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UHF Commercial Television Pioneer 

(RIGHT) Completed transmitter room of KPTV, the first corn-
mercial uhf TV station, now in operation at Portland, Ore. 

(BELOW) KPTV's antenna about to be lifted to supporting 
tower as station neared completion last September. 
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AMPEREX 
AIR-COOLED TUBE 
AX9904-R/5924 

... Offers a maximum in kilowatts 
per dollar ... H HARRY R. SMITH, 

Manager, Television Engineering, 

Standard Electronics Corporation 

STANDARD ELECTRONICS CORPORATION ses 

L653 

Low Band Transmitters and also in their new 20 

Kilowatt Transmitter, built on the exclusiv S-E 

ADD-A-UNIT PRINCIPLE, and with special S-E 

features that insure dependable operation, max-

imum convenience, and minimum maintenance. 

Re-tube with AMPEREX 

STANDARD ELECTRONICS CORPORATION 
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Mr. Sam Norris, Pres, 
Amperex Electronics Corp. 
25 Washington St. 
Brooklyn 1, New York 

Dear Mr. Norris: 

20, ILMMET$TRIET 

, CW•4« N J 

April 23, 1952 

As you know we have been working with the Ape rex 
Type AX9904-R vacuum tube in the development of the 
various Standard Electronics television broadcast 
transmitters. The tube is being used in the currently 
manufactured Model TH653 and TL 653 Transmitters 
in both the aural and visual sections. 

I believe you will be interested in knowing that 
we are very well satisfied with the performance of 
this tube as a broad band linear amplifier on all 
V.H.F. television channels. The low interelectrode 
capacitance and low internal impedance of the 
AX9904-R permit power output levels of 5KW and 
more, with band widths in excess of 5 megacycles. 
These conditions are readily obtainable from a 
single tube operating well within its published 
tube characteristics. The moderat e cost of the tube leads us to  

believe that it offers a maximum 
in kilowatts per dollar". 

Yours ver truly, 

'eq 

HRS:hr 

filament . 

seal for 

44«,ty 

Harry R. Smith 

Mgr. Television Engineering 

. 14 MC band width at 220 

KW ... thoriated tungsten 

non-emitting grid ... disc type grid 

mimimum inductance . . . minimum 

capacitance . . . and PROVEN long life. 

Write for complete data sheets. 

This tube is also available in a 

Water-Cooled Version, Type AX9904-5923. 

AMPEREX ELECTRONIC CORP. 
230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND, N. Y. 

In Canada and Newfoundland: Rogers Majestic Limited 

11-19 Brentcliffe Road, Leaside, Toronto, Ontario, Canada 

Cable: "AMPRONICS" 



"A Preview of Progress" 
is the theme of the 1953 IRE Convention 

and Radio Engineering Show 
March 23-26 

_I_UtDIO ENGINEERING 

in New York City. ;"..i. SHOW* 2- ....3 

6 9. 07;egv--;----:?)•; ̂  - 
Once again IRE mem- _..„.i. -....._ ---,----_  

bers ancl visiting radio-electronic 

firm executives, probably more than 30,000 
of them, will come to Grand Central Palace 
a n d the Waldorf-Astoria Hote, to 
learn what Radio-Electronics has in 

meet- finogrs,the industry. As in pa st store 
both new research 

and practical e engineering will be 

i 
revealed in vital 1 technical papers , 
but this year en- tirely organized by 
the IRE Professional Groups — making this 
18 Conventions rolled into 1. Do not fail 
to act  on your hotel reservation ,..,le .. 

early I: 
the fun , ............ and reserve space at parts—the 

IRE Banquet and the 
Cocktail Party. There is 

fun for the ladies too, 
so bring "her" with you. Four floors 
of exhibits by more than 400 Exhibitors. 

Remember—you have a date with IRE 
in New York, coming March 23 - 2 6! .... 
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FLUOROFLEr-T 
for 

TEFLON* 
with the 

optimum performance 
you're looking for 

"Teflon" powder is converted into 
Fluoroflex-T rod, sheet and tube under 
rigid control, on specially designed 
equipment, to develop optimum inert-
ness and stability in this material. You 
can be sure of ideal, low loss insulation 
for uhf and microwave applications... 
components which are impervious to 
virtually every known chemical...and 
serviceability through temperatures 
from — 90°F to +500°F. 

Produced in uniform diameters, 
Fluoroflex-T rods feed properly in 
automatic screw machines without the 
costly time and material waste of cen-
terless grinding. Tubes are concentric 
— permitting easier boring and ream-
ing. Parts are free from internal strain, 
cracks, or porosity. This means fewer 
rejects, longer service life. 

Mail in the coupon for more data. 

*Du Pont trade mark for its tetraftuoro-
ethylene resin. tFluorojlex is a Resistoilex 
registered trade mark for products made 
from fluorocarbon resins. 

RESISTOFLEX 
RESISTOFLEX CORPORATION, Belleville 9, N. J. 

SEND NEW BULLETIN containing technical data and Information on 
Fluoroflex-T 

NAME  
TITLE  

COMPANY  

ADDRESS  

I.  

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

January 26, 27, 1953 

1953 7th Regional IRE Confer-
ence, University of New Mexico, 
Albuquerque, N.M. 

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

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

A 
February 5, 6 & 7, 1953 

Southwestern IRE Conference 
Plaza Hotel, San Antonio, Tex. 

Exhibits: M. B. Lampl, Box IRE, St. 
Mary's University, San Antonio, 
Texas 

A 
March 23, 24, 25 & 26, 1953 

Radio Engineering Show Grand 
Central Palace, New York City 

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

A 
April 11, 1953 

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

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

A 
April 18, 1953 

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

Exhibits: R. W. Lehman, Baldwin 
Piano Co., 1801 Gilbert Ave., Cin-
cinnati 2, Ohio 

A 
May 11, 12 & 13, 1953 

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

Exhibits: Paul Clark, 120 West Sec-
ond St., Dayton 2, Ohio. 

A 
August 19, 20, 21, 1953 

1953 Western Electronics Show 
and Convention, Civic Auditori-
um, San Francisco, Calif. 

Exhibits: Heckert Parker, 1355 Mar-
ket St., San Francisco 3, Calif. 

A 
September 28, 29 & 30, 19.53 

National Electronic Conference 
Hotel Sherman, Chicago. 

Exhibits: Orville Thompson, c/o De-
Forrest's Training Inc., 2735 N. 
Ashland Ave., Chicago 14, Ill. 

PROCEEDINGS OF THE I.R.E. January, 1953 



501C ' 
with id 
clip 

... FOR TV AND U-H-F DESIGN 
Design of electronic equipment and TV receivers 

for the higher frequencies is simplified by a new 

series of button ceramic capacitors developed by 

Sprague. A completely new construction using a 

disc capacitor element instead of the conventional 

dielectric tube results in higher self-resonant fre-

quencies and improved circuit efficiency. 

For bypass applications, Types 505C, 506C, 507C, 

and 508C are unique. The dielectric button is housed 

in a recess in the top of a hex-head machine screw 

and is sealed against moisture by a plastic resin. 

This shielded construction minimizes ground induc-

tance and keeps it at a fixed value while providing 

a short bypass path to ground, which is radially 

uniform over the capacitor element. The lug ter-

minals are essentially at tube socket terminal height 

to help maintain short, uniform lead lengths. 

PIONEERS IN ELECTRIC f. 

Type 501C is o ferrule shank bypass capacitor for 

push-clip mounting in TV receivers while type 

503C is its feed-thru counterpart. The disc capacitor 

element is resin-sealed in a recess in the top of the 

metal shell. 

Type 502C "shirt-stud" capacitors are 1/4  " diam-

eter buttons intended for coupling in u-h-f TV set 

front ends. 

All units are rated at 500 volts d-c and are avail-

able in both characteristic SL and GA general appli-

cation bodies. 

Engineering Bulletin 605 gives complete details on 

these new and different capacitors. Request it today 

on your company letterhead from Sprague Electric 

Company, North Adams, Mass. 

SPRAGUE 
‘ipo-1111111, 

AND ELECTRONIC DEVELOPMENT 

NEW HIGH-VOLTAGE CERAMIC DISCS 
Sprague Cera-mite Capacitors are now available 

, in 1000 and 1500 volt ratings as well as in the usual 
500 volt ratings. Write on letterhead for Bulletin 601C. 

\ 
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These signals find the way 

SENDING 

RECEIVING 
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'When you dial a telephone number, high-speed switching mechanisms 
select your party and connect you. Through a new development of Bell 
Telephone Laboratories, similar mechanisms are doing the same kind of job 
in private wire teletypewriter systems which America's great businesses lease 
from the telephone company. 

Company X, for example, operates an air transportation business with 
scores of offices all over the country. At one of these offices, a teletypewriter 
operator wishes to send a message, let us say, to Kansas City. Ahead of the 
message, she types the code letters "KC". The letters become electric signals 
which guide the message to its destination. 

Any or all stations in a network, or any combination of stations, can be 
selected. Switching centers may handle 50 or more messages a minute . . . 
some users send 30,000 messages a day. Delivery time is a few minutes. 

Defense manufacturers, automobile makers, airlines and many other Ameri-
can businesses are benefiting by the speed and accuracy of the new equipment 
— another example of how techniques developed by the Laboratories for 
telephone use contribute to other Bell System services as well. 

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



SAFE AGAINST HIGH HUMIDITY IN TROPICAL CLIMATES! 
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You're safe when you "batten down 
the hatches" against high humidity 
with Sprague Blue Jackets! They're 
rugged vitreous enamel power re-

sistors that can take abuse . . . that eliminate 
electrolysis failure in the most humid atmos-
pheres that deliver top wattage ratings in 
every size ... that assure unmatched stability 
and resistance to thermal shock. Yes, the Blue 
Jacket is outstanding even among the many 
noteworthy Sprague developments in the 
resistor art. * * * * * * * 

WIRE-WOUND 

RESISTOR 
Blue Jacket resistors are made in types to 
meet the tough performance requirements of 
Military Specification JAN-R-26A, Character-
istic "G". See Engineering Bulletin 110 for 
complete details. Blue Jackets are also avail-
able in commercial styles that excel in the 
most severe industrial electronic service. En-
gineering Bulletin 111 describes these supe-
rior units- that cost no more than ordinary 
resistors! Send for your copies to: 

SPRAGUE ELECTRIC COMPANY 
235 Marshall Street, North Adams, Mass. 

YOU'LL RECOGNIZE THESE SUPERIOR RESISTORS BY 

THEIR BRIGHT BLUE VITREOUS ENAMEL JACKETS 

PIONEERS IN ELECTRIC AND ELECTRONIC DEVELOPMENT 

I'ROCEEDINGS OF THE I.R.E. January, 1953 



IN EVERY FIELD 

—and following every leader are those 

who would rather copy than create! 

Substitutes are not acceptable where 

precision instruments are required, that 
is why engineers the world-over specify 
the MEASUREMENTS line. They know 
that— 

STANDARDS ARE ONLY AS RELIABLE AS 
THE REPUTATION OF THEIR MAKER 

Model 65-B 

STANDARD SIGNAL GENERATOR 

Model 80 

STANDARD SIGNAL GENERATOR 

Model 84 
STANDARD SIGNAL GENERATOR 

MEASUREMENTS 
CORPORATION 

BOONTON • NEW JERSEY 

MEASUREMENTS 

"FAMOUS FIRSTS" 
in 

1939 MODEL 54 STANDARD SIGNAL GENERATOR—Frequency 
range of 100 Kc. to. 20 Mc. The first commercial signal gen-

erator with built-in tuning motor. 

MODEL 65-B STANDARD SIGNAL GENERATOR—This instrument 
replaced the Model 54 and incorporated many new features including an 
extended frequency range of 75 Kc. to 30 Mc. 

1940 MODEL 58 UHF RADIO NOISE & FIELD STRENGTH 
METER—With a frequency coverage from 15 Mc. to 150 Mc. 

This instrument filled a long wanted need for a field strength meter usable 
above 20 Mc. 

MODEL 79-B PULSE GENERATOR—The first commercially-built pulse generator 

1941 MODEL 75 STANDARD SIGNAL GENERATOR—The first 
generator to meet the need for an instrument covering the I.F. 

and carrier ranges of high frequency receivers. Frequency range, 50 Mc. 
to 400 Mc. 

1942 SPECIALIZED TEST EQUIPMENT FOR THE ARMED SER-
VICES. 

1943 MODEL 84 STANDARD SIGNAL GENERATOR—A precision 
instrument in the frequency range from 300 Mc. to 1000 Mc. The 

first UHF signal generator to include a self-contained pulse modulator. 
1944 MODEL 80 STANDARD SIGNAL GENERATOR—With an 

output metering system that was an innovation in the field of 
measuring equipment. This signal generator, with a frequency range of 
2 Mc. to 400 Mc. replaced the Model 75 and has become a standard test 
instrument for many manufacturers of electronic equipment. 
1945 MODEL 78-FM STANDARD SIGNAL GENERATOR—The 

first instrument to meet the demand for a moderately priced 
frequency modulated signal generator to cover the range of 86 Mc. to 
108 Mc. 

1946 MODEL 67 PEAK VOLTMETER—The first electronic peak 
voltmeter to be produced commercially. This new voltmeter 

overcame the limitations of copper oxide meters and electronic voltmeters of the r.m.s. type. 

1947 MODEL 90 TELEVISION SIGNAL GENERATOR—The first 
commercial wide-band, wide-range standard signal generator 

ever developed to meet the most exacting standards required for high 
definition television use. 

1948 MODEL 59 MEGACYCLE METER—The familiar grid-dip 
meter, but its new design, wide frequency coverage of 2.2 Mc. 

to 400 Mc. and many other important features make it the first commercial 
instrument of its type to be suitable for laboratory use. 
1949 MODEL 82 STANDARD SIGNAL GENERATOR—Providing 

the extremely wide frequency coverage of 20 cycles to 50 mega-
cycles. An improved mutual inductance type attenuator used in conjunc-
tion with the 80 Kc. to 50 Mc. oscillator is one of the many new features. 
MODEL 112 U.H.F. OSCILLATOR—Designed for the many applications 
in ultra-high frequency engineering that require a signal source having 
a high degree of frequency accuracy and stability. Range: 300 Mc. to 
1000 Mc. 

1950 MODEL 111 CRYSTAL CALIBRATOR—A calibrator that not 
only provides a test signal of crystal-controlled frequency but 

also has a self-contained receiver of 2 microwatts sensitivity. 

1951 MODEL 31 INTERMODULATION METER—With completely 
self-contained test signal generator, analyzer, voltmeter and power 

supply. Model 31 aids in obtaining peak performance from audio systems, 
AM and FM receivers and transmitters. 
1952 MODEL 84 TV STANDARD SIGNAL GENERATOR—With 

a frequency range of 300-1000 Mc., this versatile new instrument 
is the first of its kind designed for the UHF television field. 

6A 
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Rife DISCAPS® 
... Specified and Used 
by Leading TV Makers 

The list of satisfied RMC DISCAP customers reads 
like the "Blue Book" of the TV industry. Few are 
missing from this top level roster. 

RMC offers a full line of by-pass as well as tem-
perature compensating ceramic disc capacitors. 

Engineers specify them for their uniform high 
quality, low inherent inductance and small size. 

Purchasing agents specify them because they can 
depend on RMC to make delivery when needed. 

RMC temperature compensating disc capacitors 
(which meet the RTMA spec for class one cera-
mic capacitors) are designed to replace tubular 
ceramic and mica capacitors at a lower cost. 

DISCAP 
CERAMIC 

CONDENSERS 

Send for Samples 
and Technical Data 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, M. 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

DISTRIBUTORS: Contact Jobber Sales Co., 146 Broadway St., Paterson 1, N.J. 

Januar 195' PROCEEDINGS OF THE I.R.E. 
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Ohmite vitreous-
enameled resistors 

are available from 
stock or promptly 

made to order in a 

wide range of 
sizes and types. 

