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TOROID COILS

141" Dia. x 175" High,
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TOROID COIL

2% L x 1%" W. x 22" H.

" VIC
VARIABLE
INDUCTOR

1% L x 1%" W. x 1" H,

Filters employing SUB-OUNCER toroids and
SUB-OUNCER speciol condensers represent the optimum
in miniaturized filter performance. The band
TOROID FILTERS Bt iy showh
weighs 6 ounces.

FREQUDMCY-CYCLES
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150 VARICK STREET NEW YORK 13, N. Y.
write for catolog P$-409 EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: ““ARLAB"*
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What to SEE at

" The Radio Engineering Show

March 6-9, 1950 at Grand Central Palace, New York

243 Exhibits of
Radio-Electronic Equipment

Firm Booth
Ace Engineering & Machine Co. Inc,
Philadelphia, Pa. 351

Screen room cell type (8 wide, 77 high,
5" deep) for shielded testing

Acro Transformer Co., Long Island City,

N Y 363
Advance Electric & Relay Co.,, Los An-
geles, Calif 135
Relays
Aerovox Corp.,, New Bedford, Mass. 124

Molded tubular capacitors, Oil and Wax
fmpregnated Capacitors, Electrolytic Ca-
pacitors and Mica Capacitors, Metallized
paper capacitors ceramic  capacitors.
Acrovox vibrator

Aifrcraft-Marine Prods., Inc.,, Harrisburg.

Pa. 273
Solderless Terminals, Solderless Wiring
Devices, Machines and Tooling for their
application

Alden Products Co., Brockton, Mass. R
Facsimile equipment

Alfax Paper & Eng. Co., Brockton. Mass. 305
Highly scnsitive Alfax recording papers

for use in computer recording, recording

of radar, infra-red; ctc.; high speed fac-
simile for communications, weather data
and latest business methods

Allied Conmtrol Company, Inc., New York.
N. Y 279
Relays

Allied Electric Products Inc., Irvington,
N.J 326
Spring-Action Plugs, Tapmaster Exten-
sion Cord Sets.

Alpha- Metals, Inc., Brooklyn, N.Y, 366
Solder-Tri-Core Energized Rosin, l.ead for
Shiclding

Altec Lansing Corp., New York, N.Y. Y
Loudspeakers, amplifiers, transformers,
radio tuners, Intermodulation Test Equip.
ment and Microphones.

American Chronoscope Corp., Mt. Vernon,
N Y A
Chronoscopes and accessories

American Lava Corp., Chattanooga, Tenn. 55
Ceramic insulators for radio, tclevision,
radar, electronic components, wire com-
munications control  equipment  and
household appliances
American Phenolic Corp.,, Chicago, 11U

i & 112
Radio components, Coaxial cable R.F. con-
nectors, Television antennas, AN connec-
tors, industrial sockcts and connectors.
Plastics.

American Structural Prods. Co,, sub of
Owens-Iltinois Glass Co., Toledo. O 90
Kimble all-giass round cathode ray bulbs

in 3.5, 7,10, 12% and 16 inch aizcs, Kim

ble all-glass rectangular cathode ray
bulbs in 14, 1o and 19 inch sizes

|
|
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21, N.Y. Price $2.25 per copy. Subscriptions:
matter, Octoher 26, 1927, at t‘

United States and Canada, $18.00 a year;

Six Million Dollars Worth of
Components, Tools and
Materials
Firm Booth
Barry Corporation, Cambridge. Mass. 285
Vibration and Impact Isolators, standard
aircraft mounting bases.
Beam Instruments Corp.,, New York,
N. Y 25
Twin beam cathode ray oscillographs of
various models for industrial and H.F
applications in laboratories. production
‘Firm Booth testing, and servicing. Associated
cameras and motor drives. Special cath-
American Televisfon & Radio Co. St. 3 o
Paul, Minn. 202 ode ray tubes.
Auto Radio Vibrators, Inverters. Battery '
Eliminators. Power Supplies Bendix Aviation Corp., Baltimore, 12!:11.6 5
, 16,
Amperex  Electronic  Corp., Brooklyn, Wi} Ao P

N Y. 10, 11, 12 G : gy Ly G 12
Transmitting, [ndustrial, high power, able Radio (3 band).'VHF Direction 'Fm('ier
special purpose, clectromediczl, radiatios (gr'ound) VHF railroad communication
counter. etc..—tube types ’ unit & Components, Special development

y L : of Transformers & coils
Ampro Corp., Div., Gen. Precision Equip. Bendix Aviation Corp., Eclipse-Pionecer
P e il Py Div., Tétevhord, W1 v 15, 16, 17
AmPICASTYETS R S UL T Special Purpose Tubes, Synchros, Emall
jector and Ampro Tape Recorder. Servos, Gyros
Antara Products, Gen. Anihine & Film Bendix Aviation Corp., Scintilla Magneto

Corp. New York, N. Y 2] Div., Sidney, N. Y 15, 16, 17
Carbonyl Iron Powders for use in cores Electrical Connectors, Electric Filters.
and coils. Plastics, Bus-K-Nects, Ceramics. switches

and radio shielding.
Applied Science Corp. of Princeton,

Princeton, N. J. 356 Bendix Aviation Corp., Red Bank Div,
Telemetering Equipment, High Speed Red Bank, N. J. 15, 16, 17
Multichannel sampling devices and their Dynamotors, Regulated Dynametors
applications. Other special purpose equip- Fractional H.P. Motors.
ment.

Bendix Aviation Corp., Pacific Div., N.
Askania Regulator Co.,, Div. General Hollywood, Calif. 15, 16, 17

Precision Equipment Corp.. Chicago, Airport & Aircraft Equipment.

I F
Tension control equipment. regulators Berkeley Scientific Co., Richm.oml, Calit 333
and controls for industry. Nuclear Instrumcnts, Electronic Counters

and Timers.
Atomic Instrument Co., Boston, Mass. 343 v
Nuclear Measurement Apparatus, Beta Electric Corp, Ncw York, N. Y. 237
Portablc Projcction Oscilloscopes, High
Audio Devices, Inc.. New York, N. Y. 23 Voltage Po(\:\'er Slupl!:)lics, Kilovoltmeters,
" q z " 2 Electronic Contro quipment.
Display of recording discs, recording and
playback points and recording tape. Bird Electronic Corp., Cleveland, Ohio 238
h RF Wattmeters and terminations, coaxial
Alm)mauc Electric Sales Corp., Chicago, %0 switches. VHF and UHF Antennae and
filters.
Relays, stepping switches, and other tele- A
phone type remote control components Bliley Electric Co., Erie, Pa. 256
with emphasis on new design miniature Quartz crystal units, crystal ovens, crys-
stepping switch tal controlled oscillators and frequency
standards.
Ballantine Labs.,, Inc.,, Boomton, N. J. 100 :
Sensitive Elcctronic voltmeters, Geiger- Book Shop Bindery, Chicago, [ii 329
Muciler Counter Tubes. A binding scrvice for technical and pro-
fessional journals of individual and 1n-
Barker & Willlamson, Inc., Upper Darby, dustrial research libraries. Distinctive.
Pa C durable and cconomical.
Test i ils, Capacit d
c;:ﬂpﬂ&::::)mcm, e B i Boonton Radio Corp., Boonton, N. J. 276 & 277
g 202-B FM Signal generator, 203-B Uni-
" verter. 202-D Telemctering Signal Genera
tor, 160-A and 170-A Q-Mecters, 211-A Signal
Generator, 212-A Glide Slope Test Sct,
202-C Mobile Radio Signal Generator.
(Continued on page 22A4)
Published monthly hy Uhe Institute' of Radio Engineers, Inc., at | East 79 Strect, New York
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foreign countries $19.00 s year .
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Playing a tune for a telephone number

Before you talk over some of the new Bell
System long distance cirenits, your operator
presscs keys like those shown above, one for
each digit in the number of the telephone vou
are calling. Each key sends out a pair of tones,
literally setting the mumber to musie,

In the community you are calling, these
tones activate the dial telephone system, 1o give
you the munher you want. It is as though the
operator reached clear across the country and
dialed the number for vou,

BELL TELEPHONE

LABORATORIES

Exploring and inventing, devising and perfecting, for conlinued improvements and economies in telephone service

This systemn. one of the newest developments
of Bell Telephone Lahoratories. is already in
use on hundreds of long distance lines radjat-
ing from Chieago. Cleveland. New York. Oak.
land and Philadelphia, and between a number
of other communitics,

[t will be extended steadily in other parts of
the country — a growing example of the way
Bell Tedephone Laboratories are ever finding
new ways to give you better, faster telephone
service.

Above Is the Bell System's new “"musical keyboard.” Insert shows the diglts of
telephone numbers in musical rotation just as they are sent across country.



OSCILLATORS GIVE YOU PRECISE

TEST VOLTAGES from - cps to 10 mc!

ANOTHER -hp- SERVICE

Person-to-Person Help With
Your Measuring Problems

Almost anywhere in America, —hp- field
representatives can give you personal help
with your measuring problems. They have
complete data on -hp- instruments, their
performance, servicing and adaptability.
Call the nearest —bp— field representative
whenever, wherever you need help with a
measuring problem.

BOSTON 16, MASSACHUSETTS
Burlingame Associates
270 Commoawealth Ave.
KEnmore 6-8100

CHICAGO 40, ILLINOIS
Alfred Crossley & Associates
4501 Ravenswood Ave.
UPtown 8-1141

CLEVELAND 12, OHIO
M. P. Odell
1748 Northfield Avenue
Potomac 6960

DALLAS 5, TEXAS
Earl W. Lipscomb
4433 Stanford Street
Logan 6-5097

DENVER 10, COLORADO
Ronald G. Bowen
1896 So. Humboldt Street
Spruce 9368

FORT MYERS, FLORIDA
Arthur Lynch and Associates
P. O. Box 466
Fort Myers 1269M

HIGH POINT, NORTH CAROLINA
Bivins & Caldwell
Room 807, Security Bank Building
Phone 3672

LOS ANGELES 46, CALIFORNIA
Norman B. Neely Enterprises
7422 Melrose Avenue
Whitney 1147

NEW YORK 13, NEW YORK
Burlingame Associates
103 Lafayette St.
Dligby 9-1240

SAN FRANCISCO 3, CALIFORNIA

Norman B. Neely Enterprises
954 loward Street
DOuglas 2-2609

TORONTO 1, CANADA

Atlas Radio Corporation, Ltd.
560 King Street West
Waverley 4761

WASHINGTON 9, D. C.

Burlingame Associates
2017 S. Street N. W,
Decatur 8000
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~hp— MODEL 200C

-

From 1/, ¢ps to 10 mc, there’s an —bp- resistance tuned oscillator en-
gineered to your exact need. Ten precision oscillators in all, including a
portable unit that operates from batteries. Each has the familiar —hp-
advantages of high stability, constant output, wide frequency range, low
distortion and no zero set during operation. —hp— precision oscillators
are used by radio stations, manufacturers, research laboratories and sci-
entists throughout the world.

SPECIFICATIONS OF —hp— OSCILLATORS

INSTRUMENT | FREQ. RANGE outPuT DISTORTION FREQ. RESPONSE PRICE
—hp— 200A 35¢psto 35 ke 1 wott/22 5v Less thon 1% * 1dbto 15 ke $120.00
—hp— 2008 20 ¢cps to 20 ke 1 wott/22.5v Less thon 1% T 1dbto 15 ke 120.00
—hp—200C | 20 eps 10200 ke | 100 mw/10v “"‘o';;"h' % + 1 db 1o 150 ke 150.00
—~hp— 200D 7 ¢p3 10 70 ke 100 mw/10v 1132‘.:.“:,"7:)./:‘ =N "‘"o':;:"g““' 175.00
~hp— 200H 0 ¢p3 to 600 ke 10 mw/ty Less than 3% = L‘z’;o"f“‘“ 350.00
~hp— 2001 Scprtobke 100 mwsiov | b2 hOT ";/: + 1db, 6106000 cps | 225.00
—hp—2018 | 20 cps to 20 ke 3w/425y t,":lo""f:u;/;‘:"‘) L “:;:;:“9"°“' 250,00
—hp— 2028 Yy cprto50 ke | 100 mw/10v lf"; 'l':(‘)'a "Z: :5(;'64;6 :g"° 350.00
-hp— 2020 2 ¢py 10 70 ke 100 mw/10v 11(;:;'.hv:"73)./:< = "o";:)' :“‘“ 275.00

e 248 | 2cprto 20ke 2.5 mw/5v Less than 1% =30 ‘“:(":;:"9““' 175.00
—hp—650A | 10¢ps 10 10 me 15 mw/3v l(;(;‘c‘p'nh:::ll)z.k =i "‘"o""‘;:‘@"”" 475.00

For complete detalls on any —hp— HEWLETT- PACKARD co.
instrument, write direct to factory 18550 Page Mill Road, Palo Alto, California
or contact the —hp— technical rep- Export Agents: Frozor & Honsen, Lid.

301 Cloy Street * Son Francisco, Calif., U. 5. A,

resentative nearest you.
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ECONOMY
CAPACITY .

S Exhibit No. 207
s A F E T Y e:t::: I.xR'. E' R:dio

Engineering Show.

#102 CLEVELAND high
dielectric strength coil forms
for high voltage power sup-
ply circuits of television

receivers.

#96 CLEVELAND coil forms
with collars insure high qual-
'ty at low cost. Specify that
the collars be included and
positioned on the core and
thus secure a snug fit and
an electrically stronger

ECIFY.... —

ELAND

BOBBINS ...

are additional applications of CLEVE.
LAND phenolic and paper tubing. The
Kirby Company, Cleveland, Ohio, whose
samples are shown above, uses CLEVE-
LAND products exclusively in their com-
plete line of radio, television and other
type bobbins.

4Aa

CANADA WM. T BARRON, EIGHTH LINE, RR 1 OAKVILLE, ONTARIO
METROPOLITAN }
NEW YORK l R.T. MURRAY, 614 CENTRAL AVE. EAST ORANGE, N.J

NEW ENGLAND E. P. PACK AND ASSOCIATES 968 FARMINGTON AVE

% CLEVELAND

PLANTS AND SALES OFFICES of Plymouth, Wisc., Chicogo, Detroit, Ogdentburg, N.Y Jomesbura N. J.

COSMALITE= SPIRALLY LAMINATED
PAPER BASE PHENOLIC TUBES

Furnished in sizes, and with punching, notching, threading,
and grooving that meet the customer's individual needs.

"Cleveland™ quality, prices and deliveries are responsible
for the universal satisfaction and prestige of this product.

* * %

Ask about our kindred products that are meeting both new
and established needs in the electronic and electrical fields.

* Reg. U.S. Pat. OH

CONTAINER4]

20 BARBERTON AVE, CLEVELAND 2, OHIO

ABRASIVE DIVISION at Cleveland, Ohio
CANADIAN PLANT. The Clevelond Containcs. Conado, Lid., Prescon, Ontarle

REPRESENTATIVES

WEST HARTFORD, CONN

PROCEEDINGS OF THE I.R.E Febyvary, 1950
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® There is no variation in quality or high perform-
ance characteristics among the million of Hi-Q
Components manufactured every month. Strict
production control, engineering watchfulness and
individual testing of every single unit guarantce
that each of them maintains the uniform precision
standards for which Hi-Q has long been noted.
This never failing dependability is just one of
many reasons why you will find Hi-Q Components
the best that you can use.

The new Hi-Q Datalog is almost ready. You are

invited to write, reserving an advance copy.

JOBBERS .. . ADDRESS: Room 1332.,.101 Pork Avenue, New York, N. Y.

ZW Reactance (Zort.

A DIVISION OF AEROVOX CORP.
FRANKLINVILLE, N. Y.

SALES OFFICES: Now York, Philadelphia, PLANTS: Franklinville, N. Y., Jessup, Po.,
Detrolt, Chicogo, Los Angeles Myrtle Beach, S. C.
EXPORT DEPARTMENT; 15 Moore St., New York 4, N. Y., U, 5. A,

-

\

\
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Visit our exhibit booths 49-50

Right: Desk panel cobinet rack

Below: Electronic control cobinet

Name
Title
Company
Address
City

.----q

64

e - G a S - . = e . e
KARP METAL PRODUCTS CO., INC.
223 63rd Street, Brooklyn 20, New York

Yes! Please send more information and PROOF of how your sheet
metal workmanship can help us cut our production costs.

If your product requires metal cabinets, housings, chassis or
enclosures, we can build them in a manner tha: will effect
time and money savings on your assembly line. Karp crafts-
manship s so accurate and thorough in detail that all units
will be completely uniform. All your components will fit
quickly and easily into place without forcing—without extra

cfforts on your part.

The resultant savings of your time and effort can help cut
your costs and permit more competitive pricing, without

Not on Your Doorstep-
when you call in KARP

Every manufacturer faces these two big problems
this year. But Karp can help to keep them off your doorstep.

cheapening your product in quality and value.

Let us prove that Karp’s superior craftsmanship also means
true economy. Pin the coupon below to your letterhead for

more information.

® Practical help with design prob-
lems, to improve product and cut
cost.

® Ovur large accumulation of tools
and dies often can save you special
die costs and time.

® The specialized skill of several
hundred of the finest metal crafts.
men; expert 'orming, drawing,
bending . . . welding with all lotest
techniques.

® Finest quality painting and

WHAT KARP CUSTOM CRAFTSMANSHIP OFFERS

finishing of all types in dustproof
chambers equipped with water
washed spray booth. Baking ovens
with timing controls.

® Everything in sheet metal, from a
simple chassis or panel to the most
elaborate electronic apparatus
housings. Any metal, any gavge,
any size, any quantity —from a
single lot to large run quantities.

® Efficient praduction and on-time
deliveries.

22

+ KARP

PROCEED!

METAL PRODUCTS (0. ic

63rd Street, Brooklyn 20, N. Y.

__-----_---------l%’mlom%w/?&men n Steel Nlelal
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MALLORY
TUNGSTEN CONTACTS

Although all Mallory tungsten is
chemically the same, the size,
shape and distribution of the grain
particles are carefully controlled,
since these factors vitally affect
its electrical and mechanical prop-
erties. Mallory will gladly work
with you to find the right con-
tacts to meet your specifications.
Write today.

SN

RN AN

Mallory Contact Know-How
Drives Customers’ Costs
to Rock-Bottom Level !

Big savings for customers are the order of the day. .. and
more and more of these savings are resulting from Mallory
contact recommendations.

In the case of a manufacturer of ignition distributors,
Mallory began making a whole contact assembly, slashing
the cost of one important component alone by 50%! In
addition, Mallory refined certain production techniques for
an additional large saving.

That's value beyond expectations!
)i P

Mallory contact know-how is at your disposal. What Mallory
has done for others can be done for you!

In Canada. made and sold by Johnson Matthey & Mallory, Lid., 110 Industry St., Toronto 15,0ntario

Electrical Contacts and Contact Assemblies

PROCEEDINGS OF THE LRE kebruary, 1950

P.R. MALLORY & CO. Inc.

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

SERVING INDUSTRY WITH

Capacitors Contacts
Controls Resistors
Rectifiers Vibrators
Special Power
Switches Supplies

Resistance Welding Materials

7A




RADIO - TELEVISION - INDUSTRIAL

% Variable
\;; “’? i |
i Resistors

to meet both your
specifications
and your budget

Write for Electronic Components Catalog RC-7 £

4
Sample controls gladly submi"ed\
to specifications to quantity users.

Fixed and Variable Resistors « lron Cores (All standard and special types) ¢ Switches
(inexpensive line, slide and rotary-action types) « Sintered Alnico Il Permanent Mag-
nets . . . and hundreds of molded iron powder, metal, carbon and graphite products.

Electronic Components Division

STACKPOLE CARBON COMPANY + ST. MARYS, PA.

8a PROCEEDINGS OF HE [ RE February, 1950
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EL-MENCO CAPACITORS

UNDER STRAIN

In capacitors performance dlds on dielectric
strength to withstand strain. re El-Menco capaci-
tors leave the factory they lj;ass severe tests for
dielectric strength — at le the working voltage,
insulation resistance and4¥r capacity value. El-Menco
fixed mica condenser!et and beat strict Army-Navy
standards. That's why you can rely on El-Menco

performance in yo‘roduct.

Ao ALwWAYS

Specifyletested Capacitors by El-Menco.

‘-IEY HOLD UNDER
THE

y 4
STRAIN
ELECTRO MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT
Write on your
- JSirm letterhead for
Catalog and Samples
MOLDED MICA MICA TRIMMER

CAPACITORS

FOREIGN RAOIO ANO ELECTRONIC MANUFACTURERS COMMUNICATE OIRECT WITH OUR EXPORYT OEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St., New York, N. Y.—Sole Agent for Jobbers ond Distrlbutors in U.S. and Conoda

PROCEEDINGS OF THE I.R.E February, 1950 9A
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The Eimac 4-125A beam power tetrode is the standout
power amplifier tube in modern electronic equipment,
Since its commercial introduction in the early post-war
period, the scope of the Eimac 4-125A’s application in
the electron art seems to be limited only by imagination,
In thousands of installations, many million accumulated
hours of life have proved this tube’s complete dependa-
bility and efficiency of performance.

Incorporated in the design of the 4-125A are many
features contributing to its outstanding capabilities.
Most notable among these are:

s pyrovac plate which enables the tube to withstand high
momentary overloads,

Its processed non-emitting grids which impart the operational
stability universally associated with this tube.

Its internal input-to-output-circuit shielding which allows con-
siderable simplification of associated circuitry.

Its well engineered mechanical structures that make the tube
physically rugged and maintain precise element alignment.

Detailed data and application notes on the Eimac
4-125A tetrode are, upon request, immediately avail-
able. Assistance in unusual application problems involv-
ing the use of the 4-125A is offered as a service of
the Eimac Field Engineering Department,

EITEL-McCULLOUGH, INC.
San Bruno, California:
Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California

/

MAND ST

EIMAC 4.125A POWER TETRODE
Electrical Characteristics
Filament: Thoriated tungsten

{Average)

Grid-Plate (Without shielding,

Yoltage . . . . . . . 5.0 volt
Current . . . . . . . 45 amp
Grid-Screen Amplification Factor

Direct Interelectrode Capacitances (Average)

base grounded) - - 0.05 wuf
lnpit & B4 . c d'e ¢ o< 108 puf
Output  « ww 4 « o o + 30 wuf
Transconductance
= 50 ma. E = 2500 v
E .= 400 v) = 2450 umhos
Maximum Ratings
{Class-C FM or Telegraphy, key-down
conditions, | tube)
Plate voltage, dc - . . . = 3000 volts
Plate current, de. - . . . . . 225 ma
Screen voltage, d-c - - . . . . 400 volts
Grid voltage, d.c - . . . . . -500 volts
Plate dissipation - . . . . . . 125 watts
Screen dissipation - . . . . . 20 watts
Grid dissipation - . . . . . . 5 watls

- 42

Follow the Leaders 1o

/555 |

The Power tos R-F
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MAOE UNOER ONE OR MOAR OF Tng
FOLLOR NG PATINTS Mo
R1aNPes 2211096 2 Yl
AND PaTENTS PENDING

SOLA™CVE™"

CONSTANT VOLTAGE
POWER SUPPLY TRANSFORMER

CONVENTIONAL POWER TRANSFORMER ——
68

$120 4
500 | 6o
3 480 | | 3 oe .
o 499 | y.‘ | - 62 .l
.:‘ 440 | ) 1 : 00 | 1
o 40 » J‘ O 8
> 400: k] > s
- 380 | = se
= 3°°: ,/ / | £ 52| Schematic of the '‘CVE”
- 3‘0}‘ St | = so
> 20 < a8 | / |
O 300 ) = @'} ‘Catalog Z7108
Y 280 w L0 275 welte D.C. @ 30 M.A. lnput
o "~ o te Rlter
®© w0 o 10 B0 w o o e IW 6.3 velts CT. @ 2.5 ampe.

$.0 velts, 2.0 omps.
Copocity 42 V.A.

Height—4-13/1¢""
Wi;b—&-l/."
Depth—3-3/16"

PRIMARY VOLTASE

Now you can enjoy the benefits of o constant voltage power supply
transformer at lower costs with the SOLA “CVE”. This modification of
the fomous SOLA “CV" precision constont voltage transformers pro-
vides o compact regulated source of plote and filoment windings on
the some core.

Your local electronic distributor has each of the three sizes in stock,
or can readily supply you with them. We welcome any inquiries you w
may have concerning the SOLA “CVE" and its specific application to o
your requirements. WRITE FOR BULLETIN KCVE-138.

*Cotolog =7104

385 volts 0.C. @ 110 M.A, In.
wt to filter

6.3 volnn C.T. @ 3.0 amps.

5.0 volts, 2.0 omps.

See this new tronsformer and the many other SOLA products of
BOOTH 21, I.R.E. NATIONAL CONVENTION, March 6th, Tth, 8th and
9th. GRAND CENTRAL PALACE, NEW YORK CITY.

*Cotalog 27107

380 volts D.C. @ 250 M.A. In-
put to filter

6.3 volts @ 8.0 omps. unreg-

vlated
6.3 volts @ 4.0 amps.
5.0 volts @ 3.0 emps
Copocity 210 V.A.
Height=7"
Widrh—4-1/2"
Depth—4-1/2

ConsZern® Vollige
TRANSFORMERS

“CV™ for Nigh precision voltage regulation. "“CVE"™ for regulated slectronic power supplies.
“CVA" for constant voltage appliance application.

*Nominal volues. Voltage reguloted unless
otherwise specified.

Transformers for: Conmstont Voltage - Cold Cothode Lighting * Airport Lighting * Series Llighting * Fluorescent Lighting * Luminous Tube Signs
Oil Burner Ignition * X-Roy * Power * Controls * Signal System ° etc. * SOLA ELECTRIC COMPANY, 4633 W. 16th Street, Chicago 50, Illinois

Manufaciured under license by: ADVANCE COMPONENTS LTD., Walthamstow, E, England
M. C. B. & VERITABLE ALTER. Courbevoic (Scine), Erance

ENDURANCE ELECTRIC CO.. Concord West, N. S. W., Australia
UCOA RADIO S.A., Buenos Aires, Argentina

11a




Specialization is

Specialization—and only specialization—can keep
manufacturers abreast of today’s resistance needs.
The constantly-growing multitude of resistor
applications demands full-time concentration on
resistance products. IRC has concentrated—for 25 years'!
Result: —The widest line of resistance products

in the industry; parts designed to suit specific circuit LOW-WATTAGE WIRE WOUND REQUIRE-
. " . - . MERTS are met efficient!
0 y by IRC Typ
requirements in virtually every type of apphcatlon, BW Wire Wound Resistors, Excep?ign:l

unbiased recommendations. low-range stability and economy suit these
small, completely insulated resistors to use

in meters, analyzers, cathode bias resistors,
television circuits, low-range bridge circuits,
high stability attenvators, low-power ignis
tlon circuits. Check coupon for Bulletin B-5




impo

rtant

resistance and power

e
T

where high

are required,” Type

MVX high ohmic; high voltage resistors afford
exceptional stability. Consfruction is similar to
that of Type MV, but.distinctive terminal permits
mounting through a hole in mounting block of
insulating material without termina} interference.

==

IN CRITICAL HIGH-FREQUENCY CIRCUITS, Type MP High Frequency
Resistors offer dependable performance and unusual stability. Special
resistance film on o steatite ceramic form provides a stable resistor with
low inherent inductance and capacity—entirely svitoble for broad band

RF amplifiers,
band flters, radar pulse equipment, and other circ

wave fronts. Send coupon for Bulletin F-1.

INTERNATIONAL

RESISTANCE
401 N. Broad Strest, Philadeiphla

e I AEI PPN,

offers many ad-
vantages fc engineers and purchasing
agents. lts modern %"’ diameter size
features a one-piece dual contactor of
thin, high-stress alloy; simplified singie-unit
collector ring; molded voltage baffles; and
special brass element terminals that will not
loosen . or become noisy when bent ‘or
soldered. ‘Increased arc of rotation pro-
vides same resistance ratio as larger ARC
controls, Salt-spray materjals are employed.
Complete mechanization in manufacture
assures absolute uniformity and provides o
dependable source of supply for - small
control requirements. Coupon brings you
full details in Catalog A-4.

Uhenauer, the, Gincust S A~

Power Resistors ¢ Yoltmeter Multipliers
o Insolated Composition Resistors* Low
Wattage Wire Wounds ¢ Controls
e Rheostats * Voltage Dividers
Precisions » Deposited Carbon
Precistors ¢ HF and High Voltage
Resistors ¢ Insulated Chokes.

COMPANY

Ia Conada: Internatienal Resistance Co., Lid., Teronio, Licensse

N

RF probes, dummy loads for transmitters, television side-

vits involving steep

et S e e e - e W =

INTERNATIONAL RESISTANCE CO.

Long resistance path per-
mits use of high voltage
on resistor while keeping
voltage per unit length of
path comparatively low.
Check
Catalog G-2.

coupon for

When you have special need of maintenance or
experimental quantities of standard resistors in
a hurry, simply phone your local IRC Dis-
tributor. IRC’s Industrial Service Plan keeps
him fully stocked with the most popular types
and ranges—enables him to give you ’round-
the-corner delivery of small order requirements.
We'll gladly send you his name and address.

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

Please send me complete information on the items checked belaw

New “Q" Controls
BW Insulatec P

vwounds

COMPANY. ..

ADDRESS. . ..ovneevncnnnraoraacnns

WP Resistors

h Frequency

High

4. F. APNDT & CO.. ADV, AGENCY



its boacon, for KOCY-

oma City, Oklahoma.
A %

oy -

¥

Above: This Truscon Self-Supporting
Tower meets FM and TV needs for
WRVB, Richmond, Ve. It mounts both
anR.C.A. 2-section pylon FM o na
and an R.C.A. 6-sectian TV antenna,

Above: Truscon Salf-Supporting
Steel Radio Tower, operated by
WMRI-FM, Marion, Indiana, Lifts its

Colling B-ring side-mounted an-
tonna 336 feetinto the Hoosier sky.
Below: WSAR, Fall River, Mass.,

Below : Rising 1o an overall ha,
of 425 feet, this Teuscon T
H-30 Self-Supporting Towe
toppod with an 8-bay Gens
Electric anténna. It is operated
P WEXL-FM, Royal Oak, Michig

Rodio Towaers, each 329 feet high,

uses four Truscon Guyed Steel
“
. M
/

An, §
| ¢, !
I o
' ¥
| i :
v

I \ v
I ; LW} L A
I
i %
I \ |
| ; 3 |
l Left: These new 1220-foot

Towers, designed and engi-
' neered by Truscon, are the

world’s tallest radio towers.

/\>. B : 3 : ’ ///
Up the . .. more and mo : v TRUCON /
Tnlx)sc‘onngzzlio Ton:veres .n. .n;trrcfng, y P //

sturdy steel fingers setting new high ' <oy SELF-SUPPORTING

standards of antenna performance . . .

reaching far out to serve audio and video AND UN"ORM ro
broadcasters and their audiences everywhere. The six new towers shown here (ROSS SE(TION GUY!D

vary from 329 feet to a lofty 1220 feet, yet all have one characteristic in common—

each is designed to meet exactly the particular operating and geographical
needs of its specific location, Truscon draws upon a background of world-wide
experience to engineer and erect exactly the tower you need—tall or small ...

guyed or self-supporting . . . tapered or uniform in cross-section

COPPER GROUND SCREEN

for AM, FM and TV transmission. Your phone call or letter to any convenient TRU SCON STE EL Co MPA NY

Truscon district office, or to our home office in Youngstown, will bring

YOUNGSTOWN 1, OHIO
you immediate, capable engineering assistance, Call or write today.

Subsidiary of Republic Steel Corporation
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New Du

This new CLARE dust-tight plug-in enclosure for the small Type “}”
Relay offers designers a number of unusual features for installation on
industrial equipment.

Entrance of dust is prevented by the steel cover and by use of a Neoprene
gasket which is closely fitted at the factory to the relay terminals. The dust-
tight cover is easily removed for inspection. Use of standard radio plug
simplifies installation and cuts wiring costs. Base is secured to chassis to
prevent plug from being jarred or accidentally pulled from its socket.

Py

Exclusive design of the CLARE Type “J" Relay allows the twin contacts to
operate independently of each other. One contact is sure to close, reducing
contact failure to the practical limit. This relay combines all the best fea-
tures of the conventional telephone-type relay with small size and light
weight. It provides unusually high current-carrying capacity, large contact
spring capacity, extreme sensitivity and high operating speed.

This new dust-tight enclosed relay is one of many outstanding CLARE con-
tributions in the development of new and better relay components for indus-
try. CLARE Sales Engineers are located in principal cities to consult with
you on your relay problems. Call them direct or write: C. P. Clare & Co.,
4719 West Sunnyside Avenue, Chicago 30, Illinois. Cable Address: CLARE-
LAY. In Canada: Canadian Line Materials Ltd., Toronto 13.

Werite for Bulletin No. 108
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 First in the Industrial Field

st-Tight Plug-in Enclosure for

T
" y-

-
' i
.

‘Y

o
gl

Neoprene gaskel, closely fitted ot
factory torelayterminals, between
base and cover, effectively
occludes dust.

Plug is standard radio-type plug.
Standard finishes are silver lustre
lacquer for gover, cadmium for
base. Retaining screws hald base
securely to panel.



"“NOTHING IS T00 600D
FOR MY FAMILY -

YOUR CUSTOMERS WANT THE BEST tube possible in the television sets in their homes. They want
their families to enjoy pictures as only Sheldon “Telegenic” Tubes can show them—where Black is
Black, White is White . . . and between, all the natural intermediate shadings. They want their families
to have “round-the-clock” viewing in daylight, artificial light or
darkness without glare, without eyestrain.

Give them Sheldon “Telegenic” Picture Tubes!

WRITE for Descriptive Literature on these NEW All-Glass Tubes:
10", 122" and 16" Velour Black o o o 16" 52° Deflection Angle,
interchangeable with glass-metal 16APS§ . e o 16" Rectangular .
Short 16" 70° Deflection Angle 17Y2" overall e «19" 70° Deflection Angle.

SHELDON ELECTRIC CO.

Division of Allied Electric Products Inc.
68-98 Coit Street, Irvington 11, N. ).
Branch Offices & Warehouses: CHICAGO 7, )LL., 426 5. Clinton St. LOS ANGELES 6, CAL., 2559 W. Pico Blvd.

SHELDON TELEVISION PICTURE TUBES + CATHODE RAY TUBES FLUORESCENT STARTERS AND LAMPHOLDERS .« SHELDON REFLECTOR & INFRA.RED LAMPS
PHOTOFLOOD & PHOTOSPOT LAMPS SPRING-ACTION PLUGS . TAPMASTER EXTENSION CORD SETS & CueE TAPS « RECTIFIER BuLes

smmmmd VISIT THE SHELDON BOOTH NO. 326 AT THE I.R.E. SHOW, MARCH 6-9, GRAND CENTRAL PALACE, N. Y. (. ¢mm——
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final inspection

gives you assurance that
AlISiMag Custom Made Technical Ceramics

are within the specifications you set

Re; U. S, pot, Off.

Quality control plus careful final inspection have earned AlSiMag a reputation for exceptional quality.

Quality control at every step of production permits an unusually high percent-
age of AlSiMag production to be OKehed promptly at final inspection.

Final inspection is guided by your specifications. It varies from simple visual
inspection to elaborate individual physical or electrical tests. Practically every
known inspecting device is available including flash-over electrical gang testers,
dye checks for density and invisible checking; camera, pin, plug, dial and go
or no go gauges; Arma electric sorting machines, optical projectors for di-
mensional accuracy of profile. Where unusual and especially rigorous final
inspections are required, the facilities of the Research Division are available.

AMERICAN LAVA CORPORATION

4 8TH YEAR OF CERAMIC LEADERSHIP
CHATTANOOGA 5, TENNESSEE

OFFICES. METROPOLITAN AREA: 67] Broad S1., Newark, N, J., Mitchell 2-8159 * CHICAGO, 9 South Clinton Si., Central 6-1721
PHILADELPHIA, 1649 MNorth Broad St,, Stevenson 4-2823 +» LOS ANGELES, 232 South Hill St., Mrntual 9076
NEW ENGLAND, 38-8 Bratsle S9,, Cambridge, Mass,, Kirkiand 7.4498 o ST, LOUIS, 1123 Woshington Ave., Gortlield 4959
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Allen-Bradley
Molded Resistors

rated af
Ambient Tempero!

ure |

— W
T -

SIZES OF UNITS
Rating ks D

%-W 3/8”9/64”
1-w 9/1677/32”
2-w11/16” 5/16”

The honeycomb carton prevents
tangling of leads and saves time.

NO OTHER FIXED RESISTORS
have this margin of safety

Bradleyunits are rated ultra-conservatively. Composition
resistors are usually rated at an ambient temperature of 40 C
.« . but Bradleyunits are rated at 70 C. That means a big
margin of safety in Allen-Bradley resistor performance. It
explains why, in wartime service, Bradleyunits were accepted
in every combat zone as “tops’ in quality.

Bradleyunits operate at full rating for 1,000 hours with less
than 5% resistance change. They withstand all extremes of
temperature, pressure, and humidity.

Available in all standard R.M.A. values as follows:

i -watt—10.0 ohms to 22 megohms
1-watt— 2.7 ohms to 22 megohms
2-watt—10.0 ohms to 22 megohms

Let us send you a complete A-B resistor chart.

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis,
&B_
AT B R
ALLEN-BRADLEY

FIXED & ADJYUSTABLE RADIO® RESISTORS
— AUV
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DESIGN FOR TRUE PR CONOMY THIS YEAR

.. Iransformers

BUILT TO MEET YOUR EXACT REQUIREMENTS

We have specialized knowledge, skill and a full range
of facilities for mass-produced economical units and
hermetically sealed transformers of all types, as well
as for large single and 3-phase transformers.

For a superior product, priced competitively ... for
assured efliciency and long service life, let FERRANTI
build transformers to your precise needs.

CHECK YOUR REQUIREMENTS

Power and Rectifier Transformers up to 50 KVA (High Volt-
age or High Current). .. Saturable Reactors . .. Special Cores
and High Temperature Insulation . . . Class B Hermetically

sealed Types.
[ ]

Television Transformers . . . Control
Transformers... Audio Transformers
... Power and Audio Filter Chokes

We invite your inquiries

PROCEEDINGS OF THE IL.RE. February, 1950 19a




— Widely Used —
Electrolytics in
TV Receivers Today

- Television set makers are turning to Sprague
as fhelr major source for electrolytic capacntors

- Stability under maximum operahng condi-
tions plus outstandingly l-o0-n-g service life are
the reasons for this preference.

- - And expanded facilities, now being com-
pleted, permit Sprague to accept a larger portion
of your requirements.

n n G U E SPRAGUE ELECTRIC ComPpAny
PIONEERS IN o Rem Messechusans

ZELECTRIC AND ELECTRONIC DEVELOPMENT
e

PROCEEDINGS OF THE I.RE February, 1950




VACUUM TUBE BOMBARDER
OR

INDUCTION
HEATING UNIT

Simple . . . Easy to operate . . . Economical Stand-
ardization of Unit Makes This New Low Price Possi-
ble. Never before a value like this new 5 KW model

"Bombarder" or high frequency induction heater . . .
for saving time and money in vacuum tube de-gassi-
fying, surface hardening, brazing, soldering, anneal-

ing and many other heat treating operations.

This compact induction heater saves space, yet performs with high
efficiency. Operates from 220-volt line. Complete with one heating
coil made to customer's requirements. Send samples of work wanted.
We will advise time cycle required for your particular job. Costs, com-
plete, only $1535. Inmediate delivery.

AT THE IRE SHOW
SEE! TELEVISION DEMONSTRATION
with COLOR SUPER-IMPOSITION

Scientific Electric announces the first theatre size manually con-
trolled color super-imposed television units. . . . Available in sizes
from 20" x 27" to 6 ft. x 8 ft. . . . Remote controlled with color

super-imposition as desired by the operator.

Scientific Electric Electronic Heat-

ers are made in the following range
o of power: 1-2-31/3-5-7/-10-12V/5-

15-18-25-40-60-80-100-250KW,

5. ;.2. %%o

105-119 MONROE ST. GARFIELD, N.J.
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electronic voltage regulators

y sorensen

MINIMUM OISTORTION o FREQUENCY INSENSITIVITY

Standard AC:

1508 2505 [2,0008 5,0008
M maciy ™ | so0s 10005 [a000s [100008
15,0008
Harmonic 3% 2% 3% 3%
Distortion max. mox. max. max.
egulation 7 b
+0. g
u *+0.1% against line or load
Accuracy

\ Valt 95-130 VAC; alsa available for 190-260
nput Vallage | vAC Single Phase 50-60 cycles
Adjustable between 110-120; 220-240 in

Qutpyt_Valtd® " 330 VAL modely,
Llaad Range 0 to full load
P. F. Range Dawn to 0.7 P. F. All madels temperature
compensated.

NOTE: REGULATORS CAN BE HERMETICALLY SEALED

Standard DC

* Qutput Voltage 6 12 28 48 (125
*‘Laad in Amperes | 5-15-40-100[5-15.50(5-10-30 15 5-10
95-130 VAC single phase 50-60 cycles;
adapter available for 230 VAC aperatian.

Input Valtage

Regulatian

0.2% from 0.1 ta full load
Accuracy

Ripple Voltage
RMS Maxi- 1%.
mum

0.2 secands-value includes charging time
Recovery Time of filter circuit for the most severe change
in load ar input conditions,

*Adjustable 4 10% —25%.
**Individval madels identified by indicating output voltage

first then amperes,
Example: E-6-§ — 6 VDC @5 amperes

SPECIAI_S Your particular requirements can be met by employing the
ORIGINAL SORENSEN CIRCUIT in your product or application. SORENSEN
REGULATORS can be designed to meet JAN specifications. SORENSEN engin-
eers are always available for consultation about unusual regulators to meet
special needs not handled by THE STANDARD SORENSEN LINE.

UWhite for complete literature

Horensen and company, inc.

375 Fairfield Ave., Stamford, Connecticut
22A

What to SEE at the 1950
Radio Engineering Show

(Continued from page 1A

Firm Booth

W. H. Brady Co., Milwaukce, Wis 258
‘Quik-Label” self adhesive wire marke

name plate, inspection labels, terminal
markers, printed roll tapes, die-cuts masks

and stencils

William Brand & Co., New York, N Y
Chicago, 1] 84B & 85

Varnished and Plastic Electrical Tubings

and Sleevings. P'lastic insulated Hook-up

nd Hi-Voltage Wires and Cables

Brentano's Technfcal Book Department,
New York N 259
Books of all publishers in the fields of
Radin, Radar, Elcctronies, Electrical and

Communications Engineering and related

hooks on Higher Mathematics and Phys-

ics

British Industries Corp., New York. N Y. 270

Lrain Multicore Solde sarrard  Record
Changers
Brooks & Perkins, Inc., Dctroit, Micl 61

Deep drawn magnesium radio and radar
boxes and covers, misc. stampings, innum-
erable fabricated mfg, parts pertaining t
aircraft and airborne equip

Browning Labs., Inc. Winchester, Mass G
Cathode Ray Oscilloscopes, Timers., FM
AM Tuners, Frequency Meters

Brujac Electronic Corp., New Y rk, N. Y. 236
High Voltage Power Supplies, Electronic
Microammeters, Impedance bridges, Com
posite Video Signal Generators, Video
Sweep Generator

Brush Development Co., Clevelamd, Ohio

70, 1
Magnetic Recording Equipment, Indus
trial Instruments, Acoustic Pevices anc
Hypersonic cquipment

Bud Radio, Inc., Cleveland, Ohi 289
Sheet-Meta! Housings, Variable Condens

ers,  Air-Wound Coils plugs, jacks,
chokes, and other misc. radio and clec
tronic compunents. Special sheet metal
fabrication

Burlington Instrument Co. Bur ington

Towa 228
AC and DC Elecirical Indicating Instru
ments, AC and DC portable instruments
Voltage regulators, synchronizers

Burnell & Company, Yonkers N\ \ 331A
High Q Toroids, Magnetic Amp. Coils
Audio Filters

Bussmann Manufacturing Company. St
Louis, Mo, 316

Fuses and Fuse Holders of all types for

the protection of radio and electr ni

equipment

Caldwell-Clements, Inc.,, New York, \. V249
‘Tele-Tech’ television and telecommun,
cations engincering magazine and *Radi

and Television Retailing™ merchandising
and servicing trade magazine

Calidyne Company, Winchester, Muss 312
Vibration Equipment Electrodynamic
Shaker, Calibrators and Power Supplies,
High  Sensitivity Accelerometer, \

scope, Vibration Meter, Calivolters

Cambridge Thermionic Corp., Cambridge

Mass 287
Terminals, Terminal Board Assemblies
Electronic Hardware, IF and RF Chokes
and Coils, Earth Shock and Underwater
Pressure Gauges

Cannon Electric Development Co., |.os
\ngeles, Ca 01
Connectors Multiple Contact Electroni

Conttnsed on page 264
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AS EXHIBITED AT THE RADIO ENGI‘:I:NEERING SHOW

LAVOIE C. 1. METER

/Vaw + » » top, unequalled performance in a Crystal Impedance Meter that
definitely provides:

% GREATER ACCURACY of setting of load capacitance.
% EASIER TUNING of fine frequency control.
% GREATER RANGE of crystal activity — both high and low.

