making use of (12). Thus

2 £ _ )
Qul fol :

Also, the “hot”-“cold” ratio of cavity losses may be of
interest. This ratio is given by

G .
G _0 o

G Qul fol
The “operating” Q-factor measurements can obvi-
ously be performed at any desired number of points

G/ =~ (G +6G) = —

(20)

G”=G’—G=G(

Oclober

within the particular magnctron performance chart, and
the dependence of the conductances with various im-
posed conditions on the magnetron can thereby be

obtained.

1V. 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 4]58-
type magnctron, a fixed-frequency, 12-vane, double-
ring-strapped, packaged, pulsed-type tube operating in
the Xp-band. The “cold” resonance measurements were
made using the \Wheeler method," and the following
values were obtained:

Q.=879

QL.=284

Q.=344

fo=6429 mc per second
>\o=4675 cm.

The 4]58-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.” For this reason r;=1.75,
the JAN-specified mismatch, was used in the measure-
ments.

For r,=1.75, (10) and (11) hecome

P 0.795 - P (22)
v = 0.295F ——i—
¢ 0.75+ P
Q0L =0.1475F(1 — 1.333P), (23)
where
B r AP
Fo=2andp= ==
Afo’ P,

Fig. 5 gives the Q-factors of the oscillating magnetron
as a function of its average plate current.

Average power output Frequency
A[\)llear?ege (galvanometer divisions) ’ (megacycles per second)
current | ] o . L ‘ —
AT Match AP Matched . , A
(milliamps.) ; ?ogded Pyoy {' Puyn Il (Av?) |‘ load ‘ Svax ’ Smia l (:\f\;.-)
l; O v39.5 —'48.07 28.5 ' 9.75 1 6410 v 6414 6405 4.5
20 ‘ 53.5 67.5 38.0 ‘ 14.75 | 6408 6413 6403 5.0
25 (| 67.0 | 86.5 45.0 20.75 | 6405 l 6410.5 6399.5 | 5.5
100.0 53.0 | 23 6401.5 | 6407 6397 | 50

30 I 75.0

Fig. 4—Experimental results. Type 4] 58 magnetron. (Duty cycle =0.001; r,=1.75:1.) One galvanometer
division =3 watts.

10 See, for example, A. B. Bronwell and R. E. Beam, “Theory and 1 H. A, \\’lleeler. “‘Mcasuremen.t of Resonance by the Reflection
Application of Microwaves,” McGraw-Hill Book Co., Inc.,, New Loss Method, .Hazcltine Corporation Report 9164;1945.
York, N. Y., p. 142; 1947. 2 JAN specification 4]54-59.
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Following the Collins curves,® estimated values of
C=0.415 micromicrofarads, A¢=4.22 cm were initially
obtained. Since the measured cold-resonant wavelength
was A\g=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 )¢ were obtained, namely, C=0.465 micromicro-
farads, Ao =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.

& ’ ’ ’
(milliamperes) Qu QO Qc
15 207 139 422

20 172.3 119 384

25 140 100 350

30 157.5 13 | 400

Fig. 5—Q-factors of oscillating magnetron. (Type 4]58.)

I"ig. 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 (;," and G’’ with magnetron average-plate cur-
rent.

1, Qu Qu fo
milliamps v’ oL fof
15 1.2 6.32 1.005
20 5.1 7.38 1.004
25 6.28 8.79 1.003
30 5.58 7.78 1.003
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conditions, its effect could possibly be investigated sepa-
rately.

Condustance in Wicrenhoe

|
i | !
5 % % 3

Average Plate Millianperoe
Fig. 7—Electron-cloud effects, oscillating magnetron.
(Type 4]58.)

Reference to (21) shows that the ratio Qu/Q." is 2
good approximation of G'/G since fo/fo' is very close to
unity. Ratios of 15-25 were measured for Q./Q.' in some
S-band magnetrons, notably the 4]47 type, while this
ratio in the 725A (X-band) magnetron was found to be
approximately 3-5.%

An indication of the accuracy of measurements is af-
forded by the spread in measured values of Q. (and G.).

1G/'l | ¢ .

or G’ — G Ge
G'+Ge G
138.5 92 422 | 102 45.7
161.5 118 512 | 96.2 50
192 137.8 6.3 116 55
170 1225 | 5.6 100.7 18.2

Fig. 6—Magnetron conductances. Type 4]58 magnetron. (All conductance values in micromhos.)

\'. 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 scen 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 electronsin 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

1.(;. B. Collins, loc. cit. It should he noted that according to the

computed values tabulated in Table 11.1, p. 465 of this reference,
(24) on p. 464 should read o
Ar = A G
C,

Since Q. 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 Q. 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 Q.’, ascribed to esperi-
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. WAIT?

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

HERIE HAS BEEN considerable interest in recent
T vearsin the studyof electromagnetic svstemswhich

arcimmersed 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
planc-wave propagation,! the radiated ficlds from the
antenna will suffer considerable additional attenuation
and phase distortion as a result of the finite conduct ity
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 heen investigated
by Tai? It was here pointed out that difficulty is en-
countered when the attempt is made to calculate the
total power radiated from the dipsle 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
inhomogencous 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 carrving a current I,
Such a dipole is situated at the center of a spherical
cavity of radius @ which has a dielectric constant e,

* Decimal classification: R120. Original manuscript received by
the Institute, February 19, 1952; revised manuscript received May
20, 1952,

T Department of Electrical Engineering, University of Toronto,
Toronto, Canada.

'J. A. Stratton, “Electromagnetic Theory,” McGraw-Hill Book
Co., Inc., New York, N. Y., p. 276; 1941.

? C. T. Tai, Cruft Laboratory Research Report No. 21, Harvard
University, Cambridge, Mass.; 1947,

3 C. T. Tat, Cruft Laboratory Rescarch Report No. 75, Harvard
University, Cambridge, Mass.; 1949,

magnetic permeability gy, and a conductivity ¢,, which
can be later allowed to vanish. The external medium is
generally dissipative and has clectrical propertics e, p,,
and g2 MKS units are to be used throughout. A time
factor e™* is employed.

It is quite evident that the magnetic dipole in this
situation will give rise to transverse-clectric spherical
waves inside and outside the spherical cavity. A con-
ventional spherical polar system of co-ordinates (r, 6, ¢)
is chosen with the magnetic dipole situated at the origin
and oriented in the polar direction. The resulting ficlds
are then given by the following equations in terms of a
scalar wave function ¥,

l ag‘wm
Ilrm = . < s - 7m2‘//m>v (])
Idmw \ dr-
1 oy,
I" m — ° 2
: r o8 ( )
1 VY
Iy, = oF 3)

I'y".wr. 0)'(')0,

Fom = Fow = Iy = 0,
where

Yo' = Cmpnw — Emtmw?
and the subscript m takes the value 1 or 2 to denote the

interior or the exterior region, respectively. The fune-
tion ¥, satisfies the equation

0 1 9 < _, a\p,")
re — | sin — ) — YW, = 0. 4
or? sin 0 00 af TmrY )

Now the primary field of the magnetic dipole inside
the spherical cavity is well known and the field com-
ponents are given by
I1,,°= [1d.l/27rr3][l+'ylr] exp (—vyr).cos 8 (3)
U= [1(1.1/47"3][1+W+wﬂ] exp (—v,r) sin 8 (6)
Ly '= [—-l'mwldxl/-hrr"’][l-{-'ylr] exp (—vyr) sin 6. (7)
The corresponding wave function ¥1° which gives rise to
the fields is then

¥1° = [imeldA/4nr][1 + 11ir] exp (= y1r) cos 6. (8)

This can be written in terms of the spherical Bessel
function® of order one of the third type as follows:

! The spherical Bessel functions of argument s are defined by
M) = (1 +z2)exp (- 2)/2
and

i(z) = cosh z — sinh z/2.
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¥, = Ckl(‘Yl') cos 0, (9)

rhere
¢c = iulwld.'lyl/-iw.

The general solution for the complete wave function
)1 inside the cavity and the complete wave function Vo
sutside the cavity can then be written, respectively, as:

Y1 = cki(yir) cos 8 + Ayiy(y17r) cos 8 (10)

and

Y2 = Biki(yar) cos 6, (11)

where i1 is a spherical Bessel function of order one of the
first tvpe. The coefficients 4 and B can be found by ap-
plving the boundary conditions which require the con-
tinuity of the tangential electric and magnetic fields
across the boundary. That is, the E4 and the ITp com-
ponents are continuous at r =a. From (2) and (3), this
implies that ¢, and (1/ua)(@¥,/3r) are continuous at
r =a. This gives rise to two equations for the solution of
A, and By so that

. Ay = [Biki(8) — cki(a)]/ii(a)

and

(12)

aki(a)iy(a) — a{h'(a)il(a).
ai(a)ki(B) — g8k (B)ir(a)

where a =via, B =921, and g=u1/us. The dashed quan-
tities indicate a differentiation with respect to the argu-
ment of the function.

Fhe wave functions ¢ and . inside and outside the
cpherical cavity are then completely specified. By carry-
ing out the operations indicated by (1), (2), and (3), the
ficlds in the region exterior to the cavity may be written

151 = C (13)

12, = (1dA) (14-y2r) exp (—v2r) cos 8/2wr® (14)
IT=(1dA) (14 vy2r+ 7222 exp (—v2r) sin 8/4wr®  (15)
and

Foo= —(IdA) dpaw(14y2r) exp (—72r) sin 8/4xr%,  (16)

where [7dA), is defined as the equivalent magnetic di-
pole contained within the spherical cavity. The ratio of
(1dA). to the moment IdA is given by

[7d.1]./1d0 = qv\B./vL. (17)

The above ratio mayv be considerabhy simplified in
form if the operating frequency and the dimensions of

} the cavity, and so on, are such that

T U' 1[4 ((,ulwz)"za <« 1, Iln{l KL = M2 = M.

‘The ratio of the magnetic moments is then given by
(1dA)./IdA = 3 exp (B)(3 + 38 + BN (18)

It is quite evident that this ratio approaches the value
unitv as the magnitude of 8 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 PowiR 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:

v2 = [ipw(o: + feqw) |12 ~ (igpw)/2.

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

P, = Ell;.

The real power p(6), as a function of § crossing unit area
of the cavity wall, is then given by

p(6) = } real part of [Ewll:o], o

After some algebraic manipulation the expression for
p(B) is given by

p(0) = 2 (fi'i)? 2 sinz 0x (m), (19)
2\ 4r ab
where
2(1 4+ m)ym?
Hom = (3 :*‘:3"1()’1 (3),,,1 2mty? (20)
and

m = (opw/2)! .

The total power P crossing the wall of the cavity is
found by a suitable integration.

- . 3 (1dA)?
P = 2ra? p(0) sin 849 = . - pwX (m).
0 s

(21)

a

For values of m much less than one, the factor X(m) is
approximately given by

X(m) ~ 2m2/9 = oapwa?/81. (22)
‘I'he power is then approximately given by
P ~ (I1dA)*(uw)®ss/127a. (23)

[t 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 @ 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 ficlds might have been derived from the
steady-state equations (14), (15), and (16) of this paper.

5 J. R. Wait, Geophysics, vol. 16, p. 213; April, 1951.
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The Behavior of Rectangular Hysteresis Loop Magnetic
. Q-0 %
Materials Under Current Pulse Conditions
EUGENE A. SANDST, ASSoOCIATE, IRE

Summary—This paper studies the effect of variation of magnetic  directly as the conductivity, directly as AB/AIl, and
and physical parameters on the time needed to change a magnetic (lir(-(‘tly as some power between the square root and the
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 “: IS0
skin-effect equation. Curves are given which show the variation of R
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. | sLopE Is 48 |

|

8

M

first power of /-, depending on the value of /14,2

HERE HAS BEEN considerable interest re- | g
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 e 1 1 e o
binary information. (Sec 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. Hy, is the amplitude of the ap-
plied field strength, By is the corresponding flux den-
sity, and Bg is the residual flux density corresponding
to I1y =5 oersteds. I is the coercive force, correspond- —
ing to a previously applied Iy =5 oersteds, and AB/A/]
is the average slope of the sides of the hysteresis loop.
The term “switching time,” used in this paper, means Fig. 1-—Dchnitions of magnetic parameters on the dc
R . . hysteresis loop.
the time it takes to change the state of magnetism of a
core from negative residual flux density (—Bpg) to The object of this paper is to study experimentally
positive saturation flux density (4-By), with the ap- how switching time varies with Ily, how it varies with
plication of a step function of applied field strength  thickness of material, and how it varies with AB/AIL
(I3). The factor which determines switching time is The cores studied were of orthonik, a rectangular
the eddy-current losses. A theoretical analysis in which  hysteresis loop material, and they were wound-ribbon
saturation effects were neglected, and the B-I7 loop toroids whose physical dimensions are shown in Table |.
linearized, indicated that switching time should vary The dc hysteresis loops of cores number 182, 183,
directly as the square of the thickness of the material, 183, and 187 are shown in igs. 2, 3, 4, and 8, respec-

|
|
!
[
!
I

B
B |

[ 8
et HM —

TABLE 1
Physical dimensions of experimental cores.

Core number 182 184 185 183 186 187
Magnetic tape thickness (inches) 0.0011 0.0011 0.0011 0.0005 0.0005 0.0005
Magnetic tape width (inches) 0.125 0.125 0.125 0.125 0.125 0.125
Number of wraps of magnetic tape 17 14 14 27 20 22
Magnetic path length (cris) 5.47 5.42 5.42 5.40 5.40 5.40
Cross sectional area of iron (cm?) 0.0156 0.0129 0.0128 0.0111 0.0084 0.0091

* Decimal classification: R282.3. Original manuscript  re- tivelv. Notice that cores 182 and 185 h

ceived by the Institute, August 31, 1951; revised manuscript re- ave identical

ceived June 11, 1952. magnetic tape thickness, and identical coercivity, but
t Magnetics Research Company, Chappaqua, N. Y. i i . n
'An Wang, “Magnetic delay line storagtlz.” Proc. I.R.E., vol. t}_]at the slopes of the sides of their hysteresis loops
39, pp. 401-407; April, 1951, differ by a factor of 3.5 to 1.
\ Pap.ian,. A Coincident Current Magnetic Memory Unit, ) )
Project Whirlwind Report R 192, MIT Digital Computer Labora- ? Buzorth, “Ferromagnetism,” D. Van Nostrand Company, Inc.,
tory, Cambridge, Mass.; Sept. 8, 1950, 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 amplhitude. In this

. ———|——
' |
| I5K |
*
I 3 |
' |
I T Auf I
|
| I
10 | |
2w
| |
i -
= L _
INTEGRATOR
A 8 CIRCUIT
ORIVER DRIVER

Fig. 6—Experimental arrangement used to obtain applied ficld
strength versus switching-time characteristic.

way, the cores were eyveled between values of negative
and positive saturation, and the resutting 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

' !
- 100pus -
- - -
A ORIVER =2%ps 2%
CURRENT
gl L]
[ |
- — - - L -
8 DRIVER 25ps = 25ps =~ 25us ; i 25ps
CURRENT

L LT

APPLIED
MAGNETOMOTIVE —J__]—k__,
FORCE

+Bpm
=T - +Bg
RESULTING 'BL/_L‘_L x
FLUX PATTERN

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 ITy.

Fig. 7 shows the timing diagram of the 4 and B
driver current pulses, the magnetomotive force, and the
resulting flux pattern. At the beginning of the A driver

October

current pulse, the core is at negative residual flux den-
sitv. The flux starts to change to positive saturation
ﬂu:\: density (4+8y), 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 4By until the end of the A4 current pulse,
when it drops to the value 4+ By 1t remainsat the value
-+ By until the initiation of the B current pulse, at which
time it begins to change to =By The flux completes
this change at switching time, 7, also, for equal values
of positive and negative Iy, The flux remains at — By,
until the end of the B current pulse, at which time it
assunies the value — By, The complete eyvele is then re-
peated.,

The core under test is connected to the A and B
drivers, values of 1y are adjusted, and the resulting
switching time measured. The measured range of 1y
wis hetween 0.5 and 5 oersterds,

H,, toersTeDS)

Hu vs t
5.0 I
43 1) ARMCO ORTHONIK CORE 185 (O0N") 4 4
(2) ARMCO ORTHONIK CORE 183 (.000S"),

40 T T—*
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Fig. 8—Applied field strength versus switching-time curves
of cores 183 and 185.

Iig. 8 is a plot of 1y versus ¢ for cores number 183
and 185. In the region of Iy from 1.5 1o 5 oersteds, the
curves are approximately similar in shape, but displaced
in time by a factor of about 2. Referring back to the
static B-IT curvés of cores 183 and 185, AB/AIT for
183=06.3 X106, and AB/AII=1.1 X105 for 185. Accord-
ing to lincar theory, the ratio of the switching time of
the L.1-mil thick sample to the switching time of the 1-
mil thick sample should he approximately

AB
< = (12> 185
Al7

— = §.45.

AB

- d*) 183

AJl
The experimental result is quite different, the switching
time of the 1.1-mil sample being larger than the 3-mil
sample by a factor of 1.8 to 2.0, depending on the value
of Iy. Fortunately, it is possible to evaluate the effect
of AB/AIL An examination of the static B-IT loop of
cores 182 and 185 shows that they have identical vatues
of I¢c, but that AB/AII for core 182 =3.8 X108 and for
core 185 =1.1 X10% They differ by a factor of 3.45. Ac-
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TABLE 11

Hy versus T

0.0005-inch tape cores

0.0011-inch tape cores

!
Average |
{
|

Core number | 183 186 187 Average ’ 182 ’ 184 185
i . " & (1.1
T T 7)0.5 ‘ T T 1.1 =
g | 0o | Mo
| |
Hm ! [

0.5 35 30 3 | 317 0 | e 64 | 66.7 2.10

1 8.0 6.5 | 7.0 72 15 | 15 15 | 15.0 2.08

1.5 45 | 35| 40 4.0 ‘ 8.5 | 9.0 | 80 | &5 213

2.0 28 | 26 | 27 2.7 55| 60| 53| 56 2.07

3.0 1.8 | 1.6 la? 1.7 | 4.0 3.8 3.6 | 3.8 2.24

4.0 1.4 1.3 | 1.5 | 1.4 2.8 3.0 2.8 | 2.9 2.07

5.0 1.3 152 13| 13 | 26| 28| 26 27 2.08

ordi i is difference should show u To To dB
rding to hn(.:ar lllepr_\ ' tlns'( ifterence shou Py E. = VIdt= NAI X 104 [

n their relative switching time, since both cores are . o dt

nade of 1.1-mil material. Core 185 should switch ap-
yroximately 3.45 times faster than 182. Experimental
lata does not bear this out (see Table 11). The switching
ime of core 182 does not differ from 185 by more than
.10 per cent over the entire range of II from 0.5 to §
sersteds. The conclusion is that AB/AIT does not play
1 significant part in determination of switching time.