FOR DEPENDABLE 

ELECTRICAL CONTROL 

Again and again, these rugged, vitreous- enameled wire-wound 
Ohmite resistors have demonstrated their ability to provide 

unfailing performance and long life under the most difficult 
service conditions. 

Ohmite also offers the most complete line of wire-wound 
resistors on the market . . . fixed, tapped, adjustable, non-induc-

tive, and precision units—in more than 60 wattage sizes 
ranging from 1" to 20" in length, in 18 types of terminals and 

in a wide range of resistance values. Investigate Ohmite 
resistors for your product. 

Write on company letterhead for complete catalog. 

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

letee 
HMIITIE® 

IN WIRE-WOUND RHEOSTATS AND RESISTORS 

PROCEEDINGS OF THE 1.R.E. 
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He seems to think you ought to like 

him for his shell, in spite of the fact 

that it looks no different from a million 

other oyster shells. If he's got a pearl inside, 

why doesn't he say so. 

CAPACITORS LOOK PRETTY MUCH 

ALIKE FROM THE OUTSIDE, BUT 

EL-MENCO'S HAVE SOMETHING 

IN THEM 4/4d We Wage e 
weetidto dftowee, 

Into every El-Meneo Capacitor goes superb design, 
precise workmanship and the finest of materials. The 
finished unit is then factor), -tested at double its work-
ing voltage to insure satisfactory performance on what-
ever job it is given. 
No wonder we are proud to put our naine on these 

capacitors—no wonder they have won the highest 
praise for their absolute reliability. 
The range runs from the smallest (CM-15-2-525 mmf. 

cap.) to the largest (CM-35-330040000 mmf. cap.) 

Write on business 
letterhead for catalog 

and samples.  

MOLDED MICA 

Jobbers and Distributors: For informa-
tion write to Arco Electr  • s, lite., 103 
Lafayette St., New York, N. Y.—Sole 
Agent for Jobbers and Distributors in 
U.S. and Canada. 

ERCOmicA 
CAPACITORS 

TRIMMER 

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

THE ELECTRO MOTIVE MFG. CO., INC. WILLIMANTIC, CONNECTICUT 
9A 
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Selected stock. Always free 
from defects and surface 
blemishes. 

Moisture and fungus proof 
coatings, varnish or lacquer 

smoothly applied. No wrinkles 
or unsightly heavy deposits. 

C.T.C. standard terminals. Types 
for all applications. Silver. 
plated, cadmium plated, elec. 
tro tinned, hot tinned or gold 
plated as required. 

Precisely located, clearly 
defined imprinting: rubber 
stamped, silk-screened, en-
graved or hot stamped. 

Riveting or staking of ter-
minals, brackets and other com-
ponents accomplished without 
radial cracks or splitting of 
rivet shanks, and without dam-
aging the finish. 

Cleanly cut or punched edges 

and holes. No signs of delami-
nation. 

Little details on terminal boards 
...make the big difference in quality 

C.T.C. is constantly supplying 
special terminal boards to the top 
names in electronics. These boards 
are built to strict government speci-
fications, are fabricated of certified 
materials to fit the job. Among the 
specifications involved are: MIL-P-
3115A, MIL-P-15037, MIL-P-15035, 
MIL-P-15047, MIL-P-997A. 

Our Custom Engineering Service 
is well-equipped to fill these specifi-
cations for you. We are thoroughly 
familiar with the JAN and MIL-
approved materials and finishes in 
accepted usage by government agen-
cies and the armed forces. This, 
combined with assembly know-how 
developed over many years of sup-
plying electronic components and 
equipment to the government, en-
ables us to meet your needs for 

quality above and beyond the basic 
government standards. 

Boards can be made of cloth, 
paper, nylon or glass laminates 
(phenolic, melamine or silicone 
resin), and can be lacquered or var-
nished to specifications: JAN-C-173, 
MIL-V-173 and JAN-T-152. Letter-
ing and numbering is done by rubber 
stamping, silk screening, hot stamp-

ing, engraving. Inks used in rubber 
stamping contain anti-fungus and 
fluorescent additives. 

For complete information write: 
Cambridge Thermionic Corporation, 
456 Concord Avenue, Cambridge 38, 
Mass. West Coast manufacturers, 
contact: E. V. Roberts, 5014 Venice 
Blvd., Los Angeles, or 988 Market 
St., San Francisco, Cal. 

t. 

CAMBRIDGE THERMIONIC 
CORPORATION 

custom or standard... the guaranteed components 

10A 
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Laboratory demonstration shows 30 amperes continuously flowing through 30 ampere Heinemann Circuit Breaker held over hot plate. 

the one circuit breaker principle 
... THAT IGNORES H E A 

The FULLY MAGNETIC Principle 

One magnetic coil is the entire actuation of 
HEINEMANN Circuit Breakers. Thermal warp ele-
ments are eliminated. On short circuits, the coil 
instantly trips the breaker. On small overloads, a 
time delay is introduced while the movable core 
is drawn toward the pole piece, increasing the 
magnetic flux. Moreover, the time delay is propor-
tioned to the overload ... being shorter for large 
overloads ... and longer for small ones. 

HEAT . . . the downfall of most circuit protection equipment . . . 
will not alter the performance of Heinemann Circuit Breakers. 
You never need to use false ratings to compensate for operating 
temperatures or room temperature. With Heinemann, current is 
the only consideration . . . and current (not heat) trips the breaker. 
There is never nuisance tripping, yet Heinemann provides the 
fastest circuit interruption available for short circuits and propor-
tioned response for overloads. 

Performance and dependability to this extent explains why 
most equipment manufacturers use Heinemann Circuit Breakers 

in their products. 
Send for complete literature. HEINEMANN ELECTRIC 

COMPANY, 154 Plum Street, Trenton 2, N.J. 

don't use heat... USE POWER 

HEINEMANN Circuit Breakers .. One, two and three pole .. 10 mill amps to 100 amperes 

PROCEEDINGS' OF THE I.R.E. January, 1953 
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A Complete Line To Assist You! 
This trimmer capacitor, the "MAPC", exemplifies Hammarlund's 
continuing efforts to meet the demand for smaller dependable 
components. A scaled-down version of the popular "APC", origi-

nated by Hammarlund more than 20 years ago, it has everything 
reduced except the quality and performance characteristics. 

The Hammarlund complete-line of variable capacitors, carried 
by carefully chosen distributors from coast-to-coast, makes it 

possible for you to pre-select a capacitor that meets all your 
requirements of construction and operation. 

Write today for the 1952 Capacitor Catalog 

AY/d LIALri 
HAMMARLUND MANUFACTURING COMPANY, INC. 

460 WEST 34th STREET • NEW YORK 1, N. Y. 
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Forty-eight types of E-I sealed terminals are now 

standardized as stock items for customer convenience. 

These items represent the most commonly used 

types based on customers' orders over the past years. 

As a group they are capable of solving all but the 

most unusual sealing problems with the combined 

advantages of low cost due to volume production, 

and prompt delivery direct from stock. 

For complete information including mechanical and 

electrical specifications, call, write or wire today 

for the new E-I Bulletin 949-A. You'll find it a valuable 

addition to your data file. 

E-l. . . your Headquarters for 
Hermetically-Sealed Multiple 

Headers, Octal Plug-Ins, 
Terminals, Color Coded 
Terminals, End Seals, etc. 

- 
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ACTUAL SIZE 

,DIVICILABILITY 
RAYTHEON, the pioneer and world leader in the development and mass 
production of dependable, top quality Subminiature Tubes, naturally 
takes the lead in the development and quantity production of PNP 
Junction Transistors. 

Raytheon Germanium Junction Transistors are ready for you, now. 

AVERAGE CHARACTERISTICS AT 30°C 

Collector Voltage (volts) 
Collector Current (ma.) 
Base Currents (ua.) 
Current Amplification Factor* 
Power Gain* (db) 
Noise Factors (1,000 cycles) (db) 

CK721 CK722 

—1.5 
—0.5 

—1.5 
—0.5 
—20 — 6 

40 
38 
22 

12 
30 
22 

'Grounded Emitter connection 

DATA SHEETS may be 
obtained from the near-

est Raytheon office listed 

below. 

now 
Newton, Moss. Bigelow 4-7500 • Chicago, III. NAtional 2-2770 • New York, N.Y. WHitehall 3-4980 • Los Angeles, Calif. Richmond 7-5524 

RELIABLE SUBMINIATURE ANO MINIATURE TUBES • GERMANIUM DIODES AND TRANSISUM . Nun intuir sure . isironwavr T nor nrpr ieisie i•In .11,1•11./ TOP••• 



Collector Current - Milliamperes 

-14 - 1 2 - 10 - 8 - 6 -4_ - 2 

IMMElleilre-r -eeeálideriga 

IMMEDIATELY available in 

PRODUCTION quantities 

Collector Current - Milliamperes 
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"SEALED-IN" DESIGN eliminates need for metal enclosures and fungus-proof coating. 

New G-E cast-permafil transformers 
are 20% smaller, "sealed for life" 

TRANSPARENT MODEL shows simple con-
struction of new transformer. Terminals 
are anchored directly in mixture to cut 
size and weight. 

Meet MIL-T-27 (Grade 1) performance requirements 
Greater flexibility in many elec-

tronic designs is made possible by 

General Electric's new line of 

cast-permafil transformers, thanks 

to their light weight and small size. 

These solventless-resin-type 
transformers are completely mois-

ture-proof. They have fewer ma-
chined and punched parts. Tough, 

solid, shatter-resistant cast per-
mafil ends the necessity for fungus-
proof protective coatings. 

GENERAL 

At 130C ultimate, these trans-

formers have an expected life of 

1000 hours or more. The com-

plete line of 11 sizes, available 

in various terminal arrangements, 

averages about 20 per cent small-
er than previous metal-encased 
transformer models. 

For further information, write 
to Section 667-23, General Elec-

tric Company, Schenectady 5, 
New York. 

ELECTRIC 
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TIMELY HIGHLIGHTS 
ON G-E COMPONENTS 

Permafil d-c capacitors have 80% less weight, bulk 
They operate in ambients up to 125C 
for 10,000 hours without derating 

High or low temperatures have little 

effect on the electrical stability of 
G-E permafil capacitors. Their 

paper dielectric is impregnated with 

a solid plastic compound —they can't 
leak. Insulation resistance is high, 

and change in capacitance with tem-

perature is slight. With proper de-

rating, these units can be used at 
temperatures as high as 150C. 

Permafil capacitors average about 

Bushings for hermetic sealing 
More and more designers are specifying 
G-E glass bushings—the type used on 
capacitors, rectifiers, and instrument 
transformers. For use where permanent 
hermetic sealing of electric apparatus 
is desired, these bushings are easily 
attached by soldering, brazing, or weld-
ing to form a permanent, vacuum-tight 
seal. Bulletin GEA-5093. 

1/5 the size and weight of liquid-

filled capacitors properly derated to 
operate at 125C. Because of their 

small size and excellent electrical 

characteristics they are ideal for 

most high-ambient blocking, by-
pass, filtering, coupling and timing 

applications. They are available in 

ratings of 0.05 to 1.0 muf, 400 volts 

d-c. All are housed in hermetically 

sealed metal containers, with G-E 

all-silicone bushings. Check coupon 

for Bulletin GEC-811. 

Immediate shipment on delay line 
G-E delay line, ideal for delaying sig-
nals in electronic circuits, is now 
available for immediate shipment. Nom-
inal 1000-ohm line delays signals M 
microsecond per ft. Light weight and 
flexible, it is used widely in military 
and industrial electronics. Can be ob-
tained in bulk to be cut to desired 
lengths. Bulletin GEC-459. 

Components 

Meters, Instruments 
Dynamotors 
Capacitors 
Transformers 
Pulse-forming 

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

*Reg. Trodo-mork of Gene 

EQUIPMENT FOR 

ELECTRONICS 

MANUFACTURERS 

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

rol Electric Co. 

Development 
and Production 

Equipment 

Soldering irons 
Resistance-welding 

control 
Current-limited high-

potential tester 
Insulation testers 
Vacuum-tube volt-

meter 
Photoelectric re-

corders 
Demagnetizers 

New relay doubles tip pressure 
This new hermetically sealed relay has 
a larger magnet delivering double 
average tip pressure yet doesn't exceed 
Air Force-Navy size and weight specs. 
Sealed in a standard-size enclosure 
against dirt, salt, moisture, and pres-
sure changes, it withstands 50g shocks 
and instantaneous voltage surges up to 
1500 volts. Bulletin GEA-5729. 

—  

General Electric Company, Section D 667-23 
Schenectady 5, New York 

Please send me the following bulletins: 

N/ for reference only 

X for planning an immediate project 

LI GEA-5093 Glass Bushings 

GEA-5729 Hermetically Sealed Relays 

LI GEC-459 Delay Lines 

GEC-811 Permafil Capacitors 

Name  

Company  

Coty  State   

— 11•11, 

1 
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TO HIT TARGET 
from unstable decks of ship 

A rolling, pitching ship ... tinder attack from speedy, diving 
aircraft ... counts on its anti-aircraft guns for protection... 
these guns must be able to stay on the target regardless of 
sea conditions. That's why the Ford Instrument Company 
was called on to design and build a control system that tracks 
and holds the target range with deadly accuracy. 

You can see why a job with Ford Instrument offers 

young engineers a challenge. If you can qualify, 

there may be a spot for you in automatic control 

development at Ford. Write for illustrated brochure. 

This is typical of the problems that Ford has solved since 
1915. For from the vast engineering and production facilities 
of the Ford Instrument Company, come the mechanical, 
hydraulic, electro-mechanical, magnetic and electronic instru-
ments that bring us our "tomorrows" today. Control prob-
lems of both) Industry and the Military are Ford specialties. 

FORD INSTRUMENT COMPANY 
DIVISION OF THE SPERRY CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N.Y. 
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>en new fields of design 

New flexibility 
in production planning 

New usefulness of 
ceramic parts 

Opportunities for 
product improvement. 

METAL-CERAMIC 

COMBINATIONS 

METALLIZED CERAMIC CASES WITH METALLIZED END SEALS FOR HERMETIC 

SEALING OF RESISTORS, CAPACITORS, CHOKES AND OTHER COMPONENTS 

.ar 

e Our 
Illustrated are a few of the 

many AlSiMag Metal-Ceramic combinations 

and metallized ceramics currently produced. 

broad experience and rapid progress in these fields 

may enable us to help you solve a design, performance 

production problem. If you will outline your problem 

our engineers will make recommendations without 

cost or obligation. 

or 

7*&•1 '‘e 

51ST YEAR OF CERAMIC LEADERSHIP 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

OFFICES: METROPOLITAN AREA: 671 Broad St., Newark, N. J., Mitchell 2.8159 • PHILADELPHIA, 1649 North Broad St., Stevenson 4-2823 

SOUTHWEST: John A. Green Co., 6815 Oriole Drive, Dallas 9, Dixon 9918 • NEW ENGLAND, 1374 Massachusetts Ave., Cambridge, Moss., Kirkland 7-4498 

LOS ANGELES, 5603 North Huntington Drive, Capitol 1.9114 • CHICAGO, 228 North LaSalle St., Central 6-1721 • ST. LOUIS, 1123 Washington Ave., Garfield 4959 



MORE Than Meets 

UNSEEN, but all-important in a crystal are 
the skills, precision standards, and exacting 
tests that go into its processing. These are 
the things that add up to dependable per-
formance under toughest conditions. 

TOP PERFORMANCE IN 
EVERY APPLICATION 
OF 2-WAY RADIO 

• • 4 

liesaile CRYSTALS 
Give You 

CRITICALLY CONTROLLED QUALITY 
MIDLAND QUALITY starts with highly critical 
selection of raw quartz, inspected and pre-
cisely graded for its intended use. Midland 
optical and mechanical measurement facilities 
are unexcelled in the industry. 