% INFORMATION and INSTRUCTIONS to more easily obtain data relative to
crystal activity level.

% COARSE FREQUENCY SETTINGS recalibrated to improve operation.
% GREATER SENSITIVITY available at higher crystal resistance values.

Booth Nos. 87, 88, 89

P ®
# FOR THESE AND OTHER .
FEATURES, SEE THE

LAVOIE C.1. METER

by L N 2 RADIO ENGINEERS AND MANUFACTURERS
DETAILED INFORMATION. MO RGANV]LLE' N, J,

Specialists in the Development and Manufacture of UHF Equipment

PROCEEDINGS OF THE I.R.E Iebruary, 1950
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 Yew ORMITE Lirtte Dewit

Ohlmite’s Service Resistor Assortments and
} plastic cabinet have been received so enthus-
iastically that Ohmite now offers these larger
INDUSTRIAL Assortments, designed for engi-

neering use.

Eight different Industrial Assortments are
available, of different wattages and tolerances.
And. like the Service Assortments, the useful
cabinets are included with the resistors at no
extra cost!

| The attractive black-and-maroon cabinets are
‘ solid molded of strong, lustrous plastic. They

are factory packed with carcfully selected Little
Devils, covering the complete
range of RMA values, in either
+5% or *+10% tolerance.

Contributing 'o$\- 925-1950
ONE-QUARTER CENTURY OF PROGRESS
in the ELECTRICAL CONTROL INDUSTRY

24A

INDUSTRIAL RESISTOR ASSORTMENTS

8 DIFFERENT ASSORTMENTS AVAILABLE | ot ot ony'cour codc i
Ratings, Values, and Tolerances for Every Need Wrpepe Mlen-Bradiey Company—are recog:

RESISTANCE and WATTAGE
Marked on Every

LITTLE DEVIL COMPOSITION RESISTOR

No more guesswork . . . when you use in-
dividually marked Ohmite “Little Devils.”

ividually marked for quick, positive iden-
tification. Little Devils—made for Ohmite

nized as “tops” in quality throughout the
world.

ASSORTMENTS IN BOTH *5% and *=10% TOLERANCES

Quantity of
Assortment Stock No. Resistors Wattages Net Price
Assorted %, 1,
INDUSTRIAL CAB-21 1010 and 2 watt $ 99.75
1(‘7170’: ';?:';mw CAB-22 1060 % walt 79.50
n,m,"“ CAB-23 700 1 watt 78.75
_ i CAB-24 510 2 watt 76.50
Assorted %, 1,
mst’)‘utslmm. CAB-41 2025 and 2 watt 397.50
5% tolerance CAB-42 1650 % watt 241.50
"5’,,;"‘::’,‘,‘{‘“ CAB-43 1240 1 watt 219,50
CAB-44 1000 2 watt 299.50
R:%g gf::;l:gei CAB-1 125 % watt 12.50
0 resistance CAB-2 125 1 watt 18.75
values) CAB-3 125 2 watt 25.00

Prices subject to chonge without notice

ASK YOUR DISTRIBU TOR, TODAY!

OHMITE.

MANUFACTURING CO.
4861 Flournoy St., Chicago 44, lllinois

RHEOSTATS o RESISTORS o TAP SWITCHES

PROCEEDINGS OF THE I.R.E February, 1950




Here is a cylmdncal d-c paper- -dielec-
tric capacitor that remains posmvely
sealed, regardless of the position
in Wthh the unit is mounted. The
G-E Case Style 40 utilizes a deep-
drawn aluminum case with double-
rolled base seams, avoiding solder-
seams. The silicone bushing elimi-
nates gaskets, maintains the hermetic
seal by compression alone. And
beneath the case, these units embody
the excellent materials and construc-
tion, give the outstandmg perform-
ance characteristic of General Electric
capacitors.

The Case Style 40 capacitor for

Please address inquiries to Transformer & Allied Product Div.,

GENERAL‘EI.ECTRIMQ
a

W o e
i i P
- s
. ¥ p
J}‘ﬁ”
9'/'42‘
A“fo;dlng ot 5

© AND MANY OTHER APPLICATIONS

PROCEEDINGS OF THE ILR.E.

direct panel mounting with solder-lug
terminals, is built in these ratings:
600 volts—1, 2 and 4 mu f
1000 volts—1 and 2 mu f
1500 volts—.25, .5 and 1 mu f
This is but one case style of a com-
plete line of d-c capacitors made by
General-Electric to JAN-C-25 Specifi-
cations and suitable for both com-
mercial and armed services applica-
tions. G-E paper-dxelectrlc capacitors
are available in characteristics E
(Mineral Oil) or F (Pyranol®) and in
case styles 40, 53, 54, 55, 61, 63, 65,
67, 69 and 70. Apparatus Department,
General Electric, Schenectady 5, N. Y,

General Electric Co., Pittsfield, Mass.

0‘ ]

{ )uwhslon
Ii'npulnc generators

February, 1950

This is how the silicone bushing per-
manently compression-seals the new
G-E Case Style 40 capacitor. Note
that the conventional gasket is com-
pletely eliminated. This CP-40 can be
freely handled with no worries about
rupturing its seal.

254




What to SEE at the 1950
Radio Engineering Show

(Continued from page 224

Firm Booth
Capitol Radio Eng. Inst, \\ ington
D 325
Complecte library of CREI Text material
Carter Motor Co., Chicago, [ 219
D; Ge Magmot
Small DC to AC Rotary Converters, for
Ne ¢ Al Is a Wi e
1 I Multi-Out
Multi-Tnput Micro-Magmotors also dis
Carter Parts Company, C go, I 254
Jacks “lugs W ; 5 CK SS¢
t Rheostats, Potentiometers
1 Attenuat Pl r Switch
Caterpillar Tractor Co. 46, 47, 48
t t
n
t
Central Scientific Co. I
H A P n 3
tron t t atstone
t
Centralab, M
\ 232 & 233
t
t
Century Geophysical Corp., N
t
Chatham Electronics Corp., N J
120 & 121
v ivdrogen Thyra , Minia
H 1L ind
2 v
Cinch Manufacturing Corp., CI go. I 257
( Sc S Connectors, Ter
St | B t
C. P. Clare & Co., I 204
t v
i s
Clarostat Mfg. Co., Inc., Doy r. N\. H 264
Cont (wire . Re
) | aex
Power Rheostats and Te evithon Parts
Cleyeland Container Company, Clevelan
n1C 207
i Y0
n e S on-
Sigmund Cohn Corp., N r N. 283
R g
t
t s
t W t
Collins Radio Co. R w
B st A\ M
nt
f V'H
n

| ¢ \

Communication Products Co., Inc., K
18, 19, v
Communications Equipment Co.,
)

n, N L
W
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What to SEE at the 1950
Radio Engineering Show

Firm Booth
Condenser Products Co., 11 02
t p 1
Continental Carbon, Inc, C id, ( 224
3 n F

ontinental Electric Co., n 1 350
t P s. R
ornell-Dubilier Electric Corp., So. Plain
3&74
Corning Glass Works, N 359 & 360
M
ossor (Camada) Ltd., Halif Canac 251
D s
“roname, Inc., 262
P
1 T n Img n

DX Radio Products Co., Inc., Chicago, Il 306
t nd 70 Degre
e DX Tuners

Daven Co., Newark, N. J 94B & 95
S n ment, 1 st

Bryan Davis Publishing Co., Inc., New

288
Eng ng Se
Dial Light Co. of America, Ing,, New Y
26
n
net an
r r
Diamond Mfg. Co., Wakefield, M 253
> n s, Elect
Cc n
Distillation Products Industries, D f
man Comi Roc ter,
226 & 27
H
t
Allen B, DuMont Labs,, Inc., Inst t
125-128
Allen B. DuMont Laboratories, Inc., E
ew F ect 1 ¢ t 1
M 5
Jide )] v
D C
C R T
Allen B. DuMont Laboratories, Inc.,
E D C
240-244
Allen B. DuMont Labs., Inc,, Tube Divi
[}
C 1
Dumont Electric Corp., Y. m
»
27A

at the
| Io R. Eo

CONVENTION
GRAND CENTRAL PALACE
MARCH 6th to 9th

BOOTHS 111 and 112/

AMERICAN PHENOLIC CORPORATION

1830 SO. 54TH AVENUE « CHICAGO 80, ‘t1LLINOIS




| MOR}/%”/W FIXED STATION ANTENNA

EQUIPMENT IS USED THAN ANY OTHER KIND!

HERE’S WHY: The topnotch engineering that only the world’s lorgest antenna equip-

ment specialists can give . ., . the uniform dependability of Andrew equipment . . .
its superior performance . . . the fact that only Andrew makes a complete line of

fixed station antenna equipment.
But that's net all. An imposing parade of firsts” maintain Andrew leadership,

Some current Andrew ‘‘firsts’’ are 1) the exclusive Folded Unipole Antenna, 2) the

new Hurricane Models, 3) the Corner Reflector Antenna, and 4) a Very High Gain
Communications Antenna soon to be announced.

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

added (o your service radius because loss characteristics are exceptionally low.

FOLDED UNIPOLE ANTENNAS. Another Andrew “first” and made only by Andrew
Thousands of these popular antennas are in use at fixed stations throughout the
world. More new stations are using it than any other antenna. Users acclaim 1) its
quieter reception produced by the grounded radiating element, 2) the excellent im-

pedance match, and 3) its greater transmitting coverage.
Extra! Now available in Hurricane Models to insure uninterrupted operation
when you need it the most.

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

CARDIOID ANTENNAS. If you operate along a shore or border line and want your
signal to cover only a certain 180° area, this rugged antenna is made to order for
you. It concentrates your signal where you want it and doesn't waste radiation where
you don't want it.

CORNER REFLECTOR ANTENNAS. For narrow angle coverage or point-to-point relay-
L ing. Concentrates your signal in the exact area where you want it, using a 60° beam,
H Avoids interference (o and from the remaining area. For the 72-76 and 148-174 MCS
bands. Only Andrew makes a commercial model of this special purpose antenna—
another Andrew “first.”

RN 3

|

VERY HIGH GAIN
COMMUNICATIONS ANTENNA

{soon to be announced)

It will pay you, too, to use Andrew fixed station
equipment, Write for further information — today!

b WA s o i F

The highest gain antenna in mobile cammunica-

tions history. It actually delivers the full gain of

6.5 db as claimed —the same os increasing your

power 4% times! Think aof the economy, Now, far
the first time, you can cover areas you couldn't
/ reach beforel It's another pace-setting Andrew
‘first.” Frequency range is 148-174 MCS.
R ———
CORPORATION - —

363 EAST 75¢h STREET - CHICAGO '19

World's Largest Anmtenna Equipment Specialists

TRANSMISSION LINES FOR AM-FM-TY - ANTENNAS « DIRECTIONAL ANTENNA EQUIPMENT - ANTENNA TUNING UNITS - TOWER LIGHTING EQuIPMENT - CONSULTING ENGINEERING SERVICES
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Your own eye test
selects the best!

Literature and Quotations on Request

*Trade-mark.

© ALLEN B. DU MONT LABORATORIES, INC.

PLANTS AT ALLWOOD AND PASSAIC, N. J. ‘

ALLEN B. DU MONT LABORATORIES, INC. e  TUBE DIVISION, CLIFTON, N. J. e
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OF “MAKE BELIEVE BALLROOM
“)

thinks about the

300

magneti
gnetie tape recorder

Wnew 565 fifth avenue 77 new york 17.n.¥-

Mr. Henry McMicking

AmpexX Corporation

1155 Howard Avenue

3an Carlos, californie August S 1949

My dear Mr. McMicking:

In the fifteen years that the Make Believe
Ballroom has been on tne air in New York,
have always striven for the finest quality

equipment nas been tested and many companies S
nave been dealt withe pproxima
tely 819500,00

fo 5
r Console, Portable or
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You and 1 know that the public is not "quality
conscious", put there W& ymmediate reaction

s an
to a vyastly superior r‘eproduction of recording
on the aiT, on the first day we started using

your equ 1pment .

May I at tnis timeé, also, compliment you on
your New York staff, MWre Hudson and your
engineers pave done everything to make the pur-
chase pamless and the operation a pleasure.
Believing the 1istening public is entitled to

I.)esz'gned by
engineers who had
your broadcast

results in mind.

stations 0 get on the AmpeX pand wagon.

gordially,
THE UN
ITED STATES DEPARTMENT
OF

STAT
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on the “VOICE X Martin Block
OF AMERICA™
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sts at six beaming poi M dial
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724 hours aday

the world.
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n, San Carlo
s, Calif.

B DISTRI
Ing Croshy Enterprises Y
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d v I ood 46, Calif
a

Audio & Vi Graybar Electric Co
VIdeO PrOd ington Ave., New York 17 . InC”
UCtS Corp()fa’[ion » New York

5 roadway, ew York, New York
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I6AP4

... the new, short metal-cone kinescope
with “Filterglass” face plate

The new RCA-16GP4 offers special advantages to de-
signers of large-screen television receivers:

Shoner—Nearly 5 shorter than the 16AP4, the new,
wide-angle RCA-16GP4 permits reduction in depth of
chassis and cabinet, and thus makes possible greater com-
pactness in receiver styling. In addition, the 16GP4 per-
mits economies in tube stocking, packaging, and shipping.

“Filterglass” Face Plate—Of high-quality glass and almost
flat, the “Filterglass™ face incorporates a neutral light-
absorbing material to give improved contrast by minimiz-
ing ambient-light reflections and reflections within the
face plate itself. The circular face plate provides a large
picture with full scan.

Tilted lon-Trap Gun—New tilted gun requires only a single-
ficld, external magner.

Ducdecal 5-Pin Base —Permits use of lower-cost segment
socket.

ELECTRON TUBES

324

Less Weight —The RCA-16GP4 weighs substantially less
than a comparable all-glass tube so that, with ordinary
precautions. it can be safely shipped in the receiver.

RCA Application Engineers are ready to co-operate with you
in applying the 16GP4 and associated components to your
specific designs. For further information write RCA,
Commercial Engineering, Section B47R, Harrison, N. J.

ANOTHER new RCA tube. ..

. the RCA-6CD6-G Horizontol-Defiection
Amplifier for 16GP4 Systems. The RCA-
6CDG-G makes possible the designofhorizontal-
deflection circuits in which the plate voliage for
the tube is supplied in part by the circuit and in
part by the low-voltage power supply. Ordinarily
only one 6CD6-G is required for kinescopes with
deflecuon anglesup 10 70°and operatingar 14 ky.

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA

RADIO CORPORATION of AMERICA

HARRISON, N. A
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Sir Robert A. Watson-Watt

VICE-PRESIDENT, 1950 ) 4
4
Sir Robert Alexander Watson-\Watt was born at  was the first Director of Communications Development ’

Brechin in the County of Angus, Scotland, on April 13,
1892. He was cducated at Brechin High School and at
University College, Dundee, in the Universityv of St.
Andrews, graduating in 1912 with a special distinction
in electrical engincering. He was invited immediatels
thercafter to become Assistant to the I’rofessor of
Natural Philosophy in University College, Dundee.

Mter teaching physics for a brief period in this capac-
ity, he was appointed to the British \Veather Service. In
1917 he became Meteorologist-In-Charge of the Branch
Meteorological Office at the Roval ANircraft stablish-
ment. A\ special purpose of this appointment was to
enable him to investigate the possibilities of radio in
the location of thunderstorms as a basis of thunder-
storm warning to aviators.

He was later transferred from the \ir Ministry to the
Department of Scientific and Industrial Research. \When
the work of the Radio Research Station was merged
with the radio program of the National Physical Lab-
oratory in 1934, Sir Robert was appointed the first
Superintendant of the Radio Department, National
Physical l.aboratory.

Sir Robert, who is considered England's foremost ra-
dar authority, was the leader of the carliest British work
on radar, or radiolocation, as it was then called, and also

] 4
B ———

m 1938, In 1940 he became Scientific \dvisor on Tele
communications in the \ir Ministry and in the Ministry
of Aircraft Production. He was Vice Controller of '
Communications Equipment in N\ P, in 1942, and
Deputy Chairman of the Radio Board of the \War
Cabinet, under the chairmanship of Sir Stafford Cripps
in I(H.S. AMter the war he retained his appointment as
part-time Scientific \dvisor in \jr Ministry, adding to,
1 Forrcspomlmg appomtments in Ministryv of Supply,
\Ministry of Fransport, and Ministry of Civil .\\'i.’nli()ltl‘
In 1947 he founded the scientific advisory and consult- A%
Ing engineering practice of Sir Robert \\'mson-\\’al& i
.14

and Partners, 1.td.

His honors include his knighthood, conferred in ]()42f
the Companion of the Order of the Bath, awarded in
1941, Fellowship of the Royval Society, the 1. S. Medal

for Merit, the Valdemar Poulsen Gold Medal of the
Danish Ncademv of 1he

Fechnieal Sciences, and  the
Hughes Medal of the Royval Society for his ploneer ref
scarches in radio-telegraphy .

Sir Robert, who is now engaged in work on the ])eace;
ti:ne applications of radar, especially in the service of
civil aviation, became a Senior Member of IRE in 1946
and a lFellow in 1947, He s President of the Roy al \lele:
orological Society and of the Institute of Navigation.
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l The value of IRE papers, in a large measure, depends on the ease with

2 which they can be assimilated by the reader. Prospective authors are urged to '

., :‘ give thoughtful consideration to suggestions here given to that effect. ‘
i The following guest editorial is by a member of the IRE Board of Editors, |
[ who is also Vice-President in Charge of Engincering of the United Broadcasting

Company, and President of Cleveland Institute of Radio IZlectronics. As the
author of the radio and communication engineering text material used by that
school, and as a practicing engineer, his proposal should be helpful to prospec-
tive authors of technical papers.—The Editor.

a2t 4 .
P N ) C -

X Technical Writing for Students

CARL E. SMITH

2 During the many vears | have been preparing technical material for broadcasting employees,
¢ and for student consumption at a school, I have come to the conclusion that such material
must be carefully organized and skillfully presented if it is to have a real teaching value. The
content must speak the truth, of course, but no matter how great the professional value of the
'& material presented, this value is lost to the reader unless cflectively presented.

This means, first, that the technical writer should properly appraise the mental capacity of
his reader audience. For example, in my IRE editing experience, I have found that most tech-
nical reports prepared for company records or from postgraduate theses need to be thoroughly
revised to make them suitable for IRE publication. In a way. anyone who reads a technical
article or paper is a student and he brings to the reading a certain basic technical knowledge.

! Ys‘ In addition, he has developed a certain degree of ability to absorb new information of a technical
nature. | believe the writer can make this absorption process a little easier for him by organizing
the subject matter in a step-by-step manner. This procedure should be as much in line with the

] reader’s normal, logical. thinking processes as possible, NEVER putting the cart hefore th'e
L horse. To oversimplify is to write down. To stop short of a full exposition imposes an unfair
- mental burden on the reader. A crvstal-clear word description profusely illustrated with dia-
4“ grams is to be preferred in qualitative treatments. Even in quantitative writing it is preferable
il to minimize the mathematics in the text and clearly state in words the significance of each step,
,Ei, t relegating intermediate mathematical steps to an appendix when necessary. In many cases a
i* s ! word description with references and the final design equation will suffice. To make sure the
b2 reader understands the subject matter thoroughly, it should be ilustrated with practical ex-
ald amples.
R When 1 write a technical paper for publication or a lesson for our students or technical ‘
f‘ l broadcasting employees, my procedure in general is to develop the theory inductively, select ‘
I8 . appropriate illustrations, and if necessary develop design equations step by step from the I
l, fundamentals. Then the subject matter is reduced to practice with examples. When [ receive '

a troubled query from some reader or student I feel I havefailed to teach with full effectiveness
or my method of presentation is at fault, and | conclude that a re-write is justified. \WWe can do
that with lessons, but not with technical articles or books. So, in the casc of a writer preparing
a technical paper or article I suggest that the script be read by the student type of reader
before going to the editor. That type of reader is the most appreciative and also the most
critical. If you satisfy him you will also be doing a better job for the other type, the casual reader.

Surely an engineering article should teach engineering. | firmly believe that writers on an
" engincering level should try more carnestly to instruct as well as describe and expound; then
more good will be accomplished by our articles.
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Report on the International Television
Standards Conference’

I. INTRODUCTION

HE INTERNATIONAL Radio Con-

sultative Committee (CCIR) held a

conference at Zurich, Switzerland, on
July 4-14, 1949, to study international
problenis relating to television. This confer-
ence, under the sponsorship of CCIR Study
Group 11 (Television), was called in accord-
ance with recommendations of the CCIR
Plenary Session held at Stockholm, Sweden,
in 1948. The results of the conference will be
considered and acted upon at the next Plen-
ary Session to be held in Prague in the spring
of 1951. It is hoped that these deliberations
will result in international agreements on
television standards which will minimize in-
terference between stations, facilitate the
interchange of programs among nations, and
provide a television system based on the
best technical knowledge available.

Prior to the conference, a questionnaire
was sent to the administrations of all nations
associated with the CCIR. Replies to the
questionnaire were received from thirteen
nations and three commercial companies. Of
these, eleven nations and three commercial
companies sent delegates to the conference,
as follows: Austria, Belgium, Denmark,
U.S.A,, France, Italy, Netherlands, Great
Britain, Sweden, Switzerland, Czechoslo-
vakia, Cie. Gen. de T.S.F. (France), L. M.
Ericsson (Sweden), and RCA (US.A.).
Hungary and Yugoslavia replied to the ques-
tionnaire but were not represented at the
conference.

I. NaTionaL PosiTiONs ON TELE-
VISION STANDARDS

A. The United States

The American position was that the
U.S.A. television standards (525 lines, 30
frames, 4.25-Mc bandwidth) are the most
suitable for adoption as a worldwide or re-
gional standard on the basis that they would
provide a high quality of service with a mini-
mum of restriction on future progress.

B. Great Britain

Great Britain advocated the adoption of
the British standards of 405 lines and 2.75-
Mc bandwidth on the basis that they pro-
vided a satisfactory quality of service. More-
ovei, the British government is committed
to continue service on these standards do-
mestically for a number of years. It might
therefore be necessary for neighboring Eu-
ropean nations to adopt the 405-line stand-
ard in order to exchange programs with
Great Britain. Furthermore, in order to
minimize interference, the stations on the
continent should adopt carrier frequencies,
in the band 41 to 68 Mc, identical to the
British frequencies. This allocation involves
one 6.75-Mc channel for double sideband op-
eration and four 5-Mc channels for vestigial
sideband operation.

C. France
The French government operates at pres-
ent a 450-line service and, in addition, has

* Decimal classification: R007.9XR583. Adapted
from “Report to the RMA Engineering Department
on the International Television Standards Con-
ference held at Zurich, Switzerland. July., 1949,"
by Donald G. Fink.

committed itself to institute in the future an
819-line service using a 10.4-Mc bandwidth
and a 14-Mc channel. During the meeting,
France agreed to change from the 450-line
service to the British standard of 405 lines.
On higher bands (174-216 Mc and 470-960
Mc), they intended to use the 819-line stand-
ard for monochrome service with the hope of
finding a method of converting from 405-line
images to 819-line images in order to facil:
tate the interchange of programs between
their two domestic services, as well as be-
tween French and British services.

D. Other Nations

The other nations, headed by Nether-
lands and Sweden, favored a 625-line 25-
frame standard on a bandwidth of 4,75 Mc¢
and a channel of 6.75 Mc. They felt that, on
the one hand, the British 405-line standard
was “obsolescent” or “low-definition,” and
that, on the other hand, the U.S.A. 30-frame
standard was unsuitable for 50-cps power
systems. The American delegation pointed
out that the proposed 625-line 25-frame
standard was not in fact very different from
the 525-line 30-frame standard so far as
equipment operation is concerned, provided
that the system is divorced from dependence
on the power supply frequency.

1. CONCLUSIONS OF THE
CONFERENCE

During the conference, unanimous agree-
ment was reached on the following four
points:

1. The aspect ratio should be 4 units hor-
izontally and 3 units vertically. This agrees
with the US.A. standard, but represents a
change in the British standard of 5 units by 4
units. The British delegates stated that the
BBC has requested permission from the
proper government committee to change to
the 4 by 3 standard in the near future.

2. Interlacing should be used at a ratio
of 2-to-1. This was not a controversial issue.

3. The vertical scanning frequency
(number of fields per second) should not be
synchronized with the power frequency.
Agreement was reached on this important
point due to the realization that, first, power
systems would not usually be interconnected
between nations or even between cities
within some nations. Thus nonsynchronous
operation would facilitate the interchange of
programs between nations and cities not so
interconnected. Secondly, nonsynchronous
operation would permit the 525-line stand-
ard and the 625-line standard to exist com-
patibly on a worldwide basis.

4. The direction of polarization need not
be standardized, as it is not a basic issue.
(Six nations favored horizontal and two na-
tions vertical polarization.)

Disagreement persisted on the remaining
points. On lines and frames, the U.S.A. rec.
ommended the 525-30 value, Great Britain
and France 405-25 for the 41- to 68-Mc
band, France 819-25 for higher bands, and
all other nations 625-25. On positive versus
negative modulation, 4 nations voted for
negative against two (Great Biitain and
France) for positive, the remaining nations
indicating no marked preference. On AM

versus FM sound, 7 nationsfavored FM and
two nations (Great Britainand France) AM.

The arguments for negative modulation
and FM sound were given additional weight
in the light of experience with the intercar-
rier sound system. The British stated that
the intercarrier system could be used with
positive modulation (and FM sound) pro-
vided the synchronizing pulses were limited
at some level above zero carrier. The British
synchronizing pulses as now radiated do not
reach the zero level. The British announced
their intention of experimenting with the
intercarrier system, using positive modula-
tion, and promised to report the results to
the next meeting of the Study Group. The
U. S. delegation invited the Study Group to
hold its next meeting in the United States in
order that American experimentation in
color television and in minimizing interfer-
ence between stations, as well as other mat-
ters on the agenda, might be viewed first
hand.

IV. QuEsTIONS POSED FOR
FURTHER StUuDY

In conclusion, the Study Group formu.
lated the following questions as needing
further study:

Question 1.

What are the technical requirements and
the additional cost necessary to permit the
operation of a television system to be inde-
peadent of the frequency of the power sup-
ply?

Question 2.

What is the relation between maximum
brightness and tield frequency for absence or
flicker, for field frequencies of the order of 50
10 60 fields per second, taking into account
the decay time of the different colors?

Question 3.

What is the value, in minutes of angle, of
the resolving power of the eye in photo-
graphic and in television systems for ranges
of brightness values and distances of viewing
most commonly met with in television?

Question 4.

\\ hat are the conditions of measurement
required to allow the comparison of the re-
spective qualities of television and cinema
pictures, and what are the results of such
comparisons?

Question 5.

. Whatare the respective advantages and
disadvantages of positive and negative pic-
ture modulation and of amplitude and fre-
quency sound modulation, taking into ac-
count the following four points:

(a) Effect of noise on picture

(b) Effect of noise on synchronization
(c) Automatic gain control

(d) Intercarrier sound reception?

Question 6.

_ Whatare the possibilities of standardiza-
uon and what are the preferred characteris-

ftillcs ;n the recording of television pictures on
m

R R R R RN
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Conductive Plastic Matenals”
MYRON A. COLERT, F. ROBERT BARNETI, ALBERT LIGHTBODYI, AND H. A. PERRY, JRI

NEW CLASS of plastic materials has
been developed. The outstanding
characteristic of these materials re-
sides in the fact that they have substantial
and predeterminable electrical conductiv-
ities, and yet possess the desirable general
mechanical and fabrication properties of
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Fig. 1—Effect of frequency on resistivity.
Markite MS-501 at 24°C.

* Decimal classification: R281. Original manu-
script received by the Institute, February 28, 1949;
abstract received, August 26, 1949.

t+ Markite Company, New York, N.Y.

1 Plastics Division, Naval Ordnance Laboratory,
White Oak, Md.

ordinary plastics. Thermosetting, thermo-
plastic and elastomeric variants have been
produced.
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Fig. 2—Thermal expansion versus tempera-
ture. Reference temperature, 25°C.

Representative data for one type are
presented in Table I. Particular attention is
called to the significant thermal and electri-
cal conductivities; the latter is approxi-
mately 10 times that of a general purpose
phenolic. The material follows Ohm’s Law
at low and moderate current densities and
appears to be free of frequency variation
effects (see Fig. 1). The temperature co-
efficient of resistivity is positive and of the
order of 0.2 per cent/°C.

It has proven possible to match the
thermal expansion of the MS-501 material
with an insulator plastic throughout the

TABLE I

MARKITE MS-501 CoNDUCTIVE PLASTIC MATERIAL

Typical Data on Physical Properties

[ SN
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Type
Fabrication Methods

Color

Specific Gravity

Tensile Strength—Ultimate, psi

| Elongation, ‘%,

Tensile Modulus of Elasticity, psiX10 ¢
Tensile Strength—Proportional, psi
Flexural Strength—Ultimate, ps:
Flexural Modulus of Elasticity, pstX10~*
Flexural Strength—Proportional, psi
Compressive Strength, psi

Impact Strength—f
Hardness—Rockwell, M
Moisture Vapor Trans., g/100 sq. in./24 hr./mil
l Water Absorption gain, %

Specific Heat, Cal)i

| hermal Expansion Coefficient, cm/cym/°CX 108
Thermal Conductivity, cal/sec/cmn?/C X104
Heat Distortion Temperature, °F

Electrical Resistivity, ohm-cm

zod ft. Ibs./in. notch

C/g

range from —50°C to 80°C (see Fig. 2).
Since the materials are comoldable, this
favors the molding of composite conductor-
insulator structures which will be liquid-
tight and nonseparating at extremes of
temperature.

The range of resistivities covered by
these conductive plastic materials is in-
dicated in Fig. 3. The range extends roughly
from the resistivity of distilled water to
values approaching that of mercury. Many
of the materials can be metal-plated
directly. As a group, they exhibit compara-
tively low densities which commends their
use where weight reduction is important,
e.g., on aircraft and in devices to be rotated
at great speeds. Other more specific applica-
tions of interest include low ohmic resistors
for the higher frequencies, nonlinear variable
potentiometers, shields, attenuators, elec-
trodes, and three-dimensional circuits.

J
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Fig. 3—Resistivity spectrum. Shaded area
corresponds to markite materials super-
imposed. (Based on maodification of
chart by Yerzley, Ind. Eng. Chem., vol.
35, p. 330; 1943))

Thermosetting
Compression,
Molding, Machin-
ing, Grinding
Black
1.57
7,400
0.80

13
2,100
11,000
11

7,700
26,400
0.37
106

44
0.55
0.31
3.8

21
306
0.01
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1. INTRODUCTION

It is the purpose of this Standard to establish general
principles governing the formation and application of
reference designations and to provide a list of such des-
ignations applicable to parts used in clectrical and elec-
tronic applications.

1.1 Reference Designations

Reference designations are combinations of letters
and numbers used to identify the parts of a piece of ap-
paratus or equipment on schematic (see par. 2.4) and
other drawings, diagrams, parts lists, instruction hooks,
etc. The reference designations may also be stamped on
the apparatus or equipment on or near the parts which
they identify. The letters in a reference designation show
the kind of part, such as a resistor, amplifier, electron
tube. cte., and the number differentiates between parts
of the same kind. .\ reference designation is not an ab-
breviation for the name of the part.

1.2 Other Designations

This Standard does not prevent the use of other than

reference designations. In cases where other designation-
are used, it is preferable that the reference designations
be used in addition. The other designations will be un-
derlined except when confusion between the two types
of designations will not result.

1.3 Scope

This Standard supplements and is paraliel with Stand-
ards on Abbreviations, Graphical Symbols, Letter Symbols
and Mathematical Signs, 1948.

1.4 Purpose

Reference designations have two main purposes as
follows:

1.4.1 For reference to parts in descriptions of the opera-
tion of a circuit or mechanical <device.

1.4.2 For the identification of replaceable parts in stock
control and maintenance operations.

2. DEFINITION OF TERMS

2.1 Code

For this Standard a code generally consists of a name
(which will usually indicate a function) plus one of the
following: A number, drawing number, model number,
specification number, or style number, ete. These num-
bers consist of numerals and letters alone or in various
combinations. The name portion of a code may be omit-
ted when the meaning as conveyed by the graphical
symbol or reference designation is clear. For example,
“6.AK3” is usually used in conjunction with the proper
graphical symbol instead of “6AKS TUBE.”

Examples:

913 Modulator
1512-64372-01 Wave-
guide Assembly

Tuning Unit,
Model 519D

Jo864 Amplifier

Generator, SK

Number+ Name
Drawing Number+ Name

Name+ Model Number

Specification Number 4+ Name
Name+4Style Letters

2.2 Major Assembly

For this Standard, a major asscmbly is a complete
picce of apparatus or equipment as supplicd by a manu-
facturer and identified by a code. The term “assembly”
is often used instead of “major assembly.” IFor the pur-
pose of applying reference designations, a major assem-
bly will usually be the largest unit employing a single

system of reference designations. A\ major assembly is
composed of parts which may be cither elements or sub-
assemblics, coded, or uncoded,

2.3 Subassembly

2.3.1 For this Standard asubassembly is a part of a ma-
jor assembly consisting of a group of parts which, for
purposes of identification, is considered as a unit.

2.3.2 \ subassembly may or may not be replaceable as
a unit. .\ grouping of parts indicated by boundary lines
on a schematic diagram is not necessarily an integral
physical unit. Since the schematic diagram is primarily
functional, the grouping of parts is also functional and
may include parts which in the actual equipment are
separated physically.

2.3.3 \ subassembly will usually be coded, but coding
is not a necessary criterion for a subassembly.

2.3.4 A subassembly may he given a reference designa-
tion and the parts of a subassembly may also be given
reference designations.

2.3.5 Examples of subassemblies arce: Amplifier, filter,
printed circuit, rectifier, and waveguide assembly.

2.3.6 Subassemblies which require separate identifica-
tion on schematic drawings in accordance with the prin-
ciples outlined herein will be circumseribed by a line
which mav be cither:

clectrical shield
mechanical

, indicating  an
which is also a

boundary,
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-, indicating the boundary of a me-
chanical grouping or a grouping
for convenience.

The presence of a shield line around a group of appa-

ratus does not necessarily indicate that it is a subas-

sembly for the purposes of this Standard.

3.1 Letters

3.1.1 The letter or letters of the reference designation
shall be as indicated in par. 7.1.

3.1.2 The letter E, in the case of terminals, may be
omitted from drawings and not stamped on equipment
for such parts as transformers, panels, sockets, etc.
where no confusion will result.

H 3.2 Numbers
. The number of the reference designation follows the
! letter or letters without a hyphen and shall be of the

4.1 General

4.1.1 Reference designations are assigned to electrical
and mechanical parts on schematic and other diagrams
and in instruction books, spare parts lists, etc. Common
hardware items such as bolts, nuts, and washers will
usually not require reference designations.

} 4.1.2 The assignment of reference designations will usu-
ally be made on the schematic drawing, which conse-
quently controls the designations to be applied on other
drawings, such as equipment and assembly drawings,
and in parts lists.

4.1.3 Reference designations should also be marked on
ll or near the appropriate parts. It is recognized that in
s some cases, particularly in compact groupings of small
parts, this will be impracticable.

4.1.4 When a reference designation, other designation
or a code appears on a schematic diagram near a graph-
ical symbol and it is NOT intended that it be marked
on or near the actual part, such designation or code shall
be enclosed in parentheses on the schematic diagram.
4.1.5 The assignment of the number portions of the
reference designations for the parts will depend on the
conditions of manufacture, supply and use. Two cases
can be distinguished: (1) A major assembly with a sin-
gle number series; and (2) a subassembly with its own
internal number series.
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2.4 Schematic Drawings

In this Standard “schematic drawing” includes draw-
ings known as “Elementary Diagrams” in the power
field.

3. FORMATION OF REFERENCE DESIGNATIONS

same size and on the same line. For example C1, S14 and
MGS5. The assignment of numbers should preferably
start with 1 in the upper left-hand corner of the sche-

matic drawing of the major assembly or subassembly and -

proceed in numerical order in a logical manner through
the drawing. However, it is not required that the series
of numbers be necessarily consecutive or complete. For
instance, in the case of successive improvements of a
piece of equipment, some of the parts may beeliminated.
Here it is unnecessary to redesignate the remaining
parts merely to keep the number series consecutive. The
parts list will show which numbers are missing.

4. APPLICATION OF REFERENCE DESIGNATIONS

4.2 Major Assembly with a Single
Number Series

In this case a single series of numbers shall be used for
each kind of part throughout a major assembly, regard-
less of whether the parts are included in subassemblies
or not. This method will in general be confined to the
smaller and simpler major assemblies, usually those
without separately manufactured subassemblies. Fig. 1
is an example. For purposes of illustration only, this
major assembly has been coded an XX Major Assem

T
'

XX MAJOR ASSEMBLY

Fig.1

bly. This same major assembly, with changes in the as-
sumptions as to how it is subdivided, is used for the
other examples of the methods of designating parts of
subassemblies. Fig. 2 is an example in which a major

_;
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.assembly has been divided into two subassemblies and a
remainder. The parts designations are here identical
with those of Fig. 1. In this case the reference designa-

FLIL -
pooTTToTTTTT 1 ﬁ
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) 'y
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H LI ||c3
Lo summn ¢ y ¢
1
' i l |! |
R1 ¢t c27x liR2 3
] T 'l C4 7R3
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R i SR

XX MAJOR ASSEMBLY

Fig. 2

tions for the subassemblies themselves may be conven-
ient for description, and for correlation with block dia-
grams, such as Fig. 3, but they are not essential for the
identification of a part within a subassembly since the
part designation is itself sufficient.

ARI
FLI
] FILTER
I

Fig. 3

4.3 Subassembly with Its Own Internal
Number Series

There is a case in which it is advantageous to number
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the parts of a subassembly with its own internal number
series. This case is especially applicable to multiple-use
subassemblies which may appear more than once in a

FLI ARY
418 FILTER 45862 AMPLIFIER
r—————————== A -
! |
1 i
' |
! 1
t
] L '
o—i— 0027 t
' t
' 1
'RIZ eI c2T |
! 1
] ]
T L)
Lo e —e o -——— 4
XX MAJOR ASSEMBLY L o

Fig. 4

major assembly, or in more than one major assembly. In
this case the reference designations internal to the sub-
assembly will remain the same, no matter where the
subassembly is used, and the code of the subassembly
shall appear on the pertinent drawings. In this case the
parts of a major assembly not included in the above
subassemblies (but including parts in subassemblies not
assigned separate internal number series) shall be num-
bered in a single series as outlined in par. 4.2. Fig. 4
illustrates this case.

The parts of subassemblies having separate number
series may be identified either by means of the code of
the subassembly and the part reference designation or
by means of a compound reference designation formed
by prefixing the part designation with the subassembly
designation.

5. COMPLETE IDENTIFICATION OF PARTS

5.1. Abbreviation of Compound Reference
Designations
Under certain conditions where no confusion will re-
sult, the initial letter part may be omitted from a com-
pound reference designation. This provision applies to

such cases as are exemplified by Fig. 5. It should be
noted that in order to apply this principle the number
portions of the reference designations for any two sub-
assemblies can not be the same even though the subas-
semblies are of a different kind.

B
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FL) AR2 5.2 Examples of Compound Reference
r":@ﬂ"['ﬂ'"j --1h0e2 WP_L'_""__' — 1, Designations
| e ':C([ L \‘) T gt; Ixamples of compound reference designations and
O_E—I—[-\w, I ?T' ) & i abbreviated compound l'('f('l'('ll’('(' designations are gl\ on
Emf T e, A - : m the table below. Where .1])|)|'u‘.|l)lf- (!h(; case of Fig. 4)
e e > .Jl%_ =y | examples are given of parallel identification of the same
ci {RZ parts by the use of the subassembly code, together with
i the reference designation for the part,
FL3 AR4
g 11: N 218 { 1 S 29862 AMPLIFIER __ EARBLIE |

EXAMPLES OF IDENTINCAYIION OF PaRrTs (NoO1y 1)

0y
i : ) ldentification of same part in
RIS TCI C27R 1 |RI 3
i i i 1C2 TRZ :Em c3 | 1 Fag Fig. 4 Fig. S (note 2)
[ — ‘ol 3
e K1 K1 O FLIRI IRT, 3R1, 3R

b) R1 of 118 Il
1.1 11 a) L
by L1 of 418 Filt

1Lt, 31, 51
FLS ARG

J5B62 AMPLIFIER (& (! 1) ARIC? 2C2, 4C2, oC2?
[_T__ n—— h) C2 of 153862 \mp!
wirt i3 R3 ) ARIK? 2KR2, 4R2, 6Kk2
) R2 of 15862 \mpl
= R4 R Rt R1, R3, RS
c2 TRZ s Vote 1T he code XX Major Assembly (or Y'Y Major Assembly tor
3 Fig. 5) is a necessary part of the omplere identification except for the
"T; = C examples (h) of Fig. 4 where the code, 418 Filteror J5802 Amplifier, i
YY MAJOR ASSEMBLY RS f used inits place
Vote 2. Since the parts of Fig. 1 appear three times in Fig. 3, 3¢p
tries of cach are given. \ll are examples of abbreviated compound
Fig. 5 reference designations,

6. SPECIAL PROCEDURES FOR SQCKETS AND CONNECTORS

6.1 Sockets

A socket which is alwavs associated with a particular
plug-in or screw-in device, such as an electron tube or 4
fuse, should be designated by a svmbol which includes
the symbol of the inserted device. For example, the
socket for fuse I'7 should be designated XF7.

6.2 Connectors

In the case of a stationaryv connector, the reference
designation both of the connector and of the associated

movable connector or ad, pter (this Jatter in parenthe-
ses) should be marked on the chassis or panel adjacent
to the stationart connecto

Lxamples: a. |5 ), i3
(s (C 14
(P4

In this case the reference designation in parentheses will
not usually be found on the schemat ic drawings.

7. LISTS

7.1 Alphabetically by Part Name

7.1.1 Classes of parts included in par. 7.1 have been
marked with an asterisk to facilitate the designation
of parts not specifically included in the list. In case of
doubt, a letter or letters already assigned 1o the part
or class most similar in function should he used.

ITtem
AR Amplifier
D) Antenna
L Arrester, hghtning

VT Atenuator

13* Blower, fan, motor, prime mover
5 1 Autotransformer

13 Battery

| Bell

'B Block, connecting
10 CB  Breaker, circuiy

[ Buzzer

W Cable

C Capacitor

Cell, light-sensitive, photo-e nissive




20

40

‘n
w

60)

65

M
DC
cr

pp
D
EQ
G

FL
F
AV

HS
H*

pU
HT

HR
L.
])

HY
cp

S
RT
HR

R'F

A
DL
LS
M
MK
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Choke

Chart

Connector (movable portion or portion lo-
cated on a plug-in device)

Connector (stationary portion)

Contact, electrical

Contactor (clectrically operated)

Contactor (mechanically or thermally op-
erated)

Counter (indicating device)

Coupler, directional

Coupling (aperture, loop or probe)

Counterpoise

Coil, hyvbrid

Coil, induction, loading, relay operating,
retardation, tuning

Coil, repeating

Crystal, piezoelectric

Cut-out, thermal

Detector, crystal

Device, indicating (except meter or ther-
mometer)

Dial (circuit interrupter)

Dial or indicating device (except meter or
thermometer)

Diaphragm

Dynamotor

Equalizer

Exciter

Fan

Filter

Fuse

Gauge, meter, thermometer, etc.

Gienerator

Handset

Hardware, bolts, nuts, screws, ctc.

Head, erasing, recording, reproducing

Headset, or telephone receiver (not part of
handset)

Heater (element for thermostat, oven, ete.)

Inductor

Jack (connector, movable portion or por-
tion located on a plug-in device)

Jack (connector, stationary portion)

Junction, hybrid

Junction, Tee or Wye

Key-switch

Key, telegraph

Lamp, ballast

Lamp, heating

Lamp, illuminating

Lamp, resistance

Lamp, signal

Line, artificial

Line, delay

Loudspeaker

Meter

Microphone

-7
o

80

90

=l
n

100

105

110

/2

3
MG
A*

AT
E*
u*
O*

A*
WH
PU

l)

S

RP
R
R

E
X

1%
LS
™

7%

B
AT
M
RT
TC

MT
T
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Modulator

Motor

Motor-generator

Mounting not in electrical circuit (not a
socket)

Nameplate, chart, etc.

Network, general (where specific letters do
not fit)

Oscillator (excluding electron tube used in
oscillator), magneto-striction

Pad

PPart (misc. clectrical)

Part, hvdraulic

Part (misc. mechanical), bearing, coupling,
gear, shaft, ctc.