The best estimate of the effect of change in thickness
n switching time will be made by taking the average
switching time of the three cores wound with 0.0011-
nch thick tapeand comparing it with the average of the
hree cores wound with the 0.0005-inch thick tape over
he measured range of 1. Table I1 gives the individual
ore data and the averages for each set. Alongside the
wverages 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-
sendent of ITy over the range 0.5 to S oersteds. Theratio
»f the thickness of the two materials is 2.2. Therefore,
o a high degree of approximation, the reduction in
switching time is proportional to that in thickness.

An cquivalent input impedance of an orthonik core
sperating 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
will be found such that during the switching-time inter-
val the same amount of energy is dissipated in R by the
nput current as is dissipated by the magnetic core. The
‘ollowing symbols will be used:

1 Cross sectional area of iron in cm?.
I Mean path length of iron in cm.
Number of turns on the input winding.
Current flowing in input winding N (amperes).
T's —Time duration of current pulse (seconds)
T ——Switching time.
R FEquivalent input resistance of core (ohins).
V —Voltage across input winding N.
Iy —Applied field strength (oersteds).
E..—Input energy to core.
E, —Energy given back by the core at the end of the current pulse.
E; —Energy dissipated in the core.

.\7A1(B[¢ + Bm) X 108,

2. In CGS units
E,',. = 0.794[1,\[(81; -+~ B\[)AL X 108,
3. E, = 0.794K11y(Byy — Br)AL X 1078,

K is a nunaber between 0 and 1 and depends on the
curve joining By to By

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 eund of the input current
pulse.

E,
o EBy=Eipw— Esy= En {1l ——].
Ein
Eb L Bl{ ,l BR
5. — = K[1- / 1+ .
E:. Ba// By
For typical 1-mil orthonik cores Br/By=0.92 so that
E,/E..<0.05.
6. Therefore, E,is approximately equal to E;.. This

means that the magnetic core is a dissipative element
when used under these current pulse conditions.
7. From the definition of R, the energy dissipated in it

by the current I, during the switching time T, is
o I *L°RT

IPRT = ———-

(1.26)2N?

Equating the energy dissipated in the equivalent re-
sistance to the energy dissipated in the core and
solving for R
1.26N*(Br + Bu)A X 10°¢

IIyTL

The value of R is inversely proportional to the product
of ITyT. This product is approximately constant for
applied field strengths between 1.5 and 5 oersteds.
Therefore, R is approximately constant in this range. R
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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 Hy in the measured range.

(2) Switching time varies inversely with ITy in the
range 1.5 to 5 oersteds.

(3) Switching time is independent of AB/AII for large
values of AB/AH,

(4) The solution of the skin-effect equation for a lin-

OF THE I.R.E. Oclober
car B-II loop of slope, AB/AII, does not give results
which agree with experiment.

(5) The core under current pulse conditions is a dis-
sipative element. B

(6) An average resistance R 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
11,
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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
indicatet by Eastman.? 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

are indicated. It is assumed that the pulse of
plate current 4, is a portion of a sine wave of
angular duration 8 and reaches a maximum
value indicated by #m.x. The instantaneous
plate voltage e reaches a minimum epyin at
the time 1, goes through its maximum. It is

* Original manuscript received by the Institute
April 7, 1952,

1 W. G. Wagener. *Simplified methods for com-
puting performance of transmitting tubes,” Proc.
LR.E., vol. 25, pp. 47-77; January, 1937,

*A. V. Eastman, “Fundamentals of Vacuum
Tubes,” McGraw-Hill Book Co., Inc.,, New York,
N. Y., 3rd. ed., pp. 407-410; 1949,

further assumed that the voltage across the ==
load (Ew—e») is sinusoidal and that the load 1
impedance is resistive at the fundamental 3
frequency.
For a current pulse of angular duration 8 25 ]
and maximum amplitude #m.x, a4 Fourier L {e
analysis yields T...i
2 1 _
{bmax Sin ﬂ/z - (ﬂ/z) cos 3/2 j
pom e sy
™ 1 — cos B/2 15 ;_, .-
I = fbmax ( B —sing ) ) -
2r 1 —cos /2
Ipm . B B — Sil] ﬁ (3 %0 —_—
Is ~ 2(sin /2 — (3/2) cos B/2) ! 1
esl
where b
Iy=dc component of the pulse 1
Ipm =peak value of the fundamental ac e
component of the pulse. T
The plate-circuit efficiency is given by % }-
. i :
P, Epdpm 1—% = ] -
n=—ut=’ P! =(__)(I»>' (4) 701" >
P,  2Enl, 2 Iy i
where sl — 1|

1007 = plate-circuit efficicncy in per cent
Ew=dc plate voltage

Epm=(Ew—emin) =pecak value of funda-
mental ac component of voltage

across the load

k=ewmin/Ew.

By making use of the parameters indi-
cated in (1) through (4), the nomogram of

Fig. 2 has been constructed. Through the use a) 7 = 82 per cent
of this nomogram, onecan quickly and easily  (h) k = 5 per cent
observe the effect upon the performance of ]
the amplifier brought about by a variation in (c) 2= 1,73
any one or more of the parameters. I
It may also be used to facilitate the (d) B =137°
original design. For instance, suppose an Iy
efficiency of 82 per cent is desired with a  (¢) —— = 0.248-
value of k=35 per cent. Entering the nomo- b mux
gram at (a), the assigned value of 7, one pro- H. J. Scorr

ceeds horizontally to (b), the intersection of
n with k; thence vertically upward passing

through (c) to (d), the intersection with the
B curve; thence horizontally to (e).

operation for this amplifier are then at

The results obtained from the above

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
cffects are interrelated, i.c., 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 yiclds an “equivalent length” of arti-
ficial diclectric having the refractive index
of a very large sample.

Alternately, the effective sample size
may be taken to be equal to the actual size,
and an adjustment made in the value of re-
fractive index. A first-order theory has been
proposed in the report of an investigation?
carried out at Yale University under the
ponsorship of the Air Force Cambridge Re-
carch Center. \With this method of attack,

effective refractive index” is defined by

Hegg = 1 +%~. m

where d is the sample length and x is a factor
which depends on the geometry of the array
and the properties of the obstacle material.

» POINTS EXPERIMENTAL:

L} 3

> i CURVES THEORETICAL
" ‘
Z | e} |
w , DIELECTRIC SPHERES
> s

L:() ! . « v%w>
O: | O

w124 % o & TFT—00=0n0
W | METAL SPHERES

D S T R T
NUMBER OF TRANSVERSE ROWS

Fig. 1—Meanured 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 ney obtained from (1) in
the accompanying table and also in Fig. 1
above. The measured n evidently approaches

* Original manuscript received by the Institute
May 28. 1952.

+ R. W. Corkum, ®lentroplc artificial dielectric.”
Prec. LR E. vol 40, pp. 574-587; May, 1952,

1 C. Shisskind, “Investigation of obstacle-type artl-
ficial dielectrics,” final report under Contract No.
AF 19(122)-270, Yale University, New Ilaven, 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 1

Num- Metal spheres Diel. spheres

ber of —_— — -

rows n (meas.) | neff n {meas.) Reff
1 1.284 1.290 VT 1.305
2 1205 | 1243 | 1.263 | 1.263
3 1.231 | 1.227 1.249 1.249
4 1.222 1.219 1.242 1.242
s 1.220 | 1.214 1.237 1.238
6 1.201 | 1.211 1.234 1.235
7 1.205 1.209 1.232 | 1.233
8 1.206 1.207 1.231 | 1.232
9 1.198 1.206 1.056 1.230
10 1.197 1.205 1.228 | 1.229
11 1.202 1.204 1.227 1.229
12 1,199 | 1.203 | 1.221 | 1.228
13 1.118 1.202 1.226 | 1.227
14 1.202 1.202 1.225 1.227
15 1200 | 1.200 | 1.224 ' 1.227
16 1.200 1.201 1.224 1.226
17 | 1.202 1.201 1 | 1.276

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 gquariz
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.?

CHARLES SCSSKIND
Stanford University
Stanford, Calif.

3 C. Susskind, “Obstacle-type artificial dielectrica
for microwaves.” Jour. Brit. IRE, vol. 12. pp. 49-
62; January, 1952.

Linear Detection of Amplitude-
Modulated Signals* (4358)

An interesting mathematical treatinent
of “linear detection” of amplitude-modu-
lated signals seems to have bheen overlooked
in the literature, This treatment, based on
a suggestion by Mcl.ean of the Rome Air
Dcvelopment 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

* Orlginal manuscript recefved by the Institute
April 7, 1952,

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() = E., cos w,l. (1)
The amplitude-modulated wave is
e(t) = E.(1 + m cos wat) cos wel. 2)

It should be noted that a component of e(t)
with a frequency w, does not exist, so that a
true linear operation on e(t) cannot recover
f@.

After detection, a component of fre-
quency w, 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 (14m cos wat) is always positive (for
m<1), eot) is given by the product of
(14m cos wat) and the half-wave rectified
carrier. Expressing the half-wave rectified
carrier in a Fourier series, the output be-
comes

eo(t) = E.(1 4+ m coswat)(1/m + 1/2 cos wt
+2/3rcos 2wt + -+ ). (3)

Applying standard trigonometric identities,
eo(t) 1s seen to contain components with fre-
quency dc, wa, we—wa, we, wetwa, 2w —wa,
2w., 2we+wa, and so on. An ideal low-pass
filter will separate the desired component of
frequency wg from the remaining undesired
components, provided that

We — Wa > wa OF wg < 1/2w,. “4)

If a full-wave rectifier is used in the sys-
tem described ahove, the output will be
given by the product of (1+m cos wat) 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, wa, 2w —wa, 2we+wa, and so
on. An ideal low-pass filter will separate the
desired component of frequency from the
undesired components, provided that

2we — wa > Wa OF Wy > we. )

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. Cann

Electrical Engineering Department
Syracuse University

Syracuse, N. Y.
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ferred from the Brooklyn to the Garden
City Research laboratorics, where he
served as engineering publications editor,
ussumi‘ng charge of the publications depart-
ment in 1947 after Sperry activities were
concentrated at Great Neck, L. 1., N. Y.

R. T. llaMLETT

o,
D

Keith C. Harding was born in Fort
l\l.aginus, Mont., on May 31, 1921. He re-
Fcnved the B.S. degree in electrical engineer-
ing from Indiana Technical College in 1943,
and took special courses in .electron-tube
theo.ry, design, and application at the Uni-
versity of Maryland in 1947 and 1948.

M.r. Harding has been employed since
1943 in the Bureau of Ships, Department of
the Navy. From 1943 to 1946, he was asso-
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ciated with the development of shipboard
motor controls and instrumerts. Since 1947,
he has served in the Electronics Division,
Flectron Tube Sec-
tion, presently being
responsible for Navy
tube-development
programs and pro

curement specifica-
tions for receiving-
type tubes.

Mr. Harding is a
member of the Senior

Engineers  Associa-
tion of the Bureau of
K. C. lHarDING Ships.

1. M. Honnell (A'29-M’41-SM'43) was
born on January 28, 1908 in Paris, France.
He received the B.S. degree in electrical en-
gineering and the
E.E. degree from
Texas A. and M.
College. His gradu-
ate studies were con-

£ ' tinued at the Tech-

-3 . nischen Hochschule

in Vienna; Massa-

! chusetts Institute of
Technology.wherehe

"m“ received the M.S. de-
gree in electrical en-

P. M. HoNNELL ginecring; California

Institute of Technol-
ogy, where he received the M.S. degree; and
St. Louis University, where he received the
Ph.D. degrec in geophysics.

\s a member of the technical staff of Bell
['clephone Laboratories for 1930 to 1933,
Dr. Honnell developed methods of measur-

g the harmonic radiation from transatlan-
tic short-wave radio-telephone transmitters.
In the Geophysical Division of the Texas
Company from 1934 to 1938, he designed ap-
paratus for seismic prospecting.

During World War 11, Dr. Honnell was

t the Signal Corps School, Fort Monmouth,

, and then in the department of chem-
istry and clectricity 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. Honnell has also taught at Southern
Methaodist University and the University of
Hlinois. He is presently professor of electri-
cal engineering at Washington University,
St. Louis, Mo.

A colonel in the Signal Corps, US.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 A1LE.E., Soc
Exploration Geophysics, Seismological Soc
Amer., Amer. Geophysical Union, ‘I'ensor
Club of Great Britain, AAAS, Tau Beta Pi
and Sigma Xi

.,
b
X

R. E. Horn (§'52) was born in St. Louis,
Mo. on November 30, 1927. He received the
B.S. degree in electrical engineering froin

Washington University in 1950. At that time
he was awarded a Fortesque 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

o
X1

William C. Jakes, Jr. (8’43-A"19) 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 19149. During
part of this time he
was employed by the Microwave Labora-
tory at Northwestern as a research associate.

Since July, 1919, 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 P’i Mu Epsilon.

T

. C. JAKES, JRr.

C. R. Knight (M'45) was boran in Salt
Lake City, U'tah, on September 25, 1918. He
received the B.S. degree in electrical engi-
neering fromn  the
University of Utah in
1940.

From 1940 to
1951 Mr. Knight
was employed by
the General Llectric
Company in various
capacities in the elec-
tron-tube feld. His
assignments included
application engincer-

C. R. KNiGHt ing  and advanced

tube - development
work. At present he is assistant project di-
rector of the Military Tube Project, Acro-
nautical Radio, Inc.

Mr. Knight is a member of Phi Kappa
Phi and Tau Beta P’i.

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 hroad-
casting receivers un-
til 1931, when he be-
came associated with
. s the Sachsenwerk A.

BRuL-HASBEE 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 Société
des Radioélectriciens, of the Société Fran-
caise des Flectriciens, and a member of the
Comité Mixte de Télévision.

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-

E?-" 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.

E. M. McELwWEE

Markus Nowogrodzki (S'47-A'49) was
horn on September 13, 1920 in Warsaw,
I’oland. 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
overscas from 1943
until 1945, e re-
ceived the B.E. <. de

M. NowoGRrobzK1 gree with honors in
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1948 and the ML.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 cquipments. lle 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.

o
o2

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

A York City Depart-

ments, Dr, Ragazzini

became an instructor

J. R. Racazzivi 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 Il 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.1.LE.E. and A.S.E.E.

Henry J. Riblet (A’45) was born an 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.

HENRY J. RIBLET

Ernest G. Rowe was born in 1909 in
Plymouth, England. He received an hnn(frs
degree in engineering in 1932 and an M.Sc.
degree a year later
from London Uni-
versity.

In 1933  NMr.
Rowe joined the de-
velopment  staff  of
the M. O. Valve
Company, and later
hecame 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 1.td.

Mr. Rowe is a member of the .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.

ErnEst G. RowE

e,
g

Eugene A. Sands (A'48) was born on
March 15, 1925 in New York City. He grad-
uated from Ilarvard 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-
g vard to earn the M.S.

{ degree in applied
A @

physics in 19418,
EUGENE A. Saxps

Afterwards  MNir.
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.

°,
oo

Thomas G. Slattery was born in Boston,
Mass. in 1918. From 1941 to 1946 he served
as a communications officer in the U. S, Ajr
Forces. He received
the B.S. degrec in
electrical enginecring
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. e is presently employed
as a project engincer by the “I'ransducer
Corporation of Boston, Mass,

e,
o

James R. Wait was born in 1924 in
Ottawa, Canada. During World War 1 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
I’h.D. degree in elec-
trical engineering,
both from the [Ini.
versity of Toronto
He was employed by
the Rescarch Labora-
tories of the Hydro
Electric Power Com-
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 P’hysicists, and the Society of Ex-
ploration Geophysicists.

James R, Warr

°,
oo

Chester B. Watts, Jr., was born in Wash-
ington, D. C., on June 16, 1918, After receiv-
ing the B.S. degree in electrical engincering
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 instru-
ment landing localiz-
ers and radio ranges,

From 1942 to
. 1946, Mr. Watts was
an engineering project officer in the Aircraft
Radio l,ahoratory, Wright Field. He was
awarded the Legion of Merit for work in
connection with the development of auto-
matig landing equipment.

Since 1947 Mr. Watts has been employed
by the Civil Aeronautics Administration in
t!lc devglopnwnt of radio aids to air naviga-
tion, principally instrument landing.

o
oo

C. B. Wartis, Jk.

For a photograph and biography of Dr.
l.l)T.Fl ZADEIL, see page 1128 of the Septem-
ber issue of the PROCEEDINGS OF TIHE I.R.E.
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Calendar of
‘ COMING EVENTS

| IRE-RTMA Radio Fall Meeting,
Syracuse, N. Y., October 20-22

IRE Annual Broadcast Conference,

PROCEEDINGS OF THE I.R.L.

and Radio Notes

1952 STUDENT \WARDS

The IRE Board of Directors has estah-
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

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-AIEE-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

JAS-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

as follows:

Student Branch
Award Winner

M. A. Winkler
R. W. Hellwarth
A.O. Levy, Jr.
J. L. Preston

B. J. Shian

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.
l.ouisiana
Univ.
Univ. of Notre Dame
[llinois Inst. of Tech-
nology
Northwestern Univ.
Univ. of Kansas

State

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
\Vayne Univ.
Univ. of Michigan
Seattle Univ.
Univ. of Louisville
Carnegie Inst. of
Tech.
Univ. of Pittshurgh
Pennsylvania State
College

Kaxsas City SECTION
CONFERENCE SLATED

The fourth annual Regional Papers
Technical Conference will be sponsored by
the Kansas City IRL 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,
audio and video circuitry, instrumentation,
intennas and radiation, and radio and tele-
vision broadcasting.

- A

AUTHORS FOR IRE NATIONAL CONVENTION!