FOR EXAMPLE, STRICT ADHERENCE to pre-
scribed angular relationships is required to 
give oscillator plates the properties best 
suited to specific jobs. Constant vigilance is 
maintained through Midland processing steps 
to be sure that no deviation of angle or im-
proper contour develops. 

THIS CRITICAL QUALITY CONTROL extends 
through to final mounting, sealing and test-
ing — assuring you the best crystal unit sci-
ence and top-level craftsmanship can produce. 

Whatever your crystal need — conventional or 
highly specialized . . . 

"TYPE ML-1A—RANGE: 
2.0 — 15.0 mc 

Supplied per Mil 
type CR-1A when 
specified. 

*TYPE ML-4 — RANGE: 
1.0 —10.0 mc 

Supplied per Mil 
type CR-5; CR-6; 
CR-8; CR-10 when 
specified. 

" TYPE ML-6 — RANGE: 
1.4 — 75.0 mc 

Supplied per Mil 
type CR-18; CR-19; 
CR-23; CR-27; CR-
28; CR-32; CR-33; 
CR-35; CR-36 when 
specified. 

When It Has to Be EXACTLY RIGHT. . . Contact 

• 

MANUFACTURING CO., INC. 
3155 Fiberglas Road Kansas City, Kansas 

Mnnufacturer of Quartz Crystals for Electronic Frequency Control 
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ow/Fog of 

type 907 
sweep frequency 

generator 
FREQUENCY 
RANGE: 

35 TO 900 
MEGACYCLES 

• 

MINIMUM 
'OUTPUT VOLTAGE: 

1 VOLT 

• 

DIRECT READING 
FREQUENCY DIAL: 
CONTINUOUSLY 

VARIABLE 

• 

OUTPUT 
IMPEDANCE: 

75 OHMS-BNC 
CONNECTOR 

• 

MINIMUM 
SWEEP WIDTH 

ABOVE 60 MC/S: 
20 MC'S 

WESTERN SALES OFF 1. 
741., NO. SEWARD 
HOLLYWOOD 38. CALI 

the Type 907 is a fundamental oscillator which can be 
swept in frequency over a band of not less than 10 mc/s for 
a center frequency of 35 mc/s. The sweep width is greater 
than 20 mc. for carrier frequencies above 60 mc/s. 
Output is continuously variable over a voltage range of 
10 microvolts to 1 volt. Other features include a video 
blanking circuit for providing a true horizontal zero base 
line and a terminal for inserting external frequency markers:, 

For further information concerning this instrument and 
additional UHF-VHF equipment, address inquiries to Dept. R-I. 

Arc you on our mailing list to receive "PRD REPORTS"? 

RESEARCH 
fit DEVELOPMENT COMPANY • Inc 
55 JOHNSON STREET, BROOKLYN I, NEW YORK 
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NEWS and NEW PRODUCTS 
January 1952 

Tape Recorder 

Allied Radio Corp., 833 W. Jackson 
Blvd., Chicago 7, III., is offering a low-
priced Knight tape recorder with many 
new features for a variety of applications. 
Operating functions include fast forward, 
fast reverse playback, stop, and record. 

The fast forward speed enables the 
user to locate quickly that portion of the 
recording desired for playback. Two speeds 
and dual-track recording head provide a 
wide range of recording times. At the slow 
speed of 3.75 inches per second, a 7 inch 
(1200 ft.) reel records continuously for one 
hour, or a total of two hours by recording 
on the second half of the tape width. At the 
fast speed of 7.5 inches per second, these 
recording times are one-half hour continu-
ously and one hour overall. Frequency re-
sponse is flat from 70 to 8,500 cps at 7.5 
inch speed and 90 to 6,000 cps at the 3.75 
inch speed. 

It is supplied complete with crystal 
microphone and 8 foot microphone cable, 
600 foot reel of type "A" tape, 5 inch take-
up reel, and all tubes. For operation from 
105-120 volts, 60 cps ac. 

Stock number is 96-485, and the cost is 
$99.50, net f.o.b. Chicago. 

Instrument Resistor 

Type 245S, a new 1-watt precision 
wire-wound resistor for decades and other 
applications requiring low resistance values 
with close tolerances, low temperature rise, 
and low inductance, has been announced 
by the Shallcross Manufacturing Co., Col-
lingdale, Pa. The new resistor can be cali-
brated to a tolerance of ±0.1 per cent or 
better and is available in values from 0.1 
ohm to 1,000 ohms. A single layer bifilar 
winding protected by a moisture resistant 
lacquer coating is used for all values. The 
Steatite bobbin and axial wire leads at 
the same end make it easy to mount the 
resistor directly on decade switch decks 
or other similar equipment. Size is 11 
inches long by f inch diameter. 

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

Electrostatic C-R Tube 
Testing Console 

Development of a new console unit for 
testing electrostatic cathode-ray tubes was 
announced today by the Cathode-ray Tube 
Div., Allen B. Du Mont Laboratories, Inc., 
1500 Main Ave., Clifton, N.J. 

The new unit, Type 2166, is intended 
for production testing. Type 2166 can 
test electrostatic tubes for breakdown and 
stray emission, astigmatism, spot or raster 
cutoff, spot examination, line width, de-
flection factor or sensitivity, leakages, 
angle between traces, deflection plate cut-
off and base alignment. In essence, it can 
perform all electrical tests required by 
JAN-IA. Simultaneous displays and inter-
action tests of dual-beam cathode-ray 
tubes, such as the 5SP-, also can be made. 

Type 2166 features well regulated 
power supplies, internally supplied sweeps 
and operating potentials for tube electrodes 
(GI, Al, A2, A3) and positioning. Rasters 
and screen displays remain steady with 
line voltage and intensity changes. Anode 
voltages may be preset and do not change 
with intensity changes. The master switch 
automatically determines proper anode 
voltages and other conditions necessary 
for each test, leaving a minimum of adjust-
ments for the operator. 

The unit also has a linear sweep system 
providing amplitudes sufficient for pres-
ent-day tubes or any likely to be produced 
in the near future. Linearity is excellent 
even in critical measurements such as the 
merging-raster method of line measure-
ments. Dual vertical and horizontal sweeps 
are provided for simultaneous displays on 
dual-beam tubes such as the Type 5SP-. 
There are separate controls for each beam 
including intensity, focus, positioning and 
amplitude and the coverage of the unit 
can be extended for more complex multi-
beam tubes. 
Alignment between traces is checked 

directly with a simultaneous display of 
vertical and horizontal traces. Vertical 
and horizontal plate deflection factors can 
be checked successfully with a single con-
trol and a single meter without additional 
switching. A circular trace and annular 
ring display is provided for tubes such as 
the 3DP- and can also be useful in astigma-
tism and other tests. 

Type 2166 is housed in a metal cabinet, 
60 inches wide, 75 inches high and 38 
inches deep. 

For detailed information, write to the 
Technical Sales Dept., Allen B. Dumont 
Laboratories, Inc. 1500 Main Ave., Clifton, 
N.J. 

FM Modulation Monitor 
Browning Laboratories, Inc., 750 Main 

St., Winchester, Mass., announces the 
MD-33 Frequency Modulation Monitor 
designed to check the modulation swing of 
FM transmitters operating in the Police, 
Fire and Special Service bands from 25 to 
174 mc. This continuous coverage is ac-
complished in two bands without the use of 
plug-in units of any kind. 

Modulation swing is indicated directly 
on a four inch panel meter with a 20 kc full 
scale linear calibration. A dual range 
flasher circuit permits checking overmodu-
lation by the shortest of voice peaks at 
either of two pre-set amounts of swing. 

Dimensions: Height 9 inches, Width 20¡ 
inches, Depth 12 inches. Weight is 35 lbs. 

Full details are available upon request. 

Potentiometers 
A new line of precision potentiometers 

is now being manufactured by Galetronics, 
Inc., Pasadena, Calif. Their object is to 
manufacture precision potentiometers for 
telemetering and electronics industries, 
specializing in sub-miniature types such as 
shown here. Rotary Type RC can be fur-
nished up to 320,000 ohms with a resolu-
tion of 0.1 per cent, in a f inch diameter 
case. Type LE (illustrated), a rectilinear 
potentiometer, in a case If inch long, can 
be furnished up to 1,000,000 ohms with a 
resolution of 0.05 per cent. 

tttt t lops. wityptiotérrarillig 

HMCO p 
. . 

Galetronics places particular emphasis 
on custom-engineering potentiometers to 
the user's specifications and have a com-
plete staff for this purpose. Address inquir-
ies to Galetronics, Inc., do Eastman-Pa-
cific Co., 2320 E. 8th St., Los Angeles 21, 
Calif. Eastman-Pacific has been appointed 
sales representative. 

(Continued on Page 504) 

22A 
PROCEEDINGS OF THE I.R.E. January, 1953 



vou toe9Ati 

2.5 

1e O00 Ilangel  
abuts to 20 poo oleo. Ile-
Mains essentially sesistive 
over trectuency range ot 
30 to 10,000 cps. Accuracy 

?owes 'Range:0.1 deg . to s =5%• 
watts in steps ot 0.1 few. 

Indicating etes: ce-beitea tee o to 50 Milli-
watts and horn 0 to i  
--lei° level: lmw. 

lt 

Meter thultiplier: Wi 
change reading ot cating metei by ratios ot 
0.1:1, 1:1, 10. 100:1, or 
decibel teaeleg by .-10. 

0. 
O. 4-10, ..-1. 

impedance R 

ohms to 20.00 : 2.50 ohms. Re-
mains essentially resistive 
overo frequency range of 
L-2%. 30 t 10.000 cps. Accuracy .-  

Power Range: 0.1 milli-
of Q. watts to SO watts in steps 

1 m illiwatts. 

Indicating Met er: Cali-
brated from 1 to SO 
w atts and 0 to 17 milli-

decibels. Zero level: lmw. 

Meter Multiplier:  the power readin Extends 

g of the m 0.1x indicating meter fro 
to 1,000x scale 
the db. rea vcrlue. or 

+30 ding hom --10 
2 db. to db. in steps of 

The DAVEN Output Power Meters are designed to mea-

sure the actual power delivered by an audio signal 
system to a given load. However, because of the char-
acteristics of the circouit. they are admirably suited to 

other applications, namely: 
1. Determination e Characteristic Impedance of on A.C. 

2. Effects of Load Variation on a Signal System. Source. 
3. Transmission Line Equalization Measurements. 
4. Measurement of Insertion Loss in Multi-channel Mixer 

and other complex circuits. 
5. Filter and Transformer Measurements. 
6. Radio Receiver Measurements. 

The equipment shown on this page is built to DAVENS 
well-lcriown standards of precision. Please write for 
more detailed data. Let our engineering department 

help you on specific problems. 

Characteristics similar to 
04-961, except that it can 
Measure up to 100 watts. 

'impedance Range: 40 se-
lected impedances be-
tween 2.5 and 20,000 ohms. 
Accuracy --tel. over fre-
quency range 30 10,000 

to  

Power Runge: raw to cycl 0.1 es. 

100 watts in 0.1 Inv/ steps. 
Range may be extended 

elow 0.1 my/ by 
b use oi 

external amplifier. 
Indicating Meter: Cali-
brated trut .01 watt 

o  to 1 

watt and irom —10 to 4-10 
db. Um level: lmw. 
Metet Multiplier: Extends 
range ot meter horn 0.01 
to 100 times scale reading. 

dim 
TYPE OP-962 

THE VEN co. 
AVENUE • NEWARK 4, NEW JERSEY 

195 CENTRAL.  
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-hp- 809B UNIVERSAL PROBE CARRIAGE 
with -hp- 810A WAVEGUIDE SLOTTED SECTIONS 

IVIPEDANCE 

Now—a single probe carriage operates 
with up to 5 different slotted sections— 
waveguide or coaxial! This means im-
portant savings in time; lower invest-
ment in instrumentation. The new -hp-
809B Universal Probe Carriage mounts 
slotted sections covering frequencies 
from 3,000 to 12,400 mc (see table on 
opposite page)—and you can interchange 
sections in 30 seconds or less! 

-hp- 809B Carriage is accurately cali-
brated in mm. for readings as low as 

0.1 mm. Dial gauge may be readily 
mounted if more accurate readings arc 
needed. Carriage travels on a new 3-
point ball-bearing suspension system, 
and operates in conjunction with -hp-
442B Broad-Band Probe and -hp- 440A 
Coaxial Detector combination; or with 
-hp- 444A Unturied Probe. The extreme-
ly broad usefulness of this new Univer-
sal Carriage means far greater flexibility 
and lower cost for complete microwave 
instrumentation. 

-hp- 417A VHF DETECTOR 

For use with -hp-803A VHF Bridge. 
A super-regenerative (AM) receiver 
covering all frequencies 10 to 500 mc 
in 5 bands. Offers approx. 5 etv sen-
sitivity over entire band; quick, easy 
operation, direct-reading frequency 
control. Thoroughly shielded, suit-
able for general laboratory use in-
cluding approximate frequency 
checks, measurements of noise, in-
terference, etc. $200.00 f.o.b. factory. 

COMPLETE 
COVERAGE 

CONTINUOUS microwave coverage, 10 
me to 12,400 mc. High mechanical stabil-
ity. Simple operation. Broad applicabil-
ity. Precision accuracy. Compact size! 
New -hp- microwave equipment gives 

you complete coverage for VHF, UHF 
and SHF impedance measurements. In-
strumentation includes VHF Bridges as 
well as the slotted coaxial and waveguide 
sections which are fundamental tools in 
impedance measurements. These instru-
ments can be used to measure load or 
antenna impedance, system flatness, con-
nector reflection, percentage of reflected 
power, standing wave magnitude or 
phase, characteristics of coaxial trans-
mission lines or rf waveguide systems, 
characteristics of rf chokes, resistors, 
condensers. 

For complete details see your -hp-
sales representative or write direct. 

HEWLETT-PACKARD COMPANY 
2160D Page Mill Road • Palo Alto, California 

Sales representatives in principal areas. 
Export: Frazar & Hansen. Ltd. 

San Francisco, New York, Los Angeles 

—hp— 415A STANDING WAVE INDICATOR 

Designed for use with all waveguide 
or coaxial slotted sections, to give 
direct reading of standing wave ra-
tio in VSWR or db. Consists of 
high gain amplifier with low noise 
level, operating at fixed frequencies 
between 300 and 2,000 cps. (Normal 
frequency 1,000 cps., plug-ins for 
other frequencies available). Input 
circuits for use with crystal detector 
or bolometer. $200.00 f.o.b. factory. 

Complete Coverage! HEWLETT-PACKARD 



READ 1 NOS 
/0e /2,400tne. 

—hp— 805A/B COAXIAL SLOTTED SECTIONS 
Continuous coverage 500 to 4,000 mc. High accuracy 
and mechanical stability; negligible slope, minimum 
leakage. Incorporates radically different structural 
design employing rigid parallel planes and a non-
bowing central conductor. Probe setting readable in 
mm. to 0.1 mm. Maximum VSWR of basic section 
and connectors less than 1.04. -hp- 805A, 50 ohms 
impedance, for Type N connector and flexible ca-
bles. Model 805B, 46.3 ohms impedance, for 18" 
rigid transmission linee. 

—hp— 8068 COAXIAL SLOTTED SECTION 
Continuous coverage 3,000 to 12,000 me. Employs 
same time-tested parallel plane principle as -hp-
805A/B. Designed for use with -hp- 809B Universal 
Probe Carriage. Maximum VSWR of slotted section 
and connecters is 1.06 to 10,000 me. Negligible slope, 
50. ohm impedance. Uses Type N connectors for 
flexible coaxial cable. Sets new standard for mechan. 
ical stability in coaxial slotted sections. 

—hp— 440A COAXIAL DETECTOR 
TUI1.1ble cr).,4a I and bohatawter 11101Int. May be used 
as an rf detector for coaxial systems between 2,400 
and 12,400 me. Fits Type N connectors; operates 
with bolometer or silicon cry-tal. $85.00 f.o.b. factory. 