Part, structural

Path, guided transmission

Pickup, erasing head, recording head, re-
producing head

’lug (connector, movable portion or por-
tion located on a plug-in device)

I’lug (connector, stationary portion)

PPotentiometer

Power-supply

Prime-mover

Protector (carbon-block or gap)

Receiver, radio

Receiver, telephone (not part of handset)

Receptacle (connector, stationary portion)

Rectifier, crystal or metallic

Regulator, voltage (except an electron tube)

Recorder, elasped time (clock)

Register, message

Relay (electrically operated switch)

Repeater {telephone usage)

Resistor

Rheostat

Ringer, subscriber’s set

Shield, electrical

Short

Socket (sce paragraph 6.1. Examples: NAR
NF, XV, etc))

Solenoid

Speaker, loudspeaker

Strip, terminal

Structural part

Subassembly, general (where specific let-
ters do not fit)

Switch  (mechanically or
crated)

Terminal, individual

Termination, resistive

Thermometer

Thermistor

Thermocouple

Thermostat

Transducer, mode

Transformer

thermally op-
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Transistor
Transmitter, telephone
Transmitter, radio
Tube, eclectron
Varistor

Vibrator, indicating
Waveguide

Winding, relay

Wire

7.2 List—Alphabetically by Letters

7.2.1 Classes of parts included in par. 7.2 have been
marked with an asterisk to facilitate the designation
of parts not specifically included in the list. In case of
doubt, a letter or letters already assigned to the part
or class most similar in function should be used.

Item
A*

AR
AT
B*

CB
Cp
CR
10 D
DC
DL

Dp
E*

15 EQ
FL

H*
20 HR

HS
HT

HY
I*

Mounting (not in electrical circuit and not
a socket), structural part

Amplifier

Attenuator, pad, resistive termination

Blower, fan, motor, prime mover

Battery

Capacitor

Circuit breaker

Coupling (aperture, loop, or probe), coaxial
or waveguide junction (Tee or Wye)

Crystal detector, crystal or metallic recti-
fier, contact rectifier, varistor

Dynamotor

Directional coupler

Delay line

Diaphragm

Antenna, binding post, counterpoise, di-
pole antenna, electrical shield, electrical
contact, electrical parts (misc.), lightning
arrestor, individual terminal, loop an-
tenna, protector (carbon-bLlock or gap),
short

Equalizer

Fuse

Filter

Exciter, generator, vibrator (rectifying)

Hardware, bolts, nuts, screws, etc.

Heater, (element for thermostat, oven,
etc.), heating lamp

Handset

Telephone receiver (not part of handset),
headset

Hybrid coil or hybrid junction

Bell, buzzer, dial, illuminating lamp, indi-
cating device (except meter or thermom-

25

30

35

40

45

50

LS
N*

MG
MK
NT
N*
O*

PS
PU

R

RE
RP
RT

T8

TC
TR
U*

VR
\W*

Z*

February

eter), signal lamp, subscriber's set ringer,
vibrator (indicating)

Connector (stationary portion), jack, plug,
receptacle

Relay (electrically operated contactor or
switch)

Choke, inductor, loading coil, induction
coil (telephone usage), relay operating
coil, retardation coil, solenoid, tuning coil

Loudspeaker, speaker

Counter (indicating device), elapsed-time
recorder (clock), gauge, message register,
meter, thermometer

Motor-generator

Microphone, telephone transmitter

Mode transducer

Chart, nameplate, etc.

Mechanical part, bearing, coupling, gear
shaft, etc.

Connector (movable portion or portion lo-
cated on a plug-in device), jack, plug

Power supply

Pickup, erasing head, recording head, re
producing head

Transistor

Potentiometer, resistor, rheostat

Radio receiver

Repeater (telephone usage)

Ballast lamp, resistance lamp, thermistor

Contactor, dial (circuit interrupter), key-
switch, telegraph key, mechanically or
thermally operated switch, thermal cut-
out, thermostat

Autotransformer, induction coil (telephone
usage), repeating coil (telephone usage),
transformer

Connecting block, group of individual ter-
minals on its own mounting, terminal
board, terminal strip

Thermocouple

Radio transmitter

Hydraulic part

Electron tube, light-sensitive cell, photo-
emissive cell

Voltage regulator \éxcept an electron tube)

Cable, coaxial cable, guided transmission
path, waveguide, wire

Socket (See par. 6.1. Examples XAR, XF,
XV)

Oscillator (excluding electron tube used in
an oscillator), piczoelectric crystal, mag-
neto-striction oscillator

Network or subassembly, general (where

more specific letters do not fit), artificial
line, modulator
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. . L
A Microwave System for Television Relaying
J. 7. MILLARY, SENIOR MEMBER, IRE, AND W. B. SULLINGERT

Summary—The transmission requirements for radio relay sys-
tems for television network operation are discussed. A system de-
signed by the Philco Corporation and employing heterodyne modula-
tion with a SAC-19 Klystron, developed by the Sperry Gyroscope
Corporation for this application, is described. Western Union has
installed this equipment, which operates in the 6,000-Mc common
carrier band, between New York and Philadelphia, and photographs
are included showing the repeater, antenna, and the results of a
square-wave and CBS test pattern after transmission over the cir-
cuit.

IONEER work in the application of microwaves
Pto telegraphy was done by the Western Union

Telegraph Company developing jointly with the
Radio Corporation of America an experimental relay
system between New York and Philadelphia in 19485,
“This circuit was later expanded by Western Union to
include a second circuit via an alternate route between
these two cities. Also, a triangular system connecting
New York, Pittsburgh, and Washington has been com-
pleted.! It was envisioned from the beginning that the
same physical facilities, towers, buildings, power plants,
and the same maintenance personnel which were used
for the telegraph circuits, could be shared with tele-
vision systems. Accordingly, in 1947, active develop-
ment work was initiated with the Philco Corporation
for the design of equipment capable of meeting the ex-
acting requirements of television network operation.

In an attempt to define the transmission objective, it
is assumed that a practical value of signal-to-noise ratio
in a video channel which has been relayed from New
York to San Francisco would be 25 db (measured at
the peaks, or maximum instantaneous amplitudes, of
signal and noise). This value is far from the ideal value—
it is the minimum value considered useful. Since inter-
connection of similar systems is planned to facilitate
networking, 9 db should be added, and also a 6-db
maintenance margin. This incrcases the system re-
quirement to 40 db between major cities which are con-
sidered to be logical switching points, a value readily
realizable in current microwave practice.

Of course, it would not be possible to devote enough
frequency spectrum to each video program channel to
permit the use of a subcarrier and double frequency
modulation? as was done in the RCA system? for tele-
graph transmission. However, one level of frequency
modulation is feasible if the deviation index is held to a
value near unity, but the FM noise improvement will

* Decimal classification: RS83. Original manuscript received
by the Institute, April 25, 1949 revised manuscript, November 7,
1949. Presented, 1949 National IRE Convention, New York, N. Y.,
March 10, 1949.

t The thcrn Union _Telegm h Company, New York, N. Y.

v J. Z. Millar, “A preview of the Western Union system of radio
beam telegraphy,” Jour. Frank. Inst., vol. 241, no. 6, June, 1940,
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then be only S to 10 db. This transmission method
would require a radio-frequency band of approxi-
mately 20 Mc to accommodate the sidebands, and a
minimum peak carrier-to-noise ratio of 35 db will be
required for an intercity system having approximately
10 repeaters. This will require a signal level on the
input to each intermediate-frequency system of ap-
proximately 750 microvolts.

As it is impractical to use diversity reception in a
system which does not utilize a subcarrier, and espe-
cially since video signals are sensitive to phase distor-
tion, the amount of margin needed to overcome the
effects of fading will be at least 30 db, and might be as
high as 40 db, depending upon the continuity of service
desired. Assuming space losses corresponding to normal
repeater station separations, and conventional antenna
power gains, the required transmitter power will be
approximatcly‘ 15 watts, if it is assumed that fading
does not occur in all repeater sections simultaneously.
The choice of a microwave frequency band for television
relay is dictated by many factors. The 4,000-Mc band
is more stable than the 6,000-Mc band with respect to
fading and atmospheric attenuation, but requires much
larger and more costly antennas for the same power gain
and larger waveguides and support structures. An ex-
amination of propagation records, considering the hours
most useful for broadcasting, leads to the conclusion
that the 6,000-Mc band would be satisfactory for tele-
vision transmission. The common carrier band between
10,700 and 11,700 Mc is considered primarily useful
only for short-distance relaying.

The most controversial parameter of a video trans-
mission system is the frequency responsc required for
broadcasting networks. Perhaps it is a little forward-
looking to provide a video response ranging from 30
cycles to § Mc, when none of the receivers being used
can be manufactured to respond to frequencies above
about 4 Mc because of the required separation be-
tween the video intermediate-frequency and sound
intermediate-frequency frequencies of 4.5 Mc. Never-
theless, this response should be provided to take care of
future requirements, and to permit transmission of un-
Jistorted synchronizing pulses.

It is a fortunate circumstance that amplitude distor-
tion is not very noticeable in a television image. A cir-
cuit having a combined harmonic production when
tested with a single frequency of less than S per cent
(down 26 db) would probably pass unnoticed by the
average observer. In contrast, the relative phase rela-
tions of the frequency components of the complex tele-
vision wave must be preserved by passing the signals
only through circuits having almost linear phase shift;
that is, circuits where the phase shift is proportional
to frequency. A departure from phase linearity, that is,
a delay distortion of as much as 50 milli-microseconds,
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is objectionable in a television image. Since this is an
over-all requirement, it can be seen that the phase dis
tortion requirement for cach intercity systent, and to a
greater degree for cach repeater of a relay system, will
be exceedingly rigorous. Furthermore, the design of all
component parts of the equipment must be co-or
dinated, and phase equalization applied wherever pra
ticable.

Such perfection in phase response requires the em
ployment of testing and alignment techniques making
use of transient, or time-function, methods. These tech
niques are also invaluable in the laboratory. It is further
desirable constantly to monitor terminal-to terminal
transmission  with high-quality monitors to detect
gradual signal quality deterioration before it can hecome
serious.

The most obvious method of accomplishing the r¢
peatering function is to demodulate, amplify, and then
modulate a new carrier frequency. The difficulty with
this method is that repeated demodulation and modula-
tion will introduce cumulative distortion because of
nonlinearity in the functional units.

Of course, by using antennas of good enough front-to-
back ratio, a straight-through radio-frequency repeater
is possible, but present experience indicates that all
tubes capable of amplifying microw ave frequencies are
too noisy for this application, except at very short re-
peater spacings. The best choice of radio repeater, if a
subcarrier type transmission system cannot be em
ployed. is the so-called heterodyvne repeater. In this
repeater, the incoming wave is translatea hy heterodyn
ing to the intermediate-frequency range, amplified, and
then translated back 1o the microwave range, and
further amplified before being radiated. This system
most closely approaches the transmission goal, but be-
cause of equipment limitations it mayv be some time be-
fore coast-to-coast circuits meeting the minimum band
width and distortion requirements will be available.

The term “heterodyne modulation” describes any
system by which radio-frequency carrier is mixed with a
modulated wave to produce modulated rf sidebands.
One system for accomplishing this result makes use of
a balanced crystal mixer, but because of power limita-
tions of the crystals, several stages of microwave
klystron amplification were required. The Sperry Tyvpe
SAC-19 (ube, known as a heterodyne-mixer and de-
veloped by the Sperry Gyroscope Corporation for this
application, accomplishes the desired vesult in one
stage, and produces a power output of from 1 to 1.7
watts. I'ig. 1 shows the Sperry SAC-19 tube. It is con-
sidered a unique contribution to the art.

For applications where adequate signal-to-noise ratio
cannot be obtained with approximately 1.7 watts out-
put, later equipment and an improved version of the
tube capable of producing an output power of over 6
watts may be used.

Other design requirements relate to (1) reversibility
of circuits to meet more nearly the transmission needs of
broadcasters; (2) common antennas and waveguides for
all circuits at a repeater or terminal station: and 3)
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Fig. T Sperry SAC-19 tulye

location of all radio components in the building at the
base of towers, or in rooms near the top of concrete
towers.

Keeping the above objectives in mind, the two tele-
vision relay circuits which have heen installed between
New York and Philadelphia by Western Union will he
described. Philco NMaodel TILR-2 Ielevision Radio Re.
lay Equipment was employed.

'he two circuits are independently reversible w ith a
switching time of less than 15 scconds, which makes
possible the use of 4 single relav cireuit for transmitting
CONsecutive programs in opposite directions, and re-
duces the amount of cquipment necessary as compared
Lo two-circuit service,

I'he bandwidth required for each transmitter is 20 \l¢
and adjacent channels are separated by 40 N between
center trequencies. \lternate stations in a given direc-
tion of transmission use alternate frequency bands.
Therefore, the two reversible circuits between New
York and Philadelphia require
20-Ne bands.

The operation of 4 Wpical repeater ¢can best be de-
scribed by reference 1o the hlo k diag

only four properly spaced

ram shown in Fig.
2. In a typical repeater mstallation, (he incoming 6,115-
Me signal is picked up on the |
the 100-foot, 11- by Tineh wy
switch. Following the antenna switch is an rf filter for
presclection. This filier provides approximately 25 db
of selectivity ay frequencies 40 Mce removed from the
channel. The signal from the nilger 1 coupled through
a flexible waveguide into the cryvstal
mounted on the receiver chassis.

antenna and is fed down
tveguide, to the antenna

mixer, which is

The 75-Ne¢ intermediate frequency g obt
beating the Incoming signg| against the transmitter
local oscillator, which in this case would be tuned 1o
6,040 Mc. The 75-\¢ inlcrmc(lialc—freqlwnm signal ob-
tamed from this amplifier is fed through' a 50-ohm
cable into the converter unit in the transminer‘ at the
relay station. .\ dis riminator s also inchided at the

ained bv

o E—————S
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. end of the 73-Mc intermediate-frequency amplifier,
and the output of this discriminator is amplified by a
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Fig. 2—Block diagram of a repeater.

three-stage video amplifier to provide a 2-volt peak-to-
peak video signal for driving both a television trans-
mitter and a video monitor separately. This video am-
plifier is a necessary part of the terminal recciver, and
in a repeater unit it is included both for monitoring
purposes and to permit the dropping of a program at
intermediate relay points without
through transmission.

The converter unit includes a crystal-controlled oscil-
lator, which is multipled up to 190 Me. Beating the
25.\c¢ intermediate-frequency signal against this 100-
Me carrier produces the second intermediate frequency,
115 Mec. The signal is amplified in the 155-Mc pre-
amplifier and in the 115-Me power amplifier to approxi-
mately 80 volts peak-to-peak. A sccond FMN dis-
criminator is provided for monitoring purposes and to
provide an AFC signal to the deviator when the same
equipment is used as a terminal transmitter.

The 80-volt peak intermediate-frequency signal is
connected into the cathode circuit of the SAC-19 tube.
This is a two-cavity klystron, tunable throughout most
of the 6,000-Mc¢ common carrier band, and which has
20-Mc bandwidth at cach cavity setting. When oper-
ated as a heterodyne mixer, the buncher cavity of the
klystron is tuned to the local oscillator frequency,
6,040 Mc. The catcher cavity of the klvstron is tuned to
6.155 Mec, which is the sum frequeney of the local oscil-
lator and 115 Me. The accelerating potential of the
klystron is 300 volts, and the 80-volt intermediate-fre-
quency signal maodulates the velocity of the electron
bheam approximately 10 per cent. This varies the transit
time of the electrons through the drift space of the
klystron, and conscquently modulates the energy which
is fed into the buncher cavity.

The modulation produces sidebands spaced at 115-
Me intervals from the rf carrier. These sidebands cach
contain the frequency-modulation intelligence which is
present on the 115-Me intermediate-frequency signal.
By tuning the catcher cavity to cither the irst upper or
first lower sideband, a frequency-modulated wave is ob-
tained which contains the desired intelligence. The
carrier and the undesired sidebands are suppressed by
the selectivity of the catcher cavity, and also by the of
fitter which follows the synchrodyne mixer. This hiter
has a selectivity of approximately 55 db at 115 Me from
the center frequency. A flexible waveguide connects

degradation to
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the output of the rf filter into the antenna switch,
which in turn connects the transmitter to either the
casthound or the westhound antenna, through the 100-
foot waveguides which run up the tower.

Fig. 3 shows the response of the 75-Mc intermediate-
frequency amplifier and the discriminator characteristic.
A television signal wave is superimposed to indicate the
manner in which the frequency is deviated. The ter-
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Fig. 3— Characteristics of an intermediate-frequency amplifier
and discriminator.

minal transmitter, shown inFig. 4, includes the samecom-
ponents as the transmitter section of the repeater, with
the addition of the deviator, and a deviator power sup-
ply. The composite television signal input to the devi-
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Block diagram of a terminal transmitter.

VIDEO
INPUT

15 MC

1"s MC POWER AMPLIFIER
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- ‘LC__4_.__| t

VIDEO
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Fig. 4

ator unit is used to deviate two 2128 reflex klystrons in
opposite frequency sensce. The outputs of these oscil-
lators are mixed in a erystal to produce a difference fre-
queney of 113 Me which hecomes frequency-modulated
in the process in accordance with the input video
signal. Maximum deviation, corresponding to the volt-
age difference between the tip of the synchronizing
signal and peak white, causes a deviation of 12 Me. The
difference frequency corresponding to the synchronizing
pulse peak is established and held at 123 Me. One of the
deviator oscillators is controlled by an antomatic-fre-
quency control circuit in such a way that this frequency
reference is held constant, regardless of oscillator drift

or picture content. T'he resulting signal band is then
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amplified in an amplifier with a pass band of 105 to 125
Mc. The output from this amplifier is applied to the
Sperry SAC-19 synchrodyne, as in the case of a re-
peater,

The terminal receiver, shown in Fig. 5, includes the
same units as the receiver section of the repeater, ex-
cept that an rf local oscillator and a power supply must

)

CRYSTAL MIXER

75 MC VIDEO AMPLIFIER
oot 5| 1F AmPLIFIER AND

AND
PREAMPLIFIER DISCRIMINATOR AV.C. GATE

R T

RF LOCAL

OSCILLATOR VIDEO
OUTPUTS

Fig. 5—A terminal recciver.

be added to supply the frequency which, in the repeater,
comes from the transmitter local oscillator. However,
this oscillator is stabilized in the same manner as the
transmitter local oscillator. Adequate frequency sta-
bility is achieved by operating the Sperry SAC-19 tube
as a precision oscillator. As an oscillator, both cavities
are tuned to the desired frequency, and the feedback is
arranged through a loop containing a precision cavity
having a loaded Q of about 10,000. Since the tempera-
ture coefficient of the cavity is very low, in the order of
two parts per million per degree centigrade, the oscil-
lator may be depended upon to hold the transmitter
frequency well within the FCC tolerance of +0.05 per
cent, and what is more important, to keep the received
signals within the acceptance of the various intermedi-
ate-frequency amplifiers throughout the system.

From the foregoing, it can be seen that at a repeater
station, if the incoming frequency should for any reason
be high or low, the change in the outgoing frequency
would be in opposite sense, and of the same magnitude.
At the next repeater in the chain, the reverse action
would take place. Since the local oscillator and the
crystal oscillator in the repeaters are both very stable
devices, and since the AFC system of the terminal trans-
mitter holds the synchronizing signal tips at a fixed
frequency, the arrangement insures that the signal
swing is centered on the receiving discriminator for any
reasonable number of repeaters. In the later design,
known as the VLR-3, the frequencies have been rear-
ranged to make local oscillator variation at a repeater
cancel out. This will also be an iniprovement because
the video polarity will be the same at cach repeater.

The sound program portion of a television transmis-
sion should also be handled over a radio relay system.
To date, no adequate method of multiplexing the two
signals on a single television relay channel has been
found because of cross-modulation limitations.

The provision of separate radio equipment for the
sound channel seems the best approach, as it permits
multiplexing of similar material, and provides a
method of deriving the much-needed service channel for
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maintenance of the system. However, many parts may
be common, such as antennas, waveguides, local oscil-
lators, power supplies, etc. Obviously, the sound and
service channels should be two-path or duplex systems.

Fig. 6 shows the antenna. The waveguide lines are
run up the towers and are connected to the antenna with
flexible waveguide scctions. The antenna reflector is a
4 foot by 8 foot truncated parabola having a focal length
of 35.8 inches. The parabolic reflector is mounted with
the long dimension vertical and is excited by a vertically
polarized horn feed which is held to within an inch of
the focal point by four stainless steel rods. Two sus-

Fig. 6—Antenna.

ceptance tuners are mounted on the horn, just behind
the mouth. These tuners are adjusted in the laboratory,
and then soldered in position. A pressurizing window
made of polystyrene, approximately one-half wave-
length thick, is used with a rubber gasket to scal the
end of the horn. This window is also part of the tuning
system. The voltage standing-wave ratio of the horn-
and-dish assembly, when measured at the input of the
horn feed on the back side of the paraboloid, is under 1.1
throughout the frequency band from 6,115 to 6,235
Mc. These antennas have a power gain of approxi-
mately 7,500, a horizontal half-power directivity of
3 degrees, and a vertical half-power directivity of ap-
proximatey 1} degrees. An antenna mounting system,
providing both vertical and horizontal adjustments,
makes possible the accurate aiming of the paraboloid
toward the next repeater station.

RG-50/U, (1} inches X$ inch—y% inch wall) silver-
plated brass waveguide is used for connecting the an-
tenna systems to the equipments. Silver-plating on the
inside of the guides reduces attenuation to the mini-
mum. The entire antenna line is pressurized by a dry-
air unit.

Fig. 7 shows the reversing antenna switches which are
supplied at the repeaters and terminals to connect the
eastbound and westbound antennas to particular trans-
mitters and receivers. These antenna switches are
mounted on the top of the cabinets which contain the
equipment, and connections are made to the waveguide
runs by means of flexible waveguide sectiong,

The waveguide reversing switch in the antenna sys-
tem may be operated remotely by the broadcast sta-
tion operator at the terminal, as the mechanism is
is solenoid-operated.
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Fig. 7—Waveguide switch.

Fig. 8 shows a front view of two repeaters, one
with the front cover panels removed. Metering indica-
tions and operating adjustments are accessible with the
covers in place. When these covers are removed, all the
apparatus is completely accessible. The upper section
comprises a relay transmitter, and the smaller section
directly below comprises a relay receiver; remaining
rack units are power supplies.

The transmission performance of the television relay
circuits between New York and Philadelphia is best
shown by a series of photographs. For convenience, the

Fig. 8—Front view of two repeaters, one with front cover
panels and door removed.
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Fig. 9—Transient response of the two New York-Philadelphia
television relay circuits connected in tandem.

two circuits were coniected together at Philadelphia,
which made it possible to impress a signal at New York
and photograph this signal before and after transmission
over the two circuits in tandem. Fig. 9 is a composite
photograph of three oscilloscopic images of a 100-kc
square-wave signal. The first image is the output wave
of the signal generator. The second image shows the
wave after it had been transmitted to Philadelphia over
the first circuit and returned to New York over the
second circuit. The third image shows the wave after
removing the overshoot by transient response adjust-
ments in the video amplifier.

Fig. 10 shows the CBS test pattern photographed
on a DuMont monitor after the signal had been trans-
mitted to Philadelphia and back to New York. Within
the limits of photographic resolution and the accuracy
of the monitor, no distortion or ghosting is apparent.

Fig. 10—Test pattern transmission over the two New York-
Philadelphia television relay circuits connected in tandem.

The resolution provided by the relay is more than ade-
quate for the transmission of this particular test pat-
tern, and the contrast is well preserved. Microwave
relay systems are already plaving an important part in
Western Union’s mechanization and plant improvement
program. Present engineering contemplates the sharing
of towers and other physical plant along many of these
routes by intercity television circuits, should future cir-
cumstances make it desirable to furnish such facilities.
‘T'hese circuits may also be used to secure large numbers
of voice bands for facsimile message transmission, or
larger bands for high-speed facsimile telegraph. Thus
it can be seen that microwave radio offers the great
promise of providing adequate facilities economically
for Western Union’s many services, as well as the means
for expanding its field of public communications.
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The Design of Electronic Equipment Using
Subminiature Components”
M. L. MILLERY

Summary—This article discusses briefly the advantages and dis-
advantages of subminiature design, and indicates the amount of
space that can be saved by such design. It discusses in greater detail
the major problems of design, and presents some practical sugges-
tions concerning the methods and materials found most useful.

For several years there has been an ever-increasing interestin the
construction of electronic equipment using subminiature tubes and
exceptionally small components. Various laboratories and develop-
ment groups have collectively constructed nearly every type of ap-
plicable circuit using such components. Since the method of design
using small components is somewhat different than the regular
design procedure, it is felt that a review of some of the more pertinent
facts is in order. The information presented here, although probably
applicable in part to all subminiature tubes, is based upon experience
with high-performance tubes of the heater-cathode type used in cir-
cuits where ten or more such tubes are in a single piece of equip-
ment. Many of the data are, of course, applicable to design of com-
pact equipment using any tube type.

I. ADVANTAGES OF SUBMINIATURE DESIGN

1HE USE OF subminiature components, in gen-
cral, is undertaken only because a saving of size
and weight or a more rugged construction can be
achieved. There are certain applications where such
tubes are useful because of their better high-frequency

characteristics, but such will not be treated specifically.

1. Space Saving

The use of small lightweight components results di-
rectly in a weight savings, but, as will be pointed out
later, it is not always possible to save as much space as
seems at first possible. Since the amount of space sav-
ings achicvable depends upon the operating tempera-
ture, such will be discussed following the discussion of
temperature.

2. Shock Resistance

The susceptibility to damage from shock or vibration
of any structure depends, among other things, upon its
moment of inertia and the stiffness of the mounting.
Thus, thereduction of the mass of the structure improves
the ruggedness of components, providing that the stifi-
ness of the mounting does not suffer. Many small com-
ponents are mounted by their leads. With subminiature
components, such leads can be made quite short which
further improves the ruggedness of the equipment. In
general, the lead stiffness does not reduce in proportion
to the mass of the component. For somewhat the same
reasons, the components,themselves will be more rugged.
Thus, improved ruggedness, as well as space and weight
savings, can be achieved by simple means, providing

* Decimal classilication: RO04X700. Original manuscript re-
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subminiature components are used, and it is, in general
for these reasons that such components are used.

I1. DISADVANTAGES OF SUBMINIATURE DESIGN

The first difhculties encountered in using subminia-
ture components are generally not those which prove
to be of major importance. Lack of familiarityv with
compact design generally handicaps the carly efforts of
any group undertaking such work, with the result that
there is generally an overemphasis on such activities as
deleting terminal strips, using no chassis, and combining
components into v.\(‘('])liull.nlly compact structures to
save additional space. The major difficulties connected
with such design are, in their approximate order of in-
portance, as follows:

1. High temperature resulting in reduced life and re
lability.

2. Dithiculty of parts replacement.

3. Circuit difficulties at low frequencies.

4. High cost.

1. Iligh Temperature

The high temperatures are a direct result of reducing
the size of the equipment without a proportional reduc-
tion of the power input. The effect of this on the design
of different types of cirucits will be discussed later.

2. Parts Replacement

The difficulty of parts replacement can be greathy re-
lieved by careful design, but, under the best of circum-
stances, the compact design generally leaves little room
for parts removal, and frequently it is necessary to re-
move several parts to replace a single one. This diffi-
culty becomes greater because the removal of a part in
close quarters frequently damages it, and because most
subminiature tubes are soldered into the circuit. Trou-
bleshooting by parts replacement s nearly impossible.
These ditficulties require that consideration be given to
the use of small replaceable subassemblies. If this is not
done, greater skill of maintenance personnel is required,
and, frequently, special test cquipment must be devised

for the use of maintenance personnel,

3. Difficudties at Low Frequencies

The difficulty of design for low
the desire to minimize the size of the components. .\t
frequencies below about 4 Kilocvele, transformers or

chokes become too bulky (o be considered except as a
last resort, There is an ever-pre

frequencies stems from

: sent urge to use large-
value resistors as grid | aks, and thus reduce the size of

coupling capacitors in resistance-capacity coupled am-
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plifiers. This leads to difficulties with capacitor leakage
because of the high ambient temperatures, and requires
tubes with exceptionally small grid conductance.

4. Iligh Cost

The high cost of the equipment stems from three
sources. The components themselves are generally
rather special and thus are expensive. This cost may go
down with increased use, but at the present time com-
ponent costs can be expected to be from two to twenty
times as expensive as larger components that would
serve the same purpose. The cost of design for most cir-
cuits can be expected to be somewhat greater because
the final layout must be made by exceptionally skilled
personnel after careful planning, and frequently after
the construction of several prototype units to study the
design. The final cost differential results from the cost
of replacing any parts found to be defective or of im-
proper value. To reduce this cost of replacement it will
be found cconomically desirable to increase the expen-
ditures for incoming inspection.

IT11. ErrecT oF Hicit TEMPERATURES

With octal-base tubes and orthodox construction, it
is seldom found necessary to use special means of heat
dissipation of electronics equipment. With subminiature
components, heat dissipation can become one of the ma-
jor considerations of design.

There has been set up an empirical relationship be-
tween the number of watts to be dissipated and the area
of the case capable of dissipating such wattage into still
air at room temperature. The range of values of interest
are from 6 square inches per watt to 1} square inches per
watt. With reasonable care in construction and com-
ponent selection, almost any electronic circuit can be
made to operate continuously with 6 or more square
inches per watt, and almost no piece of electronic equip-
ment can be expected to operate continuously with less
than 1} square inches per watt. Between these two lim-
its the frequency of operation, the band pass, the case
material, the thermal bonding between dissipative ele-
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ments and the case, the required stability of the equip-
ment, and the presence or absence of automatic control
or compensation circuits all enter into the maximum
workable dissipation per square inch. Fig. 1 shows the
relationship between case temperature and square
inches of aluminum case per watt.

1. Broad-Band Iligh-Frequency Amplifiers

Broad-band high-frequency amplifiers whose gain and
frequency stability requirements are average can be
built having case areas of 2 to 2} square inches per watt.
Such units operate satisfactorily with case temperatures
approaching 100°C, providing components are picked
carefully. Such high dissipations per square inch are pos-
sible because the circuit Q's are low, the capacitors
small, the tuning not exceptionally critical, and most of
the dissipation is in the tubes where it is easily conducted
directly to the case or outside of the unit. Because such
amplifiers must be constructed “in line,” it is very dif-
ficult to reduce the case area below the figures given.
Thus, the maximum dissipation per square inch is un-
known, but is probably close to the above.

2. Other Alternating Current Amplifiers

Low-frequency or narrow-band amplifiers whose fre-
quency or gain characteristics are critical must be al-
lotted larger case areas, generally of the order of 3 to 5
square inches per watt. This is true, in part, because
paper capacitors are necessary, effective circuit Q's may
be high, or narrow tolerances must be held during opera-
tion.

3. Direct-Current Amplifiers

High-gain dc amplifiers or low-gain dc amplifiers hav-
ing exceptional stability requirements may require
cases having over 5 square inches per watt.

IV. Si2E oF EQUIPMENT

In general, a reasonable measure of the complexity
and power consumption of clectronic equipment is the
number of tubes. Heater-cathode subminiature circuits
generally consume on the average of 2 watts per tube.

1. Smallest Size

To estimate the smallest possible size units, it can be
assumed that the equipment is to be contained in a long
flat box X2 inches and that there should be a surface
of 1} square inches per watt. The spacing between tube
centers would be 0.6 inch resulting in 0.6 cubic inch per
tube. This probably is a more compact design than can
be achieved with any very useful circuit. About 0.9
cubic inch per tube is the most compact practical de-
sigh achieved to date. It is a 60-Mc intermediate-
frequency amplifier using printed circuits.

2. Larger Units

If the shape of the elongated box is changed to 2
inches by 2 inches in cross section to permit the use of
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larger components and a surface of 3 square inches per
watt is allowed, the tube centers will be 0.75 inch and
the resulting volume will be 3 cubic inches per tube. This
is about the minimum size that can be achieved with
diversified circuits using separate components.

If twenty tubes consuming 40 watts are to be pack-
aged in a cube so that the arca of the container is 120
square inches (3 square inches per watt), the sides of the
box will be about 4.5 inches. The volume of the box will
be about 90 cubic inches or about 4} cubic inches per
tube.

Even this is a “small” container for a twenty-tube cir-
cuit, but it might contain considerable unused space if
designed using subminiature components,

From the above it can be seen that size, although dic-
tated by case area, can be reduced to a value far below
that possible with larger components.

V. SoME THERMAL DESIGN CONSIDERATIONS

‘The amount of space that must be used to provide
the necessary case area, and at the same time just en-
close all of the parts, is at once the first, and essentially
the only, problem in design after a workable schematic
diagram is completed. All other design problems only
contribute to this solution. However, a knowledge of the
required case area, the dimensions of the largest parts,
and the desired shape and size of the finished product
will gencrally lead directly to the first trial solution.

1. Thermal Bonding

The first consideration of design must be good ther-
mal bonding between the major heat sources and the
case. In most designs it will be found very helpful to
bond the chassis to the case as well as possible. The
tubes should be contained within close-fitting mectal
sleeves which are in contact with the chassis over a rea-
sonable area. Whenever possible, the bonding should
consist of a metal-to-metal contact of at least % square
inch of surface per tube. Because of their good thermal
conductivity, aluminum or copper is recommended as a
material for the sleeves.

2. Chassis Material

Aluminum chassis material is recommended wherever
possible. Where such metal is not sufficiently strong in
thin sheets, thick aluminum chassis plates (3 inch thick)
are reccommended because they offer good stiffness, light
weight, good thermal conductivity, and can be tapped,
thus eliminating nuts.

3. Case Material

All of the dissipation figures given in III above were
based upon experience with equipment dissipating from
15 to 150 watts and having aluminum and/or steel cases.
The temperature gradient in the steel sheet may be so
large as to reduce the effective case area unless carefully
distributed thermal bonds between heat sources and
case are provided. Thus, steel cases are somewhat jn-
ferior to aluminum cases where there is only a small
bonding area between chassis and case.
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4. Forced Air Cooling

Where the wattage dissipation per square inch ex-
ceeds the values given above, it is necessary to use forced
air cooling or some other suitable means of heat dissi
pation. Where such is feasible, the compactness of he
cquipment is dictated by the size of the components and
the space required to ventilate them.

VI SeLicTioN oF COMPONENTS

The sclection of components for use in subminiature
clectronic design consists, in general, of finding small
components that will stand the high temperatures.

1. Tubes

Considerable has been written about subminiature
tubes and their application. There are now available
tubes of almost every type necessary to design any clec
tronic circuit, excepting those which require tubes with
large plate dissipations. For the majority of applications
tube size is of sccondary importance, providing the tube
is in a T-3 (or smaller) envelope. If it were possible to re
duce the power consumption of the tube in proportion
to its size, then any reduction of size and dissipation
would be advantageous.

2. Resistors

Standard half-watt insulated carbon resistors will
supply substantially all resistor needs. The insulation s
important, and the use of narrow tolerance parts will be
found advantageous because somewhat larger changes
(of all parts) due to temperature changes can be ¢x-
pected than with less compact cquipment. Other resis-
tor requirements can also be met with standard parts,
Small variable resistors are available, but there remains
a need for a subminiature locking-type potentiometer.
For units that are to operate with case temperatures ap-
proaching 100°C, it may be necessary to use resistors at
less than their full rating. The manufacturers’ recom-
mendations should be followed in this regard,

3. Capacitors

Electronic circuit designers have long considered a
capacitor as a device drawing only reactive current and
serving as an open circuit for dc. At temperatures above
100°C, this idea must be modified greatly unless capaci-
tors of exceptional physical size or small capacitance are
used. For capacitors of the size range of 0.01 to 1 uf op-
erating at 150°C, a dissipation factor of 10 per cent is
above average. In this size range, the de¢ leakage at
150°C is less than 10 megohm-microfarads for any
known capacitor suitable for use in subminiature equip-
ment. Most manufacturers of small capacitors do not
recommend that they be operated above about 100°C
and promise very little for their performance at higher
temperatures. Some of the lowest leakage capacitors
found to date are the new metalized Paper capacitors,
but these generally have leakages of about 1 megohm-
microfarad at 150°C. Molded mica and ceramic capaci-
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‘tors are generally not much superior as far as leakage is
concerned, probably because of case leakage. A few
samples of uncased mica capacitors showed leakages of
nearly 10 megohm-microfarads at 150°C. In general, no
satisfactorily high leakage resistance capacitors are
available for high temperatures. The circuits must be so
designed as to permit considerable capacitor leakage.

Electrolytic capacitors will operate for a considera-
ble period at 100°C or slightly above.

V'ariable capacitors are generally to be avoided when-
ever possible because of their size. However, compres-
sion mica trimmers generally are satisfactory for circuits
that are not excessively critical. Cycling in temperature
a few times sometimes improves the stability of such
trimmers.

4. Inductances

Small high-quality inductances are available from
many component manufacturers. Although such units
are generally not recommended for use at high tempera-
tures, no difficulty has been encountered with them in
subminiature equipment. No undue reduction of life has
been noted, and the increase of the copper loss at high
temperatures is generally not sufficient to cause diffi-
culty. Wherever the shielding can be dispensed with,
iron core units should be selected without cases to save
space.

5. Transformers

The size of iron-core audio transformers is dictated by
the same considerations as inductances. Thus, the above
applies to them. With power transformers it is possible,
by use of silicon and glass insulation, to operate the
transformers at high flux and current densities with re-
markable savings of space and weight. Such operation
is permissible only if the life requirement of the unit is
reduced, because the interturn insulation must remain
the ordinary wire enamel to save space. An example of
such a unit is a 350 VA, 11-winding, 3-phase, 400-cycle
power transformer that occupies 15 cubic inches and
weighs 21 ounces.

6. Miscellaneous

Other components sometimes require greater care in
their selection than the major ones, but space does not
justify detailed discussions of such equipment. Briefly,
wire must be the highest quality available (glass-insu-
lated wire is nearly essential); the smallest relays avail-
able are quite suitable for most applications, although
melted wax from other components can cause fouling of
the contacts; terminal lugs and mounting strips are gen-
erally too large, but specially constructed ones are ex-
cessively expensive. Suitable small connectors are diffi-
cult to find. Doubtless there will be available at some
time in the future a connector having most of the good
points of the many now proposed or available.

VII. SeeciFic Circuit DESIGN

{n general, the use of subminiature components does
not alter the circuit design but creates a new emphasis

- O S
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upon certain circuit problems. The major design prob-
lems generally are mechanical. However, certain elec-
trical considerations are of importance.

1. Radio-Frequency and Intermediate- Frequency Design

After the smallest available components have been
found, the only design problem is that of providing the
increased shielding required because of the reduction of
the size of the amplifiers. Exceptional care in the place-
ment of the components must be used.

2. Audio and Video Design

Because the size of transformers and inductors is not
subject to much reduction, selective-frequency circuits
in the low audio band require the use of filters or tuned
circuits using only resistors and capacitors. The capabil-
ities and limitations of R-C filters (including twin-tee
filters) are well documented. Therefore, it is only neces-
sary to adapt such circuits to the problems at hand.

The R-C type of filter generally requires greater gains
in the associated amplifiers, but even the size of an ad-
ditional gain stage is small in comparison to the size of
an inductor.

For broad-band audio or video amplifiers resistance-
capacity interstage coupling is essential, and the prob-
lems of capacitor leakage become important. The cath-
ode follower will be found to be the standard imped-
ance-matching device in subminiature design. In gen-
eral, transformers will be found useful as a last resort.

Power at audio or video frequencies is limited by the
plate dissipation of subminiature tubes with the result
that one or two watts is the upper limit. At any fre-
quency, the number of subminiature tubes that can be
paralleled successfully is an interesting engineering
problem. Because the tubes are soldered into the circuit,
it is frequently difficult to find a defective tube, and it
is sometimes difficult to remove the tube without break-
ing the leads on one or more other tubes or parts. The
result is that the cost of finding and replacing a single
defective tube may be quite large in comparison to the
cost of replacement of a miniature tube which would
have had greater plate dissipation and occupied at most
only a small additional space.

3. Direct-Current Amplifiers

Only the warm-up characteristics of subminiature dc
amplifiers can be expected to differ from ones having
larger components. Since the amplifier will operate at
higher temperature, special care must be used in select-
ing and placing components to minimize the tempera-
ture drift of the amplifier. If this is done, and special
care is used to insure good thermal bonding, the warm-
up characteristics of the subminiature amplifier may be
superior to one of orthodox design. The good thermal
bonding will result in rapid approach of all components
to the stability temperature, and thus shorten the
warm-up period. This improved warm-up characteristic
can be achieved at any frequency by careful design.
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4. General

With tubes that are soldered into the circuit it is fea
sible to adjust some circuit parameters by parts replace-
ment. Since the operation of tube replacement requires
the use of a soldering iron, if the NECessary paramete
adjustment can be made by substitution of one or two
standard RNIA resistors, most of the space required for
a potentiometer or rheostat can be saved by simple parts
replacement. Such adjustments require more time, but
if the layout is so rhade that the required part is casily
accessible, the time used for adjustment can be made
short in comparison to that of tube replacement.

VI Lavour

Various laboratories have produced differing solutions
to the problem of layout of subminiature equipment.
Each of these solutions is based upon the particular re
quirements of the laboratory making the equipment. At
the present time there is no means of passing compara-
tive judgment upon the various solutions. .\ few of the
important considerations will be outlined here.

1. Layout Using Components

To save the maximum amount of space it is necessary
to group the tubes into clusters of three or four so that
common terminals can be used as much as possible. T'his,
of course, applies only to the frequency bands where
parallel (or series) operation of heaters and close prox
imity of parts are permissible. s previously mentioned
the tubes should be supported in the clusters by metal
sleeves which offer good thermal bonding to the chassis.
Fig. 2 shows tube clusters beforec mounting. Terminal

Fig. 2—Typical wbe clusters for 13 tubes (J-inch diameter) used in
compact equipment to lake advantage of common terminals to
save space.

lugs can be arranged in a rectangle around the tube
clusters and the parts supported on the lugs with the
shortest possible leads. With this tvpe of construction,
capacitors can generally be placed so that thev are not
adjacent to resistors or tubes having high dissipation,
which results in less capacitor leakage.

The most compact design generally requires that com-
ponents and/or wiring appear on both sides of a chassis
while the tubes protrude through the chassis. By orient-
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ing tubes properly, it is possible to have wiring on both
sides of the chassts, but 1t s frequently advantageous to
mount potentiometers, chokes, trimmers, and trans-
formers with pigtail leads on one side of the chassis he-
tween tube clusters while retaming the major portion of
the wiring all on one side. IFig. 3 shows an if strip using
this type of construction.

Fig. 3 - Typical 3-stage intermediate-frequency amplifier using sub
miniature components. This amplifier chassis is 63 inches long I
11 inches wide,

2. Printed Circuits

Printed circuits appear as a final means of further
compacting equipment where the space saved by such
means can be used. The space limitations set up by the
heat generated are generally of such a nature that more
orthodox components can be used. In szeneral, the cost
of printed circuits cannot be justihed for development
or small production work unless full advantage can be
taken of the space saved. \t least one laboratory has
demonstrated the remarkable space savings that can be
achieved by using printed circuits on high-gain mter
mediate-frequency amplifiers where nearls l com
ponents can be printed on glass or ceramic, and thus
withstand exceptionally high temperatures. Referenc
should be made 10 National Bureau of Standards Cir
cular 468 and Miscellaneous Publication 192,

IN. POTTING AND CASTING

Where it is desired to achieve the ultimate in rugged
ness, to prevent corona at high altitudes, or minimize
the effects of humidity, complete units can be potted in
wax or cast into plastic. The potting wax is disadvan
tageous because most subminiature equipment operatces

near the melting temperature of suitable waxes.

1. Casting

The casting materials, such as polvester-styrene res-
ins, set at roon temperature and will withstand high
temperatures after setting. Electronic equipment can be
cast into such material with the result that the cast unit
will withstand more vibration or shock than the tubes
contained within it. Of course,

moving parts must be
excluded from the cast sections.
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. 2. Size and Weight of Cast Unils

Once cast into such material, there is no possibility of
parts replacement. Thus, such cast units must them-
selves be considered as replaceable units. This limits the
number of parts that can be cast into a single unit, and
suitable means for determining the number of parts
based upon their reliability must be devised by the de-
sign group. The problem of making suitable intercon-
nection between such cast units requires cither small
plugs or the use of cast-in soldering terminals and/or
pigtails.

Cast units are generally somewhat heavier than the
cquivalent units assembled on an aluminum chassis.

3. Typical Construction

One of the best designs found to date is to assemble
all parts petween two thin sheets of insulating material
in such a manner that the feads protrude through small
holes in the material. The connections are made by
bending and soldering the leads outside the insulating
sheets. With some care in design the resulting assem-
blage will be sufficiently rigid to test before casting.
After test, the unit is supported in a mold and the cast-
ing resin poured over it and allowed to set. For most
applications the casting resin will function as both sup-
port and a heat-conducting medium; thus, no chassis is
required. By casting mounting lugs or screws into the
assembly it can be fastened to other parts in any man-
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Fig. +—Subminiature assembly ready to be cast in polyester-styrene
resin, and the mold in which it is to be cast.

ner desired. Fig. 4 illustrates this type of construction
before the casting resin is poured.

NX. CONCLUSIONS

The serious application of subminiature components
to clectronic design is rather recent with the result that
a universally applicable layout and design procedure
has not vet been found. It is probable that no single
solution will satisfy all needs. .\t the present time, it is
hoped to offer only sufficient general information to
persons starting new designs so that they will be able to
judge the suitability of subminiature design for their
specific problems, or so that once started, they will not
repeat all the crrors of the carlier workers in the field. It
is hoped that the information contained in this discus-
sion will provide such minimum guidance.