7

: ILloyd T. DeVore, Chairman of the Technical Program Committee for the 1953

| IRE National Convention, to be held March 23-26, requests that prospective au-

l 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: L.loyd 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.

LAST CALL!
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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:
\V. 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 Problenis,”
A. Deschamps, Fed. Tele. Labs.

“Some Coupled-\Vave 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 Microwave 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

“\ Standard Waveguide Spark Gap,” David
Dettinger, Wheeler Labs.
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Professional Group News

Aunio

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, 1., September 29-October 1,
1952, the Audio Group presented the follow-
ing papers: “Analog for Loudspeaker De-
sign,” by J. J. Baruch and II. C. Lang;
“Itigh-Power Audio Amplifiers,” by L. I.
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. Ilall, and }.. G.
Ramer. .

VEmMCtLAR 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 he addressed to the Chair-
man: W. A. Shipman, Box 215, 109 E.
Broad St., Falls Church, Va.

1953 IRE NaTtional. CONVENTION

Each IRE Professional Group has ap-
pointed a representative to serve on the 1953
IRE National Conveation 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.

INSTRUMENTATION

The 202-page Proceedings of the Sym-
posium on Progress in Quality Electranic
Components, held in Washington, D. C.,
May 5-7, 1952, containing 48 papers, fully

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 fcllows: (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 ke to 300,000 mc; (chapter 5) dy-
[ namic conservation of spectrum resources covering past lessons and present
problems, ideal and actua! 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.

PROCEEDINGS OF TIIE LR

illustrated, are available from the Radio-
Television Manufacturers Association, 800
Wyatt Building, 777-14 St,, N.\WV., 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 on Qual-
ity Llectronic Components which will be
held in May, 1953.

In conjunction with the Cleveland RIS
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, I. L. lloover, 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 SysriMs

‘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.

ELecTtrRONIC CoMPUIERS

The Electronic Computer Group has ap-
pointed the following committee for the
Joint Computer Conference at the lotel
Park Sheraton, New York, N. Y., December
10-12, 1952: N. H. Taylor (Chairman),
J. H. lloward (Sccretary), S. N. Alexander
(Program Chairman), M. M. Astrahan,
P. Crawford, Jr., F. J. Maginnis, J. C. Mec-
Pherson, A. R. Mohr, W. I1. MacWillians,
C. V. L.Smith, V. G. Smith, S. B. Williams.

October

TrcunNical CoMMITTEE NOTES

I'he 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
appointitents of technical committee rep-
resentatives in connection with the submis-
son 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 reportsarrived after the dead-
line, causing @ 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 .. G.
Cumming, Technical Secretary. The Com-
mittee Chairman is also to ascertain that his
appointee is willing to do the work and will
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. 5. 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 Svinbols which will
be available in final draft forin 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 Synhols Com-
mittee will consider this document at its
next meeting, after which it should be sub-
mitted to the Standards Comimittee for ap-
proval. The Committee then turned its at
tention to the Definition of Noise Figure
(Noise FFactor), 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. Ilines 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
subcommitice, 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 reidy 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 Iigh-
Vacuum Microwave Tubes with the numeri-
caldesignation 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, onc on Defi-
nitions and Letter Symbols, under S. J.
Angello, and one on Methods of Test under
W. J. Pietenpol.

The Electronic Computers Committee
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met on June 27, under the Chairmanship of
Robert Serrell. Nathaniel Rochester pre-
- sented a deuailed report of the Eastern Defi-
nitions Subcommittee’s present and pro-
jected activities. Liaison will b2 maintained
with an AIEE subcommittee on computer
definitions. It is planned to give particular
stentisn to such terms in common use in
parent specifications. Attendon will also be
given to the proper style of all their defini-
tions. During the discussion it was pointed
at that all such analog computer terms
which do not deal specmcalh with servo-
mecha 1..'n= should be included within the
= of the two Definitions Subcommit-
S--cific servomechanisms terms (such
. -d *servomechanism” itself) should
be handied by the Servo-Systems Commit-
:ee. The next item discussed concerned the
i“n of a new Subcommittee on Mag-
eric Recording Chairman Serrell an-
4 tha: he had appointed S. N. Alex-
: the Subcommittee Chairman. Mem-
< of this Subcommittee on Magnetic Re-
cordinz for Computing Purpeoses will be ap-
Jined by its Chairman. The scope of the
-ew S_beommitiee has been tentatively de-
i follows: *To study the physical
~tarzcreristics of apparatus and materials
szl magnetic recording for computing
ses o7 continuous media (tapes, drums,
re significant in determining the
these devices. To estakblish
1aical methods of measuring: (1)
- phrsical characterisiics of equip-
ne and s rials; (2, performance.” At
the -e<+inn of Dr. Alexander, a discussion
€ = doing similar work ior computer
dirdes. Chairman Serrell asked Dr. Alexan-
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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 Laboratory
Wartime Series, volume 19.

The Sound Recording and Reproducing
Committes, 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, 1931 (31
IRE 19. PS1), 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-
ducmg 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: Definiiions and
Procedures for Measurement” is still on the
agenda; however, no new proposal is vet
ready for submission. Lincoln Thompson,
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
«ill be ready for submission to the Commit-
tez during 1952. H. E. Roys explained in de-
tail (with the help of Mr. McNaughten,
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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 magneu'c tape trans-
criptions. The chief problem is to complete
the necessary field of agreement for record-
ing and reproducing standards among the
various CCIR nations. [t 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. McNaughten
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, W. 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. Mec-
Naughten for his use in the forthcoming
CCIR meeting.

IRE People

Leo L. Beranek (S'36-A"41-SM 43—
F'52 has been made a Fellos in the Ameri-
can Academw of Arts and Sciences.

Dr. Beranek was
born in Solon, lowa,
on September 13,
1914. He received the
B.A. dezree in 1936
from Cornell College,
and the M.S. and
D Sc. degrees from
Harvard University
in 1937 and 1940,
respectively, and an
honorary D.Sc. de-
gzree from Cornell
College in 1946.

Dr. Beranck was associated profession-
ally with Harvard University, and served
successively as a research assistant instruc-
tor, director of sound-conntrol research. and
direcior of the Electracnusiic and Systems
Research Laboratories from 1937 to 1946.
[n 1947 he was apprinted to his present
preition of associate professor of communica-
tions engineering and technical director of
the Aonustics Lzboratory at the Massachu-
setts Institute of Technology.

Dr. Berznex i3 a fellow of the American
Phy:ical Saciety, a fellow and associate
editsr of the Acoustical Society of America,
and a member of the American Association

-

L. L. BERANEXK

for the Advancement of Science, Sigma Xi,
and Eta Kappa Nu. He served as the Na-
tional Chairman of the IRE Professional
Group on Audio, a3 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.

ot
¢

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 servie-
ing of RCA technical products.

Mr. Stanko was bormn in Hastings, Pa.,
and attended the National Radin 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
varipus 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 WEBR, Buffalo, one of the first radio
stations in the United States to broadcast
continuously for 24 hours each day. In 1928,

Mr. Stanke 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.

Joining 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 (SM'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 hie B.S. degree from the University
of Toronto in 1928, and joined the Northern
Electric Company Ltd., as 2 manufacturing
methods engineer in connection with theatre
sound systems and vacuum tube production.
In 1933, he was appointed special products

(Continued on page 1258)
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manufacturing superintendent and, in 1935,
took over the added duties of radio receiver
engineering. Ile was later made a special
products superintendent and then elec-
tronics manager of a separate division of
Northern Electric. In 1950, Mr. Ilunt 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 Fuy-
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.

03
D

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

C. E. CLEETON

control, guided missile electronics and coun-
termeasures, and speech privacy systeins
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.

KX

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 fcllow of the
American Scandinavian Foundation and
soon entered the services of the Bell Tele-
phone Laboratories, Inc. He recently became
director of television rescarch 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 Unjversity of
Michigan on a fellowship. ’

Until 1942, Mr. Bibbero was a rescarch
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 licutenant
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 Socicty, a member of

R. J. BiBBERO

the American Association for the Advance-
ment of Sciences, and a licensed professional
engineer in New York and California. Ile
was recently elected Secrctary-Treasurer of
the Buffalo-Niagara IR Section.

o

Wilbur S. Hinman (SM’46) has been ap-
puinted associate director for ordnance de-
velopment of the National Bureau of Stand-
ards,  Washington,
D. C. lle will co-ordi-
nate NBS work in
the field of ordnance
rescarch and develop-
ment.

Mr. Hinman was
born in Washington,
. C., and attended
the Virginia Military
Institute, receiving
the B.S. degree in
clectrical engineering
in 1926, From 1926
1928, he was a student and radio engineer
for Westinghouse Illcctric Corporation. In
1928, Mr. IHinman 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 rescarch 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 War 11, Mr. Hinman received the
Presidential Certificate of Merit, the Ord-
nance Development Award, the Arimy’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 Warhead and Fuzes Panel
of the Guided Missile Committee of the
Research and Development Board.

\W. S, IhinmMax

Raymond E. Drake (S\'45), staff
engincer of the electronic subdivision
Air  Materiel Command, Wright
Field, died recently.

Mr. Drake was born in Indiana on
June 10, 1907, and received the
BS.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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Introduction to Electronic Circuits by R.
Feinberg (4359)
Published (1952) by Longmans, Green and Com-

pany, Inc., 55 Fifth Avenue. New York, N. Y. 161
g;szrs +42.page index +xiv pages. 121 figures. 5] X8}.
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; Thermiouic 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.
I wenty-four laboratory experiments, well

nsen for an introductory treatment, are

terspersed 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-

atisfying even for an introductory text in
that it does not seem to go quite far enough.
I'he 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 8o 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-hlled
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 ponints 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 Vooriiis

M.IT
Cambridge, Mase

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, 63 X9}.

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 Enginecring 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. Y. 641 pages {13-page
index 4-vil pages. 404 figures. 5§ X8}. $5.50.

Keith Henney is consulting editor of Plectronics,
New York, N. Y. Glen A. Ricliardeon is assistant pro-
fessor of electrical engincering, lowa State College.
Ames, lowa,

This sixth edition of Henney and
Richardson's “Principles of Radio” has heen
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 coinmon 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 426.

page index +xxlv pages. 416 figures, 6 X9. $6.75.
Alfred A. Ghirardi is a radio and electronic engi-
neering consultant and technical writer and editor,
Darien, Conn. J. Richard Johnson Is the technical
editor of Rinchart Books, Inc., New York, N.Y.
Based on the success of Ghirardi’s
original “Modern Radio Servicing” text-
book, the present hook 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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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 hook 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.

Arots W, GRAF
135 South LaSalle St.
Chicago, 111

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 Engincering, Chicago. 111,

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 handhook within
a few years, it also constitutes one of its
valuable features. The NARTB Recording
and Reproducing Standards are presented
in toto 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 m!k
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 i 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 earasa sound of 1 watt . .. a
sound of 100 watts only 20 times as loud”
(page 124). How much simpler life would be
for psycho-acousticians if subjective loud-
ness conld 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 “knec-action” playback needle is sug-
gested as a palliative for the pinch effect;
also, among the first requirements specitied
for a good phonograph stylus is that %t
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 l-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 Univereity
Cambridge, Maass,

Proceedings of the National Electronics
Conference, Volume VII (4364)

Published (1952) by the National Electronics Con.
ference. Inc.. 852 E. 83 St.. Chicago 19, I1l. 607 pages
+14-page index +xii pages. 477 tigures. 6 X9. $5.00.

This bound volume of some 600 pages
presents the I’roccedings of the National
I2lectronics Conference, held in October,
1951, in Chicago, 1. 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 “clec-
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 p.pers
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.

Joux R. Racazzini
Columbia University
New York, N.Y.

Most Often Needed 1952 Television Serv-
ices Information Compiled by M. N. Beit-
man (4365)

Published (1952) by Supreme Pvblications. 3727
W. 13 St.. Chicago 23. 11l. 190 paces of diagrams,
models, and figures. 2-page index. 84 X10}. $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 manu-
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 capcisely 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 plano-
graph process; forty-one complete cir-
Cl_lit diagrams, supplemented by the com-
p.ller'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.

Joux R. HEFELE
Bell Telephone Labs.. Inc.
Murray Hill, N.]
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G M. Brown D. 1. Noble
A. V. Dasburg J. €. O'Brien
D. B. larris David Talley
C. M. Heiden George Teommey
C. N. Kimball, Jr. R. W. Tuttle

17. RECEIVERS

Jack Avins, Chairman

J. D. Reid, Vice-Chairman
K. A. Chittick F. R. Norton
R. De Cola L.eon Richman
1. 12, Closson L. M. Rodgers
I.. M. Harris W. F. Sands
K. W. Jarvis S. W. Seeley
J. K. Johuson R. F. Shea
W. R, Koch W. O. Swinyard
[. J. Melman F. B. Uphoff
Garrard Mountjoy 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. . Schrot
W. R. Koch H. Schwarz
B. J. Lawrence S. W. Secley
T. S. Loeser C. G. Seright
R. A. Maher W. O. Swinyard
F. L. Pampel H. J. Tyzzer
R. S. Yoder

17.5 Annual Review Material
1.. 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
E. R. Pfaff

S. C. Spielman
W. O. Swinyard
R. Yoder

H. Adler
W. F. Cotter
J. K. Johnson

17.9 Automatic Frequency Control
F. B. Uphoft, 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

R. E. Zenner

SUBCOMMITTEES
CCIR Task Group
H. E. Roys, Chatrman

W. S. Bachman A. W. Friend
R. M. Fraser R. C. Mover
L.. Thompson

C. J. Lebel

19.1 Magnetic Recording
A. P. G. Peterson, Chairman

W. H. Erikson Ward Shepard, Jr.
J. H. McGuigan R. E. Zenner

PROCEIDINGS OF THI 1R

19.2 Mechanicai Recording
Lincoln Thompson, Chairman
\W. S, Bachman R. C. Moyer
T. Lindenberg 1. W, Roberts
A. R. Morgan M. S. Royston
Arthur S. R. Toby

19.3 Optical Recording
R. M. Fraser, Chatirman
Iiverett Miller
Charles Townsend

Price Fish

21. SYMBOLS
A. G. Clavier, Chairman
K. E. Anspach, Viee-Chairman

\W. J. Everts A F. Pomeroy
W. AL Ford M. B. Reed
1T, Haviland M. P. Robinson
0. T. Laube M. S, Smith
C. D. Mitchell I1. R. Terhune
C. Ncitzert L. P \Westman

SUBCOMMITTEES
21.2 Graphical Symbols for Semi-
conductors
C. D. Mitchell, Chairman
.. F. Hescock R. M. Ryder

. J. Lingel A. D. Shaw
E.IL Ulin

-

21.3 Task Group on Graphical Symbols for
Functional Operations of Control, Com-
puting, and Switching Equipment
W. B. Callaway, Chairman
J. C. Bayles B. McMillan

C. W. Frank F. J. Rochm
J. D. Hood J. L. Wagner
A. Lesti R. M. Walker

22. TELEVISION SYSTEMS

R. E. Shelby, Chairman

R. M. Bowie, Vice-Chairman
W. F. Bailey I. J. Kaar
MWL Baldwin, Jr.  R. D. Kell
AL Brolly P. J. Larsen
J. E. Brown H. T. Lyman
IK. A. Chittick L.eonard Mautner
C. G. Fick J. Minter
D. G. Fink J. H. Mulligan, Jr.
P. C. Goldmark A. F. Murray
R. N. Harmon D. W. Pugsley
J. E. Hayes Martin Silver
J. L. Hollis David Smith
AL G. Jensen M. E. Strichy

A. Talamini

SUBCOMMITTEES
22.1 Definitions
M. \V. 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
W. 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, Vice-Chairman

October

(Commuttee 23, cont.)
J. Battison R. L. Garman
K. B. Benson R. K. Graham
1ROV, Clark J. L. Jones
Stephen Doba, Jr. J. . Keister
V. J. Duke .. .. Lewis
G. L. Fredendall C. G. Pieree
B. F. Tyson

SUBCOMMITTEES

23.2 Utilization, Including Video Record-
ing: Methods of Measurement
R. L. Garman, Chairman
L. D. Grignon
Sidney Kraemer
L. Milholland
1L J. Schlafly

K. 3. Benson
J. M. Brumbaugh
V. J. Duke

George Gordon

23.3 Video Systems and Components:
Methods of Measurement
\. J. Baracket, Chairman
I. C. Abrahams G. L. Fredendall
R. Betts I. R. Hefele
R. DeBaun A. Lind
J. F. Wiggin

23.4 Video Signal Transmission:

Methods of Measurement

J. L. Jones, Chairman

R. M. Morris
Keith Mullenger
R. S. O'Brien
C. A. Rosencrans
E. 1L Schreiber
B. F. Tyson

K. B. Benson

S, Brand

R. D. Chipp
Stephen Doba, Jr.
L. R. Moffett

24. WAVE PROPAGATION
Newbern Smith, Chairman

H. W \Wells, Vice-Chairman
E. W, Allen, Jr. D. E. Kerr
S L. Bailey Morris Kline
I11. G;. Booker R. K. Moore
C. R. Burrows M. G. Morgan
T. J. Carroll K. A. Norton
A. B. Crawford 1. O. Peterson
A, E. Cullum, Jr. George Sinclair
\W. S. Duttera R. L. Smith-Rose
R. E. Fontana AL WL Straiton
I. H. Gerks A. H. Waynick
M. C. Gray J. W. Wright

T. W. Wright

SUBCOMMITTEES
24.1 Standards and Practices
I, O. Peterson, Chairman
W. S, Duttera iGeorge Sinclair

F. M. Greene E. F. Vandivere
J. W. 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. I>. Wakeman

24.3 Theory and Application of
Ionospheric Propagation
M. G. Morgan, Chairman
R. Bateman R. AL Helliwell
K. W. Bowles C. W, Mcl.eish
|. H. Meek

)
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24.4 Definitions and Publications
George Sinclair, Chairman

.. B. Crawford [. 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, Vice-Chairman

L. Dalke G. A. Morton
Jarold Dinger C. D. Owens
5. L. Fredendall A. P. G. Peterson
V. D. George J. G. Reid, Jr.
V. J. Mayo-wells J. R. Steen

Ernst Weber

SUBCOMMITTEES
25.1 Basic Standards and Calibration
Methods
\W. D. George, Chairman

5. L. Bailey G. L. Davies
F. J. Gaffney

25.2 Dielectric Measurements
John Dalke, Chairman
Z. A. Bieling Fred A. Muller

25.3 Magnetic Measurements
C. D. Owens, Chatrman

W. Cairnes P. H. Haas
5. S. Fay E. J. Smith

25.4 Audio-Frequency Measurements
A. P. G. Peterson, Chairman

Institute News and Radio Notes

25.5 Video-Frequency Measurements
G. L. Fredendall, Chatrman-

Joseph Fisher H. A. Samulon
Richard Palmer W. R. Thurston

25.6 High-Frequency Measurements
R. W. Lowman, Chatrman

R. A. Braden G. B. Hoadley
1. 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. Lovolff
L.. F. Curtiss M. A. Schultz

W. W Schultz

25.10 Oscillography
P. S. Christaldi, Chairman
M. J. Ackerman E. R. Haberland
R. R. Batcher W. J. Jones
Edward Durbin H. M. Joseph
Rudolf Feldt 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. Duft M. G. Pawley
A. P. Gruer G. M. Thynell
R. L. Harding F. L. Verwiche
C. H. Hoeppner G. F. C. Weedon
M. V. Kiebert G. E. White
W. A, Wildhack
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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
\WV. 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. O. Edson Ralph Redemski

Thomas Flynn C. F. Rehberg

Felix Sweig

Special Committees

ArMED FOrCcES LiaisoN
COMMITTEE
G. \V. Bailey, Chairman

IRE-IEE INTERNATIONAL
LiaisoN COMMITTEE

F. S. Barton F. B. Llewellyn
Ralph Bown C. G. Mayer

R. . Davies R. L. Smith-Rose
Willis Jackson J. A. Stratton

PROFESSIONAL RECOGNITION

G. B. Hoadley, Chairman

C. C. Chambers W. E. Donovan
H. F. Dart C. M. Edwards

INSTITUTE REPRESENTATIVES IN COLLEGES—1952*

*Agricultural and Mechanical College of
Texas: H. C. Dillingham

* \kron, University of: P. C. Smith

*Alabama DPolytechnic Institute: R. M
Steere

*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: |. P. Ruina

*Bucknell, University of: Appointment
later
*California Institute of Technology: W. H.