—hp— 442B BROAD-BAND PROBE 
May be used in combination with -hp- 440A to pro-
vide highly sensitive, easily tuned detector for slot-
ted sections. Micrometer depth adjustment provides 
quick control of rf coupling. $50.00 f.o.b. factory. 

—hp— 444A UNTUNED PROBE 
Frequency range 2,400 to 12,400 me. Includes 1N26 
silicon crystal. Highly sensitive, compact, easy to use. 
Requires no tuning. $50.00 f.o.b. factory. 

-hp- 803A VHF BRIDGE 
Gives direct readings in impedance magnitude 
and phase, 10 to 500 me. Rapid operation for new 
speed, convenience in reading impedance, or re-
sistance and reactance. Operates on new principle 
of sampling magnetic and electric field of trans-
mission line. Useful for comparative measure-
ments, 5 to 1,000 me. Impedance range 2 to 2,000 
ohms. Phase angle —90° to +90°, at 52 me and 
above. Offers utmost convenience in determining 
characteristics of antennas, transmission lines, rf 
chokes, resistors and condensers; in measuring 
connector impedances, standing wave ratios, per-
centage of reflected power, VHF system flatness. 

—hp— IMPEDANCE MEASURING EQUIPMENT 

INSTRUMENT 
FREQUENCIES- 

COAXIAL 
FREQUENCIES- PRICE 
WAVEGUIDE , 0.8. FACTORY 

803A VHF BRIDGE 10 to 500 me $495.00 

805A/B SLOTTED SECTION 500 to 4,000 me $475.00 

8068 SLOTTED SECTION* 3,00010 12,000 me $200.00 

S810A SLOTTED SECTIONt 2,600 to 3,950 mc $450.00 

0810B SLOTTED SECTION* 3,950 to 5,850 mc 5 90.00 

1810B SLOTTED SECTION* 5,850 to 8,200 mc S 90.00 

H8108 SLOTTED SECTION* 7,050 to 10,000 mc 5 90.00 

X81 0B SLOTTED SECTION* 8,200 to 12,400 me $ 90.00 

809B UNIVERSAL PROBE 
CARRIAGE 

For slotted sections, 3,000 to 12,400 me $160.00 

• Mounts in —hp— 809 B Universal Probe Carriage. 

t Complete assembly including slotted section and carriage. 
Dote Subject Se che.,. Matt:me Notice 

INSTRUMENTS - Complete Coverage! 



COMMUNICATION PRODUCTS' 

LO-LOSS  SWITChES 

Ateeeke. 
Silver Contacts 

to-Loss Insulation 

Positive Detent Action 

Many Circuit Combinations 

Rotor Members Pinned to Shaft 

For Land, Water and Airborne Service 

- for RF and POWER SERVICE 

CP Lo-Loss Switches have been noted for over a 
score of years for their excellent performance in 
switching practically every type of high and low 
frequency circuit. All types, from miniature to 
high voltage models, include special CP features 
that insure long life and trouble-free service. 
Many other proven mechanical features — time 
tested over the years — afford smooth, positive 
performance at all times. 

WRITE FOR ILLUSTRATED LITERATURE 

Containing complete information and operational 
data on CP LO-LOSS SWITCHES. Catalogs also 
available on SEAL-O-FLANGE TRANSMISSION LINE, 
TOWER HARDWARE, COAXIAL DIPOLE ANTENNAS, 
AUTO-DRYAIRE DEHYDRATORS and Q-MAX LOW-
LOSS LACQUER. Request your copies today. 
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HOA, HOC, HOD CASE 

1 13/16 Dio. x 1 3/16"High 

HOB CASE 

1 5/8"x 2 5/ex 2 1/2Sigh 

---u.-

HOE CASE 

1/2-x 1 5/16"x 1 3/1eHigh 

The UTC type HQ permalloy dust toroids are ideal for all audio, carrier and supersonic 
applications. HQA coils have Q over 100 at 5,000 cycles... HQB coils, Q over 200 at 4,000 
cycles ...HQC coils, Q over 200 at 30 KC ... HQD coils, Q over 200 at 60 KC... HQE (mini-
ature) coils, Q over 120 at 10 KC. The toroid dust core provides very low hum pickup ... 
excellent stability with voltage change...negligible inductance change with temperature, 

etc. Precision adjusted to 1% tolerance. Hermetically sealed. 

11111mir 
„la 

-deAr-Aur d It 

Inductance Net Inductance Net 

Type NO. Value Price Type No. Value Price Type No. 

HUA-1 5 mhy. $7.00 HUA-16 7.5 hy. $15.00 HOC-1 

HUA-2 12.5 mhy. 7.00 HUA-17 10. hy. 16.00 HQC-2 

HUA-3 20 mhy. 7.50 HUA-18 15. hy. 17.00 HQC-3 

HUA-4 30 mhy. 7.50 1411B-1 10 mhy. 16.00 HQC-4 

HUA-5 50 mhy. 8.00 HQB-2 30 mhy. 16.00 HOC-5 

HUA-6 80 mhy. 8.00 HQB-3 70 mhy. 16.00 HOD -1 

HUA-7 125 mhy. 9.00 MOB-4 120 mhy. 17.00 HUD -2 

HUA-8 200 mhy. 9.00 HUB -5 .5 hy. 17.00 HQD-3 

HUA-9 300 mhy. 10.00 HQB-6 1. hy. 18.00 HUD -4 

HUA-10 .5 hy. 10.00 HUB -7 2. hy. 19.00 HUD -5 

HQA•11 .75 hy. 10.00 HQB-8 3.5 by. 20.00 HUE-1 
HUA-12 1.25 hy. 11.00 HUB -9 7.5 hy. 21.00 HUE-2 

H1111-13 2. hy. 11.00 HQB-10 12. hy. 22.00 HUE-3 

HUA-14 3. hy. 13.00 liQB-11 18. hy. 23.00 1111E-4 

HUA-15 5. hy. 14.00 HOB-12 25. hy. 24.00 HUE-5 

Inductance Net 

Value Price 

1 mhy. 

2.5 mhy. 

5 mhy. 

10 mhy. 

20 mhy. 

.4 mhy. 

1 mhy. 

2.5 mhy. 

5 mhy. 

15 mhy. 

5 mhy. 

10 mhy. 

50 mhy. 

100 mhy. 

200 mhy. 

$13.00 

13.00 

13.00 

13.00 

13.00 

15.00 

15.00 

15.00 

15.00 

15.00 

6.00 

6.00 

7.00 

7.50 

8.00 

I II ii tSTAG r mi okur rilincrec 

These U.T.C. stock units take care of most 
common filter applications. The interstage 
filters, BMI (band pass), HMI (high 
pass), and LMI (low pass), have a 
nominal impedance at 10,000 ohms. 
The line filters, BML (band pass), HML 
(high pass), and I,ML (low pass), 
are intended for use in 500/600 ohm circuits. 
All units are shielded for low pickup 
(150 mv/gauss) and are hermetically sealed. 

150 VAR1CK STREET 

13 EAST 40th 

STOCK FREQUENCIES 
(Number after letters is frequency) 

Net Price $25.00 

BMI-60 BM1-1500 LM1-200 BML-400 
BMI-100 BMI-3000 LMI-500 BML-1000 

BMI-120 BMI-10000 LMI-1000 HML-200 
BMI-400 HMI-200 LMI-2000 HML-500 
BMI.500 HMI-500 LMI-3000 LML-1000 

BM l-750 HMI-1000 LMI.5000 LML-2500 
°MI-1000 HMI.3000 LMI-10000 LML-4000 

LML-12000 

'Nerotr. 

NEW YORK 13, N. Y. 

16, N.Y., 

1 



Kunvon 
TRANSFORME RS 
for standard and 
special applications 

Kenyon quality transformers have 
always represented the highest 

standards of performance and dura-

bility. For more than a quarter 
century discriminating engineers who 
will settle for nothing but the best 
have consistently specified Kenyon. 

KENYON TRANSFORMERS FOR 

MIL Applications 

Radar 

Broadcast 

Atomic Energy Equipment 

Special Machinery 

Automatic Controls 

Experimental Laboratories 

Write for details 

KENYON TRANSFORMER CO., Inc. 

840 Barry Street, New York 59, N. Y. 
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ITS A TRUE 

BLUE-RIBBON 

TUBE" 

SYLVANIA PICTURE TUBES 
Lasted Longer than others tested! 

Only Sylvania tubes showed NO FAILURES 
after 1400 hours ... at accelerated voltages 
Exhaustive tests conducted under 
the supervision of an outside impar-
tial laboratory, the United States 
Testing Company, showed Sylvania 
Picture Tubes lasted longer than 
any others tested. 

These tests included the picture 
tubes of nine leading manufactur-
ers. All tubes were placed in identi-
cal test racks and tested under iden-
tical accelerated voltages. At the end 
of 1400 hours, only the Sylvania 

Picture Tubes showed no failures. 
These tests definitely establish the 

outstanding dependability of Syl-
vania Picture Tubes. They prove 
that these tubes will best uphold 
your reputation for fine performance 
in the sets you manufacture, sell or 
service. Send today for complete de-
tails about Sylvania Picture Tubes. 
Sylvania Electric Products Inc., 
Dept. 3R-4501, 1740 Broadway, 
New York 19, New York. 

SYLVAN IA 

r-- J de •110 —• • 

BEST IN 

OVER-ALL 

POINT 

QUALITY! 

SYLVAN IA 

OUTLASTED 

ALL TUBES 

TESTED 

TESTS CONDUCTED 

BY U.S. -TESTING 

COMPANY Li) 

RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC 

PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT 

TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES; LIGHT 

BULBS; PHOTOLAMPS; TELEVISION SETS 
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Designed for Application 

Grid Dip Meters 

Millen Grid Dip Meters are available to meet all various laboratory and 
servicing requirements. 
The 90662 Industrial Grid Dip Meter completely calibrated for laboratory 
use with a range from 225 Ice. to 300 mc. incorporates features desired for 
both industrial and laboratory application, including three wire grounding 
type power cord and suitable carrying case. 
The 90661 Industrial Grid Dip Meter is similar to the 90662 except for a 
reduced range of 1.7 to 300 mc. It likewise incorporates the three wire 
grounding type cord and metal carrying case. 

The 90651 Standard Grid Dip Meter is a somewhat less expensive version 
of the grid dip meter. The calibration while adequate for general usage 
is not as complete as in the case of the industrial model. It is supplied 
without grounding lead and without carrying case. The range is 1.7 to 
300 mc. Extra inductors available extends range to 220 kc. 
The Millen Grid Dip Meter is a calibrated stable RF oscillator unit with 
a meter to read grid current. The frequency determining coil is plugged 
into the unit so that it may be used as a probe. 
These instruments are complete with a built-in transformer type A.C. 
power supply and interminal terminal board to provide connections for 
battery operation where it is desirable to use the unit on antenna measure-
ments and other usages where A.C. power is not available. Compactness 

has been achieved without loss of performance or convenience of usage. 
The incorporation of the power supply, oscillator and probe into a single 
unit provides a convenient device for checking all types of circuits. The 
indicating instrument is a standard 2 inch General Electric instrument 
with an easy to read scale. The calibrated dial is a large 270° drum dial 
which provides seven direct reading scales, plus an additional universal 
scale, all with the same length and readability. Each range has its indi-
vidual plug-in probe completely enclosed in a contour fitting polystyrene 
case for assurance of permanence of calibration as well as to prevent any 
possibility of mechanical damage or of unintentional contact with the 
components of the circuit being tested. 

The Grid Dip Meters may be used as: 
1. A Grid Dip Oscillator 
2. An Oscillating Detector 
3. A Signal Generator 
4. An Indicating Absorption Wavemeter 

The most common usage of the Grid Dip Meter is as an oscillating 
frequency meter to determine the resonant frequencies of de-energized 
tuned circuits. 

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

AMES MILLEN 
MAIN OFFICE 

MFG. CO., INC 
AND FACTORY 

MALDEN, MASSACHUSETTS, U. S. A. 
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• Accommodates up to four individual R. F. 

channels available in the following frequency 

ranges: 125-525 k/c, 2-18 m/c,118-132 m/c. 

• Power output 400 watts LF and HF, 250 

watts VHF. 

• Accessibility of channels provides for easy 
inspection and maintenance. 

• Single or simultaneous frequency transmis-
sion provides ultimate flexibility. 

• Complete remote control operation. 

Write today 

for co specifications. 

ELECTRIC COMPANY, INC. 
Fourteenth and Chestnut 

Kansas City 27, Missouri, U.S.A. 



THREE WAYS BETTER! 
A New Calibrated Mega-Sweep 

1. Much Higher Output 

2. Wider Sweep Width 

3. Zero Level Baseline 

FOR MILITARY PROJECTS 
VHF-UHF TELEVISION and 

COUNTLESS LABORATORY 

APPLICATIONS 

This new model of the Calibrated Mega-

Sweep has, for work in the UHF range, many 

advantages over the standard model. The 

output impedance is 70 ohms unbalanced 

(over the whole frequency range) or 300 ohms 

balanced (for the range 450-900 mcs). The 

output of 0.3 volts into a 300 ohm balanced 

termination in the UHF range is adequate for 

frequency response testing of TV converters or 

tuners. The zero level baseline provides con-

venience in measuring gain of the circuits 

being tested. The great sweep width allows 

viewing the response of several channels at 

one time. 

111A CALIBRATED MEGA-SWEEP 

SPECIFICATIONS 

Frequency Range 

10 mc-950 mc 
450 mc-900 mc 

Output Impedance 

70 ohms unbalanced 
300 ohms balanced 

Output 
Voltage 

0.15 volts 
0.3 volts 

SWEEP WIDTH: Continuously variable to approxi-
mately 60 mc maximum. 

BLANKING: Provides zero level reference baseline. 

GENERAL SPECIFICATIONS: Similar to those of stan-
dard model Calibrated Mega-Sweep. 

PRICE: $575.00 f.o.b. factory. 

NOW IN DEMAND MORE THAN EVER! 

Standard Calibrated Mega-Sweep 
* FREQUENCY RANGE: 50 kc. to 950 mc. 

* SWEEP WIDTH: Variable to 30 mc. 
* OUTPUT: 0.05 volt into 53.5 ohms 

* CALIBRATED TUNING DIAL: Easy operation. 

* AMPLITUDE MODULATION: Less than 0.1 db per mc. 

* RUGGED CONSTRUCTION: Reliable performance. 

Price: $425.00 f.o.b. Factory 

KAY ELECTRIC COMPANY 
25 Maple Avenue Phone CAldwel/ 6-4000 

Pine Brook, New Jersey 
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Solve your hermetic seal problems 
with this expanded line of rugged 

GENERAL CERAMICS 

• General Ceramics Solder-Seal Terminals are avail-

able in a range of sizes and shapes capable of meeting 

practically any requirement. Solder-Seal Terminals 

are easily soft-soldered to closures and effect a 

EASE OF ASSEMBLY 
SUPERIOR STRENGTH 

er NON-DETERIORATION 
« PERMANENT SEALING 
RESISTANCE TO HEAT 
EXTREMELY LOW-LOSS 

permanent, positive hermetic seal that is virtually 

immune to mechanical or thermal shock. There are 

no rubber or plastic gaskets to age or deteriorate. 

For complete information call, wire or write today. 

D - t1.1111 
MCI DU 

PART 
NO. 

D-3342 
D-3346 
D-3350 
D-3349 

STANDARD SOLDER LUG TYPES 

A a E F 4 

3/16 1/2 1/16 
3/8 7/8 3/32 
3/8 1 15/32 1/8 
5/16 2 7/16 1/8 

Ammullommor 

11 32 
119 32 
29 32 
33 16 

.490 
S/11 

15 16 
3/4 

3/0 
.490 
11/16 
9/16 

.095 

.095 

.130 

.130 

3/16 
1/4 
3/0 
1/4 

STANDARD THREADED STUD TYPES 

3/32 
1/8 
1/8 
1/8 

PART 
NO. 