Electron Beams in Axially Symmetrical Electric
and Magnetic Fields®

C. C. WANGT, SENIOR MEMBER, IRE .

Summary—The problem considered in this paper is the formula-
tion of the equations governing the motion of an electron beam in
axially symmetrical magnetic and electric fields. The equations are ob-
tained for the trajectories of the electrons along the outer edge of the
beam for the most general case, in which there are both axial and
radial components of the fields. It is shown that, as a result of sym-
metry, the combined effects of the electric and the magnetic fields
can be expressed as a single generalized potential function which de-
pends only on the axial and radial space co-ordinates. This permits
one to express the axial and radial force components as the axial and
radial components of the gradient of this potential function,

Numerical solutions have been obtained by numerical integra-
tion for the trajectories in a uniform magnetic field. Curves are pre-
sented in normalized form, giving the results of these solutions for
cases likely to be encountered in practice. It is shown that there ex-
ists an equilibrium radius for which the net radial forces acting on

* Decimal classiication 1R1.38.3, Original manuscript received by
the ‘lnnmuu-, May 21, 1949; revised manuseript received, November
4, 1949,

t Sperry Gyroscope Company, Great Neek, Lo 1, N Y.

the electrons is zero, and that the outer radius of the beam will oscil-
late about this equilibrium value, the amplitude being nonsymmetri-
cal and depending upon the initial conditions, and the wavelength
(distance between successive maxima) depending upon the ampli-
tude.

INTRODUCTION
]I AOR CERTAIN TYPES of clectron tubes, it is

desirable to keep an electron beam to a small

diameter for a considerable length. Tt is not very
difficult to do this if the electron beam density involved
is not large, as in a cathode-ray tube or electron micro-
scape, in which the repulsion forees between clectrons
are neghigible. As a matter of fact, the electron optics
used in such kinds of tabes treat the trajectories of in-
dividual electrons as if the other electrons do not exist.
Usnally pure electrostatic means of control are sufhi-
cient to control the motion of an clectron beam as one
desires.
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In high-power klystrons' or traveling-wave tubes,?
the electron beam current required is relatively large.
At the same time, the beam has to be kept small to get
better beam-field interaction of considerable length to
yield good efficiency and gain. For obvious reasons such
beams are confined within a unipotential cylinder or
conductors, so that no electrostatic field can be used to
counteract the space charge repulsion. It is necessary in
such cases that some extra forces be provided, in order
to accomplish the above objectives in electron beam
requirements, '

It has been known that an electron beam has the
tendency of following magnetic lines of force. There-
fore, one obvious way of obtaining a long beam of small
diameter is to immerse the beam along the magnetic
lines of force of a longitudinal magnetic field all the way
down to the cathode region where the beam originates.
As the space-charge repulsion force causes the electron
to cross the magnetic flux, the resultant action of the
magnetic field is always in such a direction as to bring
the electron back to the same magnetic line of force
which it originally followed. The stronger the magnetic
field is, the less distance the electron has to go astray
before it comes back. Thus by increasing the magnetic
field strength indefinitely, one can make the undulations
as small as possible.

However, in a practical tube, if very high current
density is desired, the magnetic field required to make
a beam with tolerable undulations may become prohibi-
tive. Actually, this brute force method of using a strong
magnetic field with completely immersed cathode has
been adopted generally in many designs of the so-called
“magnetically focused tubes.”

The present paper considers the general equations
governing the motion of an axially symmetric electron
beam in an axially symmetric magnetic field, in order to
determine the magnetic forces involved under different
circumstances. From this study, it becomes evident that
instead of letting the electron beam follow the mag-
netic flux closely from the beginning to end, the proper
way is to deliberately let the beam cross the magnetic
flux lines in a controlled region before the beam proceeds
to follow the magnetic lines of force. By so doing, one
can completely eliminate the undulations and obtain
an indefinitely long parallel beam as long as the mag-
netic field exists. And, it is no longer necessary to use
as strong a magnetic field as one can obtain. For a given
system, the magnetic field required to keep a given size
parallel beam is a definite quantity. The least amount of
magnetic field is required when the magnetic field is
completely excluded from the cathode region. The fol-
lowing equations are developed to cover all the cases
with various amounts of magnetic flux included in the

! E. R. Warnecke, P. Guerrard, and C. Fauve, “Sur les Effects de
Charge D’espace les tubes a modulation de vitesse a groupement
j)ar glisse7ment,” Ann. de Radioelectricté, Tome 11, no. 9, pp. 1-8;

uly, 1947,

*J. R. Pierce, “Theory of the beam-type traveling-wave tube,”

Proc. L.LR.E,, vol. 35, pp. 111-123; February, 1947,
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cathode region. Numerical integrations are carried out
so that the beam trajectories can be easily calculated
if the magnetic and electric field configurations of the
system are given.

MATHEMATICAL STATEMENT OF THE PROBLEM

Problems of electron dynamics® can be treated in
terms of the conservation of ecnergy considerations, or
more specifically in terms of a Hamiltonian function

Il = im(#* + 32 + r2%?) — ep = 0, (1)

where II is the algebraic sum of the kinetic energy ex-
pressed in cylindrical co-ordinates of r, 2z, and 8, and
the potential cnergy, ¢. As written, this equation as-
sumes that the electrons all originate from a common
cathode at zero potential and with zero initial velocity.
We will find it convenient to write the Hamiltonian in
terms of generalized momenta, Pr Ps and pg, and use the
three Hamiltonian equations

dp, all
= — (2)
dt ar
dp, all

-— 3)
dt az
dpe all
= )
dt a0

As a result of our assumed axial symmetry, the ex-
ternal magretic field can be expressed in terms of a
single component of the magnetic vector potential, A,
where the magnetic field is given by the curl of the mag-
netic vector potential, in this case.

1 aon
B, =— (5)
r  or
B ddg 6)
)'. = =— .
az (

In performing the partial differentiations in equations
(2) to (4), the Hamiltonian must first be expressed ex-
plicitly in the generalized momenta and space co-
ordinates. The velocities are eliminated from the
Hamiltonian through the following substitution.

br = mi (7)
Ps = mi (8)
Do = mr0 — erd,, 9
and the Hamiltonian can then be written
H=L[{,’2+p2+<&+e1 ! — —
o z " % o> ] ed = 0. (10)

Starting with these equations, we will show that the
angular velocity é must be a function of the space co-

ordinates only. As a result of this fact, we can ignore

*]. C. Slater and N. H. Fra k, “I i i i
Physilcs," McGraw-Hill Book Co.,nNew \r}:):(l)c(furfl“v tlost’lg(?.o;r?ggg?
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‘the 8 co-ordinate of the electron motion and study the
electron trajectories in the 7, z plane. In this plane the
motion of the electrons is subject to a potential func-
tion, which is the difference between the ordinary elec-
trostatic potential and an additional function equal to
the rotational kinetic energy expressed as a function of
the space coordinates. This potential function is

ep — b r2g?
5 .

The next step in the analysis consists in solving for
the resulting electron trajectories. This has been done
both by numerical integration and by constructing a
mechanical model of the potential function on which
small balls, representing electrons, may be rolled. Com-
plete solutions are given for the constant field case with
various amounts of magnetic field threading through the
cathode. A method of treating slowly varying magnetic
fields is also proposed, and an extension made to the
case of more rapidly varying fields by treating the prob-
lem in steps.

ELECTROSTATIC AND MAGNETIC POTENTIAL FUNCTIONS

Before proceeding with the detailed solution, we will
have to inquire into the meaning of the potential func-
tions that we will find convenient to use.

Let us consider an actual beam system as shown in
Fig. 1(a). In general, electrons from a cathode shown
as being at a zero potential are accelerated and focused
by a series of apertured electrodes (4, 42, and A43) per-
haps with an auxiliary magnetic field produced by
coils B; and B,. The path of an edge electron (in the 7, 2
plane) is shown as curves OPQ, while an interior elec-
tron might follow some other path O'P’Q’. The curves
OPQ can be thought of as being either the envelope of
the beam or as being the trajectory of an edge electron
referred to a rotating system of coordinates which fol-
lows the rotation of the electron beam. The working
portion of the beam will usually be restricted to the
region confined by the electrode A3, where the electrons
are traveling at their maximum velocity, and we will
concern ourselves mainly with this region.

The total electrostatic potential at any point can be
obtained by solving Poisson's equation subject to the
prescribed boundary conditions (usually given by the
potentials of the confining electrodes). This potential
depends upon the magnitude and distribution of the
space charge. We will find it convenient to consider this
total potential as a superimposition of two potential
functions ¢ and ¢,, where ¢, is the Laplacian potential
which is independent of the space charge and de-
termined only by the boundary conditions, that is

Vi, =0
(dL)eleotrodes = applied potentials.

(1)
(12)

The second component ¢, is the potential satisfying
Poisson’s equation when all of the electrodes are at zero
potentials, that is
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(13)
(14)

Vig, = P/ €
(¢n)elootrodu = 0.

Fig. 1(b) is a plot of the way in which ¢, and ¢, on the
beam axis might vary for the structure shown in Fig.
1(a). In general, ¢, is small compared to ¢, in the high-
voltage region, a fact that makes the solution of the
variable field case much easier.

8,,8,,ARE COILS
A,,Az,Ay,ARE ELECTRODES

SECTION QG —Q

eohvwr = ——

; ’L v
H=

o

BEAN RADIVS
oAIPT TURE
%L. AADIUS b
LN

(b) (©

Fig. 1—(a) Schematic diagram illustrating a circularly symmetrical
beam system. OPQ is the boundary of the beam and O'P'Q’ is
the trajectory of an inner electron. A, As, As are electrodes, and
B., B, are magnetizing coils. (b) Diagram illustrating the relative
magnitude of the components of the electrostatic potentials along
the axis. ¢z is the Laplacian potential, which is independent of the
space charge, and ¢, is the space-charge potential. (c) A similar
plot of the potential functions across a section perpendicular to
the axis.

POTENTIAL
POTENTIAL

L

We need to know the value of ¢, over the interior of
the beam, in order to obtain the axial component of
velocity and hence the total charge per unit length at
any point along the beam. We will define the ratio of
this total charge to the apparent charge per unit length
calculated in terms of the total current and potential
(V) of the confining electrode, that is

n
27 f prdr
0

= 2e ’
z/ % v,
m

where 7, is the outside radius of the beam, p is the space
charge density, and I is the total current. The quantity
£ is always greater than unity because of two effects
which are additive. In the first place, the z component of
the velocity is only one component of the total velocity.
Also, the actual potential will sag in the interior of the
beam because of space charge (¢, is always negative).
In trajectory studies, the quantity £ can be treated as
a nearly constant quantity if the nearby electrode po-
tential V3 is constant.

‘The space-charge component of the radial electric
field for a uniform axial charge distribution is obtain-
able from Gauss' theorem by dividing the total charge

(15)
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by 2me times the radius. By inte srating this, the value of
y Y

@, external to the heam is found to be

(10)

¢ = — l(’[.,’y j]

where & is the radius of the external clectrode, The
sumptions underlving (16) must be stated clearly. This
equation is true, irrespective of the shape of the beam

Aas-

or of the confining ¢lectrades (of course alwavs limited
to axially symmetric systems), if only the total charge
per unit length in the beam is constant along the beam.
Actually, this equation mav be used for most practical
cases with a fair degree of accuracy, even though the
charge distribution is not strictly uniform.

Inside the beam the values of ¢, will depend upon the
radial charge distribution. Samuel* has shown that a
uniform charge distribution can be realized for the
case with magnetic ficld excluded from the cathode.
Such a distribution seems not unreasonable for the more
general case. The deviation from uniformity occurs onlv
for very high perveance beams, and can be considered
as a sccond-order effect in heams we are likely to deal
with in practice. If the charge distribution is approxi-
mately uniform, the space-charge component of radial
clectric field will be proportional to the radius, with
the coefficient of proportionality such as to match the
external conditions as specified by (16) at the edge of
the beam. It can also be shown in the following analvsis,
with certain restrictions, that the magnetic force is also
proportional to the radius. Since the resultant forces
are proportional to the radius, we are able (0 assume
that the paths of the interior electrons are similar to
those of the edge electrons (that is, having the
axial component of velocity and having the radial

sanme

component of velocity and displacement proportional
to the radius). An interior path in the 7, 5 plane might
then be as shown in IFig 1(a) by the path 0'PQ’
where the edge electron path is OPQ. Under this as-
sumption, it is onhv necessary for us to study the
trajectory of the edge electron.

Equation (16) can now be mterpreted as detining
space charge potential experienced by an edge electron,
This potential can be considered 1o be a fixed function
of the space co-ordinates onlv. It defines the space-
charge potential that an edge electron would assume
were the beam of such a shape as to permit the edge
electron to reach the co-ordinates in question. Since ¢,
must be a fixed space function, the total potential
which should be used in the Hamiltonian (1) when it is
applied to the edge electrons is then

17
— log, —.
2el " r
27re1
m

*A. L. Samuel, “On the theory of axially symmetric clectron
beams inan axial magnetic ficld,” Proc. [.R.F Vol 37 pp, 12321238,
November, 1949,

1" = ¢, — (16a)
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where the 1% are used in place of ¢'s to refer to edge
clectrons only, and r is now used without a subseript to
mean the radius of the beam. If numerical values are
introduced, this can be written as

2

b 2
I° = r,,[m —().nl.;lsflug,(—)] (16h)
l'[, 14

where R is the effective perveance in microamperes per
volts® that is

/
E X 10°%

i/2

h

R = (16c)

We must now give some consideration to the mag-
netic potential function. \We have seen that the applied
magnetic field can be expressed in terms of a single com-
ponent g of the magnetic vector potential. Integrating

(5), we can write
r
[ ri3.dr.
Jo

Equation (17) defines rolg as a quantity proportional 1o
the magnetic lux enclosed in a circle of radius r. The

(17)

r.lo =S

choice of zero as the lower limit of integration is equiva-
lent 1o setting Ag equal to zero on the axis, a choice we
are at liberty 1o make.

We note further that the third Hamiltonian equation,
cquation (4). may be set equal to zero in view of our
assumption of axial symmetry. On substituting the

value of pg from (9) we have

d ,
(mr®6 — ertg) = 0 (18)
dt
or
mri — erly = — er. g, (19)

where .45, is a measure of the flux
ing through a circle of radius r.. Equation (19) implies
that the clectrons leave the cathode with zero angular
velocity, Equations (18) and (19) imply that the angular
momentum mr? must change along the electron path in
such as 1o keep the generalized angular mo-
mentum pg a constant,
tween the angular

at the cathode pass-

a way
Furthermore, a difference be-
momentum at any two points at
different radial distances can he expressed as the dif-
ference between the enclosed magnetic flux for two
circles of the specitied radii
pretation of ridy noted

(this is in view of the inter-
above), A\ convenient wav to
write (19) for the cdge electron s to define a radius
function g, as shown in Fig. 2, by the radial co-ordinates
of a line of flux which Roes through the edge of the

cathode and write

ar

”

mrid = e(r.dy — r.15) = rj rB.dr. (20)
g

I'his equation shows that the angular momentum 1S a

space function only and s independent of the path of

the edge electrons, since the magnetic field is assumed to
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Fig. 2—Diagram illustrating the motion of an electron in a magnetic
ficld, Force acling on an electron in the circumferential direction
is proportional to the cross product of the magnetic field B and

the velocity vector A B in the 7z plane, g s the radius of the line
of force which passes through the edge of the cathode.

be fixed in space. By way of contrast, 7 and % are not
space functions, since within the limitations imposed by
(1), # and Z may assume any combination of values and
are not fixed by the co-ordinates.

DERIVATION OF TRAJECTORY EQUATIONS

We are now in a position to specialize the Hamil-
tonian equations to apply to the edge electrons only
and derive the trajectory equation. It follows from (1)
that

dlf
=0, and
dt

i1 =0, (21)
Differentiating (1), we replace ¢ by 17 to signify that
we are considering an edge electron and observing
Euler's convention of differentiation following the
motion of a particle where
d & J J J
= Ya—=F—+i
(1[ 1 J ()

Xy ar az

(22)

since 9/00 =0 because of symmetry. Equation (22) ap-
plies only to the space functions, which in this case
include

eV — Lmrt?

as shown in the previous section. Then

m d 3+ 2 d < v m 002> 23
P4 i) = el” — r <
dt . dt 2 )
or
J n
m(iv + 32) = 1 <el' — r70">
ar 2
17 m
+ 2 <cl' - r202>. (24)
or 2

The operation indicated on the right can be performed
onty when 62 is expressed explicitly in terms of space
functions.

As a result of the presence of the magnetic field, we
see that there exists a new potential function which is
given by the local electric potential minus a term w hich
accounts for the rotational energy. The kinetic energy,
which must be divided between radial and axial com-
ponents, is given by the product of this new potential
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function and the electronic charge. Since 7 and 2 are
not space functions, the coefficients of ¥ and % in (24)
must be individually equal to zero. That is,

a m
mi = <eV - — r202> (25)
dr 2
and
0 m .
mi = — (eV - — r"’0">. (26)
Jdz 2

Equations (23) and (20) are the equations for the
trajectory of the edge clectrons.

Introducing the value of 8 from (19) and replacing 4o
by its equivalent in terms of the magnetic field, we can
write

1 )
mi = ¢ —— — er8B, + mr®

Jr

(27)
and

S~ mi=c¢

az

ya

+ erbB,, (28)
where the equations are written in such a form as to
separate the clectric forees, the Lorentz forces, and the
centrifugal force. Actually, (27) and (28) can be derived
directly from the Hamiltonian differential equations
(2), (3), and (4). In the present treatment, the potential
function method is preferred, since only a single gen-
eralized potential function is involved which can be
studied and visualized in terms of physical space
models.

NiT RADIAL FORCE \SSOCIATED WITII AN
ANGULAR ROTATION OF THE BEAM

The primary purpose of introducing a magnetic field
is to provide some extra force to oppose the space-
charge repulsion forces. \We should, thercefore, examine
more carcfully the radial forces that result from an
angular rotation. s we can see from (27), this force is
composed of two terms. One term, erfB,, the lLorentz
force, depends upon the direction of rotation, while the
sccond, mré?, the centrifugal forcee, is independent of the
direetion of rotation. Fig. 3 is a plot of the net radial
rotational foree in normalized angular velocity. The two
terms of interest arc

I = — erfB3, + mré®. (29)
If we introduce the notation
I ¢
wy = B, (3())
m

where wy is the usual Larmor frequency, we can write

I 0 8 \*
-2 +< )
mrwy” wyr Wi

To connteract the space-charge repulsive forces,
F/mrwy? in (31) should be negative, In a given mag-

31

-y
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—CYCLOTRON FREQUENCY

Wy

“~LARMOR FREQUENCY

Fig. 3—Net normalized force F/mfw:;’ in the radial direction at-
tributed to the rotational velocity § of a charged particle in a
magnetic field of Larmor frequency wa, plotted as a function of

fon.

netic field, that is, for a fixed value of wy, this force F
has a maximum negative value when 0=wpy. Conversely
speaking, this is also the condition to produce a given
force with a minimum magnetic field.

Restricting ourselves for the moment to the uniform
field case, that is, with B, and g both constant, we can
integrate (20), obtaining

mrt0 = jeB,(r* — g?) (32)
or, in terms of wpy,
9 = wy (l - (£>1> (33)
r

We observe that 4 is equal to wy for the special case
where none of the flux threads through the cathode;
that is, when g =0. For the more general case when g0,
8 depends upon the radius. When g is real and r is less
than g, 4 is negative and Fis positive (region 0 to C on
Fig. 3). When r is greater than g 0 is positive and less
than wy (region 0 to 4 on Fig. 3). When ¢ is imag-
inary, corresponding to the condition where the flux
threading through the cathode is in the opposite direc-
tion to that in the region under consideration, 4 is posi-
tive and greater than wy (region 4B on Fig. 3).

The most economical design as far as the required
magnetic field is concerned is evidently achieved when
none of the magnetic flux threads through the cathode.
Under these conditions, the electrons on entering the
field will automatically rotate at the Larmor frequency.

If the required magnetic field strength is not of pri-
mary concern, the same force F can be obtained with
a smaller value of 4 by allowing some of the magnetic
flux to thread through the cathode region. This means
that more magnetic field is required but that a smaller
fraction of the total energy has to be put into rotational
form.

For the third possibility, where the flux threading
the cathode is in the opposite direction, both the re-
quired magnetic field and the rotational energy are in-
creased. The region of the curve in Fig. 3 from 4 to B is
perhaps of academic interest only, and will not be dis-
cussed further.
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TRAJECTORY SOLUTIONS FOR THE UNIFORM FIELD Casg

We will first consider the case where the magnetic
field and the Laplacian electric field are both uniform
and where ¢/, is equal to V4, the potential of a confining
conductor. Equation (16b) reduces to

b\?
V = ]",,[1 —0.01515 Flog.(—)].
r

kquation (33) applies as written, but g is now a con-
stant. In fact, the generalized potential function
(eV—(m/2)r*%? is independent of 2, equation (26) is
equal to zero, and the axial velocity z must be a con-
stant. A physical model of the potential function then
reduced to a simple cylindrical structure, as will be
discussed later.

We can now substitute the value of V from (34) and
the value of 6 from (33) into (25) to obtain the general
trajectory equation. Our work will be simplified con-
siderably if we introduce a normalizing constant, a,
which has the dimensions of a length and has a physical
significance in terms of a certain radius which will be
explained later. The constant a is defined by the rela-

(34

tion
7 1 2"7 3/4 (21)1/2 _
= e 4B, S
or, in numerical terms (mks units),
VEI KV,
=— i (36)

120317148, 1,203 % 1008,

In units of gauss, centimeters,
becomes

volts and amperes, this

XV,

. VET X 108
Acm = —
1.203B, qaeen

h l‘ 2037V4bi“lét(nuu)‘

All linear dimensions will be expressed in units of a, in
accordance with the relations as

b g r b4
Rb=—y Rg=—v R=—: and Z=—. (37)
a a a a

We can also normalize the velocity components by
defining
z 14
> and  y, = —

Vgcl'b 27y
m 1/ m
The generalized potentjal function can now be written
1 1 m
_(v - _,zoz)

Vb 2 €

R,? R, \?
Y. o.oxsxsk[no gy RS
g — + R 1 o (39)

or, on substituting in the Hamiltonian,

Y: =

(38)

v+ vl
Rb2 R 2y 2
=1-— O.OlSlSF[IOg.F+ R2<1 - TZ)] (40)

1

\
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Finally the trajectory equation becomes

m eV., d 1 1 m
alR = — — ——[V - — -—ﬂm]
m OR Vb 2 e

. Zel'b = 1 Rtl4
a’R = (-—)0.015151( — = (1 ——)R|. (41)
m R Rt

From (41) we observe that there is one particular
equilibrium radius at which the radial acceleration is
zero. Were a beam to be started at this radius with zero
radial velocity, the beam could be maintained indefi-
nitely with the same cross section. Designating the
equilibrium radius as r. or in normalized units as R,
where

or

we can solve for R, by equating the bracketed term in
(41) to zero, obtaining

R.= [+ VT + 4R (42)
or if we solve for R,
R, = (R)V¥RZ — 1)1 (42a)

When there is no magnetic field at the cathode and
hence R, is equal to zero (we remember that R, is the
radius in normalized units of the flux line threading
through the edge of the cathode), the value of R, is
unity and the equilibrium radius reduces to the normal-
izing constant a. The value of a is then the equilibrium
radius for the case in which R,=0. From (42) we note
that R, varies but slowly with R,, and from (36) we can
see that the actual equilibrium radius varies directly
with the square root of the charge density and inversely
with the magnetic field.

The potential function in (40) should have a maxi-
mum at R=R, as its derivative is zero at this value.
Now let us define a potential function P(R) in the fol-
lowing way which involves the variable R in such a
manner that

P(R log. R? ? Ry’
(R) = — log. +R<1—'R'2

RA/RI= 1T
= — log. R* + R’[l S ] (43)

P(R) — P(R.)

2

= — log, (44)

RsE—1
Ez"]‘
P(R)—P(R.) is a positive function and is zero at

R=R.. We can have a power series expansion of this

function around R=R,. Writing R/R,=X, we can ex-

pand it in terms of a power series of (1 —X) or (1—X?),

such as
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P(R) — P(R,) = 2(2R.2 — 1)(1 — X)?
w0 1 — X n
+ > (il [n(n + 1)R?
ne=3
— n(n+ 1) + 2]
(R 10 - X%
I :
0 1 — X2 n
+ 2 (—n—) (45)

In terms of the P function we can rewrite (39)

_L(V — _1_ '_n_ ,292) — 7‘2 + ,y'z
Vb 2 e

_ Ry? VR — I\7]
— 1 — 0.01515K [log. + R.’(l - ———> J
R}? R,

— 0.01515K[P(R) — P(RJ)]. (46)

P(R) — P(R,) functions are plotted in Fig. 4 with R,
as parameters. A potential trough like this always gives
rise to an oscillatory orbit, i.e., the radius will vary from
a certain maximum value to a certain minimum value.
The magnitude of the maximum or minimum radius
depends upon the total energy in the radial direction.
The oscillation is analogous to the simple harmonic
motion of a simple pendulum in which the amplitude of
oscillation depends upon the total energy, except for
the fact that our potential trough is unsymmetrical
about R=R, and the amplitude and period are non-
linearly related. The kinetic energy as expressed by 7,
is maximum when the potential energy is minimum, and
~, is obviously zero when R is at its maximum or
minimum values. From (46), the maximum value of v,
is denoted as Yrmax, Which must be equal to the value
at which R =R,. We have, therefore,

2 IR Ry?
Yrmax® = 1 — OOIDISK[lOg, R‘2
VRI Iy
+ R'2<1 - T)] e N C 1))

Since R, is always greater than R, if the beam is to pass
through the drift tube at all, the quantity in the bracket
is always positive. Theoretically then, the maximum
kinetic energy depends upon how great a fraction of
energy in the z direction, v,%, is retained. The larger
s is, the less Yrmax is, and the less the amplitude of
oscillation. In the limit, when v, is made equal to the
quantity preceding it in (47), ¥max’ can be made equal
to zero. This particular case with ¥,msx =0 corresponds
to the straight rectilinear beam with a radius equal to
the equilibrium radius. Thus vY,m.x gives a measure of
the total energy in the radial direction and can serve as
a characteristic constant in specifying a definite orbit.
Equally as well, we can use the maximum radius
Rumex o the minimum radius Rmi to specify a certain
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Fig. +—Normalized potential function

K K — 1
P(R) — P(R) = — log. K: + (R? — R [l 7 ]

as plotted as a function of R/R, with R, as parameter. Different scales of R/R, are used for R /R, < | and R/R.>1 1o give more accuracy of

plotting in the former case.

orbit. They are related to each other by setting v, =0,
R =Ruux or R=Rpin in (46) substituting (47) in (46).
We then have

R) - 1’(/(,)]. (48)

min

7rmux." — 00]5157?,:IJ<

As in the simple pendulum problem, in specifving

of Znux, Zuin, and Z, 1o correspond with the radius
Rmax, Rinin, and K.. It is necessary only to plot the wave
ina half-wave section from Ruin 10 R,.« because the
wave is a successive inversion around Z,.. and Z,,,..
With this understanding, the numerical integration 1s
given as a function of R/R versus Z —/Z,.. To do this,
we notice,

the total energy ..., the orbit is completely de- dR v dR Yo
termined except for the phase. The particular phase a7 o (1/) e (49)
the wave is to pick depends upon the initial conditions. ’ v ol e -
What we can do is to make numerical integrations in  and Z, is taken as the one closest to jt.
(46) for different values of Yrmax and to determine for Substituting (49) and (47) into (46), we have
dR\?  /4\® [dR\? 0.01515R
( — ) = < - - - - [P(R) — P(R)) 30)
dz Y: d7Z max Y
I\)
vVK 7Z-17, f" R,
= ‘S
Y. Re 1te 11R>2 Y 1 \Dl,
!
dz max

\/o.(ns]sl

each case the corresponding values of /R, to a normal-
ized axial distance Z measured from a certain point, Z..
Z.is defined as the Z co-ordinate where the beam crosses
the equilibrium radius i.e., when R/R.=1. In Fig. 5,
we see that the beam is having a wave motion of R
versus Z. In this figure, we define the successive values

0.01515K

- I/’(R) ~ I’(/\'C\J

Equation (51) is mtegrated  numericaily and the
results are plotted in Fig. 6. Each plate corresponds 1o
a certain K, and the parameters are

v

dR

1
:1/.) VORISR
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Fig. 6—Actual numerically integrated curves of the wave motions in a uniform electrostatic and magnetic field with R/R, plotted against
normalized axial co-ordinate
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Fach plate is plotied for a specified value of R,. The parameters
‘Yl
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are the normalized maximum slope of the wave motion and are the charac teristics of different possible orbits. Notice that a nonuniform scale
of R/R, is used for R/R,>1 and R/R,<1 to give more details for the latter cases. The dotted lines are the locus for maximum and mini-
mum points of the wave.
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To explain these curves, we rewrite (41) by defining
another variable S as the deviation of R from R,; thus

S=R-— R,
d*R 428
iz (52)

In the function at the right-hand side of (41) we can
factor (R—R,) out and replace it by S, but leave R in
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the rest of this factor. After substitution from (52), we"

have
2 K R, R2—1

) w<1+_><1+—>5=0. (53)
dz? v.? R R?

This is a perfect simple wave equation of S, if the co-
efficient of S is a constant quantity. Indeed, we have a
simple sine wave about R =R, when S remains small and
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R can be set equal to R, in the coefficient of S in (53).

Thus, for small S, the normalized wavelength N a
must be

A

lim —

S—o0 a Y-

T

= - NE)

1 \1/2
0.01515({1 — ——
i < 2Rez>

r

The solution for small perturbation is then simply
2ra
S = Suax sin -)\ 7 + a]

where Snax and a depend upon the initial conditions, We
see from Fig. 6 that the wave is nearly symmetrical and
sinusoidal for small values of (dR/dZ)max. Equation
(54) actually gives the asymptotic values of wave-
lentghs for (dR/dZmax=0, as appeared in Figs. 6 to 8.
Now as S gets large, we might still consider (53) as the
wave equation, but with a variable wavelength as the
radius R varies. Since R appears in the denominators
of the coefficient in (53), the “local wavelength” in-
creases as the radius increases. Thus, in Fig. 8, the quar-
ter wavelength Z,..—Z, increases as (dR/dZmx in-
creases, while that of Zmin—Z. decreases as (dR/AZ max

(55)

T T T T 1
3T l +—1- 44 4“ --+-1- —1 T T T 1
+ ++ 4+ +- 4+ 1 T
12 t++++_)|,4'4‘,-»+—r—---r;;_ —
+ 4+ + 4 4+t = ot J% 1Zuax ~Ze|
)i ) | —|l—a
L 1 koeid ~ 4?}:sou.m.nes 7 Re
T - - -
_ |oasweD Lines R ZumZe

NORMALIZED QUARTER WAVELENGTH
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Fig. 8—Values of “quarter wavelength”

\/;(_ Zm.; - /4. '\/I? [mnn - lcl
and —— —
Yo R, I Ys K,

are plotted as a function of the characteristic constant

s 7__(dR)
V0.01515K\dZ /ouux

or different values of R,.

Wang: Electron Beams in Symmetrical Fields

145

increases. In the limit, when (dR/dZ)max is very large,
the quarter wavelength will approach the following
asymptotic values as R approaches « and 0, respec-
tively,

lim _‘_" Zmnx - ch = (56)
R/IR>>1 7Y: 24/0.01515
K
lim 4 | Zenin — Zo| = 0. (56a)
R/R>>1 Y.

‘Therefore, for large perturbation, the wavelength will
approach twice the value corresponding to (56), or

A \/—K T

. v, A0.01515 (57)

lim

(dr/dZ)max large a 7v:

\We sce that for R.=1, the wavelength for a small
perturbation is v2 times as large as that for the large
perturbation. For large R,/’s, the difference becomes very
slight.

Using equatien (36), we can eliminate a and VF in
(56) and (57), showing that the wavelength is actually
directly related to the magnetic field used. Thus,

. A c 1
lim (’—‘ (-) Bgauss = 10,700 — ——
S—so ﬁ f em /‘/l 1
2R
A c
(» /> ( ) Bgauss = 10,700, (59)
large 3 S /em

20 I T T T T T
T

(58)

lim
(dR/dZ)max
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where f is arbitrarily inserted because it is actually can-
celled out between the two factors. The first factor
measures the wavelength in terms of number of cycles
of transit of the frequency under consideration. c/f is
the wavelength in cm.

VARIABLE FIlELDS

According to equations (25) and (26), the best way
to handle the variable field case—and the exact way
—is to construct . a mechanical potential model of
V—3(m/e)r®¥* and run different kinds of trajectories
with steel balls. A complete model can be constructed
even involving changes of electrostatic potentials such
as those in the pre-accelerating region. However, the
general analytic solution with both variable electric and
magnetic fields are very much involved; we choose to
treat the constant Laplacian electric field again but to
have only the magnetic field variable. There are many
applications in which the magnetic field is not constant.
Such is the case, for example, when the magnetizing coil
is not a perfect solenoid and has to be localized to yield
spaces for electromagnetic field structures. Also, in or-
der to introduce rotation into the beam, the beam has to
cross the radial magnetic field somewhere in an inter-
mediary region. That is the place where the magnetic
field is necessarily varying.

To construct a variable magnetic field potential
model, we can start from (46). Although this is writ-
ten for a constant magnetic field case, it can be ex-
tended to the variable magnetic field case by consid-
ering a as a variable, according to (36), in which B,
can be considered as the magnetic field along the axis
and is a function of z. We see that a is a quantity that
varies inversely as the magnetic field B,. Similarly, g
also should be inversely proportional to the square root
of the magnetic field. From (42) we can calculate R.,
the normalized equilibrium radius, as a function of dis-
tance. The potential function P(R) — P(R.) can be con-
structed at different points along the z axis. The po-
tential surface is formed by connecting the potential
troughs smoothly together. Thus, in a constant field
the model would be a cylindrical surface formed by one
of the potential troughs of Fig. 4, while, with variable
fields, the surface is a distorted form of cylindrical sur-
faces consisting of successive troughs of Fig. 4 with
variable equilibrium radius. In particular, when there
is no magnetic field, the equilibrium radius is infinite,
and the potential curve decreases logarithmically as R
increases. An actual potential model made of plaster
of Paris and paper is shown in Fig. 10, in which a loga-
rithm potential region C for pure electrostatic field is
connected to a cylindrical trough 4 for a constant mag-
netic field. The intermediate region B is the variable
magnetic field region.

Analytically, for very slow wvariation of magnetic
field, we can take the first-order expansion of the mag-
netic potential. This is the same if we treat a (which is
understood to vary inversely as B, at the axis) as vary-
ing with z. Similarly, g varies as v/a. For completeness,
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Fig. 10—Mlechanical equivalent potential model illustrating the po-
tential functions in the 7-z plane with different values of magnetic
field and constant Laplacian electric field. The cylindrical trough,
section .1, represents a section with uniform magnetic field. The
logarithmic potential, section C, represents the pure clectrostatic
case without magnetic field. The skewed surface B connecting
section .1 with section C represents the change of potential func-
tion where the magnetic field js injected into the beam and the
beam starts rotation. Round dots are steel balls which are made to
run in the model, and simulate the paths that would be traced by
a typical electron beam. ’

we can also consider b, the radius of the drift tube, as
varying with z. Then we have

m _ 1 r gt
f=0.()15151\’[ — <l ——)
2el”y . r a’ ré
(60)

m 1 dy e .
—;2:0.()15151\'[ ﬂ.,_f-<1_gﬁ>iﬁ '
2el”y, b d:  a? r*/ a dz

Note that the trajectory differential cquation relating
r to z takes the form

T (lzf ) (1)‘
- =i ~ 3

dz? ds ' ©1)

We see that (60) can be substituted into (61) as
the coefficient of dr/dz and also the fixed term. If % can
be considered constant, or nearly so, it is a second order
differential equation. Neglecting the term involving
dr/dz, we see that the curvature is negative when 7 is
greater than the equilibrium radius and vice versa, so
that the wave has a tendency of always bending toward
the equilibrium radius. Equation (60) shows that as a
result of the variation of the magnetic field or the drift
tube size, the beam is accelerated or retarded in the z
direction as well. It is retarding when the magnetic
field is increasing or the drift tube wall is enlarging, and
vice versa. A negative acceleration # and a positive
slope dr/dz would add a more positive curvature, and
there are different possible combinations that can ac-
tually affect the trajectory. In general, the wave still
has a tendency to curve around the equilibrium radjus.
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The correction term in (61) tends to increase the angle
of inclination when 2 is negative or retarding. This is
understandable when energy is converted from the z
direction into other forms. As in an increasing magnetic
field, the z component is decreasing, and a larger angle
results if everything else remains the same.

Another extreme case is obtained when the magnetic
field does not vary slowly, but rather has a sudden
transition. Such is the case, for example, when the field
is applied to the beam through a magnetic pole piece.
The discontinuity of horizontal component B, is
brought about by an infinite B, at the boundary, for
the magnetic flux must enter the beam in an infinitesi-
mal distance. Under this condition, this infinite B, re-
acts with # and through Lorentz force, taking energy in
or out of the rotational component rf. Conversely, B,
reacts with 78 to add or subtract energy from 2. In this
manner there is perfect interchange of energy between
3 and 70. On the other hand, 7 and r cannot change ap-
preciably in reacting with a finite magnetic field. B,
in a short interval. Thus, at the boundary, we must
have
7l dr| dr
Ve X

Now if on both sides of the boundary the field is con-
stant, we can find out the value of a at the left or right
of the boundary. By using continuation equations of
(62) we can carry the initial conditions to the second
region from which the trajectory can follow that in the
previous section. It takes a few trials because v, is dif-
ferent on both sides and depends upon dr/dz and r/a
in each case, but this procedure is not difficult, especially
when v, is close to unity.

This step-function method cah be used to analyze a
slowly varying field case as well by approximating a
continuously varying magnetic field with a step varying
field. The process described automatically takes care of
the variation of the z terms in (61) if we make fine
enough divisions in the step functions,

i'+=

| =
T+ =

(62)

|-

RELATIVITY CORRECTION

When we operate a beam at very high voltage, the
relativity corrections must be applied. In general, the
self-magnetic field tends to compensate for the electro-
static space charge repulsion force, so that for thesame
equilibrium radius the magnetic field required is less
than proportional to the square root of voltage as indi-
cated in (36). Let us define a quantity

o=14+—-

mc?
It can be shown that the normalization constant a of
(36) must be modified so that

VEV, 2\
T 1.203B, e (o’ ol ‘1'> '

If we again normalize everything with this new value of
a and make a new transformation,

Acm

(63)
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2 3/4
z = ( ) z. (64)
o+ 1
Equation (51) again takes the form
vVEZ -2.
v R (65)

=)

<dR >2 , 1
-, Y:
dZ, max

~ [P(R) — P(R))]

fR
Re

4/0.0151

0.01515K

|

where v, is defined as

i 1/6—+_T
Yo 1/2ev,; 207
m

The curves of Figs. 6 through 9, can again be used with
the understanding that Z is replaced by Z'.

The net result can thus be summarized as follows:

(1) The magnetic field required to give a parallel beam
is less with relativity correction by a factor (2/(s+1))"*
compared with the case without correction.

(2) In the case where the beam is not strictly paral-
lel, the wave motion is such that comparing the same
perveance and the same ratio of maximum radius to the
equilibrium radius, the wavelength appears to be longer
by a factor of ((c+1)/2)*4,

It should also be noted that the perveance at high
voltage with space-charge limited operation is not the
same as that at the lower voltage for the same tube. It
is generally lower. Based upon a plane diode, the ratio
of actual perveance K to that at low voltage K, has the
following relations

(66)

[ 5
K 9 Jii-nn
Ko 8v2 (o — 1)¥?

o — 1732 3
=11 1= (g2 —1
[+ 2][ TR

+i(62_ 1)’——1-(02— 1)
88 16

1()5(’ i :lz
toml o

*1—3 1 7
- 2_8(6— )- (67)

Thus the true perveance as corrected by (67) must
be used in (66); this correction will again make the
wavelength even longer for the same tube, compared
with low voltage operation.

L————‘—
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The Transmission and Reception of Elliptically
Polarized Waves”®

GEORGE SINCLAIR?, SENIOR MEMBER, IRE

Summary—A vector parameter is defined which represents a
generalization of the effective length of an antenna to include a
specification of the pol. rization of the field radiated by the antenna.
It is shown that the parameter so defined is also useful in calculating
the voltage at the terminals of the antenna when it is used to receive
plane waves of arbitrary (elliptical) polarization.

I. INTRODUCTION
&_ LTHOUGH IT HAS been known for some time

that the radiation from many antennas, par-

ticularly airborne antennas, is elliptically polar-
ized, comparatively little attention has been given to
this aspect of the radiation. When measurements are
made to determine the patterns of such antennas, the
radiation is usually treated as if it were linearly polar-
ized. The electric field intensity vector is resolved into
two orthogonal components in a suitable coordinate
system, but the fact that these two components may
not be in time phase is usually ignored.

Ir recent years there has been increasing interest in
antennas designed to radiate circularly polarized waves
and it has become necessary to devise methods for
specifying the performance of such antennas. The
parameters commonly employed to characterize the
properties of a transmitting antenna (gain, effective
length, equivalent aperture, etc.) require modification
when applied to systems using circular or elliptical
polarization. The need for modification of the param-
eters becomes particularly apparent in determining the
performance of such antennas when receiving waves of
arbitrary polarization characteristics.

It is desirable, therefore, to examine carefully the
properties of systems which radiate elliptically polarized
waves, and to devise convenient methods for measuring
and specifying the performance of these systems. There
is a need for the definition of a parameter to specify
the performance of the system, whether transmitting or
receiving, and which includes a specification of the
polarization.

II. THE TRANSMISSION OF ELLIPTICALLY
PoLariZED WAVES

The problem of defining a parameter to characterize

* Decimal classification: R111.2 X R111.6. Original manuscript re-
ceived by the Institute, June 3, 1949; revised manuscript received,
October 5, 1949,

Presented, URSI-IRE Fall Meeting, Washington, October 8,
1948, and Canadian Regional IRE Engineering Conference, Mont-
real, April 29, 1949. The work described in this paper was carried
out, in part, under contract between the Air Matériel Command,
Wright-Patterson Air Force Base, and The Ohio State University
Research Foundation, Columbus, Ohio. The research was conducted
in the Antenna Laboratory of the Department of Electrical Engineer-
ing, The Ohio State University.

t Formerly, The Ohio State University Research Foundation;
now, University of Toronto, Toronto, Canada.

the performance of antennas which radiate clliptically
polarized waves has been considered by Burgess,! who
has defined a generalized effective length h(6, ¢, a) by
means of the equation?

Zo[ll

E(a) = ’
(e 2xr

(1)

where
IZ(a) =the electric field component of polarization a
r =distance from the antenna to the point where
I is measured
I'=the terminal current
Zo=the intrinsic impedance of space for planc
waves (120 7 ohms)
A =wavelength.

The angles 8 and ¢ are the usual co-ordinate angles in a
spherical system (sce Fig. 1).

8=0°

$=270°
§=90°

8:=90°

Fig. 1—Resolution of the field into components in a spherical co-
ordinate system.

This method of defining the effective length of an
antenna yields a parameter which is useful, not only for
specifying the performance of a transmitting antenna,
but also for specifying the performance when the an-
tenna is receiving plane waves of arbitrary linear polar-
ization. However, it is not too useful in the situation
when the antenna is receiving plane waves of arbitrary
elliptical polarization.

Another parameter, which has been used to specify
the performance of transmitting antennas of arbitrary
polarization characteristics, is the radiation vector N
used by Schelkunoff.? The radiation vector is equal to
pp,l1¥5'-11‘:6(;3;‘;{§$i515,' l‘g‘\tifia] characteristics,” H'ireless Eng., vol. 21,

? Rationalized mks units are used throughout.

¥ S. A. Schelkunoff, “Electroma tic Waves,” V
Co., New York, N. Y., pp. 332-335: 1943, > ¢~ D- Van Nostrand

February I
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the principal term in the expression for the magnetic
vector potential A at large distances from the antenna.
The electric field intensity E is related to N by the
equation
ZoN
E=—j——cit )

The factor ei“! containing time is implied.

The radiation vector can be a complex vector, so it is
capable of characterizing a field of arbitrary elliptical
polarization and, therefore, it completely specifies the
distant field of an arbitrary transmitting antenna. Since
N is proportional to the current amplitude in the an-
tenna when transmitting, it must be modified if it is to
be applied to receiving antennas. By dividing the vector
N by the amplitude of the input current to the antenna,
a parameter is obtained which is independent of the
amplitude of the current, and which depends only on
the physical configuration of the antennas and on the
method of feeding. Let

h=—> 3)
so that (2) becomes

Zolh
E=;
2\r

ik, (4)

In (3) the negative sign has been inserted so that in the
case of linear antennas the vector h will reduce to the
usual effective length.