Pickering
*California State Polytechnic College: Clar
ence Radius

* Collegen with approved Student Branchen

*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. .
Royer

“Case Institute of Technology: J. DD. Johan-
nesen

Cincinnati, University of: A. B. Bereskin

*Clarkson College of Technology: Joseph
Salerno

*Colorado, University of : P. W. Carlin

*Columbia University: J. R. Ragazzini

*Connecticut, University of: H. L. Heydt

*Cooper Union: J. B. Sherman

*Cornell University: True McLean

Dartmouth College: M. G. Morgan

*Dayton, University of: A{) )ointment later

*Delaware, University of: fi 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 \Vashington University: Appoint-
ment later

*Georgia Institute of Technology: M. A.
Honnell

Harvard University: E. L. Chaffee

*[1linois Institute of Technology: G. F. Levy

*Illinois, University of: P. F. Schwarzlose

*lowa, State University of: .. A. Ware

*lowa State College: G. A. Richardson

*John Carroll University: J. L. Hunter

*Johns Hopkins University: Ferdinand
Hamburger, Jr.

*Kansas State College: J. [£. Wolfe

*Kansas, University of: D. G. Wilson

*Kentucky, University of: N. B. Allison

*l.afayette College: F. \W. Smith
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*Lehigh University: D. E. Mode
*Louisiana State University: I.. 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, W. H. Radford
Massachusetts, University of: C. S. Roys
McGill University: F. S. ﬁowes
*Miami, University of: F. B. Lucas
*Michigan College of Mining and Technol-
ogy: R. J. Jones
*Michigan State College: I. O. Ebert
*Michigan, University of: L. N. Holland
*Minnesota, University of: Leroy Anderson
*Mississippi State College: P. T. Ilutchison
*Missouri School of Mines and Metallurgy:
R. IZ. Nolte
*Missouri, University of : G. V. Lago
*Montana State College: R. C. Seibel
*Nebraska, University of: Charles Rook
Nevada, University of: 1. J. Sandorf
*Newark College of Engincering: 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
'Ne\{/ \l(;.ork, College of the City of: Harold
Wo
*New York University: Philip Greenstcin
*North Carolina State College: G. B. Hoad-
ley

PROCEEDINGS OF TI1/: I.R.E.

*North Dakota Agricultural College: E. M.
Anderson .
*North Dakota, Clifford
Thomforde .
*Northeastern University: G. E. Pihl
*Northwestern University: A. 11, Wing, Jr.
*Notre Dame, University of: H. . 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. FF. TTunt
*Pittsburgh, University of: John Brinda, Jr.
*Pratt Institute: David Vitrogan
*Priuceton University: N, \W. Mather
*Purdue University: R, P. Siskind
Queens University: H. H, Stewart
*Rensselaer Polytechnic Institute: 11, D.
Harris
*Rhode Island, University of: R. S, Haas
Rice Institute: C. R, Wischmeyer
Rose Polytechnic Institute: 11\, Mocench
*Rutgers University: J. L.. Potter
*St. Louis Universitv: G, 2. Dreifke
*San Diego State College: . C. Kalbfell
*San Jose State College: Tarry Engwicht
Santa Clara, University of: H. P. Nette-
shetm

*Seattle University: Appointient later

*South Carolina, University of: Appoint-
ment later

*South Dakota School of Mines and Tech-
nology: Appointment later

University of:

October

Southern California, University of: G. W,

Reynolds

*Southern Methodist University: Paul Har.
ton

*Stanford University: 11, P, Blanchard

Stevens Institute of Technology: A, C. Gil-

more, jr.

*Syracuse, University of: Herbert Hellerman

*Tennessee, University of: I, D. Shipley

*Texas, University of: H. \W. Smith

*Toledo, University of: R. k. \Wecber

*Toronto, Universitv 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

*U"tah State Agricultural College: Clayton
Clark

*Utah, University of: M. E. Van Valkenburg

*\'illanova College: Appointment later

*Virginia Polytechnic Institute: R. R,
\Wright

*Virginta, University of: J. C. Mace

*Washington, University of: . M. Swarm

*Wayne University: R, E. Kuba

\Western Ontario, University of: 12, 1. Tull

*West Virginia University: R, C. Colwell

*Wisconsin, University of: Glenn Kochler

\Witwatersrand, University of: G. R. Bozzoli

*Worcester Dolytechnic Institute: 11, 11
Newell

*Wyoming, University of: W. M, Mallory

*Yale University: J. G. Skalnik

INSTITUTE REPRESENTATIVES ON OTIIER BODIES—1952

American Association for the Advancement
of Science: J. C. Jensen

American Documentation Institute: J. II.
Dellinger

ASA Standards Council: A. G. Jensen; Ernst
Weber, I.. 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: I.. 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, H. 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 DPre-
ferred Practice for the I’reparation of
Graphs, Charts, and Other Technica] I}-
lustrations: H. R. Terhune, A. G. Cliv-
ier, alternate

ASA Sectional Committee (Y32) on Graph-
ical Symbols and Designations: \ustin
Bailey, A. F. Pomeroy, alternate

ASA Sectional Committee (Z17) on Pre-
ferred Numbers: A. F. Van Dyck

ASA Sectional Committee (Z24) on Acousti-
cal Measurements and Terminology:
W. D. Goodale, Jr., H. F. Olson, alter-
nate

ASA Sectional Committee (Z57) on Sound
Recording: H. E. Roys, A. \W. Friend,
alternate

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. D. Goodale,
.. 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-

tee: Exec. Comm. of U. S. Delegation,
A. G, Jensen, L.. G. Cumming, alternate,
Study Group XIV (Vocabulary), A. G.
Jensen, M. W, Baldwin, alternate
International Scientific Radio Union (URSI)
Executive Committee: S. L. Bailey
IRE-AIEE Committee on Noise Definitions:
AW, 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, I1. \V. Houghton, D. Y.
Keim, R. V. Lowman, B. M. Oliver, B.
Parzen
Joint IRE-AIEE Co-ordination Committee:
S. L. Railey, 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
I\'atiqnnl Electronics Conference Board of
. Directors: A, W, Graf
National Research Council, Division of En-
gineering and Research: F. B, Llewellyn
U.S. Nn‘tional Committee, I.LE.C., Advisers
on lLlectrical Measuring Instruments
(via ASA C39): Wilson Aull, Ernst
Weber, alternate
U. S. National Committee, 1.E.C., Advisers
on Symbols: Austin Bailey, A. F.
Pomeroy, alternate
U. S. National Committee of the 1.E.C.:
L. G. Cumming, F. B. Llewellyn
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1e number in heavy type at the top right is
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arked with a dagger (1) must be regarded as

ovisional

COUSTICS AND AUDIO FREQUENCIES

6:534 2406
References to Contemporary Papers on
:oustics—R. T. Beyer. (Jour. Acous. Soc.
mer., vol. 24, pp. 234-243; March, 1952.)
ntinuation of 1797 of August.

4.2 2407
Transient Phenomena in Sound Transmis-
on—A. Darré. (Frequenz, vol. 6, pp. 65-71;
irch, 1952.) Discussion of phenomena con-
rmed in the production of linear distortion
ily, with particular reference to frequency
sponse, phase relations and group transit
me. The characteristica of moving-coil and
yrn-type loudspeakers are considered and also
e effect of room reverberation on the response
irve of a loudspeaker

14.213.4-13 2408
The Propagation of Sound through Gases
yntained in Narrow Tubes—L. E. Lawley.
roc. Phys. Soc., vol. 65, pp. 181~-188; March
1952.) Resultsforair, O, Hand N at frequen-
s between 60 and 150 kc indicate a vis-
)sity/thermal-conductivity constant 5 per
nt above the theoretical value.

34.23:534.321.9 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,
)§2.) The transmission through an isotropic
ate immersed in a liquid is examiner experi-
entally and theoretically. Total reflection
>curs near the critical angle for a considerable
inge of thickness of plate. It is therefore
ssgible to measure the velocity of the dilata-
onal wave in a solid even when only thin
yecimens are available.

34.23~16 2410

Spherical-Wave Propagation in Solid Media
-F. G. Blake, Jr. (Jour. Acous. Soc. Amer.,

o 1

The Annual Index to these Abstracts and References, covering those published
in the PROC. L.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.
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vol. 24, pp. 211-215; March, 1952.) Ananalysié
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 frec 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. H. Carter and A. O.
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 Bafle—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 hoth sides of gratings whose aperture
areas are %, 4, § 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 he extended simply to rec-
tangular pulses of finite duration.

534.321.9:534.232).047 2416

The Biological Effect of High-Level Com-
plex Noise (Ultrasonic Region of the Spectrum)
—P. Bugard. (Ann. Télécommun., 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 frang.,
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. Hausmitt. Nordw Dtsch. Rdfunks, vol. 4,
pp. 1-3; January/February, 1952.) The results
of measurements in eight laboratories of the
ahsorption coefficient of hallonit, a rock-wool
material made in slabs 40X40X3 cm, are
shown graphically. The size of the test 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 m? or 15 m?* 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.) Detaila are given
of the materials and dispositiona 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. Acous. 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. Appl. 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-
Sunken 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. Hémardinquer. (TSF et TV,
vol. 28, pp. 113-114; March, 1952.) Descrip-
tion of commercially available equipment using
a piezoclectric 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.
IEE, Part 111, vol. 99, pp. 109-124; May,
1952. Discussion, pp. 124-126.) Asyminetry 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-frequeacy
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-
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frequency blas climinatea the asymmetry of the
af intenslty variation. The effect of a bias-
leakage field outside the recording gap s
discussed with reference to the coercivity of the
tape matcrial.

621.395.625.3 2428

A New Recording Medium for Transcribed
Message Services—]. Z. Mcnard. (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 uscd in the form of moulded
bands, ia found particularly suitable for appli-
cations involving repetition of short messages.

ANTENNAS AND TRANSMISSION
LINES

621.315.212 2429

Elements with Rotational Symmetry for
Coarxial-Cable Junctions—11I. Mecinke and A.
Scheuber. (Fernmeldetech. Z.,vol. 5, pp. 1091 14;
March, 1952.) General explanation of the prop-
ertics of units with sudden changes of conduc-
tor diameters or uniform variation of diameter
and change of diclectric. The design of auch
units for reflection-frec connection of cables
with different characteristic impedances is
outlined. A simple conversion rule is given
which enables the calculations to he applied to
lines of different characteristic impedance.

621.392:621.396.67 2430

Anti-Resonant H. F. Transmission Lines,
Input Impedance Characteristics—Ii. M. Bar-
low. (Wireless Eng., vol. 29, pp. 145-147; June,
1952.) Treatment of the short-circuited A4
line, deriving convenicnt expressions for the
maximum value of the resjstive component
R, and of the reactive component X, of the
input impedance. R, mas = 2X,,max. 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. Hausmit. NordwDisch. Rdfunks, vol. 4,
pp. 45-47; March/April, 1952.) Description of
feeder lines for broadcasting antennas. At
Coblenz, Saarbriicken, Bad Diirrheim 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 §2. 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. IEE,
Part 111, 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 Waveguides—E, Ledinegg
and P. Urban. (Arch. elekt. Ubertragung, 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 assuinption
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 111, vol. 99, pp. 167-168; May,

October

1952.) Summary only. Formulas are derived
for the impedance of inductive and capacitive
strips situated cither centrally or unsyminetri-
cally in a waveguide.

621.392.43 2435

The Use of Directional Couplers in Aerjal-
Matching Problems—S. Gratama. (Tijdschr.
ned. Radiogenoot., vol. 17, pp. 85-102; March,
1952.) The operation of the coaxial-line re.
flectometer ia described; this incorporates two
dircetional couplera, mceasuring 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 moviag parta, rapid operation.
Calculations are made for an experimental
model for the ficquency band 5-500 mc. A
method ia 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. (I’'roc. 1L.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 A¢=0. I‘or 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 cllipsoidal
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 distributijon,
The scatar potential along cylindrical trans-
mission lines and antennas is sinusoidal; on
circular plates it is given by Bessel's 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~A/4) and voltage reso
nance (1<\/2).

621.396.67 2438
Theory of Multiple-Feed Aerials—R.
Walter.  (Tech. Hausmiu, NordwDlsch.

Rdfunks, vol. 4, pp. 12- 16; January/February,
1952.) Analysis shows that a current distribu-
tion corresponding to the function =23 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 N and A/2, independently fed at the
foot, the ratio of the currents having the values
1.5,2, 2.5, 3and 4. Corresponding characteris-
tics for single homogencous antennas of heights
0.56\ and 0.625\ 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 jg preferred. The 0.625\
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 ig 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
1.2\, 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
1.8\,

.621.396.67 2439
Experience with Double-Feed Medium-
Wave Aerials—A. Schweisthal. (Tech. Haus-
mitt. NordwDisch. Rdfunks, vol. 4, pp. 52-59;
March/April, 1952.) The antennas at Bad
Durrheim and Ravenshurg 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-(2 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 N\W-SE direction
is effected by means of two 150-m antennas,
divided at a height of 80 m and located 100 m
f1hout N/3) apart on a NW-SE line. These are
ted in antiphase with a prescribed power ratio.
\ diagram shows the horizontal radiation pat-
tern (a) with one mast fed at the foot and the
other carthed, (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. .
Strafford. (Wireless World, vol. 58, pp. 213-
218 and 264-267; June and July, 1952.) The
haracteristics of simple dipole and multi-
lerment types of antenna are discussed; calcu-
'ated and measured values of impedance are
plotted 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
present British television standards there is no
ardvantage in using folded dipoles, though the
greater bandwidth corresponding to the
French 819-line standard does require their
use. Problems involved in making measure-
ments on antennas are cxamined, and some
aspects of indoor antennas and the mechanical
Adesign of outdoor antennas are discussed.

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 (Proc. IEFE, Part 111, vol. 99, pp. 165~
166; May, 1952.) Summary onlv. The analysis
in terms of Mathiru 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 wirdths A\/m, 2X\/7 and 4\/x is evaluated.
The results show that, in the range of wirlths 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 erdge anr 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 ficld as a function of
ribbon width; this is valid down to zero width.

621.396.677 2442
An Annular Corrugated-Surface Antenna—

| E. M. T. Jonea. (Proc. I.R E., vol. 40, pp.
721-725; June, 1952.) Analyasis is presented for

| an antenna system which is the axially aym-
| metrical counterpart of the rectangular an-
tenna discussed by Reynolds and Lucke (922
of May). The surface wave is easily excited

|
|
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from the end of a coaxial line, with the center
conductor extending N/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.F. Lens [aerial]|—]. C.
Simon. (Onde élect., 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 tas 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 m® 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-m? area and the
swr is <1.12 in a band of 300 mc centered on
3.64 kmc. Sec also 970 of May and 82u”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. (Proc.
I.R.E., 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—]. M. G. Seppen. (Tijdschr. ned.
Radingenoot., 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 eflects 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—]. Deschamps
antd G. G. Esculier. (Onde élect, 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.
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621.3.013.5:621.3.011.23:621.314.2.045 2448

Calculation of the Magnetic Field created
by Conductora of Rectangular Cross-Section
in a Slot, and its Application to the Determina-
tion of the Reactance of Transformer Windings
—E. Billig. (Rev. gén. Elect., vol. 61, pp. 135-
149; March, 1952. Correction, fbid., vol. 61,
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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.)

621.314.31:(621.396.615.17 4 621.396.619.2
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
ke-30 mc. Resistance values may be from a
few tenths of an ohm to about 600, 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 § 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
Polaresistivity and Polaristora—Hollmann.
(See 2538.)

621.318.42.018.78 2454

Harmonic and Combination Oscillations in
Ferromagnetic = Materials—G. Hoffmann.
(Arch. elekt. Ubertragung, 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 ficlds of different frequen-
cies. The relation between the complex-
permeability curve ane the combination fre-
quencies is derived for the Rayleigh region
(where the branches of the hysteresiy 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 Networka to have
Prescribed Transfer Functions—H. J. Orchard
(Proc. 1.R.E., vol. 40, pp. 725-726; June
1952.) Discussion on 2371 of 1951.