A E F G H 

D-3856 1 7/32 .490 3/8 1/16 
D-3857 1 51/64 5 8 .490 1/16 
0-3962  2 15/32 15/16  11/16 .055 
D-3638 2 15/32 15/16 11/16 1/16 

1/4 3/16 1/2 1/16 3/32 6/32 
1/4 3/8 7/8  3/32 1/8 6/32 
3/8 3/8 115/32 1/8 1/8 8/32 
3/8 3/8 115/32 1/8 1/8 10/32 

o 

CERAMICS and STEATITE CORP. 

GENERAL OFFICES 
Telephone: Perth Amboy 4-5100   
and PLANT: KEASBEY, NEW JERSEY 

L MAKERS OF STEATITE, TITANATES, ZIRCON PORCELAIN, FERRAMICS, LIGHT DUTY REFRACTORIES, CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE _ 
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EIMAC 

KLYSTRONS 

FOR UHF-TV 

Eimac announces the availability of the 

3K20,000L type of five kilowatt klystrons, the most 

practical and dependable tubes ever developed 

for high power UHF-TV. With only three klystrons 

covering the entire UHF-TV spectrum (470-890 mc), 

manufacturing and supply is no problem, and 

equipment design is simplified. 

Along with these attributes go exclusive Eimac 

features such as ceramic cavities, external tuning, 

and true metal to ceramic seals that give the 

3K20,000L series a quality of construction that 

fulfills the rigorous demands of television trans-

mitting. As a performer, each of these new klystrons 

has a power gain of 20 db., and will deliver five 

to six kilowatts peak sync output when driven by 

an Eimac 4X150G. 

3K20,000LA — Channels 14 thru 32 

3K20,000LF — Channels 33 thru 55 

3K20,000LK — Channels 56 thru 83 

• For more information about the 
five kilowatt klystrons write to our 
application engineering department 

• Visit the Eimac display at the 
March I. R. E. show 

Length 37 inches • Weight 35 pounds 

EITEL-McCULLOUGH, INC. 
SAN BRUNO, CALIFORNIA 

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco, California 

The five kilowatt klystrons are another Eimac contribution to electronic progress 
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Íe >lee 3 - pHASe_ 
AppelloNS 

ee'ed ECORES 
made from SILECTRON strip 

(grain-oriented silicon steel) 

The use of "E" cores, wound from grain-oriented silicon steel, results in 
weight and size reduction as well as higher efficiency and possible cost 

savings. "E" cores can be supplied in a variety of window sizes and core 
areas from 1, 2, 4 or 12-mil Silectron strip, for high or low frequency 

3-phase applications. • All Arnold cores are made by precision methods, 
and carefully tested under closely controlled conditions to assure highest 
quality and reliability. We'll welcome your inquiries. 

(-Cores to meet any requirement 

For your single-phase applications, 
Arnold "C"-Cores are available in 
any shape and quantity, and in any 
size from fractions of an ounce to 
hundreds of pounds . . . wound 
from Silectron strip in a wide 
range of ultra-thin and heavier 
gauges. 

W&D 4437 

PE ARNOLD ENGINEERING COMPANY 
SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 
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TRILISCOIN 

STEEL TOWERS 

FOR AM • FM•TV 

MICROWAVE 

Take-off point for dependable 

programing... 
There's less chance of"dead air" costing you listeners when your 
antennas are mounted atop Truscon towers. Truscon knows towers — 
has designed and engineered them to stand strong and tall under all 
weather conditions. You just name the height your antenna must reach; 
Truscon will engineer and erect the tower you need ... tall or small... 
guyed or self-supporting... for AM, FM, TV, or Microwave trans-
mission. Your phone call or letter to any Truscon district office—or to 
tower headquarters in Youngstown—will get your tower program going 
as soon as defense requirements allow. 

TRUSCONT' STEEL DIVISION 
REPUBLIC STEEL CORPORATION 

1072 ALBERT STREET • YOUNGSTOWN I,OHIO 

a name you can build on 
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ArdW. . prices reduced on famous 
Centralab Printed Electronic Circuits 

Compare the size of the former Ver-
tical Integrator, (shown actual size at 
left) with Centralab's new smaller 
design (actual size, below). Only 2/3 
as much space is needed by this new 
miniaturized Printed Electronic Circuit. 

PO101 

2 

--Y 

PO91 

23 

1-1rY 
*Don't overlook the savings achieved by new, reduced 
prices on this "bargain group" of PEC's. Check cou-
pon for bulletin. Pentode Couplates (Bulletin 42-
128), Vertical Integrators (Bulletin 42-126), Audets 
(Bulletin 42-129), Pendets (Bulletin 42-149). 

They're smaller — save you space and weight 

VES, the prices of popular Printed Electronic Circuits 
have been reduced. What's more, these components 

have been miniaturized to still smaller sizes. We've achieved 
maximum compactness plus top performance . . . at a new 
low price. That means even more versatility . . . still greater 
savings in electronic design. 

If your designs specify the capacities fulfilled by Pentodes, 
Vertical Integrators, Audets, or Pendets — look forward to 
savings ranging from 0.1 to 7 cents per unit. 

Actually, these miniature components have always saved 
you money in time and labor. Now, their first cost is less 
than that of the components they replace. 

Add up these savings—lower first cost ...less production 
time and labor .... reduced purchasing and inventory require-
ments. No wonder volume users find they can save thousands 
of dollars with Centralab Printed Electronic Circuits. 

A Division of Globe-Union Inc. 
920 East Keefe Avenue • Milwaukee I, Wisconsin 
In Canada, 635 Queen Street East, Toronto, Ontario 

WaBlallianalarnaliarnallafflallWarnaarna 

111 
a 

mi City State  
IMEMBEZZIUMMMIIIIMIZIIIMMIMEMBIR 

Centralab, A Division of Globe-Union Inc. 

920 East Keefe Avenue, Milwaukee 1, Wisconsin 

Please send me the technical bulletins on Printed Electronic 
Circuits as checked below: 
ID 42-128 D 42-126 D 42-129 D 42-149 

Name  

Company Title 

Address  

PROCEEDINGS OF THE I.R.E. January, 1953 37A 



Fot ‘ime be1ween Po \ ses  

tot the length ol one pulse tit psecl 

*Rise time tr--

with a DU MONT 
HIGH-VOLTAGE 
TYPE 303-AH 

The new Du Mont Type 303-AH 
is the high-voltage, high-

frequency instrument 
for you — W 

its time (0.021 1°"eihcsolculotote 

).033e 

OtiSi lime viewed' 

• 

9 
The loom) volts applied to the cathode-ray tube provides a 

bright, highly resolved presentation for viewing or recording short 
duration transients or high-frequency signals even at low repe-
tition rates. 

The metallization of the cathode-ray tube greatly increases 
brightness over normal screen brightness and prevents buildup of 
spurious screen charges, thus allowing faithful reproduction of 
short-duration transients having low repetition rates. 

The BNC-type coaxial input permits convenient connection of 
pulse-type signals usually carried on coaxial lines. 

The wideband vertical amplifier (3 db down) io MC has a pulse 
response of o.o33 psec for faithful reproduction of short rise-times 
without overshoot. 

The fast linear sweeps, 6"/psec (0.065 psec/cm) at io KV, take 
fullest advantage of the wideband amplifier for expanding and 
measuring short rise-times. 

The 0.25 psec signal delay line introduces no signal distortion 
and allows sufficient time for the sweep to start before the signal 
appears. 

The provision for both amplitude and time calibration of 
o.i, 1, io and loo volts peak to peak and o.1, 1, io and loo psec 
intervals insures accuracy and convenience of measurement. 

The variable-intensity illuminated scale facilitates visual or 
photographic measurements. 

Type 316-A probe available for low capacity input. Price $27.00. 

WRITE FOR FULL DETAILS AND SPECIFICATIONS 

SIS 

foe the amplitude and time el o pulse 
(1 pee pulse el 03 V amplitudel 

• METALLIZED CATHODE-RAY TUBE 

• SELF-CONTAINED 

• HIGH VOLTAGE 

• LIGHT WEIGHT PRICE 

• FAST SWEEPS $ 990 
• LOW COST 

MI MONT 
ALLEN B. DU MONT LABORATORIES, INC. • INSTRUMENT DIVISION • 1500 MAIN AVE., CLIFTON, N.J. 
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unlimited 
resolution 

( ZERO INCREMENT) 

NEW, 

REVOLUTIONARY, 

UNIQUE 

spiralpot 
MULTI-TURN SLIDE WIRE 

POTENTIOMETER 

Here is a multi-turn slide w•ire potentiometer that fulfills a 
long-felt need among users of precision potentiometers. 

Designed specifically for applications requiring high 
resolution such as servo-control, computers, etc., it is 

available with angular shaft displacements up to 3600° 
Due to the unique slide wire arrangement which allows the 

brush to traverse the length of a single resistance wire 
as the shaft is rotated, resolution (zero increment) is 
unlimited. The "Spiralpot- is small, with a low noise level, 

exceptional linearity, low torque and long operating life. 
The electrical output is exactly proportional to angular 

shaft position. 

Write for 
further information 

OTFIEK LIIANNIN1 

POTENTIOMETERS 

Ultra low torque, linear and 
functional output. .003 in. oz. torque, 
250 to 25000 ohms, .031" dio. shaft 

1.000" Diameter o 1.31" long. 

Linear and and functional outputs. Ball 
bearings: 1/c" shaft, 0.1 oz.-in. 
torque. 500 to 100,000 ohms. 
1.125" diameter x 1.16" long. 

Straight-line motion along axis. 
Linear or functional output. 200 to 
60,000 ohms. 5 sizes, 1" diameter 

from 2.33" to 6.54" long. 
Stroke 115" to 5" 

71-C2C1/1(11//l/ 

Linear and functional outputs. 
.078" dia, shaft—miniature ball 

bearings. 7/8" diameter x 7/8" long, 
.01 oz.-in. torque. 500 to 

100,000 ohms 

SPECIFICATIONS: 

POSITIVE MECHANICAL STOPS — withstands 500 
oz.-in. torque. 

SHAFT ROTATION: Up to 3600° plus 20  overtravel. 

RESISTANCE: From 50 to 250 ohms per shaft revolution 
from 500 to 2500 ohms for a 3600° unit). 

ACCELERATION: Will meet specifications during 50G 
steady state acceleration along any axis. 

VIBRATION: Withstands 10D sinusoidal vibration from 10 
to 100 cps in all axes, and 10G in selected axes up to 200 cps. 

OPERATINGTEMPERATURE: From —55° to +71° C. 

STARTING TORQUE: Less than 2 oz. -in. 

BACKLASH: None. 

LIFE: Over one million revolutions. 

POWER: 2 watts at +71° C. 

WEIGHT: 4 oz. 

RESOLUTION: Unlimited (zero increment). 

LINEARITY: Standard model 0.1%. 

I 812 

• >IMES EQUIP...CEO 

INSTRUMENT QUALITY 

POTENTIOMETERS 

G. M. GIANNINI & CO. INC.. PASADENA 1, CALIFORNIA—EAST ORANGE. 
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How to fly a guided missile 
in your laboratory 

Practically any electrical, mechanical or physical 

phenomenon—even the full flight of a guided 

missile—can be precisely re-created in the lab-

oratory from Ampex magnetic tape recordings. 

Ampex retains and plays back data in the same 

electrical form in which it is received, making its 
playback in effect equivalent to a rerun of the 

original test. But it has these added advantages: 

Data can be repeated at any time or place, can 

either be scanned or studied in whole or part, can 

be speeded up or slowed down, can be fed to au-

tomatic reduction systems. Furthermore, desired 

portions of the data can be reduced to oscillograph 

traces, pen recordings or any other form that could 

have been made at the time of the original test. 

Besides the convenience and versatility of the data 
itself, Ampex Magnetic Recorders and the tape 

they use have these desirable physical qualities: 

• Ampex Tope Recorders, being rugged, compact and port-
able, are usable where other equipment would not be 
feasible; 

• Tope requires no processing, hence is immediately available 
for playback; 

• Tape stores an enormous quantity of informa tion at low 
cost and in minimum bulk. 

• Ampex Tape Recorders cover extrem ely wide frequency range: 
Model 306 — 0 to 5000 cycles/sec. 
Model 307 — 100 to 100,000 cycles/sec. 
Model 303 — Pulse width modulation 

Many other models are also available. 

For further information write to Dept. G-1037 

AMPEX ELECTRIC CORPORATION 
934 CHARTER STREET . REDWOOD CITY. CALIF 
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PROVED  IN 
PRODUCTION 

U'ESTED 
IN USE 

HERMETIC's Miniature 
Feed -Through Terminals 
for All Electronic Applications 

1260-2 le:› 

N 

1260-3 

\-elt 

1470 1433-3 

1260-1 

7 
— 950-

1260-2 

t260-3 

PART NO. A 

433-3 175 1° ' 3/1 6 

41.r hese units are typical of the miniatures which 

HERMETIC is now producing with barrel 

dimension as small as 1,8" and with a mounting 

flange dimension as low as .150". The center 

conductor is available tubular or solid in a wide 

variety of terminations. The reduction in overall 

dimensions which HERMETIC has achieved makes 

these units suitable for a great many applications. 

Because the parts shown represent only a 

fraction of the vast production achieved by 

HERMETIC, contact the one and only 

dependable source of supply, and be sure that 

your problems will be solved, too. 

WRITE for your FREE copy of HERMETIC's 
colorful, informative, new, 32-page brochure, 
the most complete presentation ever 
offered on hermetic seals. 

Hermetic Seal Products Co. 
First and Foremost in Miniaturization 

29 South Sixth Street, Newark 7, New Jersey 
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• What do you expect %%hen )ou order 
a tubular part with a flare or flange at 
one or both ends? 

Certainly you expect that the over-all 
dimensions of the part will be within 
certain close tolerances. You expect 
that the flange or flare will be the only 
distortion in the tube. You want the 
flange dimensions and the flare angle 
to be within the limits established 
in your specification. You must be 
assured that the worked areas will be 
free from cracks, pits and breaks. You 
probably hope that the working has 
not set up unrelieved stresses to 
result in premature failure of the part. 

When Superior supplies the part, 
you get all you expect, want and 
hope for. 

This isn't a matter for boasting. The 
ability to deliver flared and flanged 

We, 
parts lo meet these basic requirements 
is just a part of our job, made possible 
by our long experience and extensive, 
highly-developed equipment for per-
forming just such operations. 

The rest of our job is in the field of 
advice, research and development 
assistance and careful problem analy-
sis to make sure that you have the 
right metal or alloy for your purpose. 

If you are a manufacturer or experi-
menter in electronics and have need 
for a tubular part, whether it be a 
simple cut and tumbled tube, a flared 
or flanged part, rolled or bent, ma-
chined at either or both ends or 
drilled in one or more places, tell us 
about it. We can probably help you 
and we're always glad to do so. Write 
Superior Tube Company, 2506 Ger-
mantown Ave., Norristown, Penna. 

This Belongs in Your Reference File 

. . . Send for it Today. 
NICKEL ALLOYS FOR OXIDE-COATED CATHODES: This reprint describes 
the manufacturing of the cathode sleeve from the refining of the base metal; 
includes the action of the small percentage impurities 'won the vapor pressure, 
sublimation rate of the nickel base; also future trends of cathode materials 
are evaluated. 

Cut and Annealed. Extensive cutting equip-
ment, hand cutting jigs, electronically con-
trolled annealers and other equipment, much 
of it developed within our own organization, 
results in high speed, precision production 
of parts. 

Flanging. Automatic flaring and flanging ma-
. him., are combined in Superior's Electronics 
Division with carefully trained production and 
inspection personnel who know how to do a job 
right and take the time to be sure. 