The vector his obviously a complex vector and it has
the dimensions of length. It is only in the special case of
linear antennas that a convenient physical interpreta-
tion can be given to the fact that it has the dimensions
of length. In some respects it would be better to define
the vector in a way which would make it dimensionless.
This could be done, for example, by combining the
wavelength A (which appears in the denominator of (4))
with h, thus obtaining a dimensionless parameter

K h (3a)
= — 3a
A ?
s0 that
Zol A
E=j epits (4a)
2r

Iowever, in view of the widespread use of the cencept
of effective length, the definition in (3) will be retained
in the following. The vector h is a function of the co-
ordinate angles # and ¢, bhut does not depend on the
radial co-ordinate r (because, by definition, N does not
depend on 7). Equation (4) gives only the distant ficld
from the antenna, so that E and h have only # com-
ponents and ¢ components.

For a short linear element of length 2L, oriented so
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its axis coincides with the Z axis (Fig. 1) and carrying a
uniform current, it is readily found that h has only a
6 component

hy = L sin 6. &)

For a half-wave dipole antenna, parallel to the Z axis,

ki
cos (— cos 0>
2

. (6)

S sin 8
In the case of a small current loop of area S, with the
axis of the loop parallel to the Z axis, it is found that
h has only a ¢ component

 2xS
he = —

sin 6. (7

Thus h is a negative imaginary quantity and of magni-
tude equal to the effective length of a loop as ordinarily
defined.

In general, A may have both 6 and ¢ components and
both may be tomplex. However, one of these com-
ponents (say the § component) can be made a positive
real quantity by a suitable choice of the origin for time,
and it will usually be convenient to do this. The ¢ com-
ponent of A can then be written in the form

ho = I h¢| eih, (8)

where 8, is the phase angle by which the ¢ component of
the field leads the 8 component. The phase angle 4,
may lie in any one of the four quadrants.

For an antenna which radiates circularly polarized
waves, the vector h can be resolved into two components
equal in magnitude with one component lagging or
leading the other by 90° in time phase. That is

he = hoe'™, 9

where 8; is +90°. If 8; = +90°, then the electric vector
appears to rotate in the clockwise direction (see Fig. 2).
If 8, = —90°, the rotation is counterclockwise.*

7

/

L (8,+90%)
{€o

Fig. 2—The transmitted field, as seen by an observer viewing the
source of the field.

¢ The rotation specified is that seen by an observer looking
toward the source of the wave. These rotations are often specified as
right-handed or left-handed, but since there are two different con-
ventions in use, it is felt that the present method of specifying the
rotation will be less confusing.
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111. THE RECEPTION OF ELLIPTICALLY
POLARIZED WAVES

In the receiving case, the problem to be considered
is that of determining the open-circuit voltage produced
at the terminals of an antenna of arbitrary polarization
characteristics, when receiving a plane wave of arbi-
trary polarization.®~7 Consider an antenna which, when
transmitting, is characterized by a vector h as defined
above. Suppose that this antenna is used to receive a
plane wave incident from a direction defined by the
angles 6, and ¢,, and given by the equation

Ei = Eqeik-r, (10)

where

E,=a constant complex vector
k =the propagation vector?®
r=radius vector in any direction defined by the
angles § and ¢

so that

k-r = kr[sin 6, sin 6 cos (¢ — ¢o) + cos 8y cos 8].  (11)

The vector E* may be resolved into its three spherical
components at each point in space. However, along the
radius vector which defines the direction of incidence of
the plane wave, E will have only § and ¢ components
and, if the wave is elliptically polarized, these com-
ponents will not be in time phase. For this particular
direction,

E' = (Eols + Eouiy)ei*n, (12)

where iy and 1, are unit vectors and 7, is distance meas-
ured along the direction of propagation. The positive
exponent is used in (12) because the wave is an incom-
ing wave. By a suitable choice of origin for time in (12)
it is possible to make E,, real and positive. Then E,,
may be complex,

Eop = | Eog | €%, (13)
where 8, is the time phase angle by which the ¢ com-
ponent lags the 8 component.

Equation (13) should be compared with (8) and it
should be noted that there is a difference in sign in the
exponential terms. The signs in these equations are
arbitrary, and were chosen so that when 8, and 8. lie
in the same quadrant, the two equations (8) and (13)
represent the same direction of rotation of the vector
for an observer viewing the source of the wave in each
case (see Figs. 2 and 3). The difference in sign required

¥ Yung-Ching Yeh, “The received power of a receiving antenna
and the criteria for its design,” Proc. I.LR.E., vol. 37; pp. 155-158;
February, 1948.

¢ W. Sichak and S. Milazzo, “Antennas for circular polarization,”
Proc. I.R.E., vol. 36, pp. 997-1001; August, 1948,

1 C. W. Harrison, Jr., and Ronold King, “The receiving antenna
in a plane-polarized field of arbitrary orientation,” Proc. I.R.E., vol.
32, pp. 3548; January, 1944.

8 J. A. Stratton, “Electromagnetic Waves,” D. V'an Nostrand Co.,
New York, N. Y., p. 408; 1941,
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to do this arises from the difference in signs of the ex-
ponentials in (4) and (12) representing an outgoing and
incoming wave, respectively.

AN
(8,7 +90°)

\ Eg
1

Fig. 3—The incoming plane wave, as seen by an observer viewing
the source of the wave.

In determining the open-circuit terminal voltage pro-
duced by the incident wave, the 8 and ¢ components in
the system can be considered separately and the re-
sults added to obtain the total voltage. The incident
wave expressed by (12) can be seen to consist of two
lincarly polarized plane waves with a time phase &,
between them.

The plane wave component E¢, will produce a ter-
minal voltage

V' = hE,,. (14)
This is readily proved?® by applying the Reciprocity
Theorem, it being supposed that the field Eq, is pro-
duced by a linear dipole of known characteristics, and
oriented parallel to Eq,. Similarly, for the ¢ components
only, .

(15)

V" = hyFoy = | ho|| Eop| e7h1—8),

In (15) both k4 and Loy are complex numbers (see (8)
and (13)). The total terminal voltage is

V=V 4+ V" = IyEo, + hyEos. (16)

It is apparent that (16) can be written as the scalar
product of the vectors h and E,,

Equation (17) represents a generalization of the scalar
equation usually written for lincarly polarized systems. !

IV. Some APPLICATIONS
For numerical calculations, the following form of (17)
1s more useful ;

V= heEoy + | hy|| Fog| eithi—tn) (18)

l’g?;;:e page 479 of footnote reference 3,

. E. Terman, “Radio Engince H: " -Hi
Book Co., New York, N. Y., p. 7l8§l.nl(i);‘§ i R e
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where hoand E,, are assumed to be positive real quanti-
ties. A number of well known results can be obtained
from this equation. Consider an antenna which, if
transmitting, would radiate circularly polarized waves in
a given direction; and used to receive circularly polar-
ized waves from the same direction. Then

he =] he)] = h, (19)
Eo = | Evs| = Eo, (20)

and
V = hE(1 4 e/th—i), (21)

If the antenna and the incident wave are char-
acterized by the same direction of rotation, then
5]=62='f90°

V = 24E. (22)

On the other hand, if the rotations are in opposite direc-
tions, 8, = — 8, = +90° so that

V=0 (23)

When investigating the nature of the polarization of
the field radiated in a given direction by an antenna,
measurements are often made to determine the polariza-
tion characteristic by receiving the field with a linear
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dipole which is rotated in a plane parallel to the wave-
front. The voltage at the terminals of the dipole, when
plotted against the polarization angle o (the angle be-
tween the axis of the dipole and a reference direction)
yields the polarization characteristic. It is often assumed
that this curve should be an ellipse. The equation of the
curve is readily obtained from an application of (17)
and by making use of the Reciprocity Theorem. Assume
that the dipole is used to transmit, producing a field,
near the antenna, which is essentially a plane wave,

Eo = (Eo cos aip + Eg sin aiy), (24)

where a =angle between the axis of the dipole and the
direction of 1.
The received voltage is

V= h'Eo

= Eolhs cos a + | hy| ¢ sin a). (25)
The magnitude of this voltage is
| V| = Eo[(he cas o + | hs| cos 8 sin a)?
+ (| h¢| sin 8, sin )|V (26)

Considering | V| as a function of a polar angle a, it is
readily shown that this is not the equation of an ellipse.
.

——

The Magnetic Ampliﬁer*

N. R. CASTELLINI{, ASSOCIATE, IRE

Summary—The ‘“‘small signal” theory of the magnetic amplifier
is developed under certain simplifying assumptions. Expressions for
the amplification are derived in terms of electrical and magnetic
quantities, and conditions for optimum amplification are obtained.
The predictions of the theory are found to agree qualitatively with
experimental results of other workers.

I. INTRODUCTION

“yHE MAGNETIC amplifier or, as more commonly
1‘. known, the dc excited iron-core reactor, has al-
ready been described in the literature. Early de-
scriptions are those of Boyajian,! Dilienback and Ge-
recke? and more recently those of Buckhold,® Uno

* Decimal classification: R363. Original manuscript received
by the Institute, November 8, 1948; revised manuscript received,
October 31, 1949.

1 Coles Signal Laboratory, Red Bank, N. |.

! Boyajian, “Theory of d.c. excited iron-core reactors and regula-
tors,” Trans. AIER, vol. 43, pp- 119-936; June, 1924.

1w, 'Dallcnhack and E. Gerecke, “Die Strom- und Spannungs-
verhiltnisse des Grossgleichrichters,” Archiv fur Elek., vol. 14, pp.
171-248; Januvary, 1925.

1 Th. Buckhold, “On the theory of the magnetic amplifier,”
Archiy fur Fleck., vol. 37, No. 4, pp. 197-211; 1943.

Lamm,* and Kirschbaum and Harder.® It is only in the
recent publications that the name “magnetic amplifier”
has been used, and Buckhold appears to be the first to
derive an expression for the amplification in terms of the
characteristics of the magnetic material.

In these treatments the development of the theory is
based on the normal magnetization curve. In the follow-
ing iscussion, on the other hand, the displaced hystere-
sis loop is taken as the starting point. In so doing, em-
phasis is placed on the instantaneous rather than the
average behavior of the amplifier.

In this work, it is assumed (a) that the various quanti-
ties (i.c., flux, magnetic intensity, current, etc.) can be
represented in the steady state as Fourier series, and

¢ (a) A. Uno Lamm, “The Transductor, D.C. Pre-saturate Re-
actor, with Special Reference to Transductor-Control of Rectihier,”
Esselte Akticbolag, Stockholm, 1943.

(b) A. Uno l.amm, “Some fundamentals of a theory of the trans-
ductor or magnetic amplifier,” Trans. AIEE, vol. 66, pp. 1078-1085;
April, 1947.

s H. S. Kirschbaum and E. L. Harder, “A balanced amplifier
using biased saturable core reactors,” Trans. AILLE, vol. 66, pp 273-
278; January, 1947,
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(b) that the amplifier output can be obtained as a small
variation of the state existing at the quiescent point.
Starting with the work of Peterson® the first assumption
can be shown analytically to be correct, and approxi-
Mate expressions for the Fourier coefficients can actually
be derived in terms of the hysteresis loop coefficients.
The second assumption implies that this work is con-
cerned only with the “small signal theory” of the am-
plifier.

II. AMPLIFYING ELEMENT

In the barest essentials, the magnetic amplifier con-
sists of a D-shaped or toroidal core on which two coils
are wound; one of the coils is supplied with a constant
source of alternating voltage and the other coil s sup-
plied with a bias dc voltage, and with the signal voltage.
Alone, this simple arrangement has limited practical
utility because of the unavoidable mutual coupling be-
tween the two coils. The practical amplifier is obtained
by using two of these simple units either assembled on
the same core (i.e., 3-legged core construction) or on
separate cores and connecting the winding in such a way
that the interaction between the ac and control windings
cancels. That is, if M,. represents the mutua! inductance
between the two windings,

My=M,=0 (1)

is the condition that must obtain for the practical am-
plifier.

ITI. NOMENCLATURE AND NOTATION

The circuit which is considered is illustrated in Fig. 1.
Interwinding capacities and leakage inductances are

Kl

€bb

€bot €p —’J

-—eb

ib=ibo+ ip

Fig. 1—Magnetic amplifier with load, symbolic representation.

neglected. In accordance with the previous remarks, the
amplifying element is indicated in symbolic form. Quan-
tities immediately related to the ac side of the amplifier
will be referred to as output quantities and quantities
related to the dc or control side as input, control, or
signal quantities. From the circuit diagram, it appears
that an ac generator of instantaneous voltage ew volts
and angular frequency w (both dependent on design)

$ E. Peterson, “Harmonic production in ferro magnetic mate-
rials,” Bell Sys. Tech. Jour. vol. 7, pp. 762-796: October, 1928.
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supplies the output coil consisting of N, turns in series
with a general load z; The voltage across the load
is e; and that across the output coil is e,. The instantane-
ous current flowing in the output circuit under these
conditions is 4,. The input coils are supplied with a volt-
age e, which equals the sum of the dc bias voltage E..
and the signal voltage e,. The current flowing in this
circuit is 7.

It is convenient to split up these instantaneous cur-
rents and voltages as follows:

ey = €y + €,

~_~
N
L

1o = iy + ip
te =T+ i,

where the quantities with the double subscript indicate
steady values obtaining before the application of any
varying voltages in the output or input circuit, and the
quantities with the single subscript on the right-hand
side of the (2) variations from these steady values.

The current 4, flowing in the input coil produces a
magnetic field intensity 4, and the current 7, flowing in
the input winding produces a magnetic ficld intensity
he. The output coil voltage e, and the control coil volt-
age e. generate in the material a flux ¢, and ¢., respec-
tively. The material is assumed to have a static perme-
ability x4 and an incremental permeability ps. In general,
in dealing with magnetic quantities the same subscript
will be used as for the corresponding electric quantity.
The length of the magnetic path is denoted by S, and
Se for the ac flux and dc flux, respectively. The cross-
sectional area is assumed to be the same for both paths
and is denoted by 4.

Absolute values are denoted by a bar over the symbol
representing the quantity or by the conventional ||
sign enclosing the symbol. Vector quantities are repre-
sented by capital letters, except in the case of harmonic
components where lower case letters are used.

IV. STEADY-STATE CHARACTERISTICS OF QUT-
PUT AND INPUT CIrCUITS

A. Output Circuit

Consider the output circuit of the amplifier shown in
Fig. 1. It consists of an ac generator supplying a load
assumed to have a series resistance r; and inductance L
(assumed constant) in series with the output winding of
the amplifier. This winding presents to the generator an
inductance ,(¢) and an effective resistance r,(¢) made
up of the actual resistance of the winding and of the
resistance due to such effects as hysteresis, eddy current,
and residual losses.?

Both the inductance and effective resistance are not
constant, but vary in a complex way over the applied

V. E. Legg, “Survey of magnetic materials and lication in
tleglgghone system,” Bell Sys. Teck. Jour., vol. 18, p;r)‘. 4§p81—96lgi;ljlul;,
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‘voltage cycle. This is made evident by the peculiar
shape of the hysteresis loop and the variation of eddy
current losses over this loop.® Moreover, the hysteresis
and eddy-current components of 7,(¢) are a function®?
of the permeability u.

The differential equation of this circuit can be written
immediately

X . dlb , . dlb
eos = (ri+ rw)is + I py + 7,/ (0)is + 1,(2) P 3)
where 7, is the ohmic component of 7,(¢) and r, (8) =
’p(t) — T
Assuming that the solution of (3) for the steady state

yields for 4, a Fourier Series and using for convenience
the complex form,? the current can be expressed as

+x
iy = Z i;,.e"“". (4)

Similarly, it is also convenient to assume the inductance
1,(t) to be represented by a Fourier Series,

+u
Z leiket

M0)
km—ot
and also for r,/(¢)
oo
r () = D rieitel. (3)
]

Assuming, further, that the supply voltage is sinusoidal
and given by,

ey = ReE yeitet+

(6)

equation (3) can be written by substituting 4), (5),
and (6) and performing the differentiations indicated:

4w
ReE;,be"“”'“ - Z (fx' +jxu)ib.€”“"
G

40

S 0 + jush)inerroer (1)

&)

n -
where:

' =ri+re

Zpe = swl.

The infinite double sum in (7) is the voltage across the
output winding less the drop due to r.. Denoting by
es.’ its n** harmonic, it can be shown' to be given by

4@
o' = 3 [+ i~ Buliva s ®)

bo—on

In general, then, the voltage e, is complex; accord-
ingly, it will be assumed that:

8 “Magnetic Circuits and Transformers,” MIT E. E. Stafl,
John Wiley & Sons, Inc., New York, N. Y., Chap. VI, 1943.

* E. A. Guillemin, “Communication Networks,” John Wiley &
Sons, New York, N. Y., vol. 1, Chap. X, 1931

10 See page 404 of footnote reference 9.
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ey = épneM. )

Substituting (9) in (7) and equating coefficients of
the same harmonic on both sides of the equation, it
obtains:

Ebbfsn lad Zln,eio’h + ébn,eﬂ"

(10)
where:

Zi e = v + jai.
and!®

o, =1forn=1; 6,=0 for n# 1.

Since all the quantities in equations (10) are sinu-
soidal quantities of the same frequency, the equation
can be represented vectorially. The vector diagram is
illustrated in Fig. 2. The magnitude of the voltage

\\\
~
~
N
AN
N
N\
o \
He Q)'OQ af \
Q;oo &nAAn \
RS -1 ibn "w .
7 c \
N < \
] e c
ZANINYE |

Fig. 2—Vector diagram of output circuit for the »*® harmonic under
no signal condition.

Eud, is assumed constant. Therefore, the terminus of
its vector is constrained to move in the circular path
indicated.

B. Input Circuit

Similar considerations as above can be applied to the
input circuit. However, for the purpose of the present

discussion 7, will be assumed sinusoidal and to be given
by:

te = Relceid'.

(11)

V. AMPLIFIER CITARACTERISTICS
A. General Equation for 1,

The voltage e, developed across the output circuit is a
function of the state of saturation of the material form-
ing the core. For a given material and design, the state
of saturation will depend on the total instantaneous
currents 7, and 4, and also on d4,/dt. The dependence on
the time derivative of 1, is not immediately obvious. To
show this, imagine that the output circuit of the ampli-
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fier is equivalent to a variable resistance r, in series
with a variable inductance I,. Then, in the absence of
control coil excitation, e, can be expressed as the voltage
f(%) across r, and the voltage d\/dt across l,* N is the
effective flux linkages. Thus:

d\

ev = f(is) + E

which can also be written

' . a
es = f(is) + — i/, (12)
dtb
where:
dis
iy = — .
7

It follows from (12) that for small variations, the general
expression for e, in the presence of control coil excitation
can be written:

(13)

€p = F(ib, ib', ic)-

B. General Expression for 1,

Referring to equation (13) the variation of e, can be
written immediately (sec (2))

dey | dey | , dey
e, = —a—i—bz, Fb,z, + ry; ) (14)
where:
i, = 8(14).

In (13), as well as in the sequel, the partial coefficients
will be understood to be evaluated at the quiescent point.

The variations e, and 7, contains components that are
products of the interaction of the signal frequency ¢
and of the exciting voltage frequency w. Thus it will be
assumed that these variations have the form:

e, = ReD_ b,ebst (15)

i, = Re) aeit (16)

where B, includes frequencics nw+1g, (n=0,1,2,3 - - - .
l=1,2,3 -..). The expression for i,/ may be obtained
by differentiating (16);

N o
i, = 8y = F (6is) = Re z]ﬂ,a,c’ v, (17)

In (17), ¢ may be neglected whenever it appears in the
coefficients B,, except when nw=0 since in practice
¢< <w. Equation (12) gives for the first two partial
coefficients of (14):

dev  df(i) d (dx)

: ; —\ (18)
a1t diy dt \di,
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ae,, d\

3iy  dis

(19)

Now, df(7,)/d%, and d\/diy are functions of e, and there-
fore may be expanded in Fourier series with angular
frequency w. The coefficient d\/d%s will be recognized as
the inductance of the output winding. Its Fourier ex-
pression may be written as in (5):

00’1, dA plice

20)
aiy diy (20)

If the expansion for df (i) /ds which will be recognized as
the loss resistance r,, is assumed to be given by

df(i s
{;flh) _ Z r,:c,kut (21}
b I3 »
then, from (18), (20), and (21)
ae ~+ 20
= Y (re + jholyeiter, (22)

01‘6 ko
Considering now the partial cocfficient des/d1., which ob-
viously is the dvnamic mutual impedance between in-
put and output circuits, heuristically it would be ex-
pected that this coefficient is a function of both w and q.
Therefore, it will be represented by the trigonometric
series,

()eb
P Re) 5ncibt, (23)
le »
Substituting (23), (22), and (20) together with (17),

(16), (15), and (11) into (14), and equating coefficients
of the same B, linear relations are found among the coef-
ficients, which can be written in expanded matrix form
thus (note that b,=qa,=0 by equation (1))

. { .
. . : |
b [ ... - <
g+w ' “410 SH141 Syq, e ' ‘ [ P
0 = BT I | ~00 S041 I 0
bq‘—u . 2‘.'41 2 v~ Sy | 8g—w
J ]
: I
[ - . [ .
[T St Sy | g
F om0 Zmpey S, o] @y
[Bm10 Bmiyey T, , ' ig41
f N N . ]
\ ‘ : I
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where:
Zkn = 7a + jlko + @)ln (25)

Zmk, = Zm(kw+nq)-

The column vector b(=e,) in equation (24) can be ex-
pressed in terms of the a,'s(=1,'s). Referring to Fig. 2,
the voltage ey, can be written:

€bhn = fwibn + ebn’. (26)

Next, consider that equation (10) can be shown to apply
here because the changes involved are small, and ¢< <w
in practice. The voltage variation e,.’ can be obtained
by taking the variation of (10). The derivation is
straight forward but rather lengthy, and will not be
given here. The result obtained, assuming that 61,
 Anand Ey are constant, is:

(27)

€pn = — Z[n@ipu

where:

[1 — §,ei(x/2—0"+) 5in 01" — 0)][1 — §,e! 00— (=12 gin (\y — 0)]

It will be noted that ®=1 in all cases in which n#1.
From (26) and (27) the variation epn is therefore

(29)

epn = [To — 200 )ipn = — Lipn.

It follows from (29) that the vector e, can be written as
the product of a diagonal matrix and column vector i,

thus
e, Zlip (30)

where:

41

Z $o l : 31

]

{ .
Inserting (30) in (24) and using abridged matrix nota-
tion throughout to save space, (24) takes the form:

1z, + 2.)i, = — Z.i,. (32)

Equation (32) is the fundamental equation of the ampli-
fier. In it, Z, is a diagonal matrix (31), but Z, and Zn
are not. Immediately the question arises whether these
matrices can be reduced to true diagonal form. Discus-
sion of this question is beyond the scope of this paper.
However, in order to simplify the following discussion,
it will be assumed here that diagonalization has been
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affected. Then, it can be written generally

(zpn + g"‘)ipn = 55 z"'niﬂn (33)

where z,, and 2., are characteristic values" of Z, and
Z... It follcws that in the case in which i, is sinusoidal
only the first two sidebands of i,, are present (i.e.,
w+¢q;—w+gq). In the sequel, consideration will be
limited to the last case. No confusion will arise if the
sideband subscript is dropped and equation (33) written
simply:

(z, + $)ip = — Zmig (333)

From equations (33), (32) or (33a), the equivalent circuit
of the amplifier is easily visualized. It will be noted that
it possesses a time constant which depends on the internal
characteristics and on the character of the load and not
only on the impedance of the output circuit.!?

D. Conditions for Maximum Amplification

Consider equation (33a). It will be apparent that, for

(28)

a given set of operating conditions, there must exist
some value of load reactance x; between minus infinity
and infinity and some value of load resistance r! be-
tween zero and infinity at which maximum gain will be
obtained. This follows because at the limits indicated
for these parameters the gain is zero.

(1) Optimum load reactance.

The current gain of the amplifier will be defined by:

—Zm

G = . (34)
z, + ¢
Then, the equation
G d¢
= =X - Ov (35)
dx, dx;

when solved for x:, should yield the optimum value of
the reactive component of the load.

Obtaining the derivative in (35) by differentiating
(29) and (28), after factorization and collection of real
and imaginary terms the result is:

+J'(Q i ¥ dQ)

dx, dx;

p oL, dP =
5 —
dx, l dx, ( )

where:

" [, Margenau and G. M. Murphy, “The Mathematics of
Physics and Chemistry,” p. 301; D. Van Nostrand Co., Inc., New
York, N. Y., 1943.

12 See Section VI!I of footnote reference 4b.
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P=1—sin"’v//-l-sinz-r—sin-rsin\l/cos(‘//—r) )
37
Q=%sinZv//—:}sian-l—sinrsinv//sin(‘//—r)
and
v=A+8—2¢6
T=20['—0.

In order for equation (36) to be satisfied, both the real
and imaginary components must vanish. Considering,
for instance, the real component, taking 2, defined by
(10) and noting that

dP cos? 6/

dx, f[’

dP do/

?

it obtains for the optimum reactance x,,

, r 1
o= — ] - S
ot ! 2cos28, dP
de,
1 N2 B
+ — ————1|. 38
2 cost 6,/ <dP )2
de,/

It appears from equation (46) that, since xo, must be
real, it must be negative; that is, the load reactance for
maximum gain must be capacitive. Buckhold® in his
work arrives at a similar conclusion. Also, it is believed,
that this might explain the experimental results of
Kirschbaum and Harder® who obtained a higher value
of amplification when they employed second and fourth
harmonic filters in the output. These filters would ap-
pear capacitive to the fundamental.

(2) Optimum load resistance.

The load resistance for maximum power amplification
will be determined for the case in which the load react-
ance is zero (i.e., 0/ =0) because in the general case the
equations become too unwieldy.

The power amplification 4 will be defined by

(39)

and, therefore, the condition for maximum power am-
plification

“_y (40)
df, -
is equivalent to
dlt+2
[+l = 2o+ 5, i—dr—”l— =0. (1
1

Writing:
Zp = Ty + rho+jxp
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where:
rse=the hysteresis, eddy currents, and residual loss

component, and making the following assumptions:
The 7, term in ' can be neglected in comparison with
re and the r/(r,+7.) terms are negligible in compari-
son with r;? terms, the result obtained from (41) for the
value of optimum resistance 7, is

|

(3]

I — .
pz = rypt — zrwrhe

A (42)

ro, = [1 — sin (A - 0)] 1//

where P and Q are as defined in (37) with the added con-
dition that 8,/ =0.

Equation (42) is not easily interpreted, because in
effect it is not in closed form. However, for the funda-
mental component, if the assumption is made that
A=7/2 and r, is negligible (42) reduces to:

Top = \/x‘pox;;, (43)
where x, is the reactance of the output winding at the
operating point. Applying (43) to the experimental data
of Kirschbuam and Harder* it is found that the amplifi-
cation for the value of resistance computed from (43)
is within about 1 per cent of the experimental value.
The value of resistance computed from (43) is too high
(i.e.,about 8 per cent). This would, however, be expected
on the basis of the assumptions made.

V1. AMPLIFIER CHARACTERISTICS IN TERrMS oF
MAGNETIC QUANTITIES

A. Expression for Amplification

Additional insight into the operation of the magnetic
amplifier is obtained by expressing the amplification in
terms of the magnetic field intensity, the flux density,
and the permeability. This can be done in the general
case; but it will, here, serve the purpose better to con-
sider equation (33a) under the assumptions that:

(1) losses are absent (e, ro=0; X = n/2)

(2) theloadisa pure resistance (i.e., §,’ =0).

Then, substituting for § under these conditions from
equation (29), it obtains for 7,,.

. ST
tp = i, 44
rpcos@sing (+)

p .
I — sin?g

It can be shown that (44) can be written

Oe,,

. i,
l,, = —_—
Oe,, +
— X
iy »e

) i,,, (44a)

where the partial coefficients have Leen written in place
f)f Xm and x, and x, is the reactance of the output wind-
Ing at the operating point.
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Considering, now, the equalities

o db, d O 1)
AN 4 — = — L h.
° P od dt "

d /[N, N.
VLI
S, 8.

and

41“\’,,2{1 #A010_7

Lpg=———
S»

where pao and Ly are, respectively, the incremental
permeability and inductance at the operating point, it
is easily shown that (44a) takes the form

by

io. (15)

Equation (45) is the desired equation. It expresses the
change in output current in terms of the design of the
core and winding and in terms of the fundamental char-
acteristics of the core material.

B. Criteria for Maximum Amplification

The partial coefficients appearing in (45) can be in-
terpreted in terms of permeabilities by reference to
Figs. 3 and 4 which illustrate, in greatly exaggerated
form, displaced loop under conditions of constant h, and

jb \po ('/20"/60’40)
%/’40'4/) Y

2N

UPPER BRANCH
OF WYSTERISIS
LOOP —

Hzo

Fig. 3—Displaced hysterisis loops, idealized, under conditions of con
stant s and at two values of polarizing magnetic intensity he.

he, respectively. This interpretation is based on the as-
sumption that, for small changes, the following relation
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holds approximately.

by =2 ph. + uahe. (46)

Consider Fig. 3. Forming the quotient of the change in
flux to the change in k. in passing from point P, to
point Py, in terms of equation (46), and passing to the
limit, it is found that

aby i du dua
A — R 4
0’1‘_#0 lh‘"\alh,l lhbo‘ alhcl (47)
) (Iéa,jba;[co)
4
/(lb/;/é/:/w)

upreR Brancw /.
oF /
HYSTERISIS /
Loop —f
noemar |

CURVE —f————
/ X

/

!

1

= — -
——
—_—

Fig. 4—Displaced hysterisis loops, idealized, under condi-
tions of constant k. and variable hs.

In a similar way, considering Fig. 4, it is found that

ab J
—ﬁ%’#Ao‘i'lhbul -

_— 48
ks 3| ksl S

Substituting (47) and (48) into (45) the desired ex-
pression is

du dpa
—| & — | hyo| ———
T L i
e P (49)
¢ 2MAu lhbul al#}‘:l
b

Equation (49) gives interesting insight regarding the
conditions to be met and those characteristics which a
magnetic material should possess to make the best pos-
sible amplifier. For a given winding and core design,
the amplification will be the larger, the more pronounced
is the following inequality:

du Oua
— | b —— — | £ —_
Ko l ul (')lh.,‘ | bu| f')lh,l
. ou
> > 2up0 — I hbu‘ al }:b|‘ - (50)
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It would, now, be very important to determine even
qualitatively, whether practical magnetic materials
actually possess characteristics which satisfy the in-
equality predicted by the theory.

6000

{Ol Hp

5000

4000

3000

A.C. PERMEABILITY “uda

YN
2000 \\ ’\
_ RN
|
1000 —~+—+HH
LT
1 »_me»

Fig. 5—Polarizing magnetic intensity H, -oersteds.

Data which would permit an extensive and direct
check of the expression (50) is not available, however,
for at least one material—U.SS Transf. 72, 29-gauge
data was found® which could be put into the form to
permit such check. These data are presented in Figs. §
and 6. A perusal of these figures will show that (50) is

1S, S. Attwood, “Electric and Magnetic Fields,” John Wiley
& Sons, New York, N. Y., p. 334; 1941.
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satisfied in the region of the characteristics where

6000

5000

2000

A.C. PERMEABILITY 14 4

1000

3 .4 56783910 2 3

4 56
Fig. 6—Alternating-current magnetic intensity Hy-oersteds.

and
Ous amn

o | = 9| |

4

> 0.
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CORRECTION

Leo Storch, author of the paper, “Design Procedures for Pi-Network Antenna
Couplers,” which appeared on pages 1427-1432, of the December, 1949, issue
of the PROCEEDINGS OF THE LR.E., has brought the following errors to the at-

tention of the editors:
In Fig. 2, page 1429, the centers of
and (—X;"), respectively.

In the biography of Mr. Storch on

read M. S., instead of M. A.

the two circles should be labeled (-3

page 1443, the advanced degree should
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Receiving Tubes Employing Secondary Electron
Emitting Surfaces Exposed to the Evaporation
from Oxide Cathodes’

C. W. MUELLERY}, SENIOR MEMBER, IRE

Summary—Previous use of sccondary-emission multiplication in
receiving tubes has been accompanied by difficultics with life and
has been accomplished in oxide cathode tubes by shielding the
secondary emitter from cathode evaporation. This shielding required
a complicated tube structure and additional electrodes and leads.
This paper describes methods of controlling cathode evaporation to
obtain satisfactory tube life and even to enhance secondary emission
gain in simple tube constructions in which the secondary emission
surface is directly exposed to the oxide eathode evaporation. A 1.4-
volt filament tube {s described which may be operated to give a trans-
conductance of three times the 'normal input transconductance, or
may be operated to give the normal input transconductance with a
reduction to 40 per cent of the original total battery power. The con-
struction and characteristic curves of an indirectly heated oxide
cathode tube with the dynode directly exposed to the cathode arc
given. A transconductance of 24 ma ‘volt and a wide-band figure of
merit of two to three times that of conventional tubes is obtained. A
high cathode temperature reduces dynode life, but a variation of

10 per cent in henter voltage secms satisfactory.

INTRODUCTION
4 c|-illl{ 1DEA OF applying secondary electron emis
|

sion as a means of amplification has been appeal-

ing for many vears.! This form of multiplication
or amplitication has been used for about a decade in
photoelectric multipliers? but has been used to only a
very limited extent in grid controlled tubes.?* A satis
factory life in the photoelectric multiplier is casier to
obtain because of the low current densities involved and
the absence of the contamination produced by an oxide
cathode.

The present interest in wide-band amplifiers has led
0 a reconsideration of the application of secondar
clectron emission multipliers to conventional grid-input
structures. Thompson® explained some of the factors
involved, and a summary of the characteristics that can
be obtained by secondary emission amplification leads
to the following:

* Decimal classification: R138. Original manuscript received
by the institute, July 22, 1949; reviced manuscript received, No-
vember 9, 1949, Presented, 1949 IRE National Convention, New
York, N. Y., March 9, 1949.

t RCA Laboratories, Princeton, N. J.

! \f. K. Zworvkin, G. A. Morton, and L. Malter, *The secondarv
emission multiplier—a new electronic device,” Proc. L.R.E., vol
24 pc. 351-375; March, 1936.

1V, K. Zworvkin and | A. Rajchman, ®*The electrostatic elec-
;r&rz) multiplier,” Proc. LR.E,, vol. 27, pp. 558-566; September,

3] L. H. Jonkerand A. J. Overbeck, *Application of secondary
Tg;gsxon in amplifying valves,” Wireless Eng., vol. 15, pp. 150-156;

¢ H. M. Wagner and W. R. Ferris, “ The orbital-beam secondary-
electron multiplier for ultra-high frequency amplification,” Proc.
1.R.E., vol. 29, pp. 598-602; November, 1941.

* B. J. Thompson, “Voltage-controlled electron multipliers,”
Proc. I.R.E., vol. 29, pp. 583-587; November, 1941.

(1) For wide-band amplification, it is well known
that a figure of merit for a tube is proportional to the
ratio of transconductance to capacitance. By applying
sccondary cmission to a conventional grid structure
the transconductance is multiplied by the secondary
emission amplification without increasing capacitance.

21 The input conductance is left unchanged.

(3) The amplification of the added multiplier can be
made essentially frequency independent up to frequen-
cies of the order of a thousand megacy cles.

(41 The additional noise introduced is small

§, One can obtain a high transconductance without
an extremely eritical input structure. Although one sub-
stitutes the possible diticulty of a critical secondary-
emission (dvnode) surface. our experience indicates
that the control of this surface is readily possible with
present receiving-tube manufacturing techniques.

Early experimenters with secondary electron multi-
plication soon found that the sccondary cmission yield
of a surface decaved very rapidly on life when exposed
to an oxide cathode, and sought to overcome these diffi-
cultics by shielding the secondary ematter or dynode
from cathode evaporation** Even with this shielding,
considerable difficulty with the life of the secondary
emitter was experienced. Secondary emission amplifica-
tion has also been applied to laboratory beam-deflection
amplifier tubes® and, since the war, much work has
been done in these laboratories to use secondary
cmission in other tube types.

Contrary to previous results, in w hich exposure to
oxide cathodes resulted in rapid decay of secondary
cmission, experiments to be discussed will show that
cathode evaporation difficulties can be overcome and
such evaporation may even be used to enhance second-
arv emission. A small amount of evaporation can be
advantageous; a large amount may be disastrous.

I. EXPERIMENTAL METHODS

Fig. 1 shows a type of structure used for many of the
secondary emission measurements. It consists of a low
voltage gun (adapted from the beam-deflection tube)’
giving a rectangular beam with a current density of 50
to 75 ma per square cm, a set of deflection plates to
permit one dimensional scanning, a series of apertures
to eliminate stray currents, a collector, and a rotating

¢G. R. Kilgore, “Beam deflection control for amplifier tubes,”
RCA Rev.. vol. V111, pp. 480-505; September, 1947.

TE. \V. Herold and C. \W. Mueller, “Beam deflection mixer
tubes for u-h-f,® Electronics, vol. 22, pp. 76-80; May, 1949.
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dynode structure. Eight samples, which may all be
different, are mounted on the dynode structure and, by
rotating the tube assembly, any one of the dynodes may
be brought in front of the collector for observation. By
means of evaporators, which may be either filamentary
or indirectly-heated cathodes in the corners of the col-
lector, the effects of evaporation on the dynode may he
studied. Although the emitter for the gun of this tube
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Fig. 1—Sectional view of tube for testing effect of evaporation
on secondary emitter surfaces.

has an oxide cathode, the presence of any evaporated
material from this cathode on the dynode has never
been detected. Thus the gun structure shows that one
may eliminate cathode contamination by the use of
small apertures; two 0.004-inch apertures about 2 inch
apart so limit the solid angle that evaporation is
negligible. Fig. 2 shows a photograph of this experimental
tube. The glass structure is made long to keep the glass
seals as far away from the test surfaces as possible and
thus eliminate contamination from the heated glass
during sealing in.

In this type of tube many dynode surfaces have been
examined in an attempt to obtain most of the following
desirable features:

(1) The secondary electron yield should be constant
throughout life under high primary current density
bombardment.

(2) The yield should be as high as possible at as
low a voltage as possible.

(3) No processing should be necessary in the tube in
which the emitter is to he applied, ie., the secondary

Fig. 2—Photograph of tube for testing secondary emitter
surfaces.

PROCEEDINGS OF TIE I.R.E.

lebruary

emitter should be capable of complete processing prior
to use in a tube and thereafter no harm should come
from ordinary handling, baking, and degassing pro-
cedures.

(#) Processing should be simple and casily repro-
duced.

(5) A long life should be obtained with direct expo-
sure to oxide cathode evaporation.

(6) The dynode matcrial should be nonmagnetic,
capable of being punched, formed, and resistance-
welded, and should not flake or scratch easily.

Although many materials have been studied with the
above objectives in mind, the best results were obtained
with processed silver-magnesium alloy,® about 2 per
cent magnesium in silver. This alloy, after polishing,
forming, and cleaning, is heated in a vacuum with a
residual air pressure of 10~ to 10~* mm of mercury in
order to diffuse magnesium to the surface and oxidize
it. One then obtains a thin layer of magnesium oxide,
which may contain some free magnesium or oxygen,
on a silver-magnesium alloy base. This material is then
used in the tube where no further treatment except out-
gassing is applied. In all the following discussions in this
paper, unless it is specifically stated otherwise, the
dynode used consists of this processed silver-magnesium
alloy.

Fig. 3 shows the influence of the evaporated material
from a regular 1.4-volt, 0.050-ampere, oxide-coated
filament on preprocessed silver-magnesium alloy. The
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. 3—Evaporatior} test of 1.4-volt filament on preprocessed
silver-magnesium alloy.
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filament consists of a very small diameter nickel-tung-
sten alloy wire coated with a triple-carbonate spray. The
thirty-second heating at 40 ma hardly changes the sec-
ondary-emission ratio, while cach additional heating in
steps of 10 ma increases the ratio, but the final heating
at 85 ma does not change the ratio from the 70 ma
heating. This dynode activation occurs at heating values
at which the filament is also activated for thermionic
emission, which js very convenient for the use of sec-

s \],I K. Zworykin, (Jj E. Ruedy and E, w. Pike
um alloy as a secondary emitting material ” J,
vol. 12, pp. 696-698; September, 194 o

“Silver-magnesi-
Jour. App. Phys.,
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ondary-emission multiplication in filament tubes. Obvi-
ously, an activation which gave good secondary emis-
sion, but no primary emission would be inconvenient.

In the case of indirectly-heated cathodes, much larger
volumes of coating material are available for evapora-
tion and the problem of evaporation control is more
dificult. However, experiments in the tube of Fig. 1
showed that control of evaporation to maintain life and
also to enhance the secondary emission ratio was pos-
sible. Further data on the indirectly heated cathode will
be illustrated by application to the tubes shown in Part
II1 of this paper.

1. SEcoNDARY EMissioN IN FiLAMENT-TYPE TUBES

Fig. 4 shows the construction of a developmental tube
in schematic which is similar to that of the RCA Type

DYNODE

CONTROL
GRID

SCREEN

FILAMENT GRID

Fig. 4—Experimental filament-type secondary emission tube.

1U4 with the suppressor used as the plate. Primary
electrons from the filament are accelerated by the screen
grid, pass between the wires of the plate, and liberate
secondary electrons at the dynode, which are then col-
lected by the plate. The circuit of Fig. 5 shows the
connections of the tube to a battery. Note that the

'
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+
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Fig. 5—Circuit of filament-type secondary emission tube.
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current arising from the secondary electrons flows in
plate-dynode loop and through only a section of the
battery. This fact allows power saving possibilities as
will be illustrated later. The output may be taken from
the plate, in which case the full gain is realized; or,
alternatively, the output may also be taken from the
dynode, in which case the gain becomes decreased by
unity. With dynode output, an amplifier is obtained
with no phase reversal between input and output.

Fig. 6 shows results obtained in actual miniature
tubes. Since, in this type of structure, some primary
current is intercepted by the plate, a correction would
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be necessary to get the true secondary emission ratio;
consequently, the secondary emission gain plotted is de-
fined as /3/Is+ Ip. This factor involves the efficiency of
the output structure and is the important one in tube
design. The tubes of lot A and C were given a factory
Sealex automatic exhaust. Curve A4 gives the results of
the combination of evaporation from an oxide-coated
filament and a nickel-plated steel dynode which gives a
gain less than unity and shows that the evaporated ma-
terial is not thick enough to give a high-gain character-
istic independent of the base metal. Curve B illustrates
the performance of the processed silver-magnesium
dynode with a tungsten filament and no evaporation.
Curve C shows that the conditions for high gain are
the combination of the evaporation from the oxide-
coated filament and the preprocessed silver-magnesium
dynode.

_— ( -.'3-0)

] 50 100 150 200 250 300
DYNODE VOLTS

Fig. 6—Curves of secondary-emission gain versus dynode voltage:
A—Oxide-coated filament and nickel-plated steel dynode. B—
Tungsten filament and preprocessed silver-magnesium alloy
dynode. C—Oxide-coated filament and preprocessed silver-mag-
nesium alloy dynode.

In a battery-operated tube, one strives for a uniform
high gain during life at low bombarding voltages.
With a low bombarding voltage, only the first few atomic
layers of the dynode surface are used and the dynode is
particularly susceptible to the influence of evaporated
material. The evaporation during life from an oxide-
coated filament of very small diameter is low because of
the relatively small quantity of oxide used. The ratio
of dynode area to cathode area is very large, causing
deposits on the dynode per unit area to be small. This
large ratio of areas is an important feature of this type
of tube construction. The low current density of } to
1 ma per square centimeter at the dynode does not im-
pose stringent life requirements, and satisfactory life
of over 500 hours has been obtained.

Table I gives typical performance data of a develop-
mental filament tube, and also illustrates the power
saving possibilities. The tube may be operated under
conditions which give maximum gain or minimum power
consumption. If the voltages on the secondary emitter
tube are adjusted to give the same transconductance as
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a standard tube, the 1U4 for instance, only 40 per cent
of the 1U4 total power is required and even then 70 per
cent of the remaining power is used for heating the
filament. If the same power is used, twice the transcon-
ductance can be obtained. Other combinations are
possible as shown in the Table and, though not shown,
a transconductance of 5,000 umho may be obtained at
a dynode voltage of 250.

TABLE 1

TyriCAL OPERATING CONDITIONS AND POWwER CONSUMPTION OF
SECONDARY-EMiIss10N FILAMENT-TYPE TUBE CoM-
PARED wiTH REGULAR TUBE

Applied Volts
Transcon- | Total .
Tube ductance | Power* b Control gnd——()
wmho r Watts Plate ‘ Dynode | Screen
Developmental ! j
Secondary-
Emission Type 900 0.10 90 674 32
B 1,400 0.15 90 67} 45
& 1,800 0.27 90 674 673
“ 2,300 0.34 1123 90 673
- 2,700 0.46 135 | 90 673
Standard 1U4 900 0.26 90 _ 90
“ 730 0.16 673 —_ 674

* Filament power of 0.07 watts included.

I11. APPLICATION OF SECONDARY-EMISSION MuLTIPLI-
CATION TO INDIRECTLY HEATED OXIDE
CAaTHODE TUBES

The application of secondary emitters directly ex-
posed to an indirectly heated oxide-coated cathode is
desirable because of the simplification obtained by
eliminating some focussing electrodes and voltages in-
herent in the orbital beam structure.34 The problem of
operating the dynode directly exposed to the oxide-
coated cathode in this case is much more difficult be-
cause of the large cathode used.