621.392.5 2457

The Iterated Network and its Application to
Differentiators—M. C. Pease. (Proc. [.LR.E.,
vol. 40, pp. 709-711; June, 1952.) A compact
and convenient expression is derived for the
transmission matrix of any itcrated structure

B
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in terms of the number of units in the structure
and of the transmission matrix of the unit
clement. The expression is used for analyais of
the operation of an iterated RC differentiating
network, which is shown to have an effective
time constant much lesa than that of the unit
element.

621.392.5 2458

Image Impedances of Active Linear Four-
Terminal Networks—H. Sutcliffe, (Wireless
Eng., vol. 29, pp. 169-170; June, 1952) A
matrix treatment showing that the formula
expressing the image impedance of q passive
quadripole intermsof open-circuit input imped-
ance and short-circuit admittance applies to
an active lincar network.

621.392.5 2459

The Gyrator—G. W. O, II. (Wireless Ing.,
vol. 29, pp. 143-145; June, 1952)) Comment,
with further analysis, on the special 4-terminal
network conceived by Tellegen. Sce 301 of
1951 and back references. !

621.392.5 2460

Operational Analysis of Variable-Delay
Systems—L. A. Zadeh. (Proc. LR.E.,, vol. 40,
pp. 564-568; May, 1952.) The output of a
variable-dclay system is related to itg input by
a delay operator which h.as the usual exponen-
tial form, but. differs from conventional (time-
invariant) delay operators in that the time
delay is a function of time. Systemns 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. (Proc. 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. 4345, 144; March, 1952.) The electrical
performance of an ultrasonic delay line is
analyzed in terms of its cquivalent circuit;
insertion loss and bandwidth are investigated
in relation to the parameters of the piezoclec-
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 2 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 Serieg-
Resonance Circuits as Blocking Elements—
R. Becker. (Telefunken Zig., vol. 25, pp. 33-40;
March, 1952.) Discussion of devices cnabling a
single antenna to be used with two transmitters
o1 receivers simultancously, 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 js 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,

PROCEEDINGS OF THE I.R.I.

pp. 149-156; March 15, 1952, In English.) An
outline of the theory of linear variable filters.
See also 2147 of September.

621.392.52 2465

Theory of Transmission Time and Build-Up
Time in Electrical Filters with Phase Distor-
tion—T. Laurent. (Arch. elekt. Obertragung,
vol. 6, pp. 91- 98; March, 1952.) The theory is
based on the frequency-transformation method
developed previously (471 of 1937). New defi-
nitlona of transmission time and build-up
time are derived which are valid for filters with
phase distortion and which enable values to
be calculated easily from attenuation and phase
shift.

621.392.52.015.7 2466

Pulsed Circuits. Transmission Function.
Problem of Isomorphic Transmission— 11.
Borg. (Ann. Téécommun., vol. 7, pp. 115-120;
March, 1952)) A definition of an jdeal filter,
hased on the symbolic expression for the tran-
sicnt response of a passive lincar system, im-
plies certain conditions of amplitude, phase
and pass band. Iicho phenomena in act ual
filters are studied by different serics develop-
ments of the transmission function and by
analysis based on lLaplace transforms, An
analytical expression for the (ransmis-ion
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 TE;, Mode Piston Attenuator
—C. M. Allred. (Bur. Stand. Jour. Res., vol.
48, pp. 109-110; February, 1952.) An abac 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. Miu.
schweiz. Telegr.-TelephVerw., vol. 30, pp. 81-
87; March I, 1952, In French)) Developments
in Switzerland up to 1938 are reviewed and
descriptions are given of two types of amplifier
designed to meet C.C.1.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 2469
Study of, Tests on, and Suggestions for
Acceptance Standards for Repeater Coils ysed
on Lines for Musical-Programme Transmissjon
—R. Salvadorini. (Poste ¢ Telecommunicazioni,
vol. 20, pp. 115-130; March, 1952.) The char-
acteristics of repeater coils are examined, and
results of tests on six samples reported. Minj-
mum performance requiremnents in respect of
insulation, distortion, losses, frequency charac-
teristics, transients, crosstalk, and dc tests are
listed, as a basis'_for acceptance standards.

621.396.611.1 2470
Free Oscillations in n-Mesh Networks with
Varying Parameters—\. Haacke. (Arch. elekt.
Ubertragung, vol. 6, pp. 114-1 19; March,
1952.) The system is represented by a matrix
of » linear second-order differential equations
with periodically varying cocfficients; the indi-
vidual equations are separated by a linear
transformation and solved by Erdélyi‘s method
(1934 Abstracts, p. 436), and the complete
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
cage of varying inductances. The analysis
applies only to cases where all the parameter
variations obey the same law. Where the soly-
tions of any of the n equations are unstable, the

October

correaponding fundamental frequencies may
disappear completely, to be replaced by mul-
tiples of half the variation frequency.

621.396.611.1:517.51 2471
Resonant Circuit with Periodically Varying
Parameters—1>. Bura and 1), M. Tombs,
(Wireless Eng., vol. 29, pp. 95-100 and 120-
126; April and May, 1952.) Theoretical and
experimental investigation of the circuit with
periodically varying registance. The variation
is achicved by applying a voltage of given fre.
quency to the grid of o dynatron, thus varying
the magnitude of the negative resistance which
the dynatron presents to the oscillatory circuit.
A steady-state solutien of Mathiey’s equation
ts obtained by means of integral equations,
and for the oscillatory regime a solution of an
extended  Hill's equation is obtained by a
method similar to that of Inee, The steady
state response to an applicd alternat ing voltage,
of frequency approximately the same s the
tesonance  frequeney,  exhibits multiple resgo-
nance effects, each maximum corresponding to
detuning equal to an integral multiple of the
frequency of the resistance variation. As in the
case of oscillation excitation by variation of
inductance or capacitance, the frequency at
which oscillations are most casily excited by
tesistance variation js double the resonance
frequency of the circuit. If the alternating
voltage applied to the dynatron grid is in
creased  gradually  from zero, at a certain
critical  voltage  oscillations suddenly  com-
mence, with frequency exactly half that of
the grid voltage, e¢ven if the circuit is detuned
Experimental results are shown graphically.

621.396.611.21.029.3 2472

Quartz Vibrators for Audio Frequencies—
J. E. Thwaites. (Proc. TEE, Part 111, vol. 99,
pp. 158-159; May, 1952)) Summary only.
Results obtained for silver-plated wire-mounted
4 5 degrees X-cut bars show that the frequency
S of flexural vibrations is given by the formula
J=5,740 w/I2, where f is in ke and w and ! are
respectively the width and length of the bar
in mm. The frequency/temperatyre 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 valuye of w/l. For
bars of ring form with a small gap, f=4,350
w/1* where w is the width in the plane of
flexure and [ is the mean arc length, Approxi-
mate relations between dimensions, frequency
and temperature are shown graphically for
straight bars and for gapped rings. Both types

*have .wo nodes and can be supported by four

wires in a glass cnvelope, In straight bars the
distance of the nodes from ecach end is 0,224 {;
in gapped rings the nodes subtend an angle of
66 degrees at the center of curvature. A simple
method of determining the parameters of the
equivalent circuit for such vibrators is de-
scribed.

621.396.611.39:621.392.26 2473
Microwave Coupling by Large Apertures—
S. B. Cohn. (Proc. LR.E., vol. 40, pp. 696-
.()09; June, 1952 A frequency-correction factor
18 proposed for Bethe's small-apertyre coupling
relation for a transverse diaphragm in a rec-
tangular waveguide. Experimental results for
apertures of any different shapes and sizes
show this correction factor to be accurate up
to slightly above the resonance frequency of
(‘{.‘lch aperture.  Approximate formulas are
given for the resonance length of a narrow
roctm}g.ular aperture and for the Q of a reso-
hant iris loaded hy matched waveguide. The
effect of wall thickness is also considered.

621.396.615.001.8 2474

The Action of Locked OscillatorsE.
Roessler. (Fernmeldetech, Z., vol. 5, pp. 97-100;
March, 1952,) Fixing of the starting point of
oscillations by meang of a locked oscillator is
used 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-
<luction of a phase-related pulse for utilizing the
Doppler effect in radar measurements. The
action of the locked oscillator in these three
cases is explained and further possible applica-
tions are considered.

621.396.615.029.3:621.366.621.53 2475

Beat-Frequency Tone Source. Mathemati-
cal Theory of Mixing—C. G. Mayo. (Wireless
Eng., vol. 29, pp. 148-155; June, 1952.) Three
<ystems of mixing are discussed: (a) multiplica-
tion in a square-law device, (b) addition fol-
lowed by linear rectification, (¢) addition of
one component to a square wave synchronous
with the other component, followed by linear
roctification. Method (¢) is analyzed in detail
and the distortion likely to occur in practical
circuits is evaluated. With regard to output,
distortion and noise, method (¢) is by far the
yest,

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. (Compt.
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

-omparison is made between theorctical and
experimental results,

621.396.615.17:621.3.087.4:551.510.535 2477
A Timebase Circuit for a High-Precision
Ionospheric Sounding Apparatus—B. M. Ban-
rjee and R. Roy. (Indian Jour. Phys., vol.
4, pp. 411-419; September, 1950.) Description
f a circuit which produces a 10-line raster on
the screen of the cro. Each line of the raster
takes 333us, a time which corresponds to 50
Ln of ionosphere height. Marker pips indicate
5 km intervals and an intensifying pulse is
pplied to any one of the ten lines selected by
an 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, () by using a diffraction
grating. A Golay cell or a Si-crystal rectifier is
used ag detector. The tenth harmonic (A\=1.25
mm) has been obtained from K-band tubes and
the third harmonic (A\=1.1 1nm) from 3.3-mm
tubes, with an estimated pcak 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.
Instr., vol. 23, p. 133; March, 1952.) A circuit
including a mercury relay tube in scries with
dc supply and resistive load producces square
pulses of peak power 250 w and duration from
10 ms to 2.5 scconds.

621.396.645 2480

Cathode-Coupled Amplifier—1. F. Mac-
diarmid. (Wireless Iing., vol, 29, p. 169; June,
1952.) Discussion on 1559 of June (Lyddiard).
An alternative equivalent circuit and conven-
jent method of calculating harmonic distortion
are described.

621.396.645 2481

Cathode-Follower Operation —A. J. Shimn-
mins. (Wireless Iing., vol. 29, pp. 155-163;
June, 1952.) The response of cathode-follower

Abstracts and References

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
geries-inductance compensation, (b) use of a
low-pass filter as the cathode load, (¢) increase
of the capacitance between grid and cathode.
Method (a) offers considerable advantages; an
inductance value of 0.5 CLR? is found suitable,
where Ct is the load capacitance and R, 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. 1, pp. 23-34;
1952. 1n 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 wy-T<0.1 and
wo - T> 100, T being the signal duration and wy
and w, 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. Blaquiére.
(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 rclated to noise power.
The magnitude of this sccondary effect i¢ the
best criterion of quality of an clectronic 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—], P. Schouten and A. T. de Hoop.
(Tijdschr. ned. Radiogenoot., vol. 17, pp. 45—
62; March, 1952.) Using a mecthod due to
Clavier (FElec. 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 casc when the surface over which the
integration is extended is an infinite plane, the
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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 Schrédinger 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
/w3 1), where p is the harmonic considered,
¢ is the mean collision time, and B=ch/27mc.”

538.521 2491

Effect of Torsion on a Longitudinally-
Magnetized Iron Wire—G. W. O. 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 aiternating
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.) 1t 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
nteteor 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. O. Kiepenheuer. (Jour. Geophys. Res,, vol.
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87, pp. 113-120; March, 1952.) Arguments in
favor of the cxistence of solar corpuscles are
reviewed and the geomagnetic action of such
particles is analyzed. The streams producing
moderate disturbances of the earth’s magnetic
ficld 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, 1952)
Sec also Z. Met., 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—(Sce 2575.)

523.8:621.396.822 2497

A New Radio Interferometer and its Appli-
cation to the Observation of Weak Radio
Stars—M. Ryle (Froc. Roy. Soc. A, vol. 211,
pp. 351-375; March o6, 1952.) The reception
pattern of a pair of in-phase wpaced antennas
is A (0). If a M2 length of feeder is inserted in
the line to one of them the pattern in which the
maxima and minima are interchanged. becomes
AYB). A switch changes the pattern rapidly
from A to Az so that the output contains an
alternating component which is proportional to
(A1~43) 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, incinding 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. 409-478; November,
1950.) A Lecher-wire system, completely buried
in the soil for an adjustable length, was used
to investigate the variation of the diclectric
constant x and conductivity ¢ 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 x occurs at about 47 mc. At all the
frequencies used, « increases with moisture
content up to 10 per cent or 12 per cent and
then decreases. A maximum value of o 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 theorics.

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 statistically, taking into ac-
ccunt induction effects in the ionosphere and in
the earth. An estimated value of 6-7 X 10" 9 cmu
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—]. Bartcels 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.)

PROCLEEDINGS OF TIHE [L.R.E.

5§50.384/.385 2503

Geomagnetic Field Variations at Kodaika-
nal—M. V.  Sivaramaktishman (Nature
(London), vol. 169, pp. 409 410; March 8,
1952.) Anomalics in sudden commencements,
and geomagnetic cffeets of solar tlares, 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 disc ugsion pre-
sented previously by Chapman and Ferraro
(14 of 1941).

550.385“1951.07/.12" 2505

Principal Magnetic Storms | July-Dec. 1951
—(Jour. Geophys. Res, vol. 57, pp. 139-141;
March, 19052,)

551.510.3 2506

The Pressure, Density, and Temperature of
the Earth’s Atmosphere to 160 Kilometers—
R. J. Havens, R. T. Koll and . k. LuGow,
(Jour. Geophys. Res., vol. 57, pp. 59-72; March,
1952.) From rocket measurcments made at
White Sands, New Mexico, and at the equator
the following values are deduced- pressure at
160 km, 2X 107 mm lig; density at 160 km,
L5X107%/m?: temperature passes through o
maximum of 270°K at 50 km and a minimnum
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 lonospheric Dis-
tributions—J. Shmoys. (Jour. Geophys. KRes.,
vol. 57, pp. 95-111; March, 1952.) Virtual
height is defined (a) on a geonictrical-optics
basis and () in terms of the frequency deriva-
tive of the phase of the reflection cocflicient ;
the former definition can be derived from the
latter by use of the phasc-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 onc 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—]. Shnmoys. (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
lonosphere—N. C. Gerson. (2. 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 lonosphere—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 F; layer have two maxirmna,
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;

October

March, 1952.) An analysis based on the co
existing auroral conditions is made of nocturnal
%, ionization and “no echo” occurrences as
observed from hf records obtained at College,
Alagka, during the perjod 8th Sept. 1950 10th
of April 1951. In general, (a) £, ionization
increases at successively greater heighig as
aurora approaches the zenith from the north;
(b) in the presence of different nonpulsating
auroral fonmms the I, ionization varies with
changes in auroral form in the same wiy as
luminosity varies, and variations in the height
of maximum ionization follow variations in
auroral height; (¢) complete absorption ig only
shightly moie trequent during nonpulrating
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. (. Peters,

(T'V Eng. (N.Y)), vol. 2. pp. 10 11, Decem-
ber, 1951; and vol. 3, pp. 26-27; January,
1952.) Description of a method using maodels,
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,
(Proc. LR.E. vol. 40, pp. 660 -6006; June, 1952.)

621.396.9:621.396.8 2514

Fluctuations of Ground Clutter Return in
Airborne Radar—T. S, George. (Proc. 1EL,
Part 11, vol 99, bp. 160-161; May, 1952.)
Suminary only. Two types of Huctuations 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./.933).1+621.396.97 2515
Common-Wave Broadcasting and Hyper-
bolic Navigation—A\I. Pohontsch. (Telefunken

JZtg, 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 1)ecca and similar naviga-
tion systems. To be continued,

621.396.932.2 2516

Requirements for Modern Radio Direction
Finders and Means for their Fulfilment—\V, 5.
Steidle. (Telefunken Zig, vol. 25, pp. 12-15;
March, 1952)) Discussion of scensitivity and
sharpness of direction indication, with com-
parison results for Telefunken ship equipment
used with different antenna systems. The use
of‘ an iron-cored goniomecter in conjunction
with a  high-gain superheterodyne receiver
has increased the sensitivity of the Telegon
df cqu_imm'nt. using crossed screened frame
coils of area 0.95 m?, up to that of cquipment
on the German hydrographic survey vessel
Gauss  which ysed crossed  stretched-wire
loops of area 9 and 52 m1, respectively.

621.396.932.23621.396.677.5 2517

Comparison between Frame-Coil and
Stretched-Wire-Loop Aerials for Ship Direc-
tion Finders—1]1. Gabler, G. Gresky and W.
Runge, (Telefunken Ztg, vol. 25, pp. 5-11;
March, 1952,) Measurements showed that
when using the Telegon direction finder with
its crossed coils of area 0.95 m?, the width of
the minimum was 2.4 times greater than with
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tretched-wire loops of arca about @ m!. The
Hirection-finding  sensitivity of the Telegon
‘quipment was tound equal to that of goniom-
‘ter direction  finders  using  atretched-wire
aopsof area about 10m?, Theoretical investiga-
Jone of the effect of the geometry and electrical
fata of a coil on the gsharpness of the dt indi-
“ation were conhrmed experimentally.