Expanded. Here is a part almost ready for 
delivery. Simple as it looks, it may well have 
been the subject of a score of operations and at 
every stage the prime consideration has been 
the quality of the finished part. 

.411 analyses .010" to 3's" 0.0. 

Certain analyses (.035" max. wall) Up to 0.0. 

SUPERIOR TUBE COMPANY • Electronic products for export through Driver-Harris Company, Harrison, New Jersey • Harrison 6-4800 
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010 DI.R 
COPPER CIAO 

ACTUAL SIZE 

1:175 DIA 

New CBS.RHYTRON 

Germanium Diodes 
Guaranteed Moisture-Proof! 

Mechanical Specifications 
A..020" copper-dad wire 

B. Nickel-silver "clip-in" pin 
C. Glass-filled plastic case 

D. Germanium crystal soldered directly to base 

E. .005" tungsten cat whisker 

F. Moisture-resistant impregnating wax 

WHY CBS-HYTRON GERMANIUM 

DIODES ARE BETTER RECTIFIERS 

1. MOISTURE-PROOF . . . eliminates hu-
midity and contamination problems 

2. SELF-HEALING . . . self-recuperating 
from temporary overloads 

3. SUBMINIATURIZED . . . only M inch 
inch in diameter 

4. SOLDERED WAFER . . . omission of 
plating eliminates flaking 

5. LOW SHUNT CAPACITY . . . 0.8 µµfd 
average 

6. SELF-INSULATING CASE . . . mounts 
as easily as a resistor 

7. EXCEPTIONAL LIFE ... 10,000 hours 
minimum under rated conditions 

8. NO FILAMENTS. . . low drain, no hum 

GENERAL PURPOSE 
TYPES 

1N48 
1N51 
1N52 

1N63 
1N64 

1N65 

1N69 
1N70' 

1N75 
1N81' 

-JAN TYPES 

Vital germanium wafer in a CBS-Hytron diode is guaranteed moisture-proof. 
Sealed against deadly moisture . . . fumes . . . and contamination, a CBS-
Hytron diode keeps moisture where it belongs ... out! First, by a chemically 
and electrically inert impregnating wax. Second, by a glass-filled phenolic 
case. With moisture-proof CBS-Hytron germanium diodes, you can be sure of 
maximum trouble-free life. 
Superior techniques also permit CBS-Hytron to omit plating of the ger-
manium wafer. Soldering is directly to the base. Thus flaking is eliminated 
and quality improved. Universal design of CBS-Hytron diodes follows Joint 
Army-Navy specifications. "Clip-in" feature gives you versatility, rugged-
ness, and electrical stability. Flexible pigtails of copper-clad steel welded into 
sturdy nickel pins also insure you against damage by soldering heat. 

Check the eight important-to-you reasons why CBS-Hytron moisture-proof 
germanium diodes are better rectifiers. Send today for complete data and 
interchangeability sheets. Specify CBS-Hytron guaranteed moisture-proof 

diodes for superior, trouble-free operation. 

CBS \-_-
1r_•RO 

VOLIVIabee. 
Ci\V\5‘Osii 

C 
00‘51SNe0. if,P.00,OC.S. G 

Ww. SV'itEth, \aC 

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

GOVERNMENT PURPOSE RADIO AND 

INSTRUMENT HOOK-UP WIRE, 

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

RADIO AND INSTRUMENT HOOK-UP WIRE, 

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

RF CIRCUIT HOOK-UP AND LEAD WIRE 

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

SHIELDED MULTIPLE MULTIPLE CONDUCTOR CABLES 

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

SHIELDED COTTON BRAIDED CABLES 

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

-"' 

SPECIAL HARNESSES, 

cords and cables, conforming to Government and civilian 
requirements. 

 Mikoi 

SHIELDED JACKETED MICROPHONE CABLE 

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

JACKETED MICROPHONE CABLE 

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

TINNED COPPER SHIELDING AND 
BONDING BRAIDS 

Construction: #34 tinned copper braid, flattened to 
various widths. Bonding Braids conforming to Federal 
Spec. C)Q-B-S75 or Alr Force Spec. 94-40229. 

Pit AND INTERCOMMUNICATION CABLE 

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

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

Our 48th Year in Business 

cords, cable and wire for radio • p. a.. test instruments • component parts 
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The first . . . the only MICROWAVE 
RECEIVERS to cover wide 

frequency ranges. 

1,000 to 10,750 mc. 

Microwave receivers of high sensitivity, wide 

tuning range and selectivity. Image rejection 

is greater than 60 db. Gain stability better 

than ± 2 db, permits application as a field 

intensity meter. Extra large dials enable fre-

quency to be clearly read to an accuracy of 

2%. Video bandwidth is 3.0 mc. Input power 

required is 105-125 v, 50/1000 cps. 

fo/arad sePz«,.a eoit0444.0« 

MOM 

e. 
,e) ,A 

re. :• % 
4I IA • à • ,qb 

— • :(-; • — (e. - , 

• Single Dial Tuning 
• Low Noise Figure 
• Tracked R.F. Preselection, Triple-Tuned 

• Linear db Output Indication 
• AM-FM Reception 
• Video Output — 10 y Pulse across 100 ohms 

• Audio — BFO 
• Recorder Output 
• Provisions for Using external Attenuators in I.F. 

Channel 
• Frequency Calibration Accuracy — 

• Separate Audio & Video Channels 

• AFC 
• Calibrated Tuning Meter 

100 METROPOLITAN AVE. • BROOKLYN 11, N. Y. 

STagg 2-3464 
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Microwave power 
input. 

Microwave power 
transmitted with 
negligible atten-

uation. 

Microwave power 
this direction at-
tenuated more 

than 20 DB. 

Improves stability of source, 
(By isolation). 

Eliminates reflection from loads. 

Eliminates reflection from detector with 
essentially no loss in sensitivity. 

Eliminates pulling due to wavemeter. 

Gives good broad-band match. 

Atha/ 8 1 hie diate 
to' 

• _nle 

u t, * Additional fre-
quency ranges will 
soon be available. 

THE 
--- UNIDIRECTIONAL 

TRANSMISSION LINE 
The Uniline section is a new development spe-
cifically designed for use in test measurements 
particularly where the impedance of the load is 
variable. For example, one of the several pos-
sible applications for the Uniline is as a replace-
ment for the loss-type attenuator commonly used 
for isolation between source and load. In this 
instance, more than 20 DB of isolation is pro-
vided with negligible loss in transmitted power. 
This means that up to 100 times as much power 
will be available for test purposes. The Uniline 
is a truly non-reciprocal transmission line ele-
ment, not a directional coupler. 

TYPICAL CHARACTERISTICS 

Frequency range 8800-9600 MCS. 

Wave guide size r 1/2" x 1" x 61/2 " long, Tubular 
covering 11/2" diameter. 

Attenuation in forward direction less than 1.0 
Decibel. 

Attenuation in reverse direction more than 20.0 
Decibels. 

Voltage standing wave ratio less than 1.5: 1 , 
either direction. 

Finished with standard flat flange unlessspecified. 

Write for descriptive bulletin which gives 
theoretical and operational details. 

CORPORATION 
53 Victory Lane Los Gatos, California 
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0-E Hydrogen Thyratrons! 
Vio standard-tube recovery time 

GL-6130 
Peak anode voltage 3 kv 

Peak current 35 amp 

Max power delivered 52.5 kw 

Replaces GL-3C45, also is suited to 
high-altitude applications. 

' 

X -x-, 

111875 II 

YEARS OF ELECTRICAL 
PROGRESS je--

.medAtniiirmay, 

12,500 kw max power delivered 

GL-5948 
Peak anode voltage 25 kv 

Peak current 1,000 amp 

Max power delivered 12,500 kw 

Ut 
Design your new pulse circuits abo these 
G-E tubes, to take advantage of their short 

time and high p recoveryeak ratings! 

IDEAL FOR radar applications 

—cyclotrons and otrons 
synchr  

--advanced electronic test equipment 

• 

EXTREMELY HIGH VOLTAGE AND CURRENT PEAKS. See 
ratings at left. These fast-cycling G-E thyratrons per-
form at far greater peak powers than standard types, 
because (1) the cathodes are specially designed to 
deliver very high currents, and (2) hydrogen has high 
dielectric strength. The GL-5948's rating of 25 kv is 
some 10,000 y above any standard thyratron. The 
smaller GL-6130's 3 kv is approximately 3 times the 
rating of standard tubes of the same size. You car 

switch top voltages with G-E hydrogen thyratrons! 

LIGHTNING-FAST RECOVERY TIME! Almost instantane 
ous tube recovery permits pulse cycling some 10 time 
faster than with other gas-filled tubes. Atoms of hydro 
gen—lightest of the elements—ionize and deionizt 
quickly enough to make possible thyratrons that wil 
"trigger" your high-repetition pulse circuits. 

BACKED BY EXTENSIVE G-E FACILITIES. General Elec 
tric's large research, engineering, and test facilitie 
combine to assure continued progress in hydrogen 
thyratron design. Ask for further facts by return mail— 
or, if you wish, a G-E tube engineer will be glad t 
call! Wire or write Tube Department, General Electrt 
Company, Schenectady 5, New York. 

GENERAL( ) ELECTRIC 



keeping communications ON THE BEAM 

PRODUCTS 

et. ¡p-tóShore 

is Ship Shape 
Her decks may be awash, but there's fair 

weather in the radio shack. Despite wind and 

waves the Captain% message will reach the 

home port. In fair weather or foul, you'll find 

JK Crystals rate a Navy "E" for their part in 

keeping marine communications "ship shape." 

JK STABILIZED 

H-4 CRYSTAL 

CRYSTALS FOR THE CRITICAL 

A versatile crystal the JK 1-1-4 is widely used 
as a replacement crystal in marine and other 
communications systems. Pressure mounted, 
dust and water proof, stainless steel electrodes. 
Frequency range 1800 kc to 15 mc. Military 
type holder. An her of the many JK Crystrils 
availsble to ser e every need. 

THE JAMES KNIG 
SANDWICH ILLINOIS 

the JK 
FD-I2 

FREQUENCY & MORULA 
Monitors any four frequencies anywhere be-
tween 25 mc and 175 mc, checking both fre-
quency deviation and amount of modulation. 
Keeps the "beam" on allocation; guarantees 
more solid coverage, tool 
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SERIES 155-A RELAY 

The Series 155-A Relay is compact, sturdy, 
easily mounted, small in size. Constant spring 
tension contacts attached to armature "make" 
before armature completes its travel, balance 
of travel being taken up by the spring. A firm, 
wiping contact compensates for misadjustments 
or voltage variations. Fixed contacts mounted 
on field piece. Moulded bakelite armature in-
sulator. Operates up to 220 volts. 

AN-3324-1 D.C. Series 595 D.C. Sones 610 A.C.-615 

WRITE—WIRE—TELETYPE—PHONE NOW! 
AN-3303-1 D.C. 

SCRAMBLING MESSAGES TO 

GUIDED MISSILES 

SEPARATING METALS , 
- I 

BY GUARDIAN 
COVER A WIDE RANGE OF CONTROL APPLICATIONS ... 
One of many methods used for the operation and control of guided missiles is 
multiple channel transmission that scrambles the channels and frequencies 
on which the control signal is sent. A Guardian hermetically sealed unit, spe-
cially designed for continuous switching of multiple channel transmission, is 
used to prevent interception of the missile by unfriendly hands. 

Another application of Guardian units—the Series 155-A Relay regulates 
the duty cycle of a Thyratron tube to control the time involved operating a 
testing tool for the separation of metals. This sorting principle employs the 
tribo-electric effect on metals, steel and non-ferrous alloys, whereby a stand-
ard metallic specimen held in the chuck of a reciprocating tool is rubbed 
against the unknown for a controlled time. Should a chemical or metallurgical 
dissimilarity exist between the chuck-held specimen and the unknown material, 
a minute electrical current is generated and so indicates on a calibrated dial. 
Thus, the operator quickly identifies, sorts and accomplishes non-destructive 
testing of each metal item. There's a Guardian unit to solve your control 

problem. Write. 

GUARDIAN 
1628-A W. WALNUT STREET 

A COMPLETE LINE OF RELAYS 

D.C. Series 695 D.C. 

ELECTRIC 
CHICAGO 12, ILLINOIS 

PROCEEDINGS OF THE I.R.E. January, 1953 

SERVING AMERICAN INDUSTRY 



10 ien 
to 601 aiee 

Climatic extremes call for 
function-fitted* capacitors. 

Because Aerovox engineers have all climates at their 
finger tips, thanks to lab equipment second to none, they know 

precisely the meaning of sub-sub-zero temperatures .. . 
flying at 75,000 feet ... elevated temperatures above the melting point 

of solder . . . extreme humidity .. . fungus problems. 

That is why Aerovox capacitors are 

*Aerovox capacitors can be fit-
ted to your circuitry, associated 
components and operational 
requirements, often at substan-
tial savings, always for better 
performance, and never at ad-
ded cost. Let us tell you about it. 

• In Canada 

so popular in all climes. 

EROVOX CORPORATION 
NEW BEDFORD, MASS. 

Hi-Ce DIVISION WIL KOR DIVISION 
OLEAN, N. Y. CLEVELAND. OHIO 

Export: 41 L 42nd St.. Now York 17, N. Y. • Coble: AEROCAP, N. Y. 

AEROVOX CANADA STD.. Hamilton. OM. JOBBER ADDRESS: 740 llollovillo Ave. Now Sodfoid. Mesa I 

News—New Products 
jr, page 22.-1) 

Amplified TV Antenna System 

A new master-amplified TV antenna 
system is now availatle to owners of apart-
ment buildings, hotels, institutions, and 
TV service organizations. It is made by 
Amplitel, Inc., 362 W. 57 St., New York 19, 
N. Y. Amplitel is a custom-engineered 
system, as differentiated from booster 
type equipment, and offers these functional 
advantages. 

It is an amplified system designed to 
produce peak reception on each channel in 
an area on every TV set in a building 
regardless of location. There is no interfer-
ence between sets, and no cross-modulation 
between channels. By the .use of one spe-
cially designed yagi-type antenna for each 
channel; stronger directional signals are 
obtained free of multipath reflection, even 
in ghosty or weak signal areas. 

By amplifying each channel separately, 
weak signals are amplified in weak areas, 
and strong signals are balanced, so that 
all channels are received at the same level 
at the receiver. All signals are automati-
cally mixed to the required number of 
risers, AM, FM, or both are available. One 
Amplifier is capable of servicing as many 
as 175 sets. It is easy to install and serv-
ice, and is adaptable to color and uhf. 

High Fidelity Amplifier 
Recently introduced by Precision Elec-

tronics, 9101 King Ave., Franklin Park, Ill., 
is their model 100 BA, designed as a basic 
amplifier for the average high fidelity home 
system. Features include full range repro-
duction with low distortion together with 
tonal purity. Power outputs: 10 watts; 20 
watts peak. Distortion at 10 watts, 1 per 
cent harmonic and 2 per cent intermodula-
don. Frequency response at 3 watts ±0.5 
db, 20 to 50,000 cps. Frequency response at 
10 watts ± I db, 30 to 20,000 cps. 

Complete information may be ob-
tained from the manufacturer. 

New Brochure 
A new brochure featuring "Unitized 

Construction" and standardization of pre-
cision potentiometers is available from 
Servotrol Co., 114 W. Illinois St., Chicago 
10, Ill. Requests should be directed to the 
Servotrol Co., Eastern Branch Office, 
Framingham Centre, Mass. 

(Continued on gage 5M) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued front gage 50A) 

Stepping Switch 
Bi-directional stepping switch (Model 

27000), adaptable to a wide variety of ap-
plications usually impracticable for con-
ventional switches, has been developed 
by Consolidated Engineering Corp., 300 N. 
Sierra Madre Villa, Pasadena 8, Calif. It 
is capable of advancing or reversing with 
equal ease and speed. Self interrupted, com-
pletely reversible operation makes possible 
its use in many types of high-speed, dif-
ferential counter and servo-mechanism 
designs. In addition to its direct use as a 
bi-directional switch in circuits requiring 
con tact closures, Model 27000 is also quickly 
convertible to a stepping motor for special 
servo and control applications because its 
output shaft is free at both ends for con-
nections to many types of external attach-
ments. 