Fig. 7 shows the construction of an indirectly heated
oxide-coated cathode tube. The structure, placed in a
7-pin miniature envelope, is similar to that of the
standard 6AGS with the plate replaced by a multiplier
section. The clectron stream as shown in Fig. 7, is
directed between the plates to the dynode surface.

The plate-dynode configuration was arrived at by
experiments on a rubber-membrane large-scale model,
and then refined by experiment in tubes. Since the col-
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& CATHODE
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~ GLASS
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Fig. 7—Experimental high U'an;conductance secondary emitter
tube.
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lection problem is critical and always exists in a second-
ary-emission tube, the features desired in the output
section are listed below:

(1) A good collection field at low dynode-to-plate
voltage differences even with high current densities. A
low collection voltage is desirable to reduce plate heat |
dissipation requirements.

(2) Interception of a minimum of primary current |
by the collector or plate.

(3) Adequate dynode and plate heat dissipation.

(4) A small transit angle spread of the clectrons.

(5) A low dynode current density.

(6) An arrangement which will accommodate large
electrode voltage variations with a minimum change of |
tube characteristics.

Areasonable conipromise between these requirements
must be worked out and the over-all result obtained is |
illustrated in Figs. 8 to 10 showing characteristics of a”
developmental tube.

Many types of grid or input structure may be used
with the secondary emission output and tests were
actually made on two types. One was that of the stand-
ard RCA type 6AGS5 tube which is a typical low-cost
high-production electrode system. The other experi-
mental type had closer spacings and gave an input trans-
conductance, (i.e., transconductance measured as a
normal pentode) of 7.5 ma per volt. This structure also
had a higher transconductance-to-current ratio which is
desirable in order to minimize direct-current losses in
the tube and associated bleeders or power supplies. The
performance of both experimental types was similar
in that the output transconductance was about three
times the input transconductance. The over-all tube
characteristics are illustrated by characteristic curves
from the tube having this higher transconductance in-
put structure.

Fig. 8 shows the plate current family. Note the flat
plate-current characteristic over a wide plate-voltage
range. The plate current finally drops off due to the
plate “robbing” current from the dynode so that this
current is no longer multiplied by the secondary emis-

1
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Fig. 8—Plate-current plate-voltage characteristics of tube
of Fig. 7.
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DYNOOE VOLTAGE
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Fig. 9—Dynode-current dynode-voltage characteristics of tube
of Fig. 7.

sion ratio. Fig. 9 shows the dynode current family, and
a load line showing the maximum allowable resistance
in the dynode circuit in order to insure stability as will
be discussed later. This resistance may be an output
load or the resistance of the power supply or network
supplying the dynode voltage. Fig. 10 shows grid-control

PLATE |DYNODE SCREEN
T IVOLTS VOLT S VOLTS

A aso 2715 130

e 300 225 150

200 150 150

TRANSCONDUCTANCE MAo ¢

-20 -0 o
CONTROL-GRID VOLTS

Fig. 10—Transconductance—control-grid voltage curves of the
tube of Fig. 7.

characteristics plotted in terms of ma per volt, which
gives a more convenient number for high transcon-
ductance tubes; multiplication by 1,000 will convert the
units to micromhos if desired. Table II gives data com-
paring various tubes for wide-band operation and shows
how a wide-band figure of merit of 2} times that of the
type 6AKS tube may be obtained. The close-spaced
404 A" uses special equipment and techniques in its con-

vG. T. Ford, “The 404A, a broadband amplifier tube,” Bell.
Lab. Rec., vol. 27, pp. 59-61, February, 1949.
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struction which are not normally used at present in
receiving tube manufacturing technique.

TABLE 11
ComparisoN oF HiGu-TRANSCONDUCTANCE TUBES
) 'Wide-Band )
o Trarscondiaet: qu\;zgsl:nl thuregt:'j; Merut
Description ance Risiitona®
2xC total
mafv Ohms Megacycles

6AGS 5.0 1,600 72
6AKS 5.1 1,700 90
Multiplier type 24.0 1,300 250
404A 12.5 600 150

* Calculated values. )
total includes input *hot” or operating capacity, socket capacity and
output capacity.

A tube with a transconductance of 20 ma per volt
or greater is, of course, sensitive to grid bias voltage
which may be affected by grid-cathode contact poten-
tial changes. In addition to this variation, a multiplier
tube is also subject to secondary-emission-ratio varia-
tion. In order to minimize the effect of both of these
variables on output, the circuit for the dc supply shown
in Fig. 11 has been found valuable. In this circuit,

OUTPUT
1y =— WOV _s300
HH 1 |
k.
\/ 1|3Ria Ipla'S R
LA\ VA 1' 22K : 3 Toka
Yoo
S,
2 Rs
. 13Re 1,
INPUT telo ‘%:sxx\. ‘Two“"
[
— 1
l,-lovl’z l
R 1242R
l"'siﬂ“ Ko I;KI\

Fig. 11—Stabilizing circuit for multiplier-type tubes with typical
resistance values for the tube of Fig. 7.

stabilization is obtained by running both plate and
cathode currents through the self-biasing 1,000-ohm
resistor, R;. Thus variations of dynode current which
change plate current will also change the bias voltage
tending to keep plate current constant. Manual adjust-
ment of control grid bias is accomplished by varying Rs.
Many tests have been made using only a 100-ohm
cathode resistor and no dynode current stabilization,
but for maximum stability during life, better results
are obtained by a circuit as shown in Fig. 11, where
some typical resistance values are given.

In designing the constants of the circuit of Fig. 11,
one is not completely free in the choice of R, and R..
Since the current to the dynode is negative, the dynode
dc voltage will always be higher than the source voltage
when any series resistance is present. The requirements
on R, and R, are determined from a load line on the
dynode characteristic curve of Fig. 9, established so
that only one stable operating point exists, i.e., the load
line cuts the applicable curve at only one point. This
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requirement with a margin of safety in the described
tube is RiRy/R,+R,=10,000 ochms.

By using the dynode voltage source to furnish screen
and anode power to other tubes in a circuit, the power
lost in the potentiometer can be decreased and over-all
efficiency improved. Power saving is also possible by a
complete redesign of the stabilizing circuit to use a non-
linear resistance (such as Thyrite) for R; in the circuit,
since such a resistor will be satisfactory at much higher
resistance values .than those needed with a linear re-
sistor.

The most important factor in the secondary-emission
amplifier tube is its life performance. The principal
factors that influence the life are: bombarding current
density, dynode temperature, and evaporation from the
oxide cathode. The bombarding current density of 5 to
10 ma per square centimeter is kept low by spreading
out the electron beam as much as possible, and dynode
temperature is kept low by the large dynode area.

Control of cathode evaporation is an important factor
in obtaining a long life. The amount of foreign material
which can change or “poison” a secondary emitting
surface is small. Johnson!® gives an interesting example
of a secondary emission ratio change of an oxide-cathode
from 12 to 5 (1,250 volts bombarding energy) in 6 hours
when exposed to the evaporation of another hot oxide
cathode while no bombardment takes place. Johnson
calculates that during this time, material equivalent to
less than 0.1 monatomic layer of barium is evaporated
on the cathode acting as the secondary emitting target.

In an indirectly heated oxide cathode tube, methods
of evaporation control which depend upon limiting the
solid angle of evaporation are not convenient, conse-
quently the amount of evaporation from the cathode
must be reduced. Two methods of decreasing evapora-
tion from an oxide cathode are available: (1) by tem-
perature, and (2) by chemical means.

The latter method has been principally used but, of
course, any evaporation rate is quite sensitive to tem-
perature. As is well known, in an oxide cathode, the
amount of free barium produced by the reduction of the
BaO coating is dependent upon the composition of the
cathode core material.!?? The rate of evaporation of the
free barium is higher by several orders_of magnitude
than the evaporation of barium oxide, strontium, or
calcium oxide. Consequently, the life of the secondary
emitter surface is a function of the amount of reducing
material in the cathode core material.

In order to check the effect of reducing material in
the cathode core material in the tube of Fig. 7, two lots
of tubes were made and processed as nearly identically
as possible. One lot had approximately 0.35 per cent

10 J. B. Johnson, “Secondary electron emission from targets of
barium-strontium oxide,” Phys. Rev., vol. 73, pp. 1058-1073; 1948.

1 M. Benjamin, “The influence of impurities in the core-metal
on the thermionic emission from oxide-coated nickel,” Phsl. Mag.,
vol. 20, pp. 1-24; 1935.

12 E. M. Wise, “Nickel in the radio industry,” Proc. I.R.E, vol.
25, pp. 714-752; June, 1937.
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reducing material in the core metal and the other had a
maximum of 0.05 per cent. Both cathodes were sprayed
with the same triple carbonate spray. After 500 hours
of life, the secondary emission gain of the tubes with the
0.35 per cent reducing material had decayed on an
average of 25 per cent, while the other lot had decayed
only 6 per cent.

In any diffusion and evaporation process, tempera-
ture is an important factor. Fig. 12 shows results of

4.0
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Fig. 12—Life curve illustrating the effect of cathode
temperature on gain.

temperature variation tests. A single curve which is a
composite of several tubes is used to illustrate the be-
havior. These tests were conducted at 2 current density
of 1 ma per square centimeter. The gain is practically
constant to 2,000 hours, at which time the heater volt-
age of the cathode was increased to 7.5 volts, which
corresponds to an increase of about 75°C in tempera-
ture. The gain immediately began to fall and continued
to drop for 200 hours. On returning the heater voltage
again to 6.3 volts, there is a slight increase and then a
further decrease, but behavior of individual tubes varied
considerably in this region. At present a tentative limit
of +10 per cent on cathode heater voltage has been set,
but it is hoped to extend this range by further work.

CoxcLusioN

In conclusion, this work has demonstrated the suc-
cessful use of secondary emitting surfaces directly ex-
posed to oxide cathode surfaces which has greatly
simplified tube construction. Possible constructions for
both filament and indirectly heated cathode tubes have

been successfully made and a reasonable life demon-
strated.
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Propagation of Short Radio Waves Over Desert
Terrain”

J. P. DAY, MEMBER, IRE, AND L. G. TROLESE{, SENIOR MEMBER, IRE

Summary—Results are given of an experimental investigation of
the effect of relatively simple topography and meteorology upon the
propagation of short radio waves over an optical 26.7-mile path and a
nonoptical 46.3-mile path. Two types of meteorological conditions
were encountered during the course of the experiments performed in
the Arizona desert. In the daytime the atmosphere was well mixed
with the index of refraction distribution nearly standard. At nighta
small scale duct was formed, due to a temperature inversion arising
from the cooling of the ground by radiation. Measurements of the
vertical distribution of field strength over a 190-foot interval were
made under these two meteorological conditions for frequencies of

. 25, 63, 170, 520, 1,000, 3,300, 9,375 and 24,000 Mec. The effect of the
diurnal meteorological cycle on the field strength is discussed for both
the optical and nonoptical path. Diffraction effects on the short path
due to small scale irregularities of the terrain are also discussed.

INTRODUCTION
gS THE WAVELENGTH under consideration be-

comes shorter, two factors add increasing com-

plexity to the problem of the propagation of
radio waves through the lower troposphere. These two
factors are the inhomogeneity of the atmosphere and
the irregularity of the terrain. This paper reports an
experimental investigation of the influence of these two
factors on the propagation of short waves varying in
frequency from 25 to 24,000 Mc for conditions found
over desert terrain.

The experiments described in this paper were per-
formed during the winter season in the Arizona desert
where the atmosphere is usually dry and clear with little
cloudiness. Due to nocturnal radiation from the ground,
a large diurnal change in surface temperature takes
place. This nighttime cooling of the ground results in a
temperature inversion in the lower layers of the at-
mosphere, thus forming a small scale radio duct. The
duct increases in height and intensity as the night
progresses. A series of index of refraction profiles for a
24-hour period is shown on the bottom chart of Fig. 2,
Although the duct is of weak intensity and low height
the effect on the higher frequencies is pronounced. In.
the daytime the atmosphere is well mixed and the index
of refraction distribution is nearly linear with height,
except for a steep positive gradient very near the sur-
face due to intense heating of the ground. These two
conditions, nearly standard refraction in the daytime
and a small scale duct at night, were the only conditions
encountered during the investigations.

* Decimal classification: R112. Original manuscript received by
the Institute, February 14, 1949; revised manuscripts received, June
22, 1949, and September 26, 1949, Presented, West Coast IRE Con-
vention, Los Angeles, Calif., October 1, 1948.

1 United States Navy Electronics Laboratory, San Diego, Calif.

The terrain was remarkably uniform with irregulari-
ties which would ordinarily be considered of very small
scale: however, the effect of these irregularities is found
to be appreciable at the higher frequencies.

EXPERIMENTAL SETUP AND PROCEDURE

Measurements were made over two paths, one 26.7
miles in length, and the second a longer path of 46.3
miles. A few measurements were made by means of an
airplane to altitudes of 8,000 feet. The common trans-
mitting terminal was located near Gila Bend, Ariz.,
the 26.7-mile path receiving station near Sentinel,
Ariz., and the 46.3-mile receiving terminal near Date-
land, Ariz. The two paths were nearly co-linear, with the
26.7-mile receiving station displaced 600 feet from the
long path. The terrain was mostly flat desert covered
with small brush. Profiles of the two paths are shown in
Fig. 1. An examination of the profiles shows that the
deviations of the terrain from a smooth sphere are less
than 100 feet for both paths.
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Fig. 1—Profiles of transmission paths.

Transmitters and receivers were located in elevator
cabs mounted on 200-foot towers, thus enabling the
measurement of vertical distribution of field strength.
On the short path, receivers were within the line of sight
for most transmitter and receiver elevations, while on
the longer path, receivers were always well below the
line of sight. The vertical distributions of field strength
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Fig. 2—Diurnal variation of field strength and index of refraction distribution for the 26.7-mile path.
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(height-gain curves) were recorded simultaneously for
170, 520, 1,000, 3,300, 9,375, and 24,000 Mc at the two
receiver locations. Later a few additional measurements
were added at 25 and 63 Mec. For 3,300, 9,375, and
24,000 Mc the transmitters were modulated with one-
microsecond pulses and the received field recorded by
peak-pulse reading receivers. Continuous wave was used
for the lower frequencies. Height-gain curves were ob-
tained at frequent intervals during 24-hour operating
periods. Most of the measurements were made with
horizontal polarization with occasional checks with ver-
tical polarization.

Meteorological measurements were made concur-
rently with radio measurements. Dry-bulb temperature
and dew-point temperature were measured at various
heights up to 200 feet on each tower, and dry-bulb
temperature and relative humidity were measured to
heights of 1,500 feet at three intermmediate points along

ndex of refraction
1.18 X102 per foot
Height in feet.

the path by means of a captive balloon technique. These
measurements furnished the necessary data for calcula-
tion of the index of refraction distribution.

RESULTs or MEASUREMENTS
Diurnal Variations in Field Strength

Measurements were taken during a number of
twenty-four hour intervals over a period of several
months. The cyclic variation in meteorological condi-
tions occurs with the same general character night after
night and, in fact, from year to year. The field-strength
variations reflect this consistency. Apart from transient
details it suffices, therefore, to examine representative
samples for one 24-hour interval, To illustrate the di-
urnal variation, discrete points were taken from the
height-gain curves and plotted for several fixed ter-
minal heights. This type of plot is shown for the 26.7-
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Fig. 3—Diurnal variation of field strength and index of refraction distribution for the 46.3-mile path.
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Index of refraction
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mile path in Fig. 2. The terminal heights are given as slope. Thus, apart from the first few feet, the at-
heights of the elevator cab floors above the base of the mosphere is slightly substandard during the daytime
tower. The antennas were located on the face of the cab and equivalent to K =1.2 rather than 4/3. From the
from 2 to 7 feet above the floor. Six frequencies are profile of Fig."1 which is drawn for K =1.2, it will be seen
shown, as well as an hourly plot of the index of refrac- that the 26.7-mile path is optical for the terminal
tion distribution. The index of refraction curves are heights of 190 feet, Fig. 2(a), and 100 feet, Fig. 2(b),
averaged curves of equivalent index of refraction (B but is nonoptical for the terminal heights of 2§ feet,
curves) based on the transformation of the earth’s Fig. 2(c), and 1 foot, Fig. 2(d). An examination of
radius to 4/3 times the actual radius.! This multiplying Fig. 2 shows that there is a marked difference in the
factor K has the value 4/3 for certain average condi- diurnal change of field strength for the optical terminal
tions for which the atmosphere's refraction is termed heights as contrasted to the nonoptical heights. This is
standard. During the daytime the index of refraction especially true for the microwave frequencies. The
curves show a steep positive gradient in the first few higher terminal heights are in the interference region
feet, and are nearly linear above with a slight positive and the ficlds may decrease or increase as the tempera-
ture inversion forms, depending on how the lobe struc-

U B hidice & [ tha aerual index of relraction, 4 18 e ture is distortcd for the various frefluencics. For the low
altitude in feet, and a =1.18 X107 per foot. terminal heights the field always increases as the duct
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forms, and, though variable during the night, is always
higher at night than during the day. The magnitude
of the change is always much greater for the non-
optical heights.

Receivers on the 46.3-mile path are well below the
line of sight for all terminal heights. Fig. 3 shows the
character of the diurnal change of field strength for this
path as well as the index of refraction curves for a 24-
hour period. An examination of the index of refraction
curves of Fig. 3 shows that the bottom few feet of the
index of refraction profile swings from a steep positive
slope during the hot daytime hours to a negative slope
between 1700 and 1800 somewhat before sunset which
occurred at 1810. Above the first few feet the curve
varies linearly with height, and has a slight positive
slope during the afternoon and early evening. As the
night progresses from 1800 to 0900 the following momn-
ing, the duct resulting from the low-level negative gra-
dients is constantly rising in height and increasing in
intensity. During this period the upper portion of the
meteorological profile is gradually changing from a
positive slope toward a negative slope. From 0800 to
0900 in the period after sunrise (at 0725), the ground
begins to heat and the slope in the bottom few feet
changes back to positive. Above the first few feet the
slope is negative for several hundred feet, but gradually
swings over as the morning progresses to form finally a
nearly linear curve of slightly positive slope which per-
sists throughout the afternoon.

The diurnal meteorological cyvcle 's more readily ap-
parent in the top plot of Fig. 4. This shows contours of
constant index of refraction gradient plotted against
altitude and time. Positive gradients are shown by
dotted lines and negative gradients by solid lines. At
low altitudes the positive gradients die out after 1700
and negative gradients appear and persist throughout
the night. The field strength plots of Fig. 4 are plots of
the maximum values of field recorded in the 190-foot
vertical receiver excursion for a transmitter cab height
of 100 feet on the 46.3-mile path. This plot shows that
the rise and fall of the signals correlate with the onset
and disappearance of negative gradients at low alti-
tudes. Some of the minor signal variations can be asso-
ciated in time with corresponding variations in the gra-
dient structure, but the correlation is not consistently
one to one.

On the 46.3-mile path the diurnal change in field
strength increases as the frequency increases to 3,300 M¢
but it is less for 9,375 and 24,000 Mc than for 3,300 Mc.?

* Relative values of field strength were measured with good accu-
racy on all frequencies. Absolute values of field are considered good
except for 24,000 Mc. The meteorological condition is most nearly
the same from day to day at a time in the middle of the afternoon.
On the 26.7-mile path, at terminal heights for maximum field, the
measured field at this time of day varied less than +2.5 db from u
mean value over a two-month period for all frequencies except
24,000 Mc. On 24,000 Mc the observed variation was +13 dg.
What part of these variations is due to atmospheric effects and what
part_to measurement inaccuracy is not known, but these figures are
considered upper limits of experimental error.
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Fig. S—Twenty-four hour cycle of received height-gain curves for the

26.7-mile path with transmitter cab at 190 feet. The time at which

each curve was taken is indicated above the zero.db reference line for field strength. An arrow is drawn from each zero-db reference

line to the curve for which it applies.

26.7-mile path, with low terminals, than on the longer
path. (The 24,000-Mc signal was below detection at low
heights and cannot be included in this comparison.)
Rocco and Smyth in a paper? on the subject of dif-
fracted fields have indicated a possible explanation of
the above facts. During the daytime, when the at-
mosphere is nearly standard, the received fields on the
46.3-mile path should agree with values calculated on
the basis of standard diffraction theory. Agreement was
found on the lower frequencies, but for low terminal
heights the measured signals at 3,300 and 9,375 Mc were
many tens of db too high. Apparently some mechanism
other than refraction and diffraction must be postulated
to explain these high daytime fields, and atmospheric
scattering by turbulent air parcels has been suggested
as a possible mechanism. Meteorological measurements
have been made on these turbulent air parcels, but the
significant connections between the radio and meteoro-
logical observations of this phenomenon are as yet lack-
ing.

During the night, at times of greatest refraction, the
fields for 3,300 and 9,375 Mc on the long path rise to

? M. D. Rocco and J. B. Smyth, “Diffraction of high-frequency
radio waves around the earth,” Proc. I.R.E., vol. 37, pp. 1195-1204;
October, 1949.

Field-strength scale in db, relative to free-space field, is shown at the bottom of the figure.

about the same absolute value. In the daytime the ob-
served fields for 9,375 Mc are in general somewhat
higher than for 3,300 Mc (for low terminals). The cal-
culated diffracted field on the other hand is lower for
9,375 Mc than for 3,300 Mc. The minimum value of
field strength in a 24-hour cycle drops to the daytime
diffracted field value for lower frequencies, but for high
frequencies the “scattered” field is dominant and pre-
vents the signal from dropping to the diffracted field
value. The scattering mechanism is apparently more ef-
fective on 9,375 Mc than on 3,300 Mc, and consequently
the diurnal change on 9,375 is less. Table I illustrates

TABLE 1

CALCULATED AND OBSERVED FIELD-STRENGTH VALUES
IN db RELATIVE TO FREE SPACE

Transmiller and Receiver Heights

46.3-Mile Path 25 Feet
3)
() @ P
. Calculated Observed il
I‘:i:]lt;{rzcy Diffraction Daytime 18 b“f 17}::,1
Field Field Meild
3,300 ~ 94 —70 -2
9,375 —127 ~60 ~27




February

170 PROCEEDINGS OF THE I.R.E.
] 4 R EEFEETEEEER BB
AEERRERERERERIRER R RS
TLow DETECTION T 1] : 170 MCS.
T A
T e e e
S RERssEsEmzarmziaiz:
O 0 O O A /’ 11 520 MCS
T (T T (]
VYV T avs,
".F,,r,jl'[[f
EENE ?I.""‘fll"' 1000 MCS
ENE IR ENENEE
/ ){ !/ .I |
PBDPBD,
L AT AR A T
["IJ I .T,""‘
DEEINE §r="oik 1 i 71 3300 MCS
A S VA o G 1/ /]
44 ‘&-.,-:'..:. g T‘)V"
. i ¥4 3 F
RENNRE| w
nr {r. N LY t :"/i-‘ "‘g';‘%".'- 9375 MCS
14 1 i/ ey
{ -117_:, é'" j.fé
,| ' f'* .:
110 E ] N1 24000 MCS
Ay T
( e ‘_mmmw,* = —
- % % w6 B o B

Fig. 6—A twenty-four hour cycle of received height-gain curves for the 26.7-

each curve was taken is indicated above.the zero-db reference line

to the curve for which it applies. Field-strength scale in db, relative to

this point with representative values of field strength
for transmitter and receiver heights of 25 feet.

The fact that the observed diurnal change is higher
on the 26.7-mile path with low terminals than on the
46.3-mile path implies that the scattered field com-
ponent is much weaker than the diffracted field on the
short path.

VERTICAL DISTRIBUTION OF FIELD STRENGTH

26.7-Mile Path

The vertical distribution of field strength is shown as
height-gain curves for one 24-hour period on the 26.7-
mile path by Figs. 5§ and 6, which are for transmitter
cab heights of 190 and 1 foot, respectively. Height-gain
curves for six frequencies were recorded simultaneously.

During the daytime the shape of the height-gain
curves is in general repetitive for all frequencies, al-
though for the low transmitter height the higher fre-
quency curves show minor variations. With the trans-
mitter cab at 190 feet (Fig. 5), the first interference
maximum for the three lower frequencies occurs at re-
ceiver heights considerably above the 190-foot tower
height. At 3,300 Mc the received daytime height-gain
curve shows the first interference maximum at about
110 feet and the first minimum just below 190 feet. For

mile path with transmitter cab at 1 foot. The time at which
strength. An arrow is drawn from each zero-db reference line
free-spaced fiel, is shown at the bottom of the figure.

for field

9,375 Mc two interference maxima and one minimum
are noted. The 24,000-\lc davtime height-gain curve
shows but slight evidence of an interference pattern. It
will be noted that other small scale maxima and minima
arc present at all frequencies. For example, the 1,000-
Mc curve has maxima at 30 feets 60 feet, 85 feet, and
minima at 45 feet, 75 feet, and 100 feet. These varia-
tions are characteristic of a knife-edge diffraction pat-
tern and will be discussed in detail later in a section on
diffraction and interference effects.

Just before sunset the shape of the height-gain curves
for the three higher frequencies begins to be modified.
For a transmitter cab height of 190 feet a gradual de-
pression of the lobe structure takes place on 3,300 and
9,375 Mc, but early in the evening any semblance of a
lobe structure disappears and the shape of the curves
is then quite variable throughout the night. At times
the field is almost constant with height. In other cases
a deep minima may be present on one curve and absent
on the next. Some time after sunrise the curves for 3,300
and 9,375 Mc again show the daytime interference lobe
structure with lobes tending to rise as the morning
progresses.

By contrast with the higher
gain curves for 170, 520,

frequencies, the height-
and 1,000 Mc¢ are only slightly
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modified by the presence of the nighttime duct. The
lower portions of the curves gradually shift toward
higher field strength as the night progresses, while the
upper portions are but little affected.

46.3-Mile Path

The height-gain curves for a 24-hour period on the
46.3-mile path are presented in Figs. 7 and & On this
longer path the shape of the daytime height-gain curves
is more variable than on the short path, although the
general shape is repetitive even on the higher frequen-
cies. The curves for the lower frequencies are altered
somewhat more during the night on the long path than
on the short path. The curves for 3,300 and 9,375 M,
on the other hand, change less throughout most of the
night on the long path than on the short one.

Receivers on the 46.3-mile path are well below the
line of sight and the height-gain curves should show the
field increasing monotonically with height, especially
in the daytime when the atmosphere is nearly standard.
However, from Fig. 7 it is apparent that the curves for
3,300, 9,375, and 24,000 Mc show pronounced minima
both in the daytime and nighttime. On 3,300 Mc a min-
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imum occurs at a height which is about 130 feet in the
davtime, and then drops to about 120 feet and persists
for a good part of the night. The height of this mini-
mum seems to be insensitive to transmitter height. This
suggests that the minimum is due to some type of dif-
fraction process near the receiver location, but the spe-
cific nature of the process is not known.

At low transmitter height, Fig. 8, it will be noted that
the height-gain curves for 3,300 and 9,375 Mc show
rapid scintillations of field in the daytime. These are
variations with time, not with height, and appear when
receivers are fixed in height or moving. At the low
transmitter height, the average field is at times prac-
tically constant with height. It is the presence of these
scintillating fields, which are much higher than pre-
dicted by standard diffraction theory, which suggests
a scattering process in the atmosphere.

DIFFRACTION AND INTERFERENCE EFFECTS

In this section the effect on the lobe structure of the
small terrain irregularities of the short path will be
considered. An examination of the profile of the 26.7-
mile path shows irregularities in the terrain which,
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though small, might produce diffraction effects some-
what like knife-edge diffraction.#® The field-strength
profiles of Fig. 5§ show variations with height which
have the appearance of a knife-edge diffraction pattern.
These variations are persistently present, day and night,
and for all transmitter heights. An examination of the
heights at which minima and maxima occur seems to
confirm that the behavior is like knife-edge diffraction.

In Fig. 9 the experimental data are shown in the
form of a plot of wavelength versus the square of the
heights at which the maxima and minima occur. For
fixed wavelength the height of successive maxima and
minima can be shown as a function of the index integer
(n=1 for first maximum, n=2 for first minimum, etc.).
Fig. 10 shows this type of plot for 3,300 Mc where many
maxima and minima are noted. Both of these plots®

*J. C. Shelleng, C. R. Burrows, and E. B. Ferrell, “Ultra-short-
wave propagation,” Proc. I.R.E., vol. 21, pp. 427-463; March, 1933,
Summary Technical Report of the Committee on Propagation,
N.D.R.C,, vol. 1, chap. 14; vol, 3, chap. 8, 1946.
¢ In both Fig. 9 and Fig. 10 a better fit was obtained by adding a
constant factor of 12 feet to the cab height. Since the base of the
tower is a few feet above the general level of surroundin terrain, and
antennas are a few feet above the cab floor, this seems like a reason-
able correction to the arbitrarily chosen height scale.
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show that the data conform with Fresnel-Kirchoff dif-
fraction theory for a knife edge.
The location of the app

. arent knife edge was calcu-
lated from the diffraction

pattern at the different fre-
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quencies. Values ranging from 0.4 to 0.7 mile from the
receiver tower were obtained. An examination of the
profile shows a rolling ledge at 0.5 mile from the re-
ceiver tower (26.2 miles from the transmitter tower)
rather than the expected sharp ridge. Measurements
taken later with a 3,300-Mc transmitter located in a
truck at several distances confirmed that the ledge was
responsible for the diffraction pattern. Fig. 11 shows
successive height-gain curves taken at 0.32, 0.68, 2.0,
and 6.9 miles from the receiver tower. Curve A at 0.32
mile shows the typcal interference pattern with equi-
spaced lobes due to a direct and ground-reflected ray.
In contrast, curves B, C, and D taken with the trans-
mitter located beyond the ledge show striking diffrac-
tion patterns with the heights of successive maxima
and minima varying as the square root of the index
integer.

As mentioned before, this diffraction effect was per-
sistently present and generally did not vary with time
of day. Occasionally, however, a striking intensification
of the diffraction pattern was noted during the night,
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One example can be seen on Figs. § and 6 for the 3,300
and 9,375-Mc frequencies at times between 0330 and
0530. On Fig. 10 the heights of successive maxima and
minima versus the index integer are shown as crosses for
daytime data, dots for nighttime values. The only
difference between the night and day data is a slight
shift in the heights. The variations seem unquestion-
ably to be due to the same diffraction effect, but with
tremendous increase in the amplitude of the variations
(up to 23 db). The cause of this effect is not understood.

The daytime height-gain curves for 24,000 Mc with
transmitter cabs at 190 feet have a shape suggestive of a
second knife-edge diffraction pattern with the knife
edge located at greater distance from the receiver tower
than the ledge at 0.5 mile. The profile shows two sharp
ridges at 6.8 and 8.3 miles from the receiver tower
(19.9 and 18.4 miles from the transmitter). To the east
of these ridges (left on profile plot) the terrain is nearly
a plane for about 12 miles between points A and B.

3300 MCS. 9375 MCS. 24000 MCS.
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An extension of this plane intersects the transmitter
tower at 97 feet and the receiver tower 48 feet below its
base. Height-gain curves were calculated for trans-
mitter heights of 190 feet assuming a direct ray and a
reflected ray each ray being perturbed in amplitude and
phase by a single knife edge located at 19.9 miles from
the transmitter. If a reflection coefficient of unity is
assumed at the ground the calculated curves depicted
in Fig. 12 are obtained for the three microwave frequen-
cies. The agreement with the measured curve is fair for
3,300 Mc. For 9,375 and 24,000 Mc the interference min-
ima are much too deep as compared to measured values.
It is interesting to note, however, that the minima on
9,375 and 24,000 Mc are filled in to some extent, even
though a reflection coefficient of unity was used in the
calculations. Thus if the height-gain curve was assumed
to result from two rays unperturbed by knife-edge dif-
fraction, the apparent reflection coefticient estimated
from the height-gain curve would be less than the actual
reflection coefficient. For example, the calculated curve
for 24,000 Mc would indicate an apparent reflection co-
efficient increasing with receiver height, even though
unity reflection coefficient was used in the calculations.
If diffraction is not taken into account and the observed
height-gain is assumed to be made up of a direct and
ground reflecting ray, the observed variation of the
depth of minimum with height might be interpreted as
a variation of the reflection coefficient.?

A reflecting surface may be considered flat if surface
irregularities do not cause path differences exceeding a
small fraction of a wavelength. Thus specular reflection
may be expected if

H cos 8

(1)

where I7 is the height of surface irregularities, A the
wavelength, and 6 the angle of incidence. The measure-
ments of Ford and Oliver® indicate that when the
above fraction is about % a reflection coefficient of 0.5
results, and that when the fraction is 3 a reflection co-
efficient greater than 0.1 is improbable. On this basis
reflection coefficients of 0.6 for 9,375 Mc and 0.2 for
24,000 Mc appear to be plausible values if irregularities
of 10 feet are assumed in the reflecting plane. Between
points 4 and B on the profile, where reflection takes
place, the terrain is plane within +10 feet. Using these
values of reflection coefficient, the curves shown in Fig.
13 were calculated which are in fair agreement with
measured curves.

For the lower frequencies, even the irregularity at 19.9
miles which was considered as a knife edge for the higher
frequencies satisfies inequality (1). In this case calcula-
tions based on a smooth earth which best fits the profile,

7E. W. Hamlin and W. E. Gordon, “Comparison of calculated
and measured phase difference at 3.2 centimeters wavelength,”
Proc. I.R.E., vol. 36, p. 121&; October, 1948.

* L. H. Ford and R. Oliver, “An experimental investigation of

the reflection and absorption of radiation of 9-cn. wavelength,” Proc.
Phys. Soc. (London), vol. 58, pp. 265-280; May, 1916.
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Fig. 13—A comparison of calculated and measured height-gain |
curves for a 26.7-mile path, with a transmitter cab at 190 feet Al
reflection coefficient of 0.6 was used for 9,375 Mc and 0.2 for
24,000 Mc
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€ transmitter cab was at 190 feet,

and a high value of reflection coefficient would seem
reasonable. This is borne oyt by Fig. 14, which shows |
height-gain curves taken by means of an airplane. Field |
strength was recorded as the plane descended from an
altitude of 7,700 feet to 600 feet. Although the angle
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of incidence is much smaller for this airplane data as
compared to the tower data on the 26.7-mile path, the
height-gain curves for 170 and 520 Mc are very smooth
with high apparent reflection coeflicient, indicating in-
sensitivity to irregularities of the ground. At 1,000 Mc
the height-gain curve appears to be affected somewhat
by giound irregularity, and at 3,300 Mc the curve is
quite irregular with the apparent reflection coefhicient
varving from 0.12 to 0.92, depending upon the degree
of roughness of ground at the point where reflection
takes place.
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Fig. 15—A comparison of calculated and measured height-gain curves
for a 26.7-mile path, with transmitter cab at 190 feet. The cal-
culation was made on a basis of plane earth and unity reflection
coefhicient.

Calculated and measured height-gain curves for the
three lower frequencies are shown in Fig. 15 for the 26.7-
mile path. For these calculations a plane earth was
assumed, since deviations from a plane along the path
still satisfyv the inequality (1) for 170 and 520 Mc at the
angles of incidence involved. The agreement for these
two frequencies, apart from the effects of the knife edge
at 0.5 mile from the receivers, is fairly good. For 1,000
Mc the agreement is not as good; the shape of the curve
is about right, but the absolute value is displaced. This
may be due partly to possible inaccuracy of the measure-

' ment of absolute value. However, it is apparent that for
this frequency the irregularities of terrain on this path

may begin to have an effect.

For transmitter heights less than 190 feet other ir-
regularities in the terrain would probably have to be
considered. No attempt was made to calculate height-
gain curves for transmitter heights other than 190 feet.

CONCLUSIONS

Some of the main features brought out by these ex-
periments may be summarized as follows:

In the Arizona Desert during the winter season, which
is characterized by clear skies and low moisture con-

Day and Trolese: Wave Propagation Over Deser! Terrain
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tent in the atmosphere, nocturnal radiation from the
ground can produce a duct which has a marked effect
on the propagation of short radio waves. The scale of
the meteorological phenomena is such that the diurnal
change of radio ficlds varies from a negligible value on
63 Mec to about fifty decibels at microwave frequencies
on paths of 26.7 and 46.3 miles. Thus this type of me-
teorological situation primarily affects microwave fre-
quencies in contrast to larger scale meteorological con-
ditions found in other areas, particularly coastal areas
which have a pronounced influence on the propagation
of frequencies as low as 50 Mec.

On the 26.7-mile path the diurnal variation of signals
is markedly different for high terminals, within the line
of sight, than for low terminals below the line of sight.
For high terminals the fields vary less, and at the higher
frequencies may decrease rather than rise at night. For
low terminals the signals rise sharply at night for all
frequencies, and display a much greater diurnal change.

For the 46.3-mile path the maximum diurnal change
occurs for 3,300 Mc with less change at 9,375 and 24,000
Mec. This unexpected result arises because, in the day-
time when conditions are nearly standard, the fields for
9,375 and 24,000 Mc do not drop to values which would
be expected on the basis of diffraction around a suitably
enlarged earth. It scems plausible that some mechanism
other than diffraction, such as scattering from inhomo-
genous air parcels, plays a role at these higher frequen-
cies for long paths. Such inhomogeneities apparently
do not influence the field strength on the short optical
path.

A distinct correspondence is noted between the for-
mation and breaking up of the temperature inversion
and the diurnal variation of field strengths. However, a
detailed one to one correlation is not apparent.

For the 170, 520 and 1,000 Mc frequencies the effect
of the duct on the shape of the height-gain curves is not
pronounced. The major effect is a shift in absolute value.
In contrast, the microwave height-gain curves are radi-
cally modified in shape during the night.

Although the terrain in this particular location is ex-
ceptionally smooth and regular, rather striking effects
due to small irregularrities were noted. In one case on
the 26.7-mile path a small ledge, very unlike a knife edge
in appearance, is shown to produce a diffraction pattern
which conforms fairly well to simple knife-edge theory.
Occasionally at night an extreme intensification of this
diffraction pattern occurred. No explanation has been
found for this apparent change of magnitude of a dif-
fraction effect by the presence of a refractive atmos-
phere.

On the optical 26.7-mile path the irregularities of the
terrain appreciably perturb the microwave fields,
whereas the lower frequencies are fairly insensitive to
the small irregularities found on this path.
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Spurious Modes in Coaxial

DOUGILAS E. MODEf$, SENIOR MEMBER, IRE

Summary—Coaxial transmission line filters in which the shunt
reactive elements are conducting rods inserted between the inner and
outer conductors of the series coaxial transmission line may be ana-
lyzed by the use of well-known transmission line equations if only the
TEM mode propagates. When other ‘‘spurious” modes are im-
portant, the problem is not so simple. Some equations are presented
for the cutoff frequencies of such spurious modes, and supporting ex-
perimental data is included.

I. INTRODUCTION
COAXIAL TRANSMISSION line filters for use at

very high frequencies have been described!—? and

their elementary theory developed. It has been
shown! that for very high cutoff frequencies the filter
shunt transmission lines become extremely short. If
these shunt transmission lines are omitted, the elemen-
tary low-pass and band-pass filter prototypes become
those shown in Figs. 1 and 2, respectively. Although the
shunt elements indicated are single rods, it is often of
advantage to usc several rods which may be grouped in
various ways around the circumference of the filter
body.

Fig. 1—Low-pass filter prototype with shunt transmission lines
omitted. (Midseries section).

Fig. 2—Band-pass filter prototype with shunt transmission lines
omitted. (Midseries section).

* Decimal classification: R143.2 X R386. Original manuscript re-
ceived by the Institute, January 10, 1949; revised manuscript re-
ceived, August 17, 1949, This work was done under contract number
W28-099-ac-128 between the Watson Laboratories, AMC, and
Lehigh University.

t Lehigh University, Bethlehem, Pa.

! D. E. Mode, “Low-pass filters using coaxial transmission lines
as elements,” Proc. I.R.E., vol. 36, pp. 1376-1383; November, 1948.

? Ramo and Whinnery, “Fields and Waves in Modern Radio,”
John Wiley and Sons, Inc., New York, N. Y., chaps. 8 and 9: 1944,

? Radio Research Laboratory Staff, “Very High-Frequency Tech-
niques,” McGraw-Hill Book Company, Inc., New York, N. Y.,
chaps. 26, 27, and 32; 1947.
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I1. BanD-1’Ass CoaxX1AL TRANSMISSION
LLINE FILTERS

The simple band-pass filter of Fig. 2 has an electrical |
cquivalent circuit shown in Fig. 3, where the series|
transmission line has been replaced by its exact cquiva-‘r
lent “pi” and the shunt rod by a transmission line rep- |
resentation. If more than one shunt rod is used per see-

Fig. 3—Equivalent circuit of the band-pass filter prototype
shown in Fig. 2. (Midshunt section).

tion, Fig. 3 is still applicable if the shunt rod group is
translated into an equivalent single transmission line.
The reactive clements are defined as follows:

Za = jZi sin 2¢f/fx (1
Zp = —]ZL cot ¢tf/fk (2)
Zi = jZo tan 0,f/f, (3)

where Zi and Zy, are the characteristic impedances of
the series and equivalent shunt transmission lines re-
spectively, 6, is the electrical length of a shunt rod at
the frequency f;, 2¢ is the clectrical length of the series
line at the frequency f;, and fi is an arbitrary reference
frequency.

The lower cutoff frequency of the band-pass filter oc-
curs when the ratio Z,/42, (Zyand Z, are the total series
and shunt impedances of a filter section, respectively)

assumes its lowest frequency zero. Making the substitu-
tion,

ZOl = Zk/d (4)

the lower cutoff frequency is given by the smallest value
of f satisfying the equation

d cot 0,f/f, = tan of/ 1. (3)

I'he characteristic impedance Z,, is calculated by an em-

pirical formula given previously! for low-pass filters.
This is,

2
Zm = 138 logm 1¢: (6)

0
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ivhere dy is the diameter of a shunt rod. For complete-
less, three image impedance curves are shown in Fig. 4
vhich are typical of the band-pass structure of Fig. 2.
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Fig. 4—Band-pass filter image impedance characteristics.
&=15°0,=26°at f/fi=1.0.

II1. EXPERIMENTAL RESULTS

Twelve filter models were built and tested; these had
n common the parameters ¢ =15°,0,=26°,and fi =1,15§
\lc. The filter image impedance was chosen to match a
52-ohm line at a value of f/fi=2.6, giving the dimen-
sions D, =2.74 inches, d,=1.26 inches, and 2¢=0.854
nch. Six filters had shunt rods of % inch diameter and
-he other six shunt rods of 2 inch diameter. Each of
‘hese filter groups involved the following:

A. A single shunt rod per section.

B. A single shunt rod per section, alternate rods
transposed.

. Two shunt rods per section, spaced 180°.

. Two shunt rods per section, spaced 90°.

. Two shunt rods per section, spaced 180°, trans-

posed.

Four shunt rods per section, symmetrically

spaced.

mo0

]

A photograph of a filter having four §-inch rods per sec-
tion is shown in Fig. 5.

Fig. 5  Disassembled view of a band-pass filter having four

shunt rods per midscries section.
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An accurate way of computing either 2¢ or d is not as
yet evident. Experiments indicate that 2¢ may be taken
as the distance between the centers of shunt rods for a
filter of type A4, but should be measured between rod
surfaces when the filter is type F. Also, the parameter d
which is a mcasure of the shunt rod group impedance is
not easily defined when a number of rods are used in a
scction. Although two rods spaced 180° apart may be
assumed to have one-half the impedance of a single rod,
the situation becomes more complicated due to mutual
cffects when either more rods are used or their spacing
decreased.

The results of the tests on the twelve filter models are
summarized in Table I. In describing the filter type, the
first number indicates the number of shunt rods used

TABLE |

Experimental and Calculated Lower Cutoff
Frequencies of 12 Band-pass Filters

. Calculated
Filter TEM Cu tpff\l‘;requenmes TEw, Cutoff
Type in Ale Frequency
Experimental  Calculated in Mc
Filters With }” Shunt Rods
1 820 1,425 950
1-T 1,300 1,425 1,950
2-180 1,800 1,875 1,950
2-90 1,280 1,875 1,285
2-T-180 1,940 1,875 4,075
1-90° 2,900 2,950 4,075
Filters With 3 Shunt Rods
1 920 2,000 990
1-T 1,780 2,000 2,130
2-180° 2,000 2,500 2,130
2.90° 1,400 2,500 1,360
2-7-180 2,600 2,500 4,920
1-90° 4,000 3,530 4,920

per section, the letter T indicates transposition, and the
final number specifies, in degrees, the separation be-
tween shunt rods in a given rod group. The second and
third columns represent the experimental and theoreti-
cal lower TEM cutoff frequencies, respectively, and the
fourth column lists the cutoff frequency of a spurious
mode to be discussed in the next section.

1V. Srurious Mobpe TrRaNsMissION PAsT SHUNT Robs
iN CoaXIAL TRrRANSMISSION LINES

Table | shows a poor agrecment between the ob-
served and calculated lower TEM cutoff frequencies in
several cases. That this is due to spurious or higher or-
der mode transmission is now to be shown.