921.396.033 2518
An Aided Layer for Shoran—R. C Richard-
on (At Jowr, Appl Scr, vol. 3, pp 16-24;
Match, 1952)) Descnption of a unit in which a
notor, whose speed s controlled through a
celodyvne [902 of 1948 (Wilhams and Uttley)]
v rotation of the shoran handwheel, is geared
It rentally to the handwheel shatt and thus
rahit ites its rotation when the range is varying
Iy 1 he output dive from the umt to the
Heplay and othor assodited umts j« through
0 \dmalty Moty pe elactnical tranemission
vatem,

£621.396.933.2°621.396.677.6 2519
Recent Developments in  Short-Wave
Adcock Direction Finders—\. Troost. (Trle-
waken Zic., vol. 28, pp 16 27, March, 1082)
relitive menits of Uetvpe and 1 tvpe
Neonnas are discuesed. For o transportable
wpment U.tvpe antennas are preferable
Svatematic errors can be reduced by ancreasing
C number of antennas used, this atso results
oot scd senativaty Subdivesion of anten-
s gives improyement as regards night etfect,
U ssion of rueoanance crrors, and a4 cosmne
Wwooof vertieal  charactenstic for  single
ntennas thronghout the frequency range A
L st svstem s conardered the beat With
Wbt or mote masts the shght increase of
nativity s oftset by increased labihity to
vanzaton and resotance errors A descnip-
N s given of cquipment using six N S m
Cseopie maate at the corners of 4 hexagon
s m oacress The goniometer ig of the iron ning
vpe with s screen The use ot a push-pull
wite band amghher gives a sensitivity of
1y 03 u\7/m, depending on the trequency,
¢ range covered an tour bands bang 4 §-25
ne

MATERIALS AND SUBSIDIARY
TECHNIQUES

531.788.541.56 2520
The Measurement of Extremely Low Pres-
sures below 10 ° mm Hg by means of an
Adsorption Manometer — M. Seddig and G.
Haase (7 angew. Phye, voll 4, pp 1052108,
A\ oareh, 1932) Deseription of an exvperimental
arocedure by which pressure changes after
cettering and seahng off are determined from
the slope of the work function time character-
stic of a punfied tungsten emitting surface
in the evacuited space. The work function is
determined by photoclectric measurement,

$35.5 2521

The Production of Very High Vacua by the
Use of Getters—S. Wagener. (I'roc. TEE,
Part 111, vol 99, pp. 135-147; Mav, 1052)
“The characteristice of getters are defined and
correlations hetween 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 gettenne and 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
discharge gettering arc investigated in detail,
and an attempt is made to determine the parts

| played by adsorption, diffusion and chemical

reaction in different systems of getters and

| gases The efficiency of flash getters is compared

!

with that of coating getters, particularly
thorium, [t is found that gases like oxygen and
carbon dioxide are taken up irreversibly during
discharge gettering with thorium. The pressures

Abstracts and References

attainable in tubes using flash and coating
getters are measurcd, and the influence of
some parameters such as baking time on the
pump or pressure during sealing off is investi-
gated.”

$35.215.4:537.311,33:546.86 2822

Properties of Films of Non-Metallic Anti-
mony—T. S. Moss (Froc. Phys Soc., vol. 65,
pp. 147-148, February 1, 1952) Consideration
of the periodic table of clemnents an the light of
recent  investigations  of  photoconductivity
indicates that there should be a semiconducting
torm of Sh with activation energy between
0,37 and 0.1 ev and with photoconductive
properties for wavelengths near 8 u. Such
lavers  were  obtained  expenmentally by
evaporation on to substrates at 195°K or 90°K.
Resistinee frecprocal temperature and  sena-
tivitv/wavelength curves obtained from meas-
urements are shown,

5§37.226°621.396.677 2523

1sotropic  Artficial Dielectric—R. .
Corhum (Proc | R IF, vol 40, pp S74-587;
Mav., 1952) Theoretical and  experimental

investigations of media conasisting of a cubic
lattice of metal or  diclectric apheres are
descnibed. 1 xpressions arc denved for the index
of retraction, diclectnie constant, and magnetic
permeability of such media These quantitics
are independent of trequency af the aize and
spacing of the apheres are emall compared with
the wavelengthin the medium  Sample media
were produced  with stecl or  fused-quartz
apheres embedded in atveofoam, waveguide
ieasurements of thar dilectric prroperties at
S hme are i good agreement with theoretical
values,

$37.311 33 2524

Impurity Scattering in Oxide Semiconduc-
tors—1- W J Muchell (Prac Phve Soc,
vol 68, pp 184 101, Fehruway 1, 19829
“Itois auggested that electron saattening by
neutral impunty centrea mhes an amportant
conttihution to the reastivaty of these mater-
ala The tamalar relition logoe = a4 Je together
with the theory iven by Ruach are disoyasaed
and an alternatnne explanation inveluing im
punty seattenng and a depen tence of e on N
18 given  Thie e compared warh expernimental
requlta for several ov les ancla ing measure-
ments by the author on the Peg( THO; svatem ™
See alsn 907 of 1981 (Frginsoy)

$37.311.33 2528

Study of the Conductivity of Semiconduc-
tors and Application to Omde Mixtures—
C Gullaud and R Bortrand  (Jour  Rech,
Centre nat Rech Sii . no 1% pp 1% 130,
March, 19582) Investigations are doacribed of
oxide mixtures of compasinion v FeA)(1- MO,
where M represents either Zn, M or Mn and
t is the molecular proportion ot Fez0) stoichio-
metric compasition resulting an ferntes Par-
ticular ditficultica encountered n resistivity
(p) measurements on semiconductors, such as
the contact between the electrodes and the
material, are diacussed Curvesare miven for the
three types of mixture, showing log o for values
of t from 0 te 1 and for temper wtures of 20°,
100° and 200°C. The curves 1t indicate mini-
mum resistivity for valuecs of x near that for
stoichiometric composition In the caec of the
ZnO mixtures, a maximum of the resistivity is
found for ©=0.65, decreasing to a low value
for pure ZnO. Curves are also given showing
p1/prec and pire/p2 ¢ 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.

$37.311.33:546.289 2526

Probing the Space-Charge Layer in a p-n
Junction—G. L. Pearson, W. T. Read and
\V. Shockley. (Phys. Rer., vol. 85, pp. 1055~
1057; March 15, 1952.) Theory indicates that
for a p-» junction the capacitance (C) per unit
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aren is C= K/(4x 1), where K is the dielectric
constant and W the thickness of the space-
charge layer. The Gc p-n junction previously
used by Goucher ef al. (1669 of 1951), a speci-
men of square cross section, was investigated
by measuring the zero-current potential at a
number of points across the cdge of the space-
charge layer on one face of the specimen, using
a fincly pointed tungsten probe Since the value
of K is 16.1, fringing cfiecte should be small,
so that the potential distribution across the
cdge of the space-charge layer will be nearly
the same as in the interior of the apecimen.
Measured potentials for three different reverse-
bias voltages arc plotted against distance of
probe travel. The corresponding thicknesses
deduced for the barrier layer are respectively
37.29and 2.4X 107 cm if the curves arc taken
to be cubics. Similar results were obtained on
the other three faces of the specimen. Since,
however, the curves can be represented equally
well as parabolas or cubice, it appears that the
junction studied has neither a linear hole and
clectron concentration gradient [164 of Febru-
ary (Mc \fee ef al )] nor an abrupt transition
from n to p type [379 of 1950 (Shockley)l.
This introducea an uncert unty of about 30
per cent 1 the cstimates of laver thickness.

$37.311.33°621.306 822 2827
A Unidirectional Generator of Electrical
Fluctuations—(  Wlerich  (Compt.  Rend.
Acar Sa (IMined, vol 234, pp 1260-1262;
March 17, 1952) Obeervitions on thin layers
ot P'bS indicate that in some cases the addi-
tional notee tluctuations produced by passage
of current mav depe n i on the direction of the
cutrent, though the resistince is otherwise the
wimne tor both directions [t 1@ shown that this
does not violite the 1 ave of thermodynamics.
Fluctuation phenomena are cajmble of reveal-
ing directional Jditferenees amall enough to es-
cape deteetion by methids such as measure-
ment of conductivity or photoconductivity.

$38 221 2528

An [nterpretation of the Magnetic Proper-
ties of Some Iron-Oxide Powders—W. P.
Osmond ('rx. PAvy Sx  vol 65, pp 121-
134, Februwry 1, 1932) “The observed mag-
netic properties of fine dispersed powders of
the terromagnetic tron odes are discussed in
the light of modern theones of the magnetiza-
tion of ferntes and of ferromagnetics containing
nonmagnetic inclusions.”

$38.221 259
Investigation of the Temperature Variations
of Thin Mumetal Tapes subjected to Weak
Alternatiag Fields —C Abgrilland I Epelboin.
(Compt Reni Vcad. Sev (Pans), vol 234, pp.
1265-1267, March, 19523 The calculated
value of eddy-current loescs for a homogeneous
magnetic matenal accounts for only a part of
the experimentally ohserved losses The vari-
ation of the discrepancy over a wide tempera-
ture range isinvestigated, this enables the influ-
ence of magnetic after-cffect to be separated
from that of m \croscopic structure. Experimen-
ta! reeults are given for tapes ot thickneas 10u
and 59,. See also 1933 of 1951 (Epelboin).

$38.221 2830

Physical Structure and Magnetic Aniso-
tropy of Alnico S: Part 1—R. D. Heidenreich
and E. A. Neshitt. (Jour. Appl. Phys., vol. 23,
pp. 352-365; March, 1952.) Results of electron
microscope and diffraction investigations indi-
cate that the high coercive force and anisotropy
of alnico § are due to a finely divided precipitate
produced by the permanent-magnet heat
treatment. Part 2: 2531 below.

$38.221 2531

Physcial Structure and Magnetic Aniso-
tropy of Alnico S: Part 2—E. A. Nesbitt and
R. D. Heidenreich. (Jour. A ppl. Phys., vol. 23,
pp. 366-371; 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 obgerved coercive force
being the result of this combination.

538.221 2532

Domain Structure of Perminvar having a
Rectangular Hysteresis Loop—11. 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. Slade, Jr. and
S. Weissmann. (Jour. Appl. Phys., vol. 23,
pp. 323-329; March, 1952))

538.221:538.652 2534

Magnetostriction of Various Ferrites Ori-
ented while Hot—L. \Vei] (Compt. Rend. Acad.
Sci. (Paris), vol. 234, pp. 1351-1352; March
24, 1952.) Measurcments were made on Co
ferrite and on solutions of Co ferrite in Mg or
Ni ferrites oriented by application of a ficld
while cooling from 850°C to rooni temperature,
Results are shown graphically.

538.221 :[621.317.335.2+621.317.4ll 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. lloselitz and M.
McCaig. (Proc. 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 4 546.57 4 546.621 2537

Electrical Properties of Very Thin Films of
Silver, Aluminjum and Silicon—A. Blanc-
Lapierre, M. Perrot and J. P. David. (Compt.
Rend. Acad. Sci. (Paris), vol. 234, pp. 1133-
1135; March 10, 1952.) The conductivity at
ordinary temperature of films of equivalent
thickness <10 my, evaporated at a pressure of
107 mm Hg, was investigated experimentally.
Field strengths up to 8 kV/cin were used;
large deviations from Ohm’s law were observed,
together with hystercsis effects in some cases,
Results are tabulated and shown as 1/V charac-
teristics measured at different times after
deposition,

541.18:537.311.35:621.316.87 2538

Polaresistivity and Polaristors—H. I,
Hollmann. (Proc. I.R.E., vol. 40, pp. 538-545;
May, 1952.) If semiconductive particles are
suspended in an insulating fluid, the conduc-
tivity of the suspension becomes nonlinear ag
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 clectrodes. Particular fluid carriers
can be transformed into a solid state, so forin-
ing what are termed “polaristors.” The current
I and voltage V for such resistors are con-
nected by the relation / = V(1 +kV?)/Rq, where
Ro is the initial resistance and & 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 I/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.,

PROCIEDINGS OF T1115 [.R.I-.

vol. 05, pp. 149-154; Febtuary 1, 1952.) “The
interaction between erystalline selenium and
liquid mercury or mercury vapor results in the
formation ol mereuric 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 293} 1g, Mercury added
to sclenium 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—I:.
Billig. (Proc. 'hys. Soc.. vol. 05, pp. 216 -221;
March 1, 1952)) “1he g ently  established
identity of the width of the (optical) energy
gap, 2.05 cv, for both amorphous and crystal-
line selenium, suggests that the chain strue-
ture of crystalline selenjum i« maintained also
in the amorphous phase. The low leetrical con-
ductivity of amorphous selenum s aseribed
to potential barriers existing hetwe cn individual
chains.”

546.28 4 546.289]:541.26 2541

Lattice Parameters, Coeflicients of Thermal
Expansion, and Atomic Weights of Purest
Silicon and Germanium - \1. .. Straumanis
and E. Z, Aka. (Jour. Appl. Phys., vol. 23, pp.
330~-334; March, 1952.)

546.3-74-56+ 546.3-98~57.02/.03 2542
Electronic Structures Physical Proper-
ties in the Alloy Systems Nickel-Copper and
Palladium-Silver—B. R. Colcs. (Proe. DPhys.
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-Tartrate: Flamed Growth and
its Inhibition by Boric Acid -A. L. Booth and
H. E. Buckley. ( Nature (london), vol. 149,
pp. 367-368; March 1, 1952.)

621.396.611.21 2544

Single Response Thickness-Shear Mode
Resonators using Circular Bevelled Plates——
R. Bechmann. (Jour. Sci. Instr., vol. 20, ).
73-76; March, 1952.) The effectivencss of
bevelling for removing unwanted resonances
is illustrated by response curves for an AT-cut
quartz disk of diameter 27 . thic kness 5.28
mm and frequency 350 ke, taken after applying
one, two, three and four bevels Tespectively.,
Where there is a clear, single-fiequency re-
sponsge, the series-resonance resistance of the
crystal is almost constant over a wide tem-
perature range; this affords a practical criterion
of quality

MATHEMATICS

519.24 2545

Properties of Certain Statistics involving
the Closest Pairin a Sample of Three Observa-
tions—]. 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. (Proc. LR.E., vol. 40,
pp. 568-572; May, 1952.) Description of »
computer comprising an algebraic unit and a

pulse converter. Only 15 tybes 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 . W. Smith, (Rev. Sci.
Instr., vol. 23, pp. 121~1206; 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-

October

tween the integrals of two products in two
separate channels and hence plots the required
auto- or crogs-corrclation function. The appa.
ratus iy described and its operation js illus-
trated by application to the study of atmos
pheric tutbulence.

MEASUREMENTS AND TEST GEAR

621.3.018.41+531.764.5](083.74)(43l.SS)
2548
Standard Frequencies and Standard Time
of the “Funkamt” (FuA), Berlin, January and
February 1952—F, Conradl. (Frequenz, vol. ¢,
p. 88; Maich, 1952.) Two graphs show comn-
parisons between the time markings of the FyA
standard-frequency  equipment  (Rhode and
Schwarz quartz clock) with GBR, GIC and
WWV signals and  with the transmissions
from the Hydiographic Institute, Hamburg,
and from Munchen-lIsmaning.

621.317.3:621.396.611.21 2549

A Simple Method of Measurement of
Quartz Crystal Characteristics -J. Coulon.
(Compt. Rend. Acad. Sci. (Paris), vol. 234,
bp. 1269-1271; March 17, 1952.) The cquiva-
lent-circuit parameters of the crystal are found
froin (¢) the curve for the variation of oscillator
frequency with variation of a control capaci-
tance in series with the erystal, (5) the curve
for the voltage at the oscillator tube grid, (¢)
a capacitance measurement and (d) an iinped-
ance measurement. The circle diagram intro-
duced previously (2550 below) is used.

621.317.3:621.396.611.21 2550

Plotting the Resonance Curve of a Piezo-
electric Quartz Crystal, using a Circle Diagram
—J. Coulon. (Compt. Rend. Acad. Sci, (Paris),
vol. 234, pp. 1138 -1140; March 10, 1952.)
The plotting of the resonance curve is facili-
tated by constructing a circle diagram whos«
co-otdinates 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—\\". 1.
Albersheim. (Proc. LLR.E., vol. 40, pp. 518-
5515 May, 1952) Methods arc 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,
(¢} the mnplitude characteristics of output
nonline rity and of intermodulation products

621.317.31/.32].029.3:537.324 2552

Thermal Converters as A.C.-D.C. Transfer
Standards for Current and Voltage Measure-
ments at Audio Frequencies—-I-. .. Hermach.
(Bur. Stand, Jour. Res., vol. 48, pp. 121-128;
February, 1952)) An account of thermocle-
ments and associated cquipment used at the
National Bureau of Standards primarily for
the standardization of ac amnmeters and volt-
meters subniitted for test, An accuracy to
within 0.01 per cent in the ac-de transfer can
be achieved for currents of 1 ma 50 a and volt-
Ages of 0.2-750 v 4t frequencies from 25 cps to
20 kc. Factors limiting the transfer accuracy
are analyzed and approximate solutions are
given of nonlineur ditferent ial 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, \p. Greene and M. Solow.

(Proc. LR.E., vol. 10, p. 573; May, 1952.)
Abstract of U.R SL-LLR.L. Meeting paper,
Washington, 1949, See 3090 of 1950,

621.317.336:621.3]5.212 2554

Reflections in a Coarial Cable due to Imped-
ance Irregularities—G. IFuchs. (Proc. I1EE,
Part 111, vol. 99, pp. 161-164; May, 1952.)
Summary only. Theoretical relations between
impedance irregularitios, input-impedance de-
viation and pulge 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. (Compt.
Rend. Acad. Sci. (Paris) vol. 234, pp. 1135-

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;
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
i parallel, readings being taken on the cali-
brated variable capacitor used for tuning.
I.leven 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 II, vol. 99, p. 105; March, 1952.) Sum-
mary only. Description of three bridges de-
signed for the measurement, at 50-100 nc, of
onplex impedances with resistances of 40-200
> and reactances between 4200 and —200 €.
Iwo of the bridges are suitable for mecasure-
nent 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-
nus transistor characteristics and for direct
indication of transducer gain on a meter with
decibel scale.

621.317.755:621.397.62 2559

Television  Oscilloscope—\V. 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 us 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. I.
Machin, M. Ryle and D. D. Vonberg. (Proc.
IEE, Part IlI, vol. 99, pp. 127-134; May,
1952.) The fundamentals of noise-power meas-
urement are congidered, the minitnum 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 gelf-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.

Abstracts and References

Tech. Jour., vol. 31, pp. 469-503; May, 1952.)
Very rapid wear tests are made using the
BaTiO; transducer described by Mason and
Wick (1818 of 1951) to produce a norinal or a
tangential wearing force. The force is meas-
ured by inserting a BaTiOs 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 18,
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 élect , vol.
32, pp. 89-90; March, 1952.) Comment on
article noted in 1060 of May (L.ansard).

621.365.55t 2564

Temperature Distribution with Simul-
taneous Platten and Dielectric Heating—I1. M,
Nelson. (Brit. Jour. Appl. 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 reterences.

621.384.611.11 2566
A Coil System for an Air-cored Betatren—
R. Latham, M. J. Pentz and M. Blackman.

(Prcec. Phys. Soc., vol. 65, pp. 89-93; February ~

1, 1952.) Description of the coil for a small
betatron producing 300-kev electrons, and of
measurcments of the field configuration.