As a differential counter, the unit is 
used to indicate a remaining quantity or 
balance on hand. As a remote positioning 
motor, the switch mechanism can be con-
trolled by bi-directional, remote sources. 
In automatic computers, it can be used as 
a digit-storage register. As an automatic 
attenuator, it is used to add or subtract 
resistances for adjusting gain and prevent. 
ing overloads. And as a digital, self-bal-
ancing bridge, Model 27000, together with 
discrete resistance steps, converts analog 
test or process data directly to digital con-
tact closures immediately available for 
computation or control. 
The switch mechanism, an electro 

magnetically operated pawl and ratchet, 
steps the output shaft to 36 discrete angu-
lar positions in 10° steps. Drive is direct, 
since shaft movement occurs upon ener-
gization of the coil rather than through the 
use of springs. A typical switch has four 
parallel circuits to 12 positions. Special 
contact banks with up to 25 contact posi-
tions can be furnished, however, by re-
placing a level of contacts with a solid 
metal sector to provide center feed to the 
wipers, full 360° rotation is obtained over 
36 contacts. Write for Bulletin 3004. 

Germanium Diodes 
Amperes Electronic Corp., 230 Duffy 

Ave., Hicksville, L. I., N. Y., announces 
the addition of a line of 7 germanium di-
odes of hermetically sealed glass variety 
which are not affected by atmospheric 
conditions of humidity, altitude and ex-
tremely low temperature. 

Four of these diodes are electrically in-
terchangeable with well-known standard 
types, and the others are new. All of them 
are highly resistant to shock and vibration. 

The types IN34A, IN38A, IN54A, 
IN58A, IN86, IN87 and IN88 are pres-
ently listed. In addition, a number of new 
diodes, now in development, will follow for 
which there are presently no interchange-
able types on the market. 

Complete technical data is available on 
request from Amperex. 

(Continued on page 96A) 

PLATE 4, 
ASSEMBLIES 

For dependable miniaturization and 
simplified assembly, you can use Hi-Q 

plate assemblies for the replacement of 
groups of capacitors and resistors, with 

absolute assurance of circuit stability 
between the component parts. 

Type PA-113 is typical. Combines 
8 elements of the second 

detector and audio amplifier stages 
of a receiver, on a single plate. 

This network requires only 7 leads instead 
of usual 16 for individual components. Minimizes 

soldering time; eliminates mounting strips; reduces 
stocking and handling problems. 

Other Hi-Q plate assemblies provide vertical integrator, vertical 
integrator and coupler, audio plate grid coupler, pentode 

second detector and audio amplifier, 
pentode plate coupler and screen supply, etc. 

*FUNCTION-FITTED TO YOUR NEEDS 

Regardless what your "circuit squeeze" problems may be. Hi-0 

specialists can provide the ideal solution in either standard or 

special types. Send us those problems! 

In Canada 

twin:TI-1cm 

liíe°V°X CORPORATION 
OLEAN, NEW YORK 

AEROVOX CORPORATION WILKOR DIVISION 
NEW BEDFORD MASS. CLEVELAND, OHIO 

Eloper,: 41 E. 42nd St, N•ste York 17, N Y. • Coble AEROCAP. N Y 

AEROVOX CANADA LTD. Hamilton. Ont JOBBER ADDRESS 740 Bellevélle Ave New Bedlo,d Matt 
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Closed Lens are responsible 
for the structural strength 
and superior physical 
properties of Rubatex — not 
possessed by ordinary 
sponge rubber with open 
coarse cells which are wide 
open to oxygen and moisture. 

The calender sheets out raw stock to 
required thickness prior to curing... 
assuring controlled thickness of Rubatex. 

Gigantic calender rolls at the Rubatex 
plant are specially designed and skillfully 
manned by experienced operators who 
maintain accurate adjustments ... to assure 
controlled thickness of RUBATEX to meet 

ASTM tolerances for cellular rubber .... to smooth the way for 
better product performance in gasketing, sealing, shock 
absorption, sound deadening, and vibration isolation appli-
cations. A plus feature of controlled thickness is the fact that 
RUBATEX gaskets can be tightened down to a good seal with 
very little danger of breaking plastic or glass parts. 

In addition, RUBATEX offers greater cushioning and 
resiliency than other soft rubber materials .. : is soft, pliable, 
and easy to work with ... is rot and vermin proof. 

You can always depend on the uniformity of RUBATEX 
both in superior physical properties and excellency of per-
formance. Next time — try RUBATEX! 

PNa 

RUBATEX AT WORK 

AUTOMOTIVE & AIRCRAFT 
• Arm rests 
• Battery supports 
• Lamp gaskets 
• Heater core gaskets 
• Cowl gaskets 
• Window gaskets 
• Fuel cell cushions 
• Floor mats 
• Anti-squeak pads 

CONSTRUCTION 
• Expansion joint seals 

• Weather stripping 

INDUSTRIAL 
• Instrument gaskets 
• Fatigue mats 
• Low temperature 

insulation 
• Dust-proof seals 

• Moisture-proof seals 
• Gasketing 
• Vibration isolation 
• Shock absorption 

Send us details of your proposed applications mid let us send you sa iii pies and recoin mendations. 

Write Dept IRE-I, Great American Industries, Inc., Bohai es Di. ision, Bedford, Virginia. 

FOR AIR THAT PROTECTS—USE RUBATEX 

elleee 

'CLOSED CELLULAR RUBBER 

trot ir 

i%14..e.. 

MaN 

• • • 

PACKAGING — Packing 

cushion for fragile goods 

and delicate scientific 

instruments. 

REFRIGERATION — Gasket-

ing for refrigerator and 

cold storage room doors. 

SPORTING GOODS — "Air 

cushioning" padding for 

athletic equipment and 

apparel. 

CONSUMER & HOUSEHOLD 
PRODUCTS 

• Shoe innersoles 

• Hearing aid 

"cushioning" 

• Appliance gaskets 

• Bath and kitchen mats 

o 
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IN LABORATORIES throughout the electronic field, the Varian X-13 
Klystron is widely used as a general-purpose x-band signal 
source. In the typical setup above (checking load reflection), 
note the compactness, the convenience of connection, and the 
way the tube bolts directly to the waveguide. 

OUTPUT POWER typically reaches half a watt at center frequency 
and exceeds 150 milliwatts over the full frequency range 8.2 to 
12.4 kmc. The X-13 exhibits extremely low microphonic levels 
and operates directly into matched waveguide. Tuning is done 
with a single control. The tube is air cooled and has clearance 
dimensions of 41A by 21/2 by 21/2 in., weight of only 6 oz. 

Typical Power Output - Varian X-13 Klystron 
(Beam Voltage, 500 y) 

500 

3 

40000 

=-1 

e 2001- 
10 
FREQUENCY - Kin 

12 13 

OTHER VARIAN KLYSTRONS extend and expand the functions of the 
X-13. An extensive line of tubes with designs based on that of 
the X-13 offers a wide selection of output powers, types of tun-
ing devices and terminations, as well as capabilities for with-
standing vibration and shock ranging far beyond 30 times 
gravity. 

SEND FOR DATA on these or other klystrons from the extensive Varian 
line, many of which are necessarily unpublicized. You are in-
vited to submit your microwave problems to the Varian applica-
tion-engineering group for recommendations. 

VARIAN associates 

990 VARIAN STREET • SAN CARLOS 2, CALIFORNIA 

neVAR IAN  
m associates 

VERSATILE 

X-BAND 
SIGNAL 

SOURCE 

Varian X-13 
reflex klystron 

... 8.2-12.4 kmc 

... 150-500 mw 

FIELD ENGINEERING 

REPRESENTATIVES 

IN PRINCIPAL CITIES 

— - - 
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Measure Difference In 

in Designing Tuned Circuits the effect on Q of adding capacitors, 
iron cores, or resistors must frequently be determined. The Q 
of the separate components is also often needed. These measure-
ments made on Q Meters formerly available required the use of 
a small difference between two large Q values in various formula.. 
This led to large errors. The Q Meter Type 190-A reads the 
difference between the Q of a reference circuit and the Q of this 
circuit when new components are added. The scale that indicates 
this Differential Q has a sensitivity 4 times as great as the scale 
which reads Q. The accuracy and ease with which Differential Q 
can be read is greatly improved by use of the 190-A Q Meter. 

The Q Meter Type 190-A has a "Lo Q" scale which reads Q 
down to a value of 5. The internal resonating capacitor is directly 
read and has a vernier arrangement for accurate reading of 
capacitance. The dial rotates approximately 10 times in covering 
the capacitance range. All readings are made on a single meter 
corrected for parallax. 

SPECIFICATIONS 

FREQUENCY COVERAGE: 20 mc to 260 mc. Continuously Variable in Four Ranges. 

FREQUENCY ACCURACY: Calibrated to -,- 1%. 

RANGE OF 0 MEASUREMENTS: 5 to 1200. 

RANGE OF DIFFERENTIAL Q MEASUREMENTS: 0 to 100. 

ACCURACY OF Q MEASUREMENTS: Circuit Q of 400 read directly on meter can 

be determined to accuracy of 5% to 100 mc and to 12% to 260 mc. 

INTERNAL RESONATING CAPACITANCE RANGE: 7.5 mmf to 100 mmf (direct 

reading) calibrated in 0.1 mmf increments. 

ACCURACY OF RESONATING CAPACITOR: 0.2 mmf to 20 mmf 

0.3 mmf to 50 mmf 

0.5 mmf to 100 mmf 

POWER SUPPLY: 90-130 volts-60 cps (internally regulated). Power Consumption-
55 watts. 

Specifications sublect to change without notice) 

PRICE: $625.00 F.O.B. Factory 

with 

The 0 METER 
Type 190-A 

SINGLE, EASY-TO-READ METER 

WITH PARALLAX CORRECTION 
FOR ALL FUNCTIONS 

• Q indicating voltmeter: 50 to 400. 

• Multiply Q scale: 0.5 to 3.0. 

• A differential Q scale for accurately in-
dicating the difference in Q between two 
test circuits. 

• Additional accurate expanded scale for 
measuring low values of Q. 

• A counter type resonating capacitor dial 
for improved setting and reading 
accuracy. 

• Regulated power supply for increased 
stability and accuracy. 

• Careful design to minimize instrument 
loading of circuit under test. 

BOONTO 
BOONTON 14•J• USA 

RADIO 
o-edetedask 

;(1 PROCEEDINGS OF THE I.R.E. January, 1953 



Humboldt Greig, president of 
WHUM-TV, says: "We picked 
GPL cameras to gain a truly major 
reduction in costs by adding re-
mote control. In fact, we feel 
these will be self-liquidating cam-
eras due to the savings. We have 
tested them under the roughest 
conditions with our mobile unit in 
the past two months and encoun-
tered absolutely no difficulties." 

STATION OWNERS 

Our engineers will be 
pleased to show you, with-
out obligation, how you 
can get maximum efficien-
cy and economy in either 
UHF or VHF operations 
with GPL studio and field 
equipment. Write, wire or 
phone: 

CONTROL CAMERAS 
make debut as WHUM-TV 
puts UHF in Major Operation 

Channel 61 in Reading uses 4 of 
new GPL chains to cut costs, 

improve studio-field 

efficiency 

- 

Marking two major milestones in 
television, WHUM-TV introduces 
both high powered UHF and re-
mote control for new techniques in 
camera operation. 

For the opening 30 live-hours per 
week from this 260,000-watt UHF 
station, 4 GPL image orthicon chains 
will be used with remote control ped-
estals. From as far as 1,000 feet away, 
all actions of pan and tilt, lens 
change and focus and iris are easily 
controlled. 

Each camera has a "memory" of 6 

pre-set positions. With a four-chain 
set-up, a director has a choice of 24 
camera shots. Pushing a "pre-set" 
button automatically swings the cam-
era on target ... with lens, focus and 
iris in correct adjustment. Speed and 
ease of operation save time, camera 
handling, and dollars. 
For field operations — covering 

sports and news — WHUM-TV uses 
the GPL studio-field interchangeabil-
ity . . . again cutting costs. Two cam-
eras, complete with remote control 
pedestals, fit atop the station's mobile 
unit. Pedestals disassemble in min-
utes for easy transfer between bus 
and studio. 
WHUM-TV is the first station to 

equip all its cameras with remote 
control . . . for tops in quality, for 
utmost in economy. 

General Precision Laboratory 
INCORPORATED 

PLEASANTVILLE NEW YORK 
Cable address: Prelab 

Export Department: 
13 East 40th St., New York City 
Cable address: Arlab 

TV Camera Chains • TV Film Chains • TV Field and Studio Equipment • Theatre TV Equipment 

PR( )( :1,1)1.\( ut 111E January, 1933 57A 



MFD 

120 
40 

75 
50 

40 e 
80 

MALLORY TYPE XT 

TANTALUM ELECTROLYTIC CAPACITORS 
85 C MAX 

Type No OCV 

SIZE 

C \ OHMS 

\ 1/2  \ I 
l'h V* 

2.5 
2.5 

2.5 
2.5 

2.5 
2.5 

2.5 
2.5 

n. % Ms 3 

16 _ 7.5 

4 
6 

11/4  1"/32 4 12 _ _ 

% I% 5 t 12.5 
5 
10 VA 21/22 5 1 2 .5 

% 2¼t6 \ 15' 
11/2  ! 21/2  6 15. _ 

5 % 2ry,2 \ 7 \ 17.5 

;•. \ 21/2 7 ! 17.5 

2000 C MAX 

Ty pe NO. DCV 

X1120-12 12 
XT240-1 2 12 

_ 
20 
20 

XT 75-20 
XT1 50-20 

xT .40-38 
XT 80-' 

.. 

XT 7 
XT 

4 
8 

10. 

10. 

xt 

XT 6. 
r 12.2 

15 2 'C MAX. 

- 

es^ Type No. 
- - 

80 XT I 20-14 
80 XT240-14 

; 80 
eo 
• 

DCV MA 

1 4 90 
14 90 

xi 22.4 

Case Sizes 
from 

xT 5.300 5,008;u0 
XT 10-300 ! 

60 60 
XT 8.360 360 I 8 

xT 3.5-420 \ 420 0 
XT 7-420 420 \ 80 

10-3'-

 4.450 
XT 8450 

XT 3.5-525 
XT 7-525 

45t• 
450 

125 C MAX. 

Type 14°. 

XT1 20-1 5 

90 90 -TT -7-5-2-;--1 
X:214500-.1: 

525 , 90 
525 'I 60 

The Mallory Tantalum Capacitor shown is but one of the com-
plete range of sizes and ratings indicated in the table. Note the 
following advantages: 

Compactness 

Continuous performance over a temperature 
range of -60° C. to +200° C. 

high resistance to shock and vibration 

Proof against thermal shock front -60° C. to 
+200° C. without damage 

Double sealing for absolute protection under 
all operating conditions. 

Originally developed for the Armed Forces subminiaturization 
program, Mallory Tantalum Capacitors are now available in 
quantity. If you are redesigning your equipment, don't hesitate 
to call on us for help in any problem involving the application of 
capacitors, the development of special types or the simplification 
of related circuits. 

OCV 

15 \ 100 
15 100 

25 
2. 

100 
100 

XTI20-18 
XT240-1 8 ! 

XT 75-30 \ 
XII 50-30 

XT 40-60 
80-60 

\ 125 
18 125 

30 \ 125 
30 125 

60 \ 125 
60 125 

100 100 \ 125 
00 100 125 

00 ! 180 \ 125 

180 \ 180 125 

8_270 ! 270 125 

16._270_. _237600 2_12255 

xl 125-.346500 \ 344655000 \ 111122225555 

XT :CL:4551.0_ 

XxxTTT 487...556443000 \ 556443000 \ 112255 

XT 3.5-630 \ 630 \ 125 

For Complete Information... 