Besides the principal or TEM wave there are also TM
waves which may propagate in a coaxial transmission
linc; what is most important is that certain of these
waves may travel past a shunt rod without attenuation
due to the rod. The lowest order TM mode requires
that there be room for about a half wavelength of field
variation between the inner and outer conductors of the
coaxial transmission line. This leads to

3 X 1010

- : 7
D= dn (™)




178

where f, is the lowest cutoff frequency (approximate) of
the TM wave system and the dimensions are in centi-
meters. For the filters considered, (7) gives a TM cutoff
frequency near 8,000 Mc and so a TM mode cannot be
responsible for the anomalies turned up in Table I be-
cause they occur at much lower frequencies.

Certain TE modes are also able to propagate unatten-
uated past shunt rods. An approximate way of calculat-
ing the TE cutoff frequencies is to convert the coaxial
transmission line into an equivalent rectangular wave-
guide by thinking of it as being rolled out flat so that the
inner and outer conductors form the top and bottom sur-
faces of the hypothetical rectangular waveguide and the
adjacent shunt rod surfaces become the sides. The width
of the equivalent guide is the average distance between
adjacent shunt rod surfaces, The TE cutoff frequencies
may then be had from the well-known rectangular wave-
guide theory. A filter having but one shunt rod per sec-
tion is shown in cross section in Fig. 6, in which the

Fig, 6—Cross section of a filter having one shunt rod per section.
The electric field is roughly indicated by the dashed lines.

clectric ficld of the lowest order TE mode is shown by
the dotted lines. This mode of transmission is termed a
TEy, mode because there is but one cyclic variation in
the electric field in the circumferential direction (be-
tween adjacent shunt rod surfaces) and none in the
radial direction. The approximate cutoff frequency for
this mode is,

3 X 101

)= (D + di) — 24, ®)

with the dimensions in centimeters. Figs. 7 and 8 give
rough cross-sectional views of filters having double
shunt rods spaced 180° and 90°, respectively. Approxi-
mate equations for the TE, cutoff frequencies are,

3 X 10t

e )

ks
— D+ d) = 24,
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Fig. 7—Cross section of a filter having two shunt rods per sectiom

spaced 180°. The electric field is roughly indicated by the dashe
lines.

3 X 1o

fc = (]“

3w
P (I)k + di) — 24,

for the filters of Figs. 7 and 8, respectively, and if four
shunt rods are used, there results,
3 X 101e

fe = (1)

: (De + do) — 24,

The effect of transposing shunt rods is interesting,
Consider, for instance, a filter using but one shunt rod
per section *and having these rods transposed. The
transmission mode indicated in Fig. 6 could then propa-
gate undisturbed only if the field could somehow twist
through 180° in the small space between shunt rods. As

Fig. 8—Cross section of a filter having two shunt rods per section,

Ispaced 90°. The electric field is roughly indicated by the dashed
ines.

1
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no reasonable mechanism exists which may account for
such twisting, it might be expected that spurious mode
transmission, if any, would have to be of the type
shown in Fig. 7 for this field is able to propagate past the
transposed rods without resort to rotation. Equation
(9) should therefore be applicable to the case of single
shunt transposed rods. Extensions of this idea should
not be difficult for other combinations of transposed
shunt rods.

The equations given above were employed to calcu-
late the first order TE mode cutoff frequencies in the
various filters reported, and the results are shown in the
fourth column of Table I. It may be seen that in most
cases where the agreement between experimental and
theoretical TEM cutoff frequencies was poor, the inclu-
sion of the possibility of spurious mode transmission

«explains the discrepancy. From the standpoint of design,
the above indicates that if spurious mode transmission
is to be eliminated in the useful portion of the attenua-
tion band of a coaxial transmission line filter, a sufficient
number of shunt rods must be used per section or else a
transposition scheme employed so that spurious trans-
mission occurs only at frequencies which are out of the
working attenuation band of the filter.

Another spurious mode which is troublesome occurs
when the circumference of either the inner or outer con-
ductor of the coaxial line is equal to a multiple of a
wavelength and a circumferential resonance may occur.
This is not a new phenomenon, having been previously
described by the Harvard research group.? Although cir-
cumferential resonances are not transmission modes,
they are able to extract sufficient energy from the trans-
mitted mode to introduce a “hole” in the pass band of a
filter. For instance, in the filter models described, at-

. tenuation peaks of as much as 40 db were found in the
- neighborhood of 2,950 Mc. These were due to circumfer-
. ential resonances on the inner conductor of the coaxial

line (the circumference is 10.07 ¢cm, corresponding to a
full wave resonance frequency of 2,980 Mc). Slots cut
axially into this conductor and filled with pencil lead
(an absorbing material) substantially eliminated the
attenuation peaks. In other filter designs not reported
here resonances have been observed on the inside surface
of the outer coaxial line conductor.

V. A More Exact METHOD FOR CALCULATING THE TFE
MobE CutorF FREQUENCIES IN COAXIAL
TrANSMISSION LINES HAVING SHUNT
OBSTACLES

The equations for the electromagnetic field of a T/
wave in cylindrical co-ordinates are well known. For the
problem at hand it is only necessary that certain bound-
ary conditions be satisfied. At the surface of a shunt rod
the radial component of the electric field must be zero,
and at the surface of either the inner or outer conductor
of the serics transmission line, the electric field in the ¢
direction must be zero. The equations for these field
components are,?
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E, = g(f. D [ATu(kor) + Boo(ko)]
-[=nC sin n¢ + nD cos nel (12)

Eo = h(f. n)[AT (k) + Boo(ker)]
-[C cos n¢ + D sin np} (13)

in which J, and N, are bessel functions of the first and
second kinds. The choice of the J_, or N, function de-
pends upon whether 7 is or is not fractional. The bound-
ary conditions for E, may then be satisfied if D is set
equal to zero, the origin of ¢ chosen at the surface of a
shunt rod, and the sine function made to vanish when
¢ =y, where ¢ is the angle between adjacent shunt rod
surfaces. Because ¢ is a function of the radius at which
it is measured, the analysis is approximated by comput-
ing it at the mean radius. If fan-shaped shunt rods are
used (true conical sections) this approximation becomes
exact. The above gives,

(14)

If #nis not an infeger, which is usual, the lowest order
TE mode has for its circumferential component,

T
E¢=hUJHAf”Ahﬁ-FBWHN@JHCam;w (15)

which must vanish at the surfaces of the series transmis-

- sion line conductors. Hence,

AT wre(kea) + BI' _yyy(kea) = 0

(16)
AT 1 19(keb) + BI'_py(keb) = 0,

where a and b are the radii of the inner and outer con-
ductors of the series transmission line, respectively. The
cutoff frequency in terms of k. is,?
3 1010
ol el (17)
2r
if the dimensions are in centimeters. The value of k. is
obtained by simultaneous solution of equations (16), the
smallest value corresponding to the lowest order mode.
As equations (16) are transcendental, a graphical solu-
tion must be resorted to, a better form for this purpose

being,
T ro(kea) J',‘N(_k_cb)_ ‘

: - [
J _,N(kcd) J _,N(kcb)

The process of finding a solution of (18) requires the
computation of fractional order bessel function deriva-
tives. ‘The following relations are useful in this respect:

T (x) = %[-”n—l(x) - -’nH(x)] (19)
and,
1 /x\" 1 B NPEe
.I,,(.Y) - _<_> = e —(—-)
n!\?2 Hin4 1)\ 2
+ 1 < nid 20)
2Ku+2ﬁ<3) -t (
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in which n is unrestricted and the factorials are had by
reference to their definition in terms of the gamma func-
tion.

As an illustration, suppose that the cutoft frequency
of the lowest T/ mode in the filter having #-inch rods in
90° scction he caleulated. The mean value of ¢ is 1.387,
Either side of equation (18) then becomes,

J"0.725(2) J_o216(x) = Ji22s(x)

= (21)

J'oaa(x)  Toyaas(x) — Jooare(x)
and a plot of this is shown in I9ig. 9. The work is finished
when the first two equal values of the function are found
which are separated in x by the factor b/a. The dotted
line in Fig. 9 defines two such values separated by the
factor b/a=2.17. As x is equal to about 0.47 at the first
intersection, substitution into equation (17) gives 1,404
Mc for the cutoff frequency. This may be compared
with the approximate theoretical value of 1,360 Mc and
the experimental value of 1,400 Mc.
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Fig. 9—Plot of equation (21) versus x, The dashed line defines
vilues of x separated by the radius ratio b/a.

The Analysis of Broad-Band Microwave Ladder
Networks”®

Y O

Summary~—By expressing the transmission matrix in terms of the
Pauli spin matrices it has been found possible to write formulas for
symmetrical ladder networks that are practical for analysis, even in
the presence of gross line effect or parameter variation. These for-
mulas are particularly useful for broad-band microwave filters.

General formulas are given for the combination of 2, 3, 4, and 5
elements. Detailed formulas are also given for elements that may be
described as parallel resonant structures in shunt at the center of a
length of line or waveguide.

An exampleis givenillustrating the ‘‘line effect’’ in a low- Q struc-
ture that otherwise would show a ‘‘Butterworth” or ‘‘semi-infinite
slope” characteristic.

INTRODUCTION

for the analysis of ladder networks that appear to

have considerable advantages when applied to
broad-band microwave structures.

In general the analysis of wide-band microwave filters

is greatly complicated by the existence of line effects.

\While normal methods!:? are theoretically applicable,

]:['l‘ IS THE purpose of this paper to present formulas

* Decimal classification: R143. Original manuscript received by
the;nstitute, April 14, 1949; revised manuscript received, August 25,
1949.

t Sylvania Electric Products Inc., Boston, Mass.

'E. A. Guillemin, “Communication Networks,” vol, TI, John
Wiley & Sons, Inc., New York, N. Y., 1947.

2 P, 1. Richards, “Applications of matrix algebra to filter theory,”
Proc. I.R.E., vol. 34, pp. 145 P-151 I>; March, 1946.
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the matrices and equations hecome hopelessly involved
as the number of clements increases.

We shall give general formulas for symmetrical 2-, 3-,
4-, and 5-element structures which are practical, even in
the presence of gross line effects or significant variation
of the other parameters. It would not be difficult to ex-
tend these further, if desired. We shall give explicit
formulas for quarter-wave coupled filters including the
line parameter. Finally, we shall give an example of a
S-clement filter with approximately a 13 per cent band-

width. The derivation of the formulas is outlined in the
Appendix.

Theory

Ter - .y H

We are concerned with filters constructed symmetri-
cally by the series connection of known clements. EFach
clement may be described by its transmission matrix,'-?

rclating.its input voltage and current to its output. \We
shall write the matrix

@ =] 270 M

C D

I'he matrix of successive clements, connected in

series, is obtained by muitiplying? the component
matrices.
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‘As discussed in the Appendix, we define four coeffi-
sients for (1) by

ao = 3(4 + D) a; = 4(— B+ C)
3B+ C) a; = 3(4 — D).

If the structure represented by ((a)) is lossless, these
~oefficients are all real. If the network is symmetric, as
vanishes at all frequencies.

If the network is normalized and matched, the voltage
transmission function T = (voltage out)/(voltage in) is
given by

(2)

d) =

2

1
IR 3)

for the symmetric case.
T is related to the VSWR (voltage standing-wave
‘ratio), o, by
| 1)? (e — 1)
T 1+ 1o 4)
It is therefore necessary to calculate only a; for a
svmmetric network to obtain its significant behavior.
The essential formulas for the combination of these
coefficients are given below. Double parentheses indicate
matrices, while single parenthesis refers to the coefhcient
indicated by the subscript. a, b, ¢ indicate successive

elements in the network which are assumed to be in-

dividually symmetric (i.e., identically tuned).
Two Flements:

((a — a)) = (())-((@))

(@ — a)o = 240 — 1
a — a), = 2am
Ea = a))z = 2a0a, (%)
(a — a); = 0.
Three Llements:
(6 —a—5)) = (&) ((a))-((6))
(b —a—b)o= — a0+ 2bogas
(b —a—b)1=ar+ 2bigas ()
(b — a — by = az -+ 2bagas
b—-—a—-05);=0
where
Zan = doho — a1hy 4 azbs. (7)
Four Ilements:
((b—a—a—05)= (b)) ((« — a))-((h)
and the significant coefficient is
(b—a— a—b)y = 2a0ay + 2b2gaa s (8)
where
gaa—b = — bo + 2¢0gub. (9)
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Five Elements:

((c=b—a=b=20) =) ((b—a—15) ()
(c—b—a—0b—c)= as+ 2bsgas + 2c28as— (10)

where

Bab—c = fac + 2gabgbc - 2‘1060- (11)

THE MICROWAVE FILTER

We shall apply these formulas to symmetrical filters
of the type described by Fano and Lawson.? We shall
assume that we may represent the structure as simple
shunt elements identically tuned and spaced uniformly
along a transmission line or waveguide. The method
could easily be adapted to other structures, such as
series elements, or mixed, or to varying line lengths.

If the doubly loaded Q* of the ((a)) clement is denoted
by “a,” etc., and we include lengths of line 6/2 electrical
degrees on ecach side in our element, then, as may be
found by normal methods,!-?

(@)o = cos @ — axsinf = ¢

(a), = sin§ + ax cos

(12)

(a)2 = ax

where

x = (f/fo— fo/f) (13)

and f, is the resonant frequency. More generally, the
shunt susceptance of the element is ax, where x is any
appropriate frequency parameter and a is independent
of frequency, if possible, and contains the variation from
one element to another.

Other elements will be denoted by b, ¢, etc., and will
have the same coefficients, with b, ¢, etc., replacing a.
The formulas for the transmission functions may be cal-
culted from (3) through (11):

Two Elements: ((a—a))

112
—‘ =1 4 4(ax)?> (14)8
T,
Three Ilements: ((b—a —b))
2
& = 14 2%(a — 2b + 4boy)* (15)
3

3 R. M. Fano and A. W. Lawson, Jr., “Microwave filters using
quarter-wave couplings,” Proc. L.LR.E., vol. 35, pp. 1318-1323;
November, 1947.

¢ M. C. Pease, “Q measurements—two- and four-terminal net-
works,” Proc. I.R.E., vol. 37, pp. 573-577; May, 1949.

¢ This is the simplest case of a formula given by M. C. Pease in a
letter to the Editor, “A generalized formula for recurrent filters,”
to be published in Proc. [.R.E.

For n identical elements of this type, we have

"o 1 4 (@) Uae)

where Ua(¢) is the Tschebyscheff polynomial of the second kind
and order n in the variable ¢.
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where
¥ = cos 0 — bx sin b, (16)

Four Elements: ((b—a—a—»b))

2
= 1+ {2ax¢ — 2bx(y + 2¢ — 46%)}.2 (17)

’ 1
T,
Five Elements: ((c—b—a—b—c))

2

=14 {(a— 20)r + 2bx(2¢y — 1)

5!

+ dex(2y — 1)(290 — 1)§2 (18)

where

w = cos f — cx sin f. (19)

Example:

In Fig. 1 we have computed the theoretical “exact”
solution for a 5-element design that, in the absence of

viwr '
!
14 - B il S— 4 |
\
= L i
' !
12 4
/
- // - \ /
- + e N 4 WL ]
! ! X
| N\ / | 4 !
~ ' / ! //; ! A’
_‘_Lr — .;6_/\/)\.-> 105 —

Fig. 1—“Exact” VSWR of 5-element filter which, without line effect,
would give dotted line (“Butterworth” or Semi-Infinite Slope”).

line effect, would give a “Butterworth,” or “semi-
infinite slope”™ solution. The doubly loaded Qs of the
elements have been taken as

4.94 (center clement)
b = 4.00 (second and fourth)

1.528 (outer clements).

a =

c =

\We have assumed that, if

y = folf, (20)
so that, from (13)
x=(1/y— v (21)
then
6 = 90°/y. (22)

From the x and 6 calculated for a given value of y,
¢, ¥, and w are calculated from (12), (16), and (19).
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Fig. 2—f(A/xo) = “Reduced Susceptance” versus (A/\o) for quarter- |

wave spacing for various values of doubly loaded Q, a.

l I/Tsl *is calculated from (18), and VS\VR from (4).

It is interesting that the line effect actually widens
the band, slightly, though with the introduction of
“humps.”

CURVES

To simplify calculation, in Fig. 2 we have plotted,
for various values of @, what we call the “reduced sus-
ceptance”

(y) =

where 8 has the frequency dependency of (20) and (22)—
i.e., quarter-wave spacing, no waveguide effect (which
may usually be neglected anyway).

In Figs. 3 and 4, we have replotted this data for vari-
ous values of y as functions of a. Fig. 3 is for y>1,
with f(y)>0. Fig. 4 is for ¥y<1 with f(y)<0. This is

cos — axsin 6 =y, ¢, w, etc.,

—— usually the most convenient plot.

Ayri4
A 12
- A
s
A
/
thaa)t
{1 108
: r e
+ 106
05 AL A L .
! v 104
A
7 A ,A/ -
; 102

z . p
Fig. 3—f(7\/Xo) versus doubly loaded 9, a, for i

: , a, various values
of A/Ao>1(Ae/4 spacing).
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Fig. 4—f(A/\o) versus doubly loaded Q, g, for various values
of A/No<1(No/4 spacing).

CoxcLusioN

We have given formulas for the exact calculation of
the transmission function of a symmetrical ladder struc-
ture. These are in a form suitable to low-Q microwave
filters. We have also given the detailed formulas for ele-
ments which are identically tuned units equivalent to
parallel resonant networks placed in shunt to a line or
waveguide at equal intervals.

We have, as an example, calculated the exact VSWR
for the sequence of elements that, in the absence of a
“line effect,” gives rise to the “Butterworth” or “semi-
infinite slope” characteristic. The line effect is pro-
nounced, introducing very appreciable “humps” in the
passband.

Finally, we give curves of the significant function,
f(y)=¢, ¥, w, etc., for the commonest case of center-
band quarter-wave spacing. This permits the ready
calculation of the VSWR of a low-Q filter, including
line effect.

The theory is presented in the Appendix. The device
used is to expand the transmission matrix as functions
of a group which are essentially the Pauli spin matrices.
This representation has certain very significant advan-
tages.

APPENDIX

The cocfficients (2) are obtained by writing

((@)) = aol + ara + asB + asy (23)
where I, a, B8, and # are the 2-square matrices:
|1 0 [
= ( a = l
0 1 ;i o
. (24)
B_"()—]” 11 0|
P "o 1]
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I, «, 8, and ¥ may be recognized as the Pauli spin
matrices® (except for a factor of j in ). They form a
group having the multiplication table

2nd term
I a B v
a| = -« B8 _
l (25)
Ist term B | v I a
vy =8 —a 1

One of their important advantages is that they are
anti-commuting—i.e., for example, aff = —fa.
The elements of the original matrix (1) are related

AD + BC = 1. (26)
Hence, from (2), the coefficients are related
002 + 012 _— azz - 032 =" (27)

It is of some interest, perhaps, that (27) indicates we
may consider ({a@)) as a unit space vector in a four-
dimensional metric of which two dimensions are “space-
like” and two, “time-like.” In the case of symmetric
filters, where a3;=0, the metric reduces to the world
metric of Minkowski for relativisitic space.”

(3), the equation for |1/T| 2, is obtained from

| Y/T|2=3|A+D+jB+C)[  (28)2
by assuming the network is lossless, so that 4, B, C,
and D are real and

| 1/T|2 = (4 + D) + }(B + O)* (29)
= g’ + a)? (30)

from (2). Hence, by (27)
[1/T]2 = 1 + 6 + a2 (31)

In the symmetrical case where a3=0, (31) reduces to
(3).

The multiplications leading to (5) and (6) and their
further expansion to (8) and (10) may be easily done
with the aid of (25), using (27) where appropriate.

The advantages of this somewhat devious method are
twofold. The anticommuting property leads to the can-
cellation of many of the cross products in, for example,
the calculation of ((b—a—b)). Furthermore, the ex-
tremely simple form of (3) means that only a single
coefficient of a symmetric combination need be found.

¢ V. Rojansky, “Introductory Quantum Mechanics,” Prentice-
Hall, Inc., New York, N. Y., p. 482, et seq; 1946.

1 P. G. Bergmann, “Introduction to the Theory of Relativity,”
Prentice-Hall, Inc., New York, N. Y., 1947.
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Nello R. Castellini (A’47) was born in
Bolano, ltaly, on April 8, 1910. He was g1ad-
uated from the Ginnasio Liceo Valsalice,
Turin, Italy. He then
attended Mount St.
Mary's College, Co-
lumbia  University,
and the College of the
City of New York,
where he received the
BS. and M.Ch.E.
degrees in 1936,

Since 1940 Mr.
Castellini has been
employed at the Sig-
nal Corps Engineer-
ing Laboratories,
where he has been associated in the design of
army ground radio communication equip-
ment.

N. R. CASreLLINI

John P. Day {N'47) was born on janu-
ary 17, 1919, at David City, Neb. In 1940
he received the B.S. degree in physics from
the California Insti-
tute of Technology;
he also studied phys-
ics in the Graduate
School of thesamein-
stitution during 1940
and 1941. From 1941
to 1943 he was en-
gaged in  aircraft
radar developmentat
the Naval Research
Laboratory, in Wash-
ington, D.C. Since
1943 he has been em-
ployed in the Research Division of the
United States Navy Electronics Laboratory
in San Diego, Calif.

Joux I’. Day

J. Z. Millar (\'30-SM'45) was born in
Mattoon, 111, on July 3, 1901. Following his
graduation from the University of Iilinois in
1923, he joined the
Western Union Tele-
graph Company as
an engineering ap-
prentice, transferring
in 1926 to the Water
Mill laboratory to
specialize in electron-
ics. After doing re-
search on short-wave
equipmentandaudio-
frequency apparatus
for fifteen vears, Mr.
Millar was called 1o
active duty with the Signal Corps, in which
he attained the rank of colonel. He served as
member and director of the Signal Corps

J. Z. NhLLAR

Board in Ft. Monmouth, N. J., fromn March,
1941, to April, 1944, and was then assigned
as Signal Officer of the Normandy Base sec-
tion and as Signal Officer, Loire Section, Eu-
ropean Theater.

On February 15, 1943, he 1cturned to
Western Union and was appointed radio re-
search engineer. In this position he has or-
ganized the radio research division of the de-
velopment and research department, which
division handles all radio research projects.
On August 1, 1949, Mr. Millar was appointed
director of research.

M. L. Miller was born in Indiana on
January 23, 1916. He received the BS.E.E.
degree from Purdue University in 1939 and
worked for the Indi-
ana Michigan Elec-
tric Company until
September. 1941,
when he entered the
U. S. Army Signal
Corps. He served in
numerous COH"HdI](lS
in the ETO and the
United States as
radar officer, com-
munications ofticer,
or instructor during
thé following four
and one-half years. Upon leaving the Signal
Corps, he joined the Capehart-Farnsworth
Corporation as an electronics engineer. Mr.,
Miller is a member of the American Insti-
tute of Electrical Engincers. ’

o I

M. L. MiLLER

Charles W. Mueller (8'35-A"36-V.\'39-
SM'45) was born in New Athens, llI., in
1912. He received the B.S. degree in electri-
cal engineering from
the University of No-
tre Damein 1934, and
the S.M. degree in
electrical engineering
from the Massachu-
setts  Institute of
Technology in 1936.
From 1936 to 1938
Dr. Mueller was as-
sociated  with the
Raytheon  [I’roduc-
tion Corporation,
first in the engineer-
ing supervision of factory production of re-
ceiving tubes, and then in the development
of gas-tube voltage regulators and cold-cath-
ode thyratrons. In the fall of 1938 he re-
turned to the Massachusetts Institute of
Technology where he continued his studies
and received the degree of Sc.I. in physics
in 1942, While at the Massachusetts Insti-
tute of Technology, he worked on a govern-

C. W. MUELLER

ment contract on the development of gas-
filled special-purpose tubes for counting op-
erations. From 1942 to the present he has
been a member of the RCA Research Labo-
ratories, where he has been engaged in re-
search on high-frequency receiving tubes
and secondary electron emission phenomena.

Dr. Mueller is a member of the American
Physical Society and Sigma Xi. He was the
1946-1947 Chairman of the Princeton Sec-
tion of the IRE.

George Sinclair (.\\'37-SM'46) was born
in Hamilton, Ontario, Canada, on November
5, 1912, lle received the B.Sc. degree in
electrical engineering
in 1933 and the M.
Sc. degree in 1933
from the University
of Alberta, followed
by the Ph.D. degree
in 1946 from the
Ohio State Univer-
sity. Dr. Sinclair was
an instructor in elec-
trical engineering at
the University of Al-
berta for one year,
and engineer for the
Northern Broadcasting Corporation for two
vears,

From 1941 to 1947 Dr. Sinclair was a re-
scarch associate in the department of electri-
cal engineering of the Ohio State University,
supervising the research program of the
Antenna Laboratory. Ile is now assistant
professor of electrical engineering at the
University of Toronto.

GLORGE SINCLAIR

o,

W. B. Sullinger was born in Fredericks-
burg, Va_, on September 12, 1908. He joined
the staff of the research division of the West-
ern Union Telegraph
Company following
his graduation from
the Virginia Poly-
technic Institute in
1930. During the next
several years he par-
ticipated in studies
involving direct-cur-
rent telegraph trans-
mission, interference
mitigation, and cur-
rier transmission, 1le
later assisted in the
rlcsign, development, and field testing of the
carrier systems now widely used by Western
Union. Since 1944, Mr, Sullinger has been
concc.rned principally with the development
of microwave relay systems for telegraph
and' television. He was appointed assistant
radio research engineer in 19435, and radio re-
search engineer on August 1, 1949,

W. B. StLLINGER

\
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C. C. Wang (A'43-SM'49) was born in
China, on October 20, 1914. He received the
B.S. degree in electrical engineering from
Chiao-Tung Univer-
sity, in Shanghai,
China, in 1936. Dur-
the period 1937-1940
he studied radio com-
munication at Har-
vard University un-
der the Tsing-Hua
University  fellow-
ship. He received the
S.M. and Sc.D. de-
- grees in radio com-

munication from

Harvard in 1938 and
1940, respectively. After a year of study in
radio tube manufacturing at the RCA Man-
ufacturing Company, in Harrison, N. J., he
was employed as a research engineer in the
electronic engineering department of the
Westinghouse Electric Corporation, in
Bloomfield, N. J., remaining until 1945.

C. C. Waxgc
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Dr. Wang's principal interests during the
years 1942-1945 were concerned with re-
search and development of microwave tubes.
Since 1946 he has been affiliated with the
electron tube department of the Sperry Gy-
roscope Company, Great Neck, L. L., N.Y,,
engaged in similar research on similar prob-
lems. He is a member of Phi Tau Phi, and of
the American Association for the Advance-
ment of Science.

For a photograph and biography of
DoucLas E. MobE, see page 90 of the Janu-
ary, 1950, issue, of the PROCEEDINGS OF
THE [.R.E.

For a photograph and biography of
M. C. PEASE, see page 578 of the May, 1949,
issue of the PROCEEDINGS OF THE [.R.E.
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L. G. Trolese (A'42-SM'47) was born
on July 2, 1908, in Sonora, Calif. He re-
ceived the B.S. degree in electrical engineer-
ing at the University
of California in 1930.
His engineering ex-
perience includes one
year with RCA Vic-
oo tor Company as a

o field engineer, and
S five years with Gen-
V eral Engineering and
Heating Company of
/‘ San Franciscoas elec-
trical engineer. Since
1942 he has been with
the U.S. Naval Elec-
tronics Laboratory at San Diego, Calif.,
where he has been engaged in electromagnetic
wave-propagation studies. Mr. Trolese is
currently serving on the IRE Paper Procure-
ment Committee, and is Chairman of the
San Diego Section of the IRE.
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L. G. TROLESE

“Weighted Average of Voltage”
Method*

In a linear passive network which may be
diagrammed below, where the two indicated
inatrices are the normal transmission ma-
trices of their respective subnetworks, and it
is desired to find the transient voltage E;
under excitation by Ej, the following method
has been found extremely useful and time-
saving.

Designate the Laplace transform of a
quantity (...) by L(...), and its inverse
transform by L™(...), and use p as the
variable in the transform. Further, write the
transform of a voltage or current—aymbol
ized by large Roman letters—by the respec-
tive small letters.

With reference to the diagram:

Fe=aA+8G
WE |l IF HY ||Fy| H=aB+sM
IS0k NI Bl Keya+uG

Ne=yB+uM
and if

L{Z(jw)) = 2(p)

* Received by the Institute, October 13, 1949,

then
e = z(p)is

where z(p) and (see below) n(p), r(p), are
rational algebraic functions of .

By transforming the above matrix ex-
pression we get

I

L(FE;) + L(I1)
= L{FLVz2(p)i]} + LUIT) =,
say, n(p)ia.

€y

Similarly

e = L(AE) + L(BIY)
w L{AL2(p)ia]}] + L(BL) =,
say, r(p)is

Iy = I} [ig; e.] )

Initial conditions may readily be taken
accountof in performing the transformations.
This method of finding the “weighted
average of voltage” in many cases permits a

then

great reduction in time and background
computations. The circuit in the diagram
has been so drawn because this method was
originally developed for analyzing transients
in cascade or transmission line structures.

S S S

It should be noted that which element
constitutes the termination of the network
is often a matter of choice, so that even if
geometrically the original network and tran-
sient are not positioned to resemble the dia-
gram, this method is applicable if some
topological distortion of the network would
bring it into a form equivalent to that pic-
tured.

A. A. GROMETSTEIN

Sylvania Electric Products Inc.
Boston, Mass.
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Institute News and Radio Notes

TecaNicaL CoMMITTEE NOTES

The Standards Committee at a meeting

on November 10, under the Chairmanship
of Professor |. G. Brainerd, approved all but
three of the Proposed Electron Tubes
Method of Testing. Professor Brainerd an-
nounced that the Electronic Computers
Committee has compiled a bibliography of
published material in its field. Axel Jensen,
Vice-Chairman of the Standards Commit-
tee, reported for the Definitions Co-or-
dinating Subcommittee. Work in the Trans-
ducer Task Group has started under the
Chairmanship of Jack Morton. C. J. Hirsch
has started work as Chairman of the Task
Group on Pulse Definitions. The IRE/AIEE
Joint Committee on Noise Definitions docs
not yet have a Chairman. M. \V. Baldwin
reported activities of the Television Co-
ordinating Subcommittee . . . . The first
meeting of the Subcommittee on Theory and
Application of Tiopospheric Propagation
was held on November 3, at the National
Bureau of Standards, \Washington, D. C.
The Chairman is Dr. H. G. Booker of
Cornell University. The fundamental pur-
pose of this Committee is to simplify calcu-
lations and to assist in locating quickly the
most useful sources of information. The
final product will probably be a bibliography
which will be published in the PrOCEED-
INGS OoF THE [.R.E. .. . The Board of Di-
rectors of the IRE on November 16, ap-
proved the change in the names of the fol-
lowing committees: The Railroad and
Vehicular Communications Committee will
be known as the Mobile Communications
Committee. The name of the Instruments
and Measurements Committee has been
changed to the Committee on Measurements
and Instrumentation . . . . The Modulation
Systems Committee held a meeting on No-
vember 17, under the Chairmanship of H. S.
Black, to consider a list of proposed modula-
tion definitions which was submitted by
the Subcommittee on PCM Theory under
date of November 8 ... The Electron
Tubes Committee \irtually completed work
on Electron Tubes Definitions at a meet-
ing November 16. ... The Committee
on Measurements and Instrumentation
held a meeting on November 18, under the
Chairmanship of Professor Ernst \Weber.
The Chairman listed the Subcommittees as
follows: Basic Standard and Calibration,
Chairman, to be announced; Dielcetric
Measurements Subcommittee, J. Dalke,

Chairman; Magnetic Measurements, Chair-

man to be announced; Audio-Frequency

Measurements Subcommittee, A. P. G.

Peterson, Chairman; Video-Frequency

Measurements, Chairman to be announced;

Radio-Frequency Measurements, Chair-

man to be announced; Noise Measurements

Subcommittee, Chairman to be announced;

Interference Measurements Subcommittee,

K. A. Chittick, Chairman; Oscillography

Subcommittee, P. S. Christaldi, Chairman:

Basic Techniques of Instrumentation Sub-

committee, Norman Taylor, Chairman;

Telemetering Subcommittee, \\. G. Mayo-
Wells, Chairman; Electronic Components
Subcommittee, J. G. Reid, Chairman.
These Subcommittees will be working
groups engaged in the preparation of
standards. The subject of a Symposium
on Basic Circuit Elements at the IRE
National Convention was discussed by the
Committee. Dr. Weber stated that he
had organized this Symposium to cover
the performance of coils, resistors, ca-
pacitors, and transformers. Mr. Frick sum-
marized his report on the FCC Incidental
Radiation Devices Conference in \Vash-
ington on November 1. He represented
the IRE Industrial Electronics Committee
and the Committee on Measurements and
Instrumentation. Mr. Chittick, who repre-
sented the Receivers Committee, also re-
ported briefly on his phase of the FCC
Conference. Chairman Weber reported that
the Symposium on Packaged Electronics
to be sponsored jointly by IRE and AIEE
in May, 1950, was in the initial stages of
preparation. This is another excellent exam-
ple of joint activity. ... The Audio Tech-
piques Committee meeting was held on De-
cember 1, with Edward J. Content, Chair-
man. W. L. Black reported on the materiul
to be submitted to the Annual Review Com
mittee. . . . The Sound Recording and Re-
producing Committee held a meeting on
November 29, under the Chairmanship
of S. J. Begun. This committee will present
papers at the Symposium on Sound Record-
ing to be held during the 1950 IRE Conven-
tion. It was suggested that sufficient time
should be left after the presentation of each
paper for round-table and open discussions
The following material is to be presented:
A General Discussion of Noise, by F. L.
Hopper; Definitions and Measurements of
Noise, by A. W. Friend; Frequency Re-
sponse Measurements, by R. L. Zcnner
Distortion Measurements, by J. Z. Menar
Problem of Flutter and Wow, by Harry
Schecter. In addition to the foregoing papers,
Dr. Begun will present a paper summarizing
the general philosophy of recording touching
upon the various current methods in use
Chairman Begun introduced C. F. \\est
who will become a member of the committee
to facilitate liaison with the Electronic Com
puters Committee. His committee's interest
would overlap with this committee's mainly
in regard to pulse recording. Close liaison
with the Electronic Computers Committee
will be needed when the latter committee
defines specific parts of equipment. . . .
The Task Group on Pulse Definitions held
a meeting on December 6, under the Chair-
manship of Charles J. Hirsch. This task
group recently appointed by the Standards
Comniittee will correlate all IRE definitions
pertaining to pulses. A single set of pulse
definitions will be submitted to the Stand
ards Commiittee. . . . The Joint Technical
Advisory Committee held a meeting on
November 29, under the Chairmanship of
Donald G. Fink. James Veatch, consultant
to JTAC, reported on the FCC informal

Conference on Incidental Radiation De-
vices. JTAC will have a representative in
attendance at future FCC meetings on this
subject. . . . At a recent meeting of the
Administrative Committee of the Audio
Professional Group, Leo L. Beranek was ap-
pointed Chairman to fill the unexpired term
of O. L. Angevine. ... The Administrative
Committee of the Antennas and Propagation
Professional Group held a meeting on No-
vember 2, at the Engineering Laboratories
of Jansky and Bailey, Washington, D. C. A
report of the Membership Committee was
given by P. S. Carter, Chairman. Mr.
Carter reported that there were 509 mem-
bers of the Professional Group as of October
30, 1949. Dr. Van Atta has been appointed
Chairman of the Meetings Committece.
The Administrative Committee of the Pro-
fessional Group on Quality Control held a
meeting on November 1, at Syracuse, N. Y.
under the Chairmanship of R. F. Rollman
Plans were discussed for the IRE Annual
Convention Symposium. ... The Admin-
istrative Committee of the Nuclear Science
Professional Group held a meeting on No-
vember 1, at the Hotel Commodore, New
York City. The Constitution and By Laws
as originally submitted have been approved
by the Executive Committee. Seventy ap-
plications for membership were submitted
and approved. The Nuclear Science Group
will sponsor a Symposium at the 1950 [RE
National Convention. The tentative pro-
gram includes: Elementary Particles, Urner
Liddel; Particle Accelerators, author to be
announced; RF Problems in Accelerator
Designs; Methods of Radiation Detection,
Dr. John R. Dunning. ... The Steering
Committee of the Joint IRE 'AIEE Sym-
posium on Packaged Electronics held a
meeting on November 21 under the Chair-
manship of F. Given. This Symposium will
consist of a two-day meeting which will be
held in Washington, D. C. in the Spring,
1950. The exact dates, speakers, and papers
will be announced later.

FAA-NAB Liasox CoOMMITTE}
Maprs ProrosaL FOR MERGFR

Members of the Board of Directors of
the Frequency Modulation Association have
voted to accept proposals for a contem-
plated merger with the National Association
of quadcasters. An FMA-NAB Liaison
Comnpttee mapped proposals for the merg-
er which will combine the interests of the
two organizations,

Recommendations of this joint group
subsequently were approved Ly NAB's
board of directors at 4 meeting in November
following which an invitation was extended
to FMA to merge the two associations.

No official date was set for effecting the
merger, but January | was the tentative
target date, FMA.NAB officials said.
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URSI/IRE JoINT MEETING HELD
IN WasHINGTON Last FaLL

The Joint Fall Meeting of the Inter-
national Scientific Radio Union and The
Institute of Radio Engineers held in Wash-
ington, D. C., on October 31, November 1
and 2, 1919, was sponsored by the USA
National Committee of the URSI and the
recently organized Professional Group on
Antennas and Wave Propagation of the
IRE. The session was a departure from the
practice followed in previous years of having
a general meeting in the fall as in the spring.

Sponsoring URSI Commissions were as
follows: 2. Tropospheric Radio Propagation,
Chairman, Dr. Charles R. Burrows; 3.
Ionospheric Radio Propagation, Chairman,
Dr. Newbern Smith; 5. Extraterrestrial
Radio Noise, Chairman, Dr. D. H. Menzel;
6. Radio Waves and Circuits, including Gen-
eral Theory and Antennas, Chairman, Dr.

- L. C. Van Atta.

Papers invited by the Chairmen of the
Commissions, informal discussions, and a
few contributed papers were heard at the
technical sessions at the first two days of the
meeting. On November 3 administrative
meetings were held by the various Commis-
sions sponsoring the session. In the after-
noon a joint technical session of all the Com-
missions summarized the activities and
closed the meeting. Three hundred and forty
persons attended these sessions and many of
them participated in the interesting and
lively discussions which accompanied the
papers.

Abstracts of the papers were prepared
in booklet form as a program. Copies are
available at a price of $1.00 each and may
be obtained upon request from Dr. New-
bern Smith, Secretary-Treasurer of the
USA National Committee, Central Radio
Propagation Laboratory, National Bureau
of Standards, Washington 25, D. C.

MipwiEsT Power CONFERENCE Is
SCHEDULED FOR APRIL IN CHICAGO

“Economy in Power” is the theme of the
twelfth annual Midwest Power Conference
to be held April 5, 6, and 7, 1950, at the
Sherman Hotel, Chicago, according to an
announcement from Conference Director
Roland A, Budenholzer, professor of me-
chanical engincering at the Illinois Institute
of Technology. Dr. E. R. Whitehead, di-
rector of the electrical engineering depart-
ment at Illinois Tech, is conference secre-
tary.

The annual three-day meeting is spon-
sored by the Illinois Institute of Technology
with the co-operation of 18 midwestern uni-
versities and professional societies. Attract-
ing each year over 3,000 engineers from all
parts of the United States and Canada, it is
now the largest conference of its kind in the
world.

Co-operating institutionsare: lowa State
and Michigan State Colleges, Northwestern
and Purdue Universities, and the Universi-
ties of Iowa, Illinois, Michigan, Minnesota
and Wisconsin, Western Society of Engi-
neers, National Association of Power En-
gineers, Engineers’ Society of Milwaukee,
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the Illinois chapter of American Society of
Heating and Ventilating Engineers, the Ili-
nois section of American Society of Civil
Engineers, and the Chicago sections of
American Institute of Electrical Engineers,
American Institute of Chemical Engineers,
American Institute of Mining and Metal-
lurgical Engineers, and American Society of
Mechanical Engineers.

Riper REceIvEs ESFETA
Rapio EDUCATION AWARD

John F. Rider, president of John F.
Rider, Publisher, Inc., of 480 Canal Street,
New York 13, N. Y., was the recipient of an
award given by the Empire State Federation
of Electronic Tecknicians Association at the
banquet of the Radio Technicians’ Guild of
Rochester, N. Y., held at Locust Lawn,
Ionia, N. Y.

He received the award for his unceasing
efforts on behalf of the radio-television
servicemen of the country, it was announced.
Mr. Rider was instrumental in inaugurating
the current ESFETA TV lecture series,
having delivered the opening talk of the
series. In addition, during the past year he.
has traveled extensively for ESFETA,
lecturing at servicemen’s meetings.

The author of numerous textbooks now
being used by radio servicemen and techni-
cal educational institutes, Mr. Rider has
participated in the educational development
of the radio serviceman since 1921.

GENERAL ELEcTRrIC Co. BUILDS
SysTEM FOR MICROWAVE RELAY

General Electric Company’s Switchgear
Divisions are now building a “push-button”
remote control system, in which radio and
wire signals will operate eight electric power
distribution stations covering a 450-mile
area, according to information from the GE
Apparatus News Bureau. From one central
point, the system will control initially 226
and ultimately 384 individual units of elec-
tric apparatus.

“The supervisory control system will be
installed in the Colton station of the South-
ern California Edison Company. From
there a master control panel will switch on
and off equipment in the outlying stations
as needed by the power distribution net-
work. In addition to controlling individual
pieces of equipment, the supervisory control
system will also report the readings on 28
instruments and 41 alarm indicators at the
remote stations.

NAB CoMpLETES ITS INTERNAL
REORGANIZATION OF STRUCTURE

The Board of Directors of the National
Association of Broadcasters has completed
internal reorganization of the Association, a
task which was launched over a year ago.

Additionally, the Board approved a pro-
posal recommending dissolution of the
Broadcast Measurement Bureau, the audi-
ence measurement organization which is
jointly directed by NAB, the American
Association of Advertising Agencies, and the
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Association of National Advertisers. The
Board has proposed forming a new corpora-
tion to take its place.

In other actions, the 25-man group, in its
quarterly meeting extended an invitation
to the FM Association to merge with the
NAB, and rescinded a former action which
had set forth a plan to separate the Broad-
caster Advertising Bureau, now a depart-
ment of the NAB, from the parent struc-
ture, agreeing that it should remain as a
department of the Association.

The actions were taken principally upon
the recommendations of the Board’s Struc-
ture Committee which had been created
last year to present a plan for realigning the
functions of the Association and the struc-
ture of its internal organization.

First ELECTRONIC EXHIBIT
PRESENTED IN NEw MEXICO

More than 1,000 persons attended the
first New Mexico Electronic Exhibit held
November 4 and 5 at the Alvarado Hotel,
Albuquerque, N. M. Meetings of the New
Mexico Section of the IRE, and the AIEE's
Albuquerque subsection of the El Paso
Chapter, were held in connection with the
display.

Thirteen exhibitors represented 81 manu-
facturers who displayed the latest elec-
tronic instruments, allied testing, and lab-
oratory equipment.

Calendar of
COMING EVENTS

AIEE Winter General Meeting, New
York, N. Y., January 30-February
3, 1940

ASTM Meecting on Radio Tube Ma-
terials, Committee B4-VIII, Phil-
adelphia, Pa., March 1-2

1950 IRE National Convention, New
York, N. Y., March 6-9

IRE/URSI Symposium on Antennas
and Propagation, San Diego,
April 3-5

IRE/URSI Meeting, Commissions 1,
6, 7, 4, Washington, D. C., April
17-19

Fourth Annual Spring Technical Con-
ference, Cincinnati Section, IRE,
April 29, Cincinnati, Ohio

1950 IRE Technical Conference, Day-
ton, Ohio, May 3-5

Conference on Improved Quality
Electronic Components, spon-
sored by IRE, AIEE, RMA, Wash-
ington, D. C., May 9, 10, and 11.

Armed Forces Communications As-
sociation 1950 Annual Meeting,
May 12, Photographic Center,
Astoria, L. I., N. Y., and New
York City: May 13, Signal Corps
Center, Fort Monmouth, N. J.
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TELEvVISION NEws

Television receiver production in Oc-
tober rose another 35 per cent to reach a new
peak in response to a pre-Christmas trade of
boom proportions. RMA member conpanies
reported the manufacture of 304,773 TV sets
in a four-week October period—35 per cent
more than in September, and total industry
production was estimated at more than
360,000. Television receivers reported by
RMA set manufacturers numbered
1,707,613 for ten months with total industry
production estimated at more than 2,000,000
TV sets. Radio receiver production also rose
in October to meet a revived market for
both AM and FJM sets. FM and FM-AM
radios reported by RMA companies in
October totalled 83,013, the highest mark
since last February, with an additional
50,545 TV sets reported as equipped with
FAI reception facilities. Total set produc-
tion—both TV and radio—of R M A members
reached 975,053, the highest output for the
year 1949. . .. The FCC has announced it
will not grant any new authorizations for
point-to-puint television relays for the pur-
pose of exhibitions or demonstrations of
television programs, including large-screen
theater television. The Commission noted
that in recent weeks it has issued certain
special temporary authorizations permitting
the use of radio frequencies for the purpose
of point-to-point relay of television pro-
grams, which were either exhibited on
broadcast receivers or on large-screen
theater television equipment. It was pointed
out that these authorizations were approved
because the parties were not acquainted
with FCC rules and had made arrangements
hefore seeking permission. The FCC notice
pointed out that no frequencies have been
allocated for such services, and that the
Commission now has under consideration
several petitions requesting the institution
of rule-making proceedings, looking toward
the establishment of theater television serv-
ice and the allocation of frequencies for this
service. . . . Sales of cathode-ray tubes for
television receivers during the first nine
months of 1949 were nearly double the value
of such sales during the entire year of 1948,
an RMA tabulation of manuficturer reports
revealed.