621.384.612.1t 2567

A Fixed-Frequency Cyclotron with 225-cm
Pole Diameter—II. Atterling and G. lind-
strom. ( Vature (LLondon), 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).

621.384.612.11 2568

The University of Birmingham Cyclotron—
(Nature (L.ondon), vol. 169, pp. 476-477;
March 22, 1952.) Decuterons of 20-mev cnergy
are obtained from this 10.24-mc fixed-fre-
quency unit.

621.385.833 2569
Magnetic Electron-Microscope Projector
Lenses—~(. Liebmann. (Proc. Phys. Soc., vol.
65, pp. 94-108; February 1, 1952.) Theory
previously given [1701 of July (Liebmann and
Grad)] is applicd 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. (Prcc. 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 ncw 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.
Helliwell. (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 rclated to ionization density
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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. IEE,
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 WWVH 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—N\!. Schulkin. (Proc. I.R.E., vol.
40, pp. 534-561; 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 coinputations. A practical
scheme is presented for calculating the at-
mospheric refraction of rf rays numerically
fromn 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 111, 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 domaing of
matrix material, the observed cocrcive force
being the result of this combination,

538.221 2532

Domain Structure of Perminvar having a
Rectangular Hysteresis Loop—1I1. J. Williamns
and M. Goertz. (Jour. Appl. Phys., vol. 23,
pp. 316-323; Narch, 1952.)

538.221 2533

Study of Imperfections of Crystal Structure
in  Polycrystalline Materials: Low-Carbon
Alloy and Silicon Ferrite—]. J. Slade, Jr. and
S. Weissinann. (Jour. Appl. Phys., vol. 23,
pp. 323-329; March, 1952)

538.221:538.652 2534

Magnetostriction of Various Ferrites Ori-
ented while Hot—L.. \Wej] (Compt. 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:[621.317.335.2+ 621 .317.411 2535
Dielectric Constant and Permeability of
Various Ferrites in the Microwave Region—T.
Okamura, T. Fujimura and M. Date, (Phys.
Rey., vol. 85, pp. 1041-1042; March 15, 1952)
Results are tabulated of cavity-resonator
measurements at 6.6-cin 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. lloselitz and M.
McCaig. (Psoc. 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:[S46.28+S46.57+546.621 2537

Electrical Properties of Very Thin Films of
Silver, Aluminium and Silicon—A. Blanc-
Lapierre, M. Perrot and J. P. David. (Compt.
Rend. Acad. Sci. (Paris), vol, 234, pp. 1133-
1135; March 10, 1952.) The conductivity at
ordinary temperature of films of equivalent
thickness <10 my, evaporated at a pressure of
107 inm 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, k.
Hollmann. (Proc. 1.R.E., 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 carrierg
can be transformed into a solid state, so form-
ing what are termed “polaristors.” The current
I and voltage V for such resistors are con-
nected by the relation 7 = V(1 +kV?)/Re, where
Ry is the initial resistance and & 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 I/V
characteristics, or by IIF oscillograms similar to
modulation trapezoils. Polaristors are very
sensitive to temperature and to mechanical
stress and may consequently have o wide range
of applications. Sce 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 T111 [.R.I.

vol. 65, pp. 149-154; February 1, 1952,) “The
interaction between erystalline selenium and
liquid mercury or mercury vapor results in the
formation of mercutic selenide. When produced
in this form, this material is an excess semicon-
ductor of high conductivity. I he associated
volume and surface ditfusion have been investi-
gated using radioactive 911y, Mercury added
to sclenium before the crystallization process
results in material of high resistivity., This is
ascribed to a reduction of the positive hole
inobility.”

546.23.02 2540

A Note on the Structure of Selenium—I-.
Billig. (’roc. Phys. Soc., vol, 05, pp. 216-221;
March 1, 1952)) “Ti recently  established
identity of the width of the (optical) energy
gap, 2.05 ev, for both .imorphous and ciystal-
line selenjum, suggeats that the chain struc-
ture of crystalline selenium is maintained also
in the amorphous phase. The low deetrical con
ductivity of amorphons selenium is ascribed
to potential barriers existing hetwen individual
chains.”

546.28+ 546.289):541.26 2541

Lattice Parameters, Coefficients of Thermal
Expansion, and Atomic Weights of Purest
Silicon and Germanium M. |- Straumanis
and E. 2. Aka. (Jour. Appl. Phys., vol. 23, pp.
330-334; March, 1952.)

546.3-74-56+ 546.3-98-57).02/.03 2542
Electronic Structures Physical Proper-
ties in the Alloy Systems Nickel-Copper and
Palladium-Silver—B. R. Colis. (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-Tartrate: Flamed Growth and
its Inhibition by Boric Acid—A. I1. Booth and
H. E. Buckley. ( Nature (London), vol. 109,
pp. 367-368; March 1, 1952)

621.396.611.21 2544

Single Response Thickness-Shear Mode
Resonators using Circular Bevelled Plates —
R. Bechmann. (Jour. Sci. Instr., vol. 29, pp.
73-76; March, 1952.) The effectivencss of
bevelling for removing unwanted resonances
is illustrated by response curves for an A'l-cut
quartz disk of diameter 27 mm. thickness 5.28
mm and frequency 350 ke, 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 teme-
perature range; this affords a practical criterion
of quality

MATHEMATICS

519.24 2545

Properties of Certain Statistics involving
the Closest Pairin a Sample of Three Observa-
tions—]J. Lieblein. (Bur. Stand. Jour. Res., vol.
48, pp. 255-268; March, 1952.) Analvsis 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. (Proc. LR.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 H. 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-

October

tween the integrals of two products in two
scparate channels and hence plots the required
auto- or cross-correlation tunction. 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+531.764.5](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-
patisons between the time markings of the FuaA
standard-frequency  couipment  (Rhode and
Schwarz quartz clock) with GBR, GIC and
WAWY 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 -J.  Coulon,
(Compt. Rend. Acad. Sci. (Paris), vol. 234,
pp. 1269-1271; March 17, 1952.) The equiva-
lent-circuit purameters of the crystal are found
from (¢} the curve for the variation of oscillator
frequency with variation of a control capici-
tance in series with the crystal, (5) the curve
for the voltage at the oscillator tube grid, (¢)
a capacitance measurement and () an imped-
ance measurement. The circle diagram intro-
duced previously (2550 below) is used.

621.317.3:621.396.611.21 2550
Plotting the Resonance Curve of a Piezo-
electric Quartz Crystal, using a Circle Diagram
-I. Coulon. (Compt. Rend. Acad. Sci. (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—\\' J.
Albersheim. (Proc. LRI, 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,
() the amplitude chirracteristics of output
nonhinearity and of intermodulation products

621.317.31/.32].029.3:537.324 2552

Thermal Converters as A.C.-D.C. Transfer
Standards for Current and Voltage Measure-
ments at Audio Frequencies —-F. I,. Hermach,
(Bur. Stand. Jour, Res., vol. 48, pp. 121-128;
February, 1952)) Anp 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-50a and volt-
ages of 0.2-750 v 4t frequencies from 25 cps to
20 ke. 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, Af. Greene and M. Solow.,
(Proc. LRI, vol. 40, p. 573; May, 1952.)
Abstract of U.R.S.I.1.R.E, Meeting paper,
Washington, 1949, See 3090 of 1950,

621.317.3362621.315.212 2554

Reflections ina Coarial Cable due toImped-
ance Irregularities—G. Fuchs. (Proc. IEE,
Part 111, vol. 90, bp. 161-164; May, 1952.)
Summary only, Theoretical relations between
impedance irrcgularitins, input-impedance de-
viation and pylge 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. (Compt.
Rend. Acad. Sci. (Paris) vol. 234, pp. 1135~
1136; March 10, 1952.) A straight conductor,
carrying an alternating current, js 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;
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 111, 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 €.
Iwo 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-
inces bulanced 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  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 arc 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. K.
Machin, M. Ryle and D. D. Vonberg. (Proc.
IEE, Part 111, vol. 99, pp. 127-134; May,
1952.) The fundamentals of noisc-power meas-
urement are congidered, the miniimnum detect-
able power being determined by the receiver
noise and by the ratio of input and output
bandwidths of the recciver. 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
cquipment is described, some sections in detail.
The performance is analyzed in termns of its
accuracy, its regsponse to an input step function
and the fluctuations of its output indication;
experimental performance figures conipare
rcagsonably 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.

Abstracts and References

Tech. Jour., vol. 31, pp. 469-503; May, 1952.)
Very rapid wear tests are made using the
BaTiO; transducer described by Mason and
Wick (1818 of 1951) to produce a normnal or a
tangential wearing force. The force is meas-
ured by inserting a BaTiO; 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
interfcrometer operating with eclectron 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 élect , vol.
32, pp. 89-90; March, 1952.) Comment on
article noted in 1060 of May (l.ansard).

621.365.55¢ 2564

Temperature Distribution with Simul-
taneous Platten and Dielectric Heating—I1. M.
Nelson. (Brit. Jour. Appl. 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.

621.384.611.11 2566
A Coil System for an Air-cored Betatron—
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-kev electrons, and of
measurcments of the field configuration.

621.384.612.11 2567

A Fixed-Frequency Cyclotron with 225-cm
Pole Diameter—II. Atterling and G. Lind-
stréom. ( Nature (LLondon), 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 I’hysics,
Stockholm. Sec also 2254 of 1951 (Atterling).

621.384.612.1%1 2568

The University of Birmingham Cyclotron—
(Nature (l.ondon), vol. 169, pp. 476-477;
March 22, 1952.) Deuterons of 20-mev energy
arc 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. (Prec. 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.
Ielliwell. (Jour. Geophys. Res., vol. 57, pp. 73—
84; March, 1952.) The expression for complex
polarization given by the magneto-ionic theory
ia plotted on the complex plane, using normal-
ized parameters related to ionization density
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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.) Twicc-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 lonospheric Radio Trans-
mission Forecasts with Practical Results—
A. F. Wilkins and C. M. Minnis. (Proc. IEE,
Part 111, 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—( Nalure
(London), vol. 169, pp. 361-362; March 1,
1952.) Summary of paper by L. H. Martin,
presented at the N.Z. Geophysical Confer-
ence. Obscrvations made at Wellington on
11.75-mc signals from GSD and 10-mc signals
from WWVH 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 cclipses.

621.396.11:551.510.52 2576

Average Radio-Ray Refraction in the Lower
Atmosphere—NM. Schulkin. (Proc. 1.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 metcorological sounding data are dis-
cussed,

621.396.11.029.51 2577

The Ilonospheric 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
convergion 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 sunrige was 7-8 km, but the
value was very variable from day to day.
The effect of a sudden ionospheric disturbance
ia to decreage 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 Propagation of Radio

Waves with Frequencies near 100 k¢/s over
Distances up to 1000 km—K. Weekes and R,
Stuart. (Proc, 1EE, Iart I, vol. 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 transmitting stations
(British and Danish chains). The tollingworth
interference pattern  wag determined  from
signal-strength records obtained in an aireraft
flying at a height of 2,000 feet. Typical results
are ghown graphically and discussed. Field-
strength minima at 940 km from a 71-ke trans-
mitter are noted and the changes of their times
of occurrence throughout a year are shown.
Records indicate that during a sudden iono-
spheric disturbance the amplitude of the down-
coming wave is greatly increased. In a large
disturbance it was deduced that the reflection
coeflicient (ratio of amplitude of normal com-
ponent of downcoming wave to that of incident
wave) for 71-ke waves was incréased by a fac-
tor of nearly 6. Ou the higher frequencies the
increase appeared to be rather amaller,

621.396.11.029.55 2579

Instantaneous Prediction of Radio Trans-
mission Paths—Q. 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 transinission path
becomes servicecable. “Scatter-sounding” rec-
ords made at 5-minute intervals during a 24-
hour period are compared with the strength
of signals reecived from some 300 amateur
R/T stations during this time in the 14-1nc
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 nnd receiving equipment, show
the areas to which radio transmission is pos-
sible, via both the F and sporadic- £ layers. As
a prediction method for communication,
scatter sounding is remarkably gensitive and
comparatively simple.

621.396.11.029.62 2580

Abnormal Ranges of Ultrashort Waves
and Their Meteorological Causes—B. Abjld.
(Tech. Hausmitt, NordwDisch,. Rdfunks. vol. 4,
pp. 4-11; Janunry/l“ebruary. 1952.) Theory of
the cffects of variations of temperature and
relative humidity, and of inversions of the
refractive-index gradient, is briefly reviewed,
and a detailed account is given of investigations
of the relation between the signal strength at
Flensburg of 89.3-mc¢ transmissions from Ham-
burg and the metcorological conditions over
the 150-kb transmission path. In general, a
close correlation exists between the signal
strength  and  the difference between the
relative humidities at ground level and at 900-
mv level, The highest values of signal strength
occur when there is a pronounced inversion
near the ground. Sudden changes of moisture
content at heights of 200800 n have little
effect in producing abnormal ranges, but inver-
sions at heights of about 1 km have a large
effect. Low values of signal strength are
observed when the lower 2 km of the atmos-
phere have no pronounced layered structure
the strength of the received signal and the
gradient of the refractive index at moisture-
content discontinuities at heights upto 1.5 km,
Other records illustrate the effect of squally
conditions, the occurrence of thunderstorms.
and the passage of warm fronts.

621.396.11,029.62: 551.510.535 2581

A New Kind of Radio Propagation at Very
High Frequencies observable over Long Dis-
tances—|). K. Bailey, R. Bateman, L. V.
Berkner, 1. G. Booker, G. F. Montgomery,
E. M. Purcell, W. W, Salisbury and J, B.

PROCEEDINGS OF TIIE I.R.E.

Wiesner, (Phys. Rev., vol. 86, pp. 141-145;
April 15,1952.) The discovery and some results
of a preliminary investigation of weak vhf
propagation via the ionosphcre are reported.
Some preliminary speculations suggest that
mechanism concerned in such propagation hay
be scattering caused by ever-present irregulari-
ties in the £ region. An approximate trans-
mission equation is derived in terms of parame
ters describing inhiomogencities in this region.
Experiments carricd out on a frequency of 49.8
mcover a test path of 1245 km always showed
an observable signal irrespective of scason,
time of day, or geomagnetic  disturbance,
although showing dependencee of signal streagth
on these factors and possibly on metcor ac-
tivity as well. During sudden ionospheric dis-
turbances when hf fade-outs occurred, the sig-
nal showed no evidence of weakening and was
usually enhanced. For shorter accounts see
Electronics, vol, 25, pp. 102-103; June, 1952;
and  Wireless World, vol. 58, pp. 273-274;
July, 1952,

621.396.8.029.51 2582
Phase Variations with Range of the
Ground-Wave Signal from C. W. Transmit-
ters in the 70~130 ke/s Band —A. 13, Schneider,
(Jour. Brit. IRI, vol 12, pp. 181-194; March,
1952.) Phase-variation/distance curves  are
plotted for a uniform simooth carth for vations
values of conductivity, using Norton's (1596 of
1942) and Bremmer's (3242 of 1949) formulas,
Confirmation of the curves is provided by
phase measurements within the reactive field
of a cw radiator and along the base-line eaten-
sions of a Decca navigator chain. For the case
of an inhomogencous carth, a simple method
of assessing the variation of phase with distance
is suggested and is illustrated by an analysis
of readings on the Decca navigator system,

621.396.8.029.51 2583

Random Phase Variations of C. W. Signals
in the 70~130 kc/s Band—\V. T. Sanderson,
(Jour. Brit. IRE. vol, 12, pp. 195-205; March,
1952.) “The accuracy of cw navigational aids
in this frequency band depends tundamentally
on the phase stability of the received signals,
which in turn is determined by skywave eftects,
The rins phase crrors depend on the relative
amplitude of skywave and groundwave, and a
method is given for assessing the phase crrors
in Northern Europe at any giverr time and
range from the transmitter. For the sake of
simplicity a number of approximations are
made and the resulting limijtations are dis-
cussed. The predicted and observed crrots 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—I:, Bauermeister and
W. Knépfel. (Tech. Hausmitt.  Nordw)tsch,
Rdfunks, vol. 4, pp. 67-73: March/April,
1952.) Field-strength investigations in the
Feldberg district of the Black Forest formed
the basis of a method for predicting field
strengths in the 3-m wavelength region, par-
ticularly for places at which multiple refrac-
tion and reflection effects are important. The
field strength is determined from (a) the free-
space field strength and (b) attenuation factorg
which take account of the different refractions
and reflections that occur. Further measure-
ments in the Moselle valley district confirmed
the usefulness of the method.

621.396.81+621.396.677.012.71 2585
Aerial Measurements in the Microwave
Range—Seppen. (Sce 2446.)

621.396.812.029.64 2586
Volume Integration of Scattered Radio
Waves—A. H. LaGrone. (Proc. I.R.E., vol. 40,

October

p. 551; May, 1952.) Corrections to paper noted
in 1412 of June.

621.396.812.3:519.272:681.142 2587
Computer for Correlation Functiong—
Brooks and Smith. (Sce 2547.)

RECEPTION

621.396.621 2588

Linear Rectifiers and Limiters—I). G,
Tucker. (Wireless Iing., vol. 29, pp. 128--137,
May, 1952.) Theoretical analysis for an applied
sigtal consisting of a carrijer (envelope-modu-
Lited or unmodulated) 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
tunction whose form is determined by the
applicd signal and which s expressed in termng
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—]. G. Spencer
(Wirelrss World, vol. 58, p. 204; May, 1952) A
note of minor modifications to the recciver
previously described (1093 of May) necessary
to replace the Type XK1 trequency changer,
now obsolescent, by a Type-X79 tube. Perior-
mance is practically unaffected.