The above table is part of 
our new Technical Bulle-
tin 4-3. Write for your 
copy today. It is complete 
with sizes, mounting 
arrangements, surge volt-
ages and performance 
curves. 

Expect more... Get more from K,A ALLORY 
Parts distributors in all major cities stock Mallory standard components for your convenience 

MALLORY 
P.R. MALLORY a co.. Inc. SERVING INDUSTRY WITH THESE PRODUCTS: 

Electromechanical-Resistors • Switches • Television Tuners • Vibrators 

Electrochemical - Capacitors • Rectifiers • Mercury Dry Batteries 

Metallurgical - Contacts•Special Metals and Ceramics•Welding Materials 

P. R. MALLORY 84 CO., INC., INDIANAPOLIS 6, INDIANA 
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CONNECTORS 

Y KINGS 

The B N C Connectors shown are small, 

lightweight Connectors designed for use 

with small cables such as RG-58/u, 

RG-59/u and RG-71/u. Widely used for 

video and aircraft test equipment, they are 

recommended for frequencies as high as 

3000 M.C., where impedance matching is 

important. The B N C series is used suc-

cessfully in the region of microwave 

frequencies. 

Whether your connector requirements call 

for the B N C series, N series, the new C 

series or special adaptations of standard 

connectors, you can rely on Kings. Our 

staff of highly specialized engineers invite 

your inquiries. 

MHOS fr€4MfiC CO., INC. 
40 MARBLEDALE ROAD, TUCK AHOE, N. Y. 

IN CANADA ATLAS RADIO CORP., LTD., TORONTO 
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MANIA TUBE SOCKETS 
for Rugged Military Service 

HIGH QUALITY SYLVANIA SOCKETS IMMEDIATELY AVAILABLE 

JAN OCTAL TUBE SOCKETS 

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

JAN 7- AND 9-PIN MINIATURE 
TUBE SOCKETS 

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

sockets. 

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

BUTTON TYPE SUBMINIATURE (T3) 

TUBE SOCKETS 

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

Highest quality is guaranteed by Sylvania's own 
exacting quality control. 

For full information on the complete line of 
Sylvania Tube Sockets write: Sylvania Electric 
Products Inc., Dept. 3A-4501 Parts Sales Division, 
Warren, Pa. 

-e SYLVAN IA e 
RADIO TUBES; TELEVISION PICTURE TUBES; ELECTRONIC PRODUCTS; ELECTRONIC TEST EQUIPMENT; FLUORESCENT TUBES, FIXTURES, SIGN TUBING, WIRING DEVICES: LIGHT BULBS; PHOTOIAMPS; ItLEVISIuI SIX 
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PRESTIGE of the BUSS Name and 
PROTECTION of BUSS FUSES 
PROFIT For You 

For more than a third of a century 
BUSS has lead in the research, design and 
development of fuses for electrical protection. 
To maintain this standard of unquestioned high 
quality, each and every BUSS fuse for the 
electronic field is tested in a highly sensitive 
electronic device that rejects any fuse that is not 
correctly calibrated — properly constructed — 
and right in all physical dimensions. 

The complete BUSS line makes it easy and 
economical for you to select the fuse that is right 
for any requirement. Choose from Dual-Element 
(Fusetron slow blowing fuses), Renewable, and 
One-Time types which are available in all stand-
ard sizes, and many special sizes and designs. 

BUSSMANN Mfg. CO.. Division McGraw Electric Company 

University at Jefferson, St. Louis 7, Missouri 

PROCEEDINGS OF THE I.R.E. January, 1953 

means 

Do You Have A Protection Problem? 
Let our fuse engineers help you select or design 

the right fuse or fuse mounting to meet your 
needs. Submit a sketch or description that shows 
the type of fuse contemplated, number of 
circuits; type of terminals, and the like. We 
welcome your requests — and our staff is always 
at your service. 

TO MAIL THIS 

HANDY COUPON TODAYI 

BUSSMANN Mfg. Co. (Division of McGraw Electric Co.) 
University at Jefferson, St. Louis 7, Mo. 
Please send me bulletin SFB giving the facts on 
BUSS small dimension fuses and fuse holders. 

Name Title  

Company  

Address  

City & Zone State IRE 153 
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LITTON INDUSTRIES NEWS 

ANOTHER ADDITION TO LITTON PLANT TO HELP 

MEET YOUR TUBE DEVELOPMENT AND PRODUCTION NEEDS 

Litton is now building a new addition to its vacuum 

tube plant at San Carlos, California. This expansion 

will approximately double tube development and 

manufacturing facilities and will allow expansion of 

our affiliate, Litton Engineering Laboratories, which 

has taken over the manufacture of glassworking 

lathes &id other machine products. Like the plant 

completed last year, the new building has been de-

signed specifically for vacuum tube manufacture; it 

has similar reinforced concrete block walls with 

large glass-block panels for diffused daytime illumi-

nation. 

Included is complete environmental control of 

temperature, sound, light and air for optimum man-

ufacturing conditions. 

Increasing demand for Litton products has brought 

about this expansion, and we expect that the added 

capacity will provide greater volume and service to 

our friends in industry. 

1025 BRITTAN AVENUE • SAN CARLOS. CALIFORNIA • U.S.A. 

LITTON MAGNETRONS 
Concurrent with plant ex-

pansion is a marked increase 
in the variety of pulse and 
CW magnetrons for radar, 
beacon and countermeasure 
equipment. It is quite pos-
sible that Litton Industries 

now has in production or de-
velopment the specific tube 
to meet your needs. 

Application of Litton design 
and processing criteria to all 
our tube types permits man-
ufacture of tubes that re-
quire no aging racks in the 
plant or in the field and have 
long shelf life with snap-on 
operation to full rated pow-
er output immediately after 
completion of the cathode 
warm-up period. 

Manufacturers 
of Vacuum Tubes and 
Accessory Equipment 

2674 
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"We need an 82-channet tune' 
_only one line of receivers !" 

reel sales areas 

A A e• 
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TRIM TV COSTS WITH 
G-E 11111F-UHF TUNER TUBES! 

AVOID DOUBLE INVESTMENT IN WAREHOUSE STOCKS . . . cut produc-

tion expense.. . with the aid of G.E.'s tuner-tube trio! Now you can have 
one-dial tuning through all TV channels—economically. 

45-T0-870-MC RANGE! No need to switch tubes between high and low 
bands! General Electric tuner tubes are usable at all TV frequencies. 

Layout of your combined head end can be simple, saving tubes, compo-

nents, and circuitry. 

HERE ARE PERFORMANCE PLUSSES YOU OBTAIN: (1) low noise level, 

with less snow, (2) less radiation interference, (3) high r-f gain. They 

add up to a far better head-end circuit, as well as one that provides single-

dial tuning at low cost. 

GET FURTHER FACTS—TODAY! Phone, wire, or write , 
for Booklet ETD-591, giving complete tuner-tube 
information! Or, if you wish, a G-E tube engineer \fè 
will be glad to call. Address Tube Department, 
General Electric Company, Schenectady 5, N. Y. 

GENERAL 

filors7 
or 

:4Aqinua 

ELECTRIC 

A 
AA 

6AJ4 
Grounded-grid 

r-f triode 
(2 stages) 

6AM4 
Grounded-grid 
mixer triode 

6AF4 
Local-oscillator 

triode 



Early glass 
Kinescope 

Modern metal-shell 
Kinescope 

IN PRODUCT IMPROVEMENT R 

Early radiator 
design used on 
RCA-7C24 

Improved design of 
radiator now used on 
similar type, RCA-5762, 
cools with only one-half 
the air flow 

Early vacuum 
rectifier for receivers 

Improved RCA-5U40 
has greater stability, 
longer life. 

C ANEVER STANDS STILL 

Early 500 
deflecting yoke 

New 90" deflecting yoke for 
27" picture tubes 

IT IS ONE THING to develop new products for 
the market. It's another thing to improve 

them ... to conceive advanced designs ... 
after they are on the market. 

RCA engineers take nothing for granted—even 
after design has been "frozen." RCA engineers 

continue to work closely with equipment designers 
to solve problems dealing with the performance 
of tubes and components. RCA engineers never 
"let go" in their efforts to provide the ultimate 

in useful performance of the product. 

Take the tubes and components illustrated here. 
• The improved rectangular kinescope features a 
metal shell which permits use of a reflection-free 

faceplate having uniform thickness and high quality; 
it weighs less; it allows new flexibility in chassis 

layout. • The improved plate radiator of the 
power tube reduces operating temperature, 
increases tube life, saves customers' money. 

• The improved deflecting yoke provides beam 
deflection through a diagonal deflection angle of 
90°—with inherent compensation for deflection 
defocusing.. The improved rectifier tube has a 

greater reserve of emission, greater stability, longer 
life ... is better suited for TV receiver requirements. 

You can rely on RCA engineering leadership 
for continuous product improvement. 

RADIO CORPORATION of AMERICA 
ELECTRON TUBES HARRISON, N.J. 
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The UHF Issue 

Cs,(0 
In order that the membership may more readily keep abreast of the major developments in 

the radio engineering field, the Board of Directors of the Institute has authorized the publica-

tion, on a nonscheduled basis, of special issues of the PROCEEDINGS OF THE I.R.E., devoted to 

subjects of particular importance and timeliness. The present issue is the third such special 

issue to be published, and is devoted to a subject of far-reaching significance, namely, the ultra-

high-frequency domain. 

The recent action of the Federal Communications Commission in opening the uhf band for 

commercial television broadcasting in the United States is a matter of more than ordinary con-

sequence. To the radio engineer, it is the signal for a marked acceleration in the development 

and use of apparatus for operation in this portion of the radio spectrum. And though attention 

will be focused primarily on television, the resulting new techniques will find important ap-

plication in many other fields, leading to a general advancement of the radio-electronic art as a 

whole. To industry, the FCC's action obviously is of major commercial importance; it opens 

many new markets for products and services. To the man in the street, it signifies that truly 

"nationwide service" is an assured reality in the near future. 

As noted above, the subject of ultra-high frequencies is considerably broader than that of uhf 

television. Hence, the scope of the papers presented herein is correspondingly broad, running the 

gamut of applications of the uhf and shf bands and encompassing the subjects of propagation, 

instrumentation, transmitting and receiving equipment, circuits, tubes, and components. 

With this issue, the PROCEEDINGS OF THE I.R.E. marks the 40th anniversary of its first issue. 

It is particularly appropriate, therefore, that the present issue should be devoted to a subject 

which so well exemplifies the advances that have been made in radio since 1913, and the ap-

plication of those advances to human needs. There is presented accordingly in the following 

pages a selection of papers which, it is felt, will substantially contribute to the further progress 

of the radio art and to the services rendered by it to society. 
—The Technical Editor 



4 PROCEEDINGS OF THE I.R.E. January 

Measurements of Some Operational Characteristics of 
an Amplitude-Modulated Injection-Locked 

UHF Magnetron Transmitter* 
L. L. KOROSt, SENIOR MEMBER, IRE 

Summary—Measurements of the loop impedance of an ampli-
tude-modulated injection-locked uhf magnetron looking from the 
transmission line toward the magnetron are presented. The loop 

impedance is computed from the voltage standing-wave ratio and 
the position of the minimum-voltage plane of the injection current 
reflected from the magnetron output loop. While the plate voltage is 
varied, the changes of the loop impedance are observed under spe-
cific conditions which are important for the proper performance of the 
resonant injection system. 

Analyses of the phenomena occurring in the output transmission 
line of the synchronized magnetron are described. Matched and 
decoupled resistive loads as well as a reactive load are presented to 
the magnetron at the high-power end of the modulation cycle. It is 
demonstrated that the load impedance seen by the magnetron 
steadily and substantially changes during an amplitude-modulation 
cycle. However, at the low-power end of a 100-per cent modulation 
cycle the load is constant, and the value of it for a given type of 
magnetron with a predetermined setting of the magnetron tuner de-
pends only upon the carrier frequency. The changes of load during 
the modulation cycle are discussed. These are graphically repre-
sented by a special kind of circular diagram. 

INTRODUCTION 

HE PRODUCTION of amplitude-modulated 
ultra-high-frequency (uhf) carriers having stable 

  frequency, low envelope distortion, and good effi-
ciency is at present one of the interesting problems of 
the electronic industry. A similar but somewhat easier 
problem is the production of frequency- or phase-
modulated (angular-modulated) carriers at the same 
high carrier-frequency regions. It is generally known 
that, if the carrier frequency is to be higher than about 
500 mc conventional amplifier tubes are limited in use. 
One approach to the problem has been to apply fre-
quency- and phase-controlled magnetron oscillators for 
amplitude modulated (AM) or angular-modulated 
transmitter services. Promising results have been pre-
viously reported.' Crystal control of the carrier fre-
quency was achieved by means of a resonant injection 
system. The quality of the modulated output carrier 
met practical transmitter requirements and the meas-
ured plate-power efficiency was close to 60 per cent. 
As the emitted power level is varied, the dc plate-
power input varies too, so the over-all efficiency dur-
ing an AM cycle is substantially unchanged. Though 
the experiments were made at a 1-kw level, it is believed 
that the system has no inherent power limitations. A 
practical limit is set, however, by the power capacity 
of the RF injection source. Since the RF injection 

* Decimal classification: R355.912.1 X R259. Original manuscript 
received by the Institute, September 26, 1952. Abstract presented at 
the National Electronics Conference, Chicago, Ill., Sept. 30, 1952. 

Radio Corporation of America, RCA Victor Div., Camden, N.J. 
1 L. L. Koros, "Frequency control of modulated magnetrons by 

resonant injection system," RCA Rev., vol. XIII, pp. 47-57; 1952. 

power must be about 5 to 10 per cent of the peak power 
of the magnetron, the magnetron peak power is, there-
fore, limited to about twenty to ten times the power 
output of the available injection-amplifier tube. 
The basic properties of injection-locked modulated 

magnetrons have been previously reported. In some ex-
periments the injection-source frequency was equal to 
one-half the carrier frequency, and in others it was equal 
to the carrier frequency itself.' An analytical study of 
the system by Donal and Chang' indicated a method 
by which some specific constants of the system might 
be predicted from the Rieke diagram of the magnetron, 
the system being operated with the injection frequency 
equal to the carrier frequency. Some earlier studies by 
others' ,4.5 in the injection-stabilizing field were dis-
cussed previously.' 

In the present paper a method is described for ob-
taining some data on the amplitude-modulated mag-
netron while it is synchronized by an injection current 
at the frequency of the magnetron carrier. These data 
are considered to be necessary for a proper understand-
ing of the operation of the resonant injection system. 

THE MEASURING SETUP 

Fig. 1 is a block diagram of the experimental sys-
tem, consisting basically of an injection-stabilized 
magnetron, and six tuners. The magnetron is amplitude 
modulated in the plate. All the tuners used in the experi-

4 • 
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Fig. 1—The experimental setup to determine magnetron loop im-
pedances and loading in a resonant injection system. 

J. S. Donal, Jr. and K. K. N. Chang, "An analysis of the injec-
tion locking of magnetrons used in amplitude-modulated transmit-
ters," RCA Rev., vol. XIII, pp. 239-257; June, 1952. 

3 I. Wolff, "Frequency-Controlled Electronic Oscillator," U. S. 
Patent 2,133,225; Application, July, 1936. 

4 J. C. Slater, M.I.T. Report No. 35, "The Phasing of Magne-
trons," M.I.T., Cambridge, Mass.; April, 1947. 

E. E. David, Jr., M.I.T. Report No. 63, "Locking Phenomena in 
Microwave Oscillator," M.I.T., Cambridge, Mass.; April, 1948. 
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mental setup would not be necessary for operating a 
practical transmitter; they are, however, useful during 
measurements