Sales of TV receiver-type picture tubes
totalled 2,129,210 units valued at $62,525,-
46 in the first three quarters of 1949, com-
pared with 1,309,176 units valued at
$33,459,554 in the full year 1948. . .. Over
the dissents of Chairman Wayne Coy and
Commissioner George Sterling, the FCC
yesterday scheduled a hearing to start
January 16 before Commissioner Frieda
Hennock on the petition of the Zenith Radio
Corp. (RMA Industry Report, vol. 5, no. 31)
for authority to conduct “Phonevision” tests
on a limited commercial basis. Chairman
Coy, with the concurrence of Commissioner
Sterling, dissented with the FCC majority

1 The data on which these NOTES are based
were gelected, by permission, from Imdusiry Re-
orts, issues of November 18, November 25, Decem-

r 2, and December 9, published by the Radio
Manufacturers Association, whose helpful attitude is
gladly acknowledged.
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and said he favored granting the Zenith pe-
tition without a prior hearing for a three-
month period of tests, Zenith, in its petition
proposed to conduct experimental operation
employing “Phonevision™ on its expertmen-
tal TV broadcast station W9XZ\ on Chan-
nel 2 on a limited commercial basis, involv-
ing 30 test subscribers who would be pro-
vided with TV sets equipped to receive
“Phonevision™ transmissions and who
would be asked to pay specified fees for these
programs. The FCC, in an order scheduling
the hearing, said “It is not clear whether
‘Phonevision,” as proposed by the petitioner,
should be classified as a broadcast service, a
common carrier, or other type of communi-
cations service, or what frequencies, if any,
are appropriate for use in the proposed ex-
perimental operations or for use in a general
commercial ‘Phonevision’ service in the
event such service were to be authorized on a
regular basis.” . . . There was a total of 94
television stations on the air at the end of
November and 17 others under construc-
tion, according to a recent check of FCC
records. . . . As the result of petitions from
RMA and CBS, the FCC has issued a new
schedule for the resumption of the color
television hearings and demonstrations in
February. Under the revised schedule, the
FCC postponed the initial demonstration Ly
Color Television, Inc., of its proposed color
system from February 6 to February 20. The
date of the second comparative color T\
demonstration by Columbia Broadcasting
System, Inc., Color Television, Inc., and
Radio Corporation of America was changed
from February 8 to February 23-24. Be-
cause of these changes, the Commission
postponed from February 13 to February 27,
the resumption of additional direct testi-
mony to be followed by cross examination of
witnesses, including President R. C. Cos-
grove. ... Two steps in medical television
were demonstrated in Washington at the
third annual clinical session of the American
Medical Association. One was the use of
equipment in which the camera was actually
located in the center of the operating room
light. The other was another demonstration
of color television at John Hopkins Hospital
in Baltimore which was microwaved directly
to receiving sets in the Armory in Washing-
ton. The color demonstration was staged
with equipment developed by the Columbia
Broadcasting System.

FCC Acrioxs

The FCC has written to Arco Electronic
Kit Division of New York City rejecting a
proposal made recently by that concern for
the testing of the proposed color television
systems by radio amateurs or “experi-
menters.” The Commission wrote that the
advice of Arco was appreciated, but that it
felt that the plan “would cause an indefinite
and unnecessary delay in the final deter-
mination of the issues.” ... The FCC
amended its notice of hearing concerning the
use of facsimile broadcasting in connection
with FM radio stations to include patent
information on inventions relating to fac
simile multiplex transmitters and receivers
described in patent applications now pend-
ing. ... A temporary waiver and temporary
rules concerning operator requirements for

February

ship radar stations were extended by the »

FCC from the present cutoff date of No-
vember 135, 1949, to May 15, 1930, or the
effective date of permanent rules in this
matter, whichever date occurs earlier. The
rules waived by the FCC provide that ship
radar stations be operated by persons li-
censcd by the Commission in the ship
service.

RADIO AND TELEVISION NEWS ABROAD

A DBritish television equipment manu-
facturer, Pye, Ltd., has demonstrated its
television transmitting equipment to FCC
Commissioners and members of the staff,
television representatives, members of the
press, and others who attended the FCC
demonstration of color and monochrome
television this weck. The British equipment
was demonstrated November 21-22 at the
Carlyle Hotel in Washington, D. C. Similar
demonstrations are planned by Pye in
Chicago and New York. The British concern
has publicly announced its hope~ to do a
$5 million-a-year business in seclling tele-
vision transmitting equipment to L. S,
broadcasters. . . . Facilities for the studyv of
television are to be provided in the new
Radio Engincering Laboratory of the l.n-
gincering College at I’oona, India, according
to information received by the U. S. Depart-
ment of Commerce. Radio receiving tubes
are produced in Spain by two companies,
with total production capacity of about
2,800,000 tubes annually, according to in-
formation from the U. S. Embassy at \Ma-
drid. . . . Production of radio receivers in
Austria during January-June, 1949, totalled
51,486 units, according to information re-
ceived by the U. S. Department of Com-
merce. Production in 1948 was 96,437 sets;
21,246 in 1947; 6,175 in 1946; and 127472 in
1937. An cstimated 8,000 to 10,000 radio re-
ceiversare in use in Saudi Arabia, No import
statistics are available but the U. S. ind
United Kingdom are believed to be the
principal sources of supply, according to in-
formation received by the Deparument of
Commerce. Several British film concerns
have expressed mierest in producing tele-
vision films for the American market, ac-
cording to information from the U. S, Em-
bas<y at London. The Devon Motion Film
Studios have completed a 26-minute T\’
film short and sent it to this country. Other
concerns have contacted the Embassy ~cek-
ing information on the U. S. market. 1he
first television broadcasting station in Latin
America will begin operation in approxi-
{ll:llc])’ four months, and will open up the
itial major foreign market for U. S.cmade
television receivers, according to informa-
tion released 1o RMA yesterday by the
Consumers Merchandie Branch of the Of-
ﬁ‘ce of International Trade., The U. S.
IZmbassy at Rio de Janeiro has advised
Donald S. Parris, of the OIT, that Brazilian
authorities at present are “deliberating con-
ditions under which licenses will be granted”
for the importation of TV sets—“whether
wholly assembled or partially assembled
sets.” The Embassy said there are reports
that permits will be issued for large-screen
sets suitable for schools, bars and public
squares, and inexpensive home sets.

\
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Knox C. Black (M'Z‘)—SM'43—F'49) has

recently been appointed as Technical Ad-
viser to the Commander, Naval Air Devel-
opment Center, Johnsville, Pa. This is one
of a number of special appointments in the
Department of Defense made under Public
Law.
Dr. Black, after serving two years as an
Instructor at Harvard University, joined
the scientific staff of the Boonton Research
Corporation, Boonton, N. J., in 1929, In
1930, he became a member of the technical
staff of the Bell Telephone Laboratories,
and for the next twelve years was closely
concerned with research and development
work on repeater and regulating equipment
on the coaxial cable carrier system which is
now extensively used by the American
Telephone and Telegraph Company for long-
distance television or multichannel tele-
phone circuits. Beginning on a part-time
[ 1941, and later full time, he was
« | with war work. In 1943, he joined
the Staff of Aircraft Radio Corporation of
¢ 1. N. J.. but until the end of the war,
the greater part of his time continued to be
on war projects either at Aircraft Radio
Corporation or with the Office of Scientific
Research and Development. From 1948 to
1949 he held the position of Chief Engineer
of Air Associates of Teterboro, N. J. He
served as a member of Division 15 (and later,
Division 13) of NDRC for the greater part
of the war, and since that time has worke
with the Research and Development Board
of the Department of Defense.

In 1948 Dr. Black received a Presiden
tia] Citation for his work for OSRD during
the war. In addition to his membership in
the IRY., he is a member of the Phi Beta
Kappa Socicty, the American Physical So-
ciety. the Acoustical Society of America, and
the American Association for the Advance-
ment of Science.

Karl Hassel (A'19-M’'23-SM’43) has
Leen elected secretary of Zenith Radio Cor-
poration. He is also a director and assistant
vice president of the corporation.

{assel ho was born at Sharon,
Pa, on January 25, 1896, studied for three
years at the University of  Pittsburgh.
During the years 1912 until 1914, he owned
and operated amateur radio equipment at
Sharpsville. He  then managed the ra-
dio wtation at the | niversity of Pittshurgh.

After serving for one year in the Naval
Radio Service, Mr. Hassel hecame sales
manager of Chicago Radio Taboratory in
1919, and was engaged in experimental
work on the developnient of radio apparatus
for short-wave work

AMyr, Hassel began the manufacture of
radio parts before the establishment of
modern broadcasting systems. In 1921, as a
partner in Chicago Radio Laboratories, he
was manuf.ac turing complete receivers under
the trade name “Z Nith.” With Comn-
mander F. ¥. McDonald, Jr., he organized
Zenith Radio Corp in 1923,

Frank B. Jewett (F’20), out
standing figure in the scientific and
engineering world, died November
18, 1949, at Overlook Hospital,
Summit, N. J., as the result of an
emergency operation. The recipient
of many honors for his distinguished
career in science, Dr. Jewett was a
former vice-president of American
Telephone and Telegraph Com-
pany, and was president of Bell
Telephone Laboratories from its in-
corporation in 1925 until his retire
ment in 1940,

‘The Hoover Medal for 1949, one
of the highest honors of the engineer-
ing profession, had been bestow edon
Dr. Jewett prior to his death. The
medal, which is granted by the
American Society of Civil Engincers,
the American Society of Mechanical
Engineers, the American Institute
of Mining and Metallurgical Eng
neers, and the American Institute
of lLlectrical Engineers, will be
awarded post-humously at the Win-
ter General Meeting of the AILEL
on January 30-February 3 in New
York City, and a memoriai to Dr
Jewett will be part of the program

He was also awarded the 1950
medal of the Industrial Research
Institute, Inc. for “outstanding
accomplishment in leadership or
management of industrial rescarch
which contributes broadly to the
development of industry or the pub
lic welfare.”

Dr. Jewett, who was born at
Pasadena, Calif., on Scptember S,
1879, was graduated from Throop
Polytechnic Institute (now the Cali
fornia Institute of Technology) in
1898. In 1902 he carned the Ph.D
degree from the University of Chi
cago. He then did advance study in
electrical engineering and  taught
that subject and also physics as an
instructor at MIT.

Prior to his assuming the presi

dency of Bell Telephone l.abora-
tories, Dr. Jewett had served as
assistant chief engineer, chief engi-
neer, and then vice-president, of
\Vestern Electric Company, manu
facturing and supply unit of the
Bell System, In 1930 he was ac-
claimed as “one of the ten men the
world could least afford to lose.”

Dr. Jewett was honored by Har-
vard University when he was
awarded the honorary degree of
Doctor of Science on June 19, 1936,
with a citation reading as follows:
uFrank Baldwin Jewett of New
York City, clectrical engineer, presi-
dent of the Bell Telephone Labora-
tories since 1925, the creator of a
famous laboratory whence came
miracles of modern telephony, an
engineer who points the way for in-
dustry to follow.”

In addition to the development
of innumerable improvements in
regular telephone equipment, Dr.
Jewett's laboratory perfected the
talking motion picture, the modern
electrical phonograph, the method of
transmitting photographs for long
distance over telephone wires, the
transatlantic telephone, and the
high-speed cable.

President Roosevelt appointed
Dr. Jewett to the Office for Emer-
gency Management when that office
was organized in 1940. In June of
the same year the National Research
Committee of the Office of Scien-
tific Research and Development was
created with Dr. Jewett as one of
cight members. lHe was in charge of
research in  transportation, conl-
munication, and submarine war-
fare, directing its submarine war
farc laboratories.

‘T'hen he became a member of the
<o ordination and equipment divi
oion of the Signal Corps, and con
sultant to the Army Chief of Ord
nance. In 1944 he was one of 12
civilian, Army, and Navy members
of a committce to create a high
command in science equal to the
Army and Navy high commands.

At the request of the armed
services, the following year he estab
lished the Rescarch Board of Na-
tional Security.

Dr. Jewett, who was given
honorary degrees by eight other in
stitutions in addition to IHarvard,
also received many medals. In 1939
he was awarded the John Fritz
medal at MIT and was acclaimed
438 one of that very small group
who are the lcaders, statesmen and
nobleman of science.” lle was a
former president of the National
Academy of Science and the AlELE.
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Montague Ferry (SM'46), radio
engincer, of Loran Research, U. S.
Signal Corps, Winnetka, 1ll., died
recently. Mr. Ferry, whose varied
career included numerous engineer
ing associations and the formation
of his own firm, was.born on Septem-
ber 22, 1881, in Illinois.

He attended Meridian High
High School, Bostona, Calif., and re
ceived the I’h.13. degree in electrical
engineering from Shettield Scientific
School of Yale University in 1902.
lle matriculated at MIT, earning
the S.B. degree in 1903, The follow-
ing year, he was assistant professor
in electrical engineering at MI'T and
gave lectures in “Theory of Electri
J cal Waves.” lle also conducted lab
oratory tests.

From 1936 to 1941, Mr. Ferry
established his own business as a
consulting engineer, handling elec-
tric lighting and telephone estimates
and supervising contracts in Win-
nctka. He also made check estimates
of plans for a proposed subway for
the city of Detroit, and worked on
radio amplifier systems in his own
research laboratory.

Mr. Ferry was president of the
Engineering  Service Corporation,
with offices in New York, I'itts-
burgh, Chicago, and Los Angeles
from 1921 to 1936. The firm engi-
neered and contracted electric and
power for industries, appraisals, and
war claims, and manufactured a
tuned radio-frequency receiver and
amplifier, among its activities.

It was in 1944 that he became
associated with the U. S. Signal
Corps at the Philadelphia Procure-
ment District. Among his early busi-
ness associations was service from
1906 to 1910 with the Empire Con-
struction Co., and a year as an engi-
necr in the research laboratory of
Western Electric Co. in 1905,

Maxwell H. A. Lindsay (A'30) has been
elevated to the position of chief engineer of
the American District Telegraph Company,
Inc., 155 Sixth Avenue, New York 13, N. Y.
He has been associated with this Company
since 1932,

Prior to his promotion, he was assistant
chief engineer of the Controlled Companies
of the A.D.T., and was responsible for the
engineering requirements of all companies
operations, both as to the design of equip-
ment within the engineering department and
its applications through the various operat-
ing companies all over the United States,
He supervised an engineering staff of more

than 100 people covering the range of pro-
tection services,

From 1935 until 1946 he was engineering
supervisor in charge of development and
application of burglar alarm equipment and
intrusion detection systems, supervised a
group of engineers, and engaged in various
phases of original development and applica
tion design for production and initial field
trials. le was associated with Bell Tele-
phone Laboratories from 1926 to 1932 as a
member of the technical staff,

Mr. Lindsay was an instructor at MIT
from 1925 until 1926. 1le is a member of the
Acoustical Society of America, the Interna-
tional Municipal Signal Association, and the
National Fire Protection Association.

Frank E. Spaulding, Jr. (A'35
VA'39-SM'48), supervisory engi-
neer with the Radiomarine Corp. of
America, New York, N. Y., was
killed in the recent disaster in which
55 persons lost their lives in an air-
plane collision at Washington, D. C.

Mr. Spaulding was engaged in
the design, manufacture, sales and
maintenance of marine radio equip-
ment, as well as the operation of a
communication system of marine
coastal radio stations as “common
carrier” under a FCC license.

Born on January 18, 1910, in Con-
necticut, Mr. Spaulding was edu-
cated at West Haven iigh School
and Shefhield Scientific School,
and was graduated from \Worces-
ter Polytechnic Institute in 1933
with the B.S. degree in electrical
engineering. From 1938 until 1945
he was a design engireer, working
on the development of marine radio
equipment, including receivers, di
rection finders, automatic alarm
units, and radio telephone sets.

He was with General Electric
Company at Bridgeport, Conn.,
from 1935 until 1938 as a test engi-
neer in the radio receiver engineer-
ing department, conducting tests
and measurements on receivers and
component parts and circuit work.

Landon C. Herndon (M'36-
SM’43), Assistant Chief, Field Engi-
neering and Monitoring Division,
Federal Communications Commis-
sion, died recently, Mr, Herndon
was born on August 24, 1897, at
Baltimore, Md. After his graduation
from high school, he attended busi
ness college and studied electrical
engineering in a special course for
three years.

Mr. Herndon served in World
War I with the U. S. Navy from
February, 1917, until October, 1919.
He was assigned to special service in
sealing ship, commercial, and private
radio stations; copying secret code
signals from forcign and American
long-wave stations for deciphering,
using apparatus he had designed and
built himself. He was also an instruc-
tor for Navy personnel radio opera
tors. During active duty at sea he
was chief electrician.

From 1920 until 1921, Mr. Hern-
don was instructor at the Norfolk
Radio School, Norfolk, Va. Then he
became a radio inspector with the
title “assistant superintendent” of
the Independent \Vireless Tele
graph Co., Inc., Norfolk, Va. In
1921 he became a U. S. Radio In
spector, Department of Commerce,
Bureau of Navigation.

L. J. N. du Treil (A’14-M’26-SM'43), a
radio engineer of the Federal Comniunica-
tions Commiission and its predecessors for
the past 30 years, retired from government
service on October 31, 1949. He has formed
the company, L. J. N. du Treil and Associ-
ates, 204 Homedale Ave., New Orleans, La.,
and will engage in the practice of consulting
radio engineering. Mr. du Treil will also
establish a frequency measuring service,

George Tompkins (A’45), pro
duction manager of Harvey Radio
Laboratories, Inc., Cambridge
Mass., died recently. He was born
on July 1, 1900, in New York, N. Y.

Mr. Tompkins joined Harvey
Radio Laboratories in 1942 as a
Project engineer and contact man
between the company and engineers
of the armed forces and other cus-
tomers interested in radio, radar,
and other e¢lectronic devices,

}\lr. Tompkins, who became a
radio amateur in 1909 and obtained
his first operator’s license when he
was 15 years old, commenced his
bqsmess career in 1919 when he
qued the test department of New
Y ork'Edison Co., assisting in tests of
all kinds of materials and equip-
ment. He also dig experimental
\\'or.k on carrier current. From 1926
ux}lll 1929 he was field technician
with Columbia PPhonograph Co. and
the RCA Victor Co., in Camden,
N. J+» as supervisor of the quality
division. From 1930 until 1942 Mr.

Ton!pkms conducted his own radio
service business,
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Modern Operational Calculus by N. W.
McLachlan

Published (1948) by Macmillan and Co., Limited.
St. Martin's Street, London. 211 pages+4-page
‘ndex +viii pages. 24 figures. 84 X54. $5.00.

This book is an excellent compendium of
methods and processes for the evaluation of
infinite and imnproper integrals. As such, it is
more of a handbook on integrating pro-
cedures than a text on operational analysis.
The approach is almost entirely from the real
variable point of view, and the author seems
to go out of his way to avoid the use of com-
plex function theory. Within this restricted
scope, however, the book does have excellent
virtues. Important convergence theorems,

-often glossed over in engineering texts on the

Laplace Transform, are here clearly pre-
sented. In a similar vein, various mathe-
matical processes, whose validity is too fre-
quently taken for granted, are rigorously
examined. These include differentiation
under the integral sign, inversion of the
order of integration of multiple integrals,
and differentiation and integration of infinite
series.

With necessary and/or sufficient condi-
ditions established for the validity of these
fundamental operations, the author pro-
ceeds to employ them in the evaluation of a
wide variety of infinite integrals of which the
Laplace Transform is a specific case. Dr.
Mcl.achlan also utilizes the Laplace Trans-
form with various limiting processes as an
intermediate device for evaluating and ap-
proximating many integrals. Integrands in-
volving Bessel Functions, Error Functions,
Gamma Functions, Sine and Cosine Integral
Functions, and many others are so treated.
The author also uses unconventional appli-
cations of the convolution integral and the
infinite integral theorem to evaluate infinite
integrals. This book is in fact a rich store-
house of “ingenious devices.”

As mentioned earlier, the book suffers
from a narrowness of scope. Thus, only in-
complete consideration is given to the solu-
tion of simultaneous linear ordinary differen-
tial equations with constant coefficients, and
also to linear partial differential equations.
The method of solution stops short, since
contour integration, and hence the system-
atic treatment of inverse Laplace Trans-
forms, is avoided. Results are obtained es-
sentially by Carson's early approach. The
Laplace Transform of the solution is estab-
lished and then the unknown time function
is evaluated by recourse to a table.

Contour integration is employed briefly
in the solution of problems arising from dis-
continuous periodic applied forces; e.g. saw-
tooths, square waves, repeated impulses,
etc., and the response in these problems is
obtained as a Fourier Series. Typifying the
philosophy of the book, the author is more
interested in this approach as an ingenious
device for obtaining Fourier series of special

periodic functions than as a method for
solving the differential equations of a class
of physical problems. The fact that closed
form solutions for a typical cycle of the

steady state may be easily obtained is not
mentioned.

The circumscribed nature of the book is
further indicated by the complete omission
of the spectral concept in discussing time
functions and their transforms. In this re-
gard no mention whatever is made of the
Fourier Integral, nor is reference given to
the convenient table of coefficient pairs of
Campbell and Foster.

Some criticism should be offered on the
organization of the volume. For one thing,
the footnotes are much too abundant.
Further, it is generally impossible to read a
section without encountering numerous ref-
erences to appendices, to other sections
which have appeared earlier or are yet to
come, or to footnotes and figures scattered
throughout the book. The ordering of ma-
terial is somewhat haphazard, and the index
does not seem to be as complete as the hand-
book character of the book warrants.

Despite the foregoing objections, this
work must still be recommended. It contains
a host of information on the evaluation of
Laplace Transforms and other infinite inte-
grals;and it possesses the merit, rare in engi-
neering texts, of giving consideration to the
validity of mathematical steps. It should
prove a valuable reference work for engi-
neers and physicists who employ transform
analysis. .

HERBERT J. CARLIN

Microwave Research Institute

Polytechnic Institute of Brooklyn
New York, N.

Electric and Magnetic Fields by Stephen S.
Attwood

Published (1949) by John Wiley and Sons. Inc.,
440 Fourth Ave., New York 16, N.Y. 44 pages+11-
page index +xi pages +20-page appendix. 245 figures.
9 X6. $5.50.

This is the third edition, with no ex-
tensive revision, of an unusual book, first
written for a pedagogical purpose, which
has found usage as a reference for profes-
sional engineers who at times encounter the
aggravating problem of estimating a field
distribution for a disarmingly simple ge-
ometry.

As a text, it is intended that the mate-
rial supplement the separate introductory
courses in electrical engineering by pointing
out the pervasive role of the field concept in
present-day analysis and design. The book
seems generally well-suited to this purpose,
proceeding from the more easily understood
electrostatic field through the magnetic
fields of currents to ferromagnetism, with a
condensed treatment in the last chapter of
electromagnetic fields in space and time.
Emphasis is placed on return to principles,
to formulate and solve typical problems.
Rationalized mks units are used. Some elu-
cidation of atomic spectra and the Bohr
magnetron of dubious valueisincluded which
could better be assimilated elsewhere. There
are some omissions from a table of the ele-

’

mentary particles in which the hydrogen
atom is included.

As a reference, the book derives its chief
value to practicing radio engineers from the
very numerous, clear and accurate maps of
electric and magnetic fields for various
typical configurations, and perhaps from
the extensive data on the behavior of ferro-
magnetic materials. The static field plots are
particularly good, and will quickly recall
half-forgotten details concerning potential
flux in slots and around wires and corners
to nonspecialists.

Adherence to practicality is the apparent
reason for covering electrostatic fields in the
first third of the book before mentioning
Laplace’s equation, and then only inci-
dentally. However, this also leads to neglect-
ing the beautiful and convincing demonstra-
tions possible with the rubber membrane
and the electrolytic trough, both very sim-
ple, practical, and widely used devices which
circumvent trial-and-error mapping in many
cases, including some three-dimensional situ-
ations. There is, consequently, no discussion
of electron optics. A very short chapter
treats thermionic emission and space-cur-
rent flow.

Although no extensive revision has been
made over the previous edition, the unique
value of the book to a radio engineer con-
tinues to lie in the excellence and abundance
of the field plots with their associated de-
scriptive material.

WELLESLEY DoDDs
RCA Laboratories Division
Princeton, N. J.

The A.R.R.L. Antenna Book

Published (1949) by the American Radio Relay
League, West Hartford, Conn. 265 pages +5-page
index. 408 figures. 6§ X94. $1.00.

Amateurs, experimenters, and practical
radio men will find this book replete with
useful information on antennas intended
chiefly for amateur applications. The book
is a thoroughly revised version of the previ-
ous edition.

The first five chapters deal with some of
the more basic aspects of wave propagation,
transmission lines, and antennas. The next
five chapters describe antennas for the vari-
ous amateur bands from three-quarters of a
meter to 160 meters wavelength. Two more
chapters are devoted to the mechanical con-
struction of fixed and rotary arrays. No in-
formation is given on microwave antennas,
such as horns or parabolic reflector types,
nor is any included on waveguides.

The book has many excellent pattern dia-
grams and design charts, and has a consid-
erable number of simple, easily applied form-
ulas. References in the text and a 1-page
bibliography are an aid to the advanced ex-
perimenter interested in obtaining further
information.

Joun D. Kraus
Ohio State University
Columbus 10, Ohlo
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1950 IRE National Convention Program

HOTEL COMMODORE and GRAND CENTRAL

PROGRAM

Monday, March 6, 1950

9:00 A.M.-7:00 p.M.—Registration at Hotel
Commodore.

9:30 A.M~9:00 p.M.—Registration at Grand
Central Palace.

9:30 A.M.—9:00 p.M.—Radio Engineering
Show, Grand Central Palace.

10:30 A.M.~12:00 M.—Annual Meeting. Prin-

cipal Address by Dr. Ralph Bown, Bell

Telephone Laboratories, Murray Hill,

N. J., Grand Bullroom, Hotel Commo-

dore.

:30 p.M.~-5:00 p.M.—Symposium: “Indus-
trial  Design.” Symposium: “Nuclear

Science and the Radio Engineer.” “Appli-

cations of Semi-Conductors.” “Systems
I—Communication Theory.” “Quality
Control.”

6:30-8:30 p.M.—“Get-Together” Cocktail
Party, Grand Ballroom, Hotel Commo-
dore.

N

Tuesday, March 7, 1950

9:00 A.M.-7:00 p.M.—Registration at Hotel
Commodore.

9:30 A.M.-9:00 p.M.—Registration at Grand
Central Palace.

9:30 A.M.-9:00 p.M.—Radio Engineering
Show, Grand Central Palace.

10:00 A.M.-12:30 p.M.—Symposium: “En-
gineering for Quality in Television.” Symn-
posium: “Network Synthesis in the Time
Domain.” “Antennas 1.” “Systems I1-
Transmission Systems and Relays.”
“Measurements.”

12:45 p.M.—President’s Luncheon, honoring
President-Elect Guy, Grand Ballroom,
Hotel Commodore.

2:30 P.M.—5:00 p.M.—*"Television |—Trans-
mission Systems.” “Passive Circuits—
Filter Circuits and Variable Networks.”
“Antennas I1." “Svstems Ill—X\lodula-
tion Systems and Bandwidth Require-
ments.” “Industrial Instruments.”

8:00 p.M.-10:30 v.M.—Symposium: “Tele-
vision.”

Wednesday, March 8, 1950

9:00 A.M.~7:00 p.Mm.—Registration at Hotel
Commodore.

9:30 A.M.—6:00 r.M.—Registration at Grand
Central Palace.

9:30 A.M.—6:00 p.M.—Radio Engineering
Show, Grand Central Palace.

10:00 A.M.-12:30 p.m.—“Television II—

UHF and Color TV.” “Computers 1—

Digital Computers.” “Electron Tubes [ —

Theory and Design.” “Active Circuits | —

Amplifiers.” Symposium: “Basic Circuit

Elements.”

:30 p.M.-5:00 p.M.—“Television 111 —Re

ceivers.” “Active Circuits [I—General.”

“Electron Tubes II—Theory and Design.”

“Computers I | —Information Analysis and

Computing.” “Transmission and Anten

nas.

~No

6:45 p.M.—Annual IRE Banquet (dress
optional), Grand Ballroom, llotel Com-
modore. Awarding of the Medal of Honor,
the Morris Liebmann Memorial Prize, the
Browder ]J. Thompson Memorial Prizc,
the Harry Diamond .\ward, the Editor'«
Award, and Fellow Awards.

Thursday, March 9, 1950

9:00 A.M.-2:30 p.y.—Registration at Hotel
Commodore,

9:30 A.M.~6:00 .M. —Registration at Grand
Central Palace.

9:00 A.M.—6:00 p.M.—Radio Engineering
Show, Grand Central I’4lace.

10:00 A.M.~12:30 p.M.—"Audio-Transducer
Design.” *“Electronics in  Medicdine,”
“Propagation I—Progagation at lono
spheric Frequencies,” “klectron Tubes
I1T—Power Tubes.” “Navigation Aids,”

2:30 P.M.-5:00 p.M.—Sympo~ium: “Sound
Recording.” “Propagation Il—Inipact
of Propagation on Operation of Sye-
tems.” “Electron Tubes IV'—Mlaterials
and Techniques.” “Components.” “Oscil-
lators.”

Committee Meetings

The following IRE committee meetings
have been scheduled at the Hotel Com-
modore during the convention:

Professional Groups Committee (including
Group Chairmen)
Chairman, \W'. R, G. Baker
Tuesday, March 7, 8:45 a.m.-10:00
AM., Parlor B .

Sections Committee (annual meeting)
Chairman, J. F. Jordan
Tuesday, Muarch 7,
p.M., West Ballroom

5:00 p.M.-7:00

Professional Group Chairmen and Group
Members
Chairman, \W'. R, G. Baker
Wednesday, March 8, 8:45 A.Mm-—
10:00 a.M., \West Ballroom

Professional Groups Sponsored by the Meas-

urements and Instrumentation Committee

Chairman, Ernst \Veber
Thursday, March 9, 8:45 A.3M.-10:00
A.M., West Ballroom

Audio Professional Group (annual meeting)
Chatirman, L. L. Beranek

Thursday, March 9, 9:00 a.M.-10:00
A.M., Grand Ballroom

Standards Committee
Chairman, ]. G. Brainerd
Thursday, March 9, 1:00 p.m.-2:30
r.M., Parlor B

All chairmen and vice-chairmen of tech-
nical committees are requested to be present
at the Standards Committee meeting in
order to present all suggestions for technical
committee operations to the Standards Co-
ordinator and the Chairman of the Stand-
ards Committee. The Standards Co-ordi-

PALACE—MARCH 6-9

Annual Meeting’

Moxbpay, MARrRcH 6
10:30 AN

This opening meeting of the con-
vention is for the entire membership.
The meeting will feature as the princi
pal speaker Dr. Ralph Bown, Bell
Telephone Laboratories, Murray Hill,
N.J.

nator is looking forward to greeting the~
chairmen of all Technical Committees
per-onally. This meeting will also provide
the first opportunity for a get-together with
the chairmen of the several new technical
committees created during the past vear.

Women’s Program
Monday, March 6, 1950

12:30 p.M.~1:30 P.M.—T\" Program, Du-
Mont Studios, Madison Avenue and 53
St. (Limited to first 49 reservations).

*M.— “Get Acquainted” at Ladies’ lHead-
quarters, Hotel Commodore.

Tuesday, March 7, 1950

9:30 A.M.—“Behind The Scenes” Tour —
Museum of Natural History, Central
Park \West and 78 St.—Luncheon at the
Museum. (Transportation included).

3:00 P.M.-5:00 p.M.—Tea at IRE head-
quarters, 1 East 79 St., New York.

Wednesday, March 8, 1950

9:30 A.M.—Tour of Good Housekeeping In-
stitute, Eighth Avenue and 57 St.
1 uncheon at Castleholm. (Transportation
included).
2:39 P.M.—M\latinee  (choice):  “Mliss
Liberty,” “Where's Charley,”™ or “Death
of a Salesman.”

Thursday, March 9, 1950

‘):OAO‘A.M.—Tour of Cunard Liner, “Queen
Elizabeth,” if in port: alternate—trip to
Metropolitan  Museum to view Haps-

burgh  collection (Transportation in-
cluded),

Note

No papers are available in preprint
or reprint form nor is there any
assurance that any of them will be
published in the PROCEEDING OF
THE LR.E,, although it is hoped that
many of them will appear in these
Pages in subsequent issues.
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SUMMARIES OF TECHNICAL PAPERS

SYMPOSIUM

Industrial Design

1. EVOLUTION AND GROWTH OF
INDUSTRIAL DESIGNING
Joun Vassos
(Designer, New York, N. Y.)

This paper will cover the advantages of
industrial design in product planning, and
the need for better looking equipment; de-
signing for present day trends of pleasing
appearance in addition to good functional
engineering; a short history of industrial
design and how it has progressed over the
years from its initial acceptance during the
20's, its growth to a recognized industrial
need during the 30's, and then on into the
post-war era and its importance in today’s
product merchandising; examples of the
evolution of design trends as they have pro-
gressed through the automotive industry,
modern railroading, and commercial avia-
tion; examples of the great strides in the re-
frigeration industry, with comparisons such
as the monitor top vs. present clean lined
design, and the mantle-type radio of the
carly 30's vs. the very up to date and modern
conceptions of television.

2. PROCEDURE IN INDUSTRIAL
DESIGNING

CLYDE PETERSON

(Westinghouse Electric Corporation,
Sunbury, Pa.)

This paper will be a discussion of the de-
velopment of a console television cabinet
through the various considerations and steps
of its progress from inception to production;
field surveys, dealer, and consumer inter-
views and how they are used to determine
the most acceptable types and styles; when
correlated and after broad discussions how
rough sketches and designs are prepared
which are developed into two or three of the
most favorable candidates; the decision of
the number of samples to be made; full size
drawings prepared of the selected designs,
and complete samples built by cabinet
vendors after a thorough understanding has
been established with them as to construc-
tion, color, and finish; the presentation to
Sales and Management of the final determi-
nation of the model to be used. The manner
in which the designer and the engineer work
through these stages, and the presentation of
final drawings, and the final production re-
lease will be discussed.

3. COST REDUCTION POSSIBILITIES
IN INDUSTRIAL DESIGN

W. B. DoNNELLY
(General Electric Co., Syracuse, N. Y.)

A good design costs no more, and often-
times it is possible that it may be less ex-
pensive, than poorly designed equipment.
One of the prime requisites in obtaining the
greatest value for any given cost, is ade-
quate design time in the planning schedule so
that the greatest advantage can be obtained
from the studied use of the best materials
and techniques to be utilized. Hurried de-

signs often result in high costs, because of
the lack of proper consideration of manu-
facturing techniques. Complete exploration
of lower costs and more attractive ma-
terials, added to a close liaison and complete
understanding with engineering staffs, will
make for good design at lower cost.

4. SALES ATTITUDE TOWARDS
INDUSTRIAL DESIGN

E. P. ToaL

(North American Philips Co,, Inc.,
New York, N.Y.)

In today's selling, attractive designing is
one of the prime factors in sales accepta-
bility. Those persons engaged in sales, from
the distributor to the retail salesman, are 100
per cent sold on the value of good design. It
is one of the most important factors in con-
sumer preference, all other considerations
being equal. The relationship between in-
dustrial design and sales planning, and the
industrial design activities of the major
companies will be discussed, along with the
growth of independent design organizations,-
which today point to the advantages and the
preference of sales acceptance of good de-
sign.

SYMPOSIUM

Nuclear Science and
the Radio Engineer

s. NEWS OF THE NUCLEUS
URNER LIDDEL

(Office of Naval Research,
Washington, D. C.)

Knowledge of atomic nuclei is expanding
rapidly. Every radio engineer is well ac-
quainted with the antics of electrons. New
particles appearing on the horizon will, un-
doubtedly, be of importance to him in the
next several years. Nuclear engineering will
require a close tie with electron engineering.

Concepts of the basic particles of matter
have undergone a complete cycle in the last
2,000 years. The trend is always toward
greater complexity until some order can be
found which simplifies the ideas involved.
The evolution of some of these ideas will be
discussed. The characteristics of basic par-
ticles will be delineated, and our present
knowledge concerning them described.

6. PARTICLE ACCELERATORS
M. STANLEY LIVINGSTON

(Massachusetts Institute of Technology,
Cambridge, Mass.)

The particle accelerators developed be-
fore 1945 were based on relatively simple
physical and engineering concepts; these
were the standard cyclotron, the betatron,
and the several machines for generating di-
rect high voltages of which the best known is
the Van de Graaff generator. Modern par-
ticle accelerators capable of developing much
higher particle energies are based on the
principle of synchronous acceleration
through hundreds of thousands of small

steps. An essential part of this principle is
the “Phase stability” resulting from the
proper combination of electric and magnetic
fields to achieve focussing both in the spatial
coordinates of the orbit and in particle
energy. The synchro-cyclotron, electron
synchrotron, and linear accelerator are all
designed to utilize such phase stability. A
common characteristic of particle motion in
these machines is the “bunching” in phase of
crossing the accelerating gap, and the phase
oscillations in energy and location which
maintain the bunching through an ex-
tremely large number of accelerations. The
practical energy limits of these machines
occur for different reasons but at approxi-
mately the same limit of about 500 million
electron volts. The proton synchrotron is the
one synchronous accelerator capable of
achieving energies in the 1-to 10-billion volt
range. These several accelerators will be de-
scribed and the physical principles of the
particle motions discussed.

7. RADIO-FREQUENCY PROBLEMS
ASSOCIATED WITH PARTICLE
ACCELERATORS

J. P. BLEWETT

(Brookhaven National Laboratory,
Upton, L. I, N. Y.)

In the previous abstract, Livingston has
pointed out that most of the modern high
energy particle accelerators depend on syn-
chronous acceleration in radio-frequency
fields. The cyclotron, the linear accelerator,
and the synchrotron all belong to this class.
In the ordinary cyclotron, the linear acceler-
ator and the clectron synchrotron, the fre-
quency is held constant, but in the fre-
quency-modulated cyclotron and the proton
synchrotron, the frequency must change
during the accelerating cycle, sometimes by
factors of ten to one or more. The generation
and frequency control of the rf signal, and
its application to the particles under acceler-
ation all present novel problems of con-
siderable difficulty. In the FM cyclotron, the
frequency range is relatively narrow and
mechanical tuning is possible, but in the
proton synchrotron, precise timing require-
ments make electrical frequency control
essential. This paper will be concerned with
the new techniques which have been de-
veloped in the solution of these problems.

8. DETECTION OF NUCLEAR
RADIATIONS

Joun R. DUNNING
(Columbia University, New York, N. Y.)

The basic characteristics will be reviewed
of the present available devices for detecting
nuclear radiations, including heavy and light
charged particles, neutrons, mesons, and
quanta. The limitations and future possi-
bilities of ionization chamber systems,
linear amplifiers, geiger and proportional
counters, fluorescent and conductivity coun-
ters, and general multiplier techniques will
be discussed. The role of essentially elec-
tronic devices as contrasted with nonelec-
tronic devices such as photographic and
cloud chamber methods will be considered.

I S
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Special emphasis will be placed on the prob-
lems of detecting radiations with energies
over the range from zero to 1 B.e.v. and
higher, and the problems introduced by
pulsed operations of radiation sources.

Applications of Semi-
Conductors

9. TRANSISTOR TRIGGER CIRCUITS
HERBERT J. REICH AND PETER
M. ScHULTEISS
(Yale University, New Haven, Conn.)

Following an introductory discussion of
the characteristics of transistors in the light
of their application to trigger circuits, the
authors will discuss several types of trigger
circuits employing transistors. Some of
these circuits use transistors only, some use
transistors and crystal diodes, and some use
transistors and vacuum tubes. Oscillograms,
which will be shown, indicate that the
switching time is of the order of 0.1 micro-
second.

10. GLASS-SEALED GERMANIUM
DIODES

S. F. Amico

(Sylvania Electric Products Inc.
Boston, Mass.)

Improvements in germanium diodes
have been constantly directed towards re-
duction in size, improvement in stability,
and resistance to extremes of temperature
and humidity.

The germanium diode has now been
hermetically sealed in a tiny glass envelope.
Incidental with this process were many
mechanical and electrical problems, not the
least of which was a method of individual
inspection of diodes to eliminate those hav-
ing imperfect hermetic seals. This glass.
sealed diode which needs no wax filling has
proved highly successful in meeting the re-
quirements established as is attested by test
results.

11. HIGH-TEMPERATURE CHAR-
ACTERISTICS OF GERMANIUM
DIODES

LowELL S. PELFREY

(Raytheon Manufacturing Co.,
Newton, Mass.)

This paper will present data on reverse
characteristics of germanium crystal diodes
from 0 to 100,000 cycles, and from 25° to
100° C.

The data will be in the form of reproduc-
tion of oscillograph traces of the diode char-
acteristic over this frequency range. Meas-
urements of rectification efficiency over
these ranges of temperature and frequency
will be made and correlated with the reverse
resistance data. The frequency range was
selected so as to be as wide as possible, and
still keep capacitance effects at a minimum,
and the temperature range is one commonly
encountered in actual service.

PROCEEDINGS OF THE I.RE.

12. MATHEMATICAL THEORY AND AP-
PLICATIONS OF SILICON CRYSTALS
FOR MIXING AND HARMONIC
GENERATION AT MICROWAVE
FREQUENCIES

P. D. Struy, J. W. KEARNEY, AND
J. C. GREENE

(Airborne Instruments Laboratory, Inc.,
Mineola, L. I, N. Y.)

This paper presents a mathematical
theory, based solely upon the static voltage-
current characteristics of silicon crystals, of
both fundamental and harmonic mixing and
harmonic generation. The paper also de-
scribes experimental results, obtained at
both audio and microwave frequencies,
which verify the theory. The conversion loss
and harmonic generation efficiency which
can be obtained from a crystal are deter-
mined by the average value of the param-

d (Iog_i,-
d (log e)

conditions. Design criteria for optimizing
this parameter are given for the various
modes of operation. The theory also allows
the computation of optimum impedance and
noise temperature conditions.

13. CONSIDERATIONS IN LOW
NOISE FIGURE MICROWAVE
RECEIVER DESIGN

M. T. LEBENBAUM AND
P. D. Struxn

(Airborne Instruments Laboratory, Inc.,
Mineola, L. I., N. Y.)

This paper discusses several factors
which assume increasing importance as the
noise figure of microwave receivers ap-
proaches more closely that of the theoreti-
cally perfect receiver.

It is shown that the direct frequency de-
pendence of the minimum attainable if noise
figure and the inverse frequency dependence
of the excess noise of a crystal converter
establish an optimum frequency for the if
amplifier for minimum over-all noise figure.

Methods are suggested for reducing the
crystal excess noise by about 50 per cent.
The effect of finite coil Q's as a limiting fac-
tor in if input circuits is discussed. The ef-
fects of image and other spurious responses
on noise figure and its measurement are dis-
cussed in detail.

Systems |

Communication Theory

14. REPRESENTATIONS OF SPEECH
SOUNDS AND SOME OF THEIR
STATISTICAL PROPERTIES

Sze-Hou CHANG, GEORGE E. Pim,
AND MARTIN \WV. EssIGMANN
(Northeastern University, Boston, Mass.)

Spectrographic analysis, autocorrelation,
and infinite clipping are considered as meth-
ods of transforming and analyzing speech
sounds with the object of obtaining simple
representations without excessive loss of in-
telligibility. Although not mathematically
equivalent in the exact sense, these methods
when properly approximated are shown to
provide parameters of statistical nature that
are simply related. It is conjectured that the
parameters describe some essential elements

eter, for the particular operating
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of speech sounds, and are statistically in-
variant. Experimental techniques for per-
forming the analyses and checking some of
the results are described.

15. SPEECH TRANSMISSION
THROUGH RESTRICTED
BANDWIDTH CHANNELS

M. J. DiToro, W. GrRAHAM,
AND S. SCHREINER

(Federal Telecommunication Laboratories,
Inc., Nutley, N. J.)

It has been recognized for some time that
the present bandwidth of about 3,000 cps
used for speech transmission is much larger
than required to transmit the speech of one
person with satisfactory articulation and
speaker recognition. This is because the
speech of one person does not fill up all the
3,000 cps bandwidth allotted to it all of the
time. For example, during pauses between
words or sentences, the bandwidth is idle.

Another reason is the redundancy arising
because of the quasi-periodic nature of the
voiced sounds. The Fourier transforms of the
latter indicate a partially-utilized spectrum
characterized by a number of narrow band
clusters (or sidebands) around harmonics of
the fundamental frequency or pitch of the
sound. An equivalent electrical network is
derived for the acoustic cavities of the hu-
man speech system, from larynx to mouth,
which indicates why these redundancies
exist and also indicates, by its natural
modes, the seat of the information co