621.396.622:621.396.619.13 2590

Detection of F. M. Waves—Basscras
(Radio frang., no. 3, bp. 21-24; March, 1952,
General description of the method using o
limiter and discriminator, with particular
reference to the use of an oscillating cricuit as
discriminator and to the action of the Travis
and Foster-Seeley discriminators,

621.396.621.029.6 2591

Empfangsprobleme im Ultrahochfrequenz-
gebiet, unter besonderer Beriicksichtigung des
Halbleiters (U.H.F, Reception Problems, with
particular Reference to Semiconductors). [Book
Review|—II. F. Matweé Publishers: R
Oldenboury, Munich, 1951, 204 pp., 37.80 fr.
(Tech.,  Mint.  schw.ia. Telegr.-Teleph Verw.,
vol. 30, pp. 119-120; March 1, 1952.) A com-
prehensive treatment, dealing partic ularly with
methods of frequency mixing, amplification,
detection, sensitivity and noise, design calcy-
lations, and test cquipment  and methods,

STATIONS AND COMMUNICATION
SYSTEMS

62].3.025.7(083.7) 2592

Standards on Pulses: Definitions of Terms:
Part 2, 1952—(I’roc. LR.E., 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. Sucur, (Bxl. Soc, Srang. 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 transnis-
sion of telephony, telegraphye, broadcasting
or television signals, The cconomicy of the vari-
ous systems is discussed and basic considera-
tions which should determine future develop-
ments are outhned,

621.39.001.11 2594
A Comparison of Signalling Alphabets—
E. N. Gilbert. (Bell, Svs. Tech. Jour, vol. 31,
pp. 504-522; May. 1952) Two channels are
considered, (a) a discrete channel transmitting
sequences of binary digits, and (h) 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 comnplicated alphabets.
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621.39.001.11 2595
A Link between Information and Energy—
J. H. Felker. (ProcC. L.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 10® “bits” of information per second
the power required is >2.85X 107! 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.LF. requirements
for a 60-channel system are outlined and the
specification for the V60 equipment is de-
scribed. Tests carried out on the Frankfurt-
Mannheim cable, with repeaters at Erzhausen,
Hahn 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
nd 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. (Fernmeldetech. Z.,
vol. 5, pp. 132-136; March, 1952.) Report of
the proceedings.

621.396.018.78:621.396.677 2600

Signal Distortion by Directional Broad-
cast Antennas—C. H. Moulton. (Proc. LR.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.
(Proc. L.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 reccivers using
amplitude limiting, only distortion of the
instantaneous frequency results from mismatch;
this gives a distortion coefficient which in-
| creages with the modulation frequency but
with normal matching and feeder lengths
remains within tolerable limits for broadcast

Abstracts and References

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—]. ¥. 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 gystem 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 élect., vol. 32, pp. 197-201;
April/May, 1952.) Discussion of multiplex
time-gharing 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 élect.,
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.
I1EE, Parc 111, 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
pulge-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. O. Schmidt. (Telefunken Ztg., 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—]. Dascotte. (Onde

1277

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 A/2 dipole, the
losses in the two feeders, the theoretical free-
space attenuation between two A\/2 dipoles for
the transmission path and frequency, the
noise factor of the receiver, and losses due to
the terrain and the heterogencity of the
atmosphere, Use is made of abacs 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:(621.396.43 + 621.397.26 2609

The Equipment of the Paris-Lille Link—
H. Gutton, J. Fagot and J. Hugon. (Onde
élect., 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 élect., 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.L.F., are correlated with the charac-
teristics of the radio equipment and propaga-
tion medium as defined by the C.C.1.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
élect., 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.
(Electronique) (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 Besangon, 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. Rivére and M. Schwin-
denhammer. (Onde élect., 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/s Fre-
quency Swing—H. ]J. Frundt. (Telefunken
Zig., 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) 2015

The Technical Installations of the N.W.D.R.,
1st January 1952—(T'ech, IHausmiit. Nordw-
Disch. Rdfunks, vol. 4, pp. 21-25; January
/February, 1952.) A list of the niedium-wave
and FM usw stations, giving height above
sea level, frequency, power, type of transmitter
and type of antenna, a few details ol the experj-
mental television transmitter and of the monj-
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/s—R. S. Kirby, J. W, Herbstreit and
K. A. Norton. (Proc. LR.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 sery-
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,

621.396.97+621.396.932/.933].1 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. [Siidwestfunk]—A. Kolarz, E. Kbniel
and K. II. Baer. (T'ech. Hausmitt. NordwDisch.
Rdfunks. vol. 4, pp. 47-51; March/April, 1952.)
In order to improve the frequency stability of
the Bad Dirrheim, 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—]. Kuntzmann, J. Daniel, and Min-
Yuan Ma. (Rev. gen. Llect., vol. 61, pp,. 149-152;
March, 1952.) Two methods of examining the
stability of a systemn 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 élect., vol.
32, pp. 78-88; March, 1952))

621.314.632.1+621.314.634].0H.22 2621

Measurement of the D.C. Resistance of
Selenium and Copper Oxide Rectifiers below
Room Temperature—D. M. Grimes and S.
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Legvold. (Jour. Appi. Phys., 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 ia 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,
Selényi. (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. 111-1 14; 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 cvaluated.
Two special cases are discussed.

621.351/.355 2624

Modern Batteries and Accumulators used
in Telecommunications—]. Pernik. (Ann,
Télécommun., 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, I, J. M. Laver and
H. Stanesby. (Proc. IEE, Part 1, vol. 99, pp.
44-58; March, 1952, Discussion, pp. 59-02.)
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 gignals simultaneously in both directions
betwcen central points in the two cities, with
extensions to the transmitters at Alexandra
Palace and Sutton Coldficld. Details are given
of the line amplifiers, which have uniform gain
over the working-frequency range 3-7 inc, 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-us 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 -+ 621.396.43):621.396.65 2626
The Equipment of the Paris-Lille Radijo
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, élect., vol. 32, pp.
152-157; April/May, 1952.) Historical account
of developments leading to the establishinent
of the link and general description of its technij-
cal features, with ground-contour diagrams
for the three sections of the 218-km path.
See algo 819 of April.

621.397.26:621.396.65 2628

The Equipment of the Paris-Lille Tele-
vision Radio Link—]. Lapluine, S. Schirman,
R. Fraticelli and R. Jeannin. (Onde élect., 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. S53 and

October

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
summarics of some of the papers presented.
These are to be published in full in four special
issues of Froc. ILE, Part 111A. (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. ilon-
nell and M. D. Prince. (’roc. LR.E., vol. 40,
D. 604; May, 1952.) Renly 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.LLR. 625-Line Standard—
11. Lactt. (Tech. Milt. schweiz. Telegr.-Teleph-
Verw., vol. 30, pp. 87-90: March 1, 1952, In
French and German.) At the plenary session of
the C.C.L.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 he in-
cluded in the final report of the proceedings.
Discussion indicates that while the six-pulse
group is very suitable for the American §25-
line 60-fields/sccond system, it is not suitable
for a 625-line 50-ficlds/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 cquivalent as regards receiver
operation.

621.397.611.2 2632
Improvements in Design and Operation of
Image-Iconoscope Type Camera Tubes—]J. I-.
Cope, L. W, Germany and R. Theile. (Jour.
Brit, IRE, vol. 12, pp. 139-149; March, 1952.)
Television camera tubeg using high-velocity
clectrons 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 clump 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—Ii'ireless World, vol. S8, pp. 210~
211; June, 1952.)

-

621.397.62 2634

Line Eliminator. “Spot Stretching” as an
Alternative to Spot Wobbling—G. N. Patchett.
(Wireless World, vol. 58, pp. 219-212; June,
1952.) Line visibility in a television receiver is
reduced, without impairing horizontal defi-
nition, by using an clongated spot, the longer
axis being vertical. The required auxiliary
focusing device is most conveniently placed
between the main focusing device and the
deflector coils, Photograpbs of B.B.C. Test
Card C illustiate improvements obtained.

621.397.62

A New U.H.F. Television Converter—11.
Hesse. (T'cle-Tech. vol. 11, pp. 36-39. 118;
March, 1952.) Description of a self-contained
ubif-vht conversion unit continuously tunable
over the 470-890-band.

2635

621.397.62:621.317.755 2636
Television Oscilloscope—Tusting. (See
2559.)

.
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621.397.621 2637
Workshop Construction of a Scanning As-

. sembly for a Wide-Angle Flat-Faced Tube—
M. Duchaussoy and M. Guillawme. (Télévision,
nos 22 and 23, pp. 75-79 and 104-108; March
A\pul and May, 1952) Detailed instructions
tor snapping the yoke, winding the detlection
coils and mounting the whole assembly com-
plete with tocusing coil and dotlection circuits.

621.307.621:621.385 2638
Line-Scanning Valves and Circuits—NB.
b astwood and C. C. Vodden, (Jour. Brit IRE,
vol 120 pp. 150-160; Maich, 1982) In high-
ethaency hine-scanning circmts the tubes have
to wathatand peak voltages amounting to some
th msands of volta durimg the cut-off part of the
vile, the speaal design problems of mass-
production tubes for use in these aircuite are
~usscd In pentodes and tetrodos thernuonic
tsson from the screen gnd as teduced by
sntible processing and by aligning with the
ntrol god. Tnsulation requirements are ex-
wned.

621.397.645 2639
A Study of Grounded-Grid, Ultra-High-
F cquency Amplifiers—T. Murakami. (RCA
Ker . vol. 12, pp. 682-701; December, 1951)
Lhough the high cost of uhf amplifiers may
wevent their general adoption in domestic
levision receivers, they are needed tor particu-
r apphcationa The performances of amphters
wang ecveral ditfferent types of tube are com-
wed., theoretical curves are given tor amphfier
in and for the noee factor of amplificrs with
nitched or nuamuatehed input or output dir-
wite 1 apenmantally determined noiae factors
t ampliners using tvpea S870 and $16A triodes
can good agrcament with computed values,
w use of a prounded-grid amplifier reducea
e amount of local osaillator smignal passcd
ack to the antenna; experimental curves are
wven showang the attenaation from output to
nput of an amphficr yang (a) a type 5870
tniode, and (3) a type 4100\ triode.

021.307.7 2640
Kirk o'Shotts Television Transmitting
Station—(Engineer (London), vol. 193, pp.

371-373, March 14, 1952) Further details,
ndduding desctiptions ot the medium-power
quipment, the coantal-cable lLinks between
\levandra Palace, Binmingham and Mandhes-
ter, and the microwave radio link between
Manchester and Edinbutgh, See 3143 of 1951,

621.397.82 2641
Interference in Television Pictures. Effect
of Line Deflection Circuits—(.. Diemer, Z.
van Gelder and J. J. I'. Valeton, (Wireless
Lng , vol. 29, pp. 104-168; Junc, 1952) Bark-
hausen oacillations are discounted ag a cause of
hi interference effects giving rise to vertical
lines on the left-hand side of a televigion screen,
T'hese are ascribed to irregularitics above the
knee of the I,/1°, characteristic of the power
| tube used in the linc-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 rececivers
| using crystal mixers are mecasured with equip-
| ment basically similar to commercially avail-
| able tuners and converters (sec 442 of 1951),
| except that no sclective 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.

1

Abstracts and References

621.397.5 2643
Fernsehen (Television). (Book Review]—
F. Ketkhof and W. Werner. Publishers:

Philips, Eindhoven, 1951, 500 pp. 28 DM.
(Tech. Hausmiti. NordwDisch. 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

621.396.61:621.396.712 2644

The Ravensburg 2X20-kW Broadcasting
Transmitter—A. Kolarz, A. Schweisthal and
K. H. Bacer. (Tech. Hausmitt. NordwDisch,
Rifunks, vol. 4, pp. 34 42; March/April, 1952.)
Spedial precautions were taken in the develop-
ment of a 20-kw transmitter using Doherty
modulation, to obtain lgh quality without
gactificing 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.

621.396.61:621.396.712 2645

Twin Drive as Active Research for Broad-
casting Transmitters—A. Schweisthal. (Tech.
Hawsmilt. NordwlMNsch. Rdfunks, vol. 4, pp.
42 45; March/Apnl, 1952.) Discussion of the
advantages of an arrangement in which two
identical transmitters are connected via a
bridge network to a single patenna. In case of
failure of cither transmitter, the other continues
to transmit alone until the fault has been cor-
1ected. The arrangement is considered more
coonomicn! than that in which a stand-by trins-
mitter 13 provided and seldom used.

621.396.61.029.62:621.396.712 2646

An U.S.W. Frequency Converter—\. Ko-
latzand B Pk (Tech Hausmitt. NordwDisch.
Rdfunks, vol 4, pp 62 66; March/April, 1952)
Description of 1 lay station equipment for the
frequency range 87-100 mc. A single quartz
oeuillator 1 used in conjunction with a local
oaillator and three mixer stages The temper-
ature coefhoient of the quartz crystal 1a so low
that a thermoatat e unnecessary, its frequency
is cqual to the frequency difference required
between input and output, and the mixing
arrangementa are such that frequency changes
of the local oscillator atfect only the IF and
have no effect on the output frequeney.

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. (Telefunken Zig, vol. 28,
pp 60-04; March, 1952)) General Jdecacription,
with outline circuit diagram, of equipment for
the 87.7-100 mic range, comprising osillator
and modulator with quartz-crystal control umt
giving trequency conatancy to within 2 partsan
10°.

621.396.712:621.396.61:621.398 2648

Problems of Automatic Operation of Trans-
mitter Groups—A\. Kolarz and E. Knicl. (Tech.
Hawusmitt. NordwDisch. Rdfunks, vol. 4, pp 539~
62; March/April, 1952.) The S.\V.F. (Sudwest-
funk) caters for three districts with different
types of population and culture. Problems of
program switching for the various mf, hf and
uhf transmitter groups are discussed and pres-
ent facilities are described. Monitoring of the
transmission quality of all transmitters is
carned out by means of a suitably cquipped
motor van, normally stationed in Baden-
Baden.

TUBES AND THERMIONICS

537.533/.534:621.385.2 2649

lons 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-

1279

tained in terma 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 emlssion of
ions with zero initial velocity; close qualitative
analogics are found with the case of pure
clectron flow. Qucstions of stability and the
realizability of a periodic potential distribution
are discussed.

$37.582.004.15 2650
The Efficiency of Thermal Electron Emission
—M. J. O. Strutt. (Proc. 1.R.E,, vol. 40, pp.
601-603; May, 1952. Bull. schweis. clektrotech.
Ver., vol. 43, pp. 350-353; May 3, 1952. In
German.) The eficiency is defined as the ratio
of the total kinetic energy of the eniitted elec-
trons to the heater power applied to a cathode,
Assuning losses are solely duce to heat radi-
ation, an cxpression for the optimum efficiency
is derived. This efliciency 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
lnyer on a Pt-Ir base 3.5 per cent. Comparison
with the the theory suggests that higher effi-
ciencies might be obtained withcathodes having
a higher index » in the expression ¢ T for the
heat radiation per unit surface arca, T being
the absolute temperature and ce a 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 411442, May, 1952) .An account is given
of progress in unprosing the reproducibility,
rehability and performance of transistors.
Types dimussed include pomnt-contact and
n-p-n-jundcion transistors and phototransistors;
charactenstics arc aindicated by families of
curves Compared with thermionic tubes,
transistors arc equal as regards reprocucibibity
and supernior as regarde length of life and
mechamcal strength, but infenior as regards
temperature effects, the upper himit of operation
being 70-80 degrees C, though the effect of this
restniction is reduced because power consump-
tion, and hence heating, 1 often low. Asregards
mimaturnization, tranustors arc cnormously
suix rior. As regards applications, transistors
can be considcred seriously for pulse systems
up to repetition rates of 1-2 mic and for cw
transmission at frequencies<! mc; for the
range 1-100 mc transustors should be considered
only where very great importance is attached
to smalincss and reliability.

621.314.7 2652

A Method of Improving the Electrical and
Mechanical Stability of Point-Contact Tran-
gistors—B. N. Slade. (RCA Rey., vol. 12, pp.
651-659; December, 1951.) Point-contact
transistors cmbedded in resin suffer practically
no change of clectrical 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.
Gibeon. (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 gimilar
PbTe cells (2655 below).

621.383:546.817.241 2655

Single-Contact Lead Telluride Photocelis—
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—]. 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 111, 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-k{} 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. 1EE, Part 111,
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.(Proc. 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).

621.385.032.213.1.027.5/.6 2660

Use of Thoriated-Tungsten Filaments in
High-Power Transmitting Tubes—R. B. Ayer.
(Proc. 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>S$ kv. Typical
self-supported multistrand Th-W filament
assemblies are jllustrated. Inijtial tests of type-
RCA207 tubes fitted with Th-W filaments
showed that grid currents were very sensitive
to filament input, best performance being
obtaired 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. A ppl. Phys., vol. 23, pp.
346-349; March, 1952.) Ba-Sr oxide cathodes
were prepared on base metals of pure Ni, Nij
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-

PROCEEDINGS OF THE I.R.E.

sion life tests show that the hase metal affects
the change of emission with time. The emission
from cathodes on the W-Ni bage 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.”

621.385.032.216:539.433.2 2663

Loss of Thermionic Emission in Oxide-
Coated Cathode Tubes due to Mechanical
Shock—D. O. Holland, I. E. Levy and H. ].
Davis. (Proc. 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-
creage 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—O. H.
Critchley and M. R. Gavin. (Bril. Jour. Appl.
Phys., vol. 3, pp 92-94; March, 1952.) Para-
sitic oscillations observed in disk-geal 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 bv Llewel-
lyn and Bowen in diodes (3155 of 1939),

621.385.83 2665

Axially Symmetric Electron-Beam and
Magnetic-Field Systems—L. A, Harriy. (Proc.
LR.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. (Proc. L.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 [2068 of 1951 (Field et al.)].
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.
(Proc. L.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
pregented 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 ghort wavelengths.

621.396.615.141.2:621.316.727 2670

R. F. Phase Control in Pulsed Magnetrons
—E. E. David, Jr. (Proc. LR.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 Po) 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—(Proc. I.R.E., vol. 40, pp. 562~
563; May, 1952.) Standard 52 IRE 7S1.

MISCELLANEQUS

621.3.015.7(083.71/.72) 2672

Technical Vocabulary—(Onde élect., vol.
32, pp. 113~1 14; March, 1952.) A list, prepared
by the Vocabulary Commission of the S.N.L.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—NM. Alixant. (Radio tech. Dig., Edn.
Srang., vol. 6, nos. 1-3, pp. 3-62, 89-108 and
139-149; 1952)) Classified review listing the
new circuit components,
loudspeakers, microphones, sound recording
apparatus, television equipment and tubes.

621.396 2674

Advances in Electronics, Vol. 3. {Book Re-
view]—L. Marton (Ed.). Publishers: Academic
Press, New York, N. Y., 357 pp., $7.50. (Brir.
Jour. Appl. Phys., vol. 2, pp. 335-336; No-
vember, 1951,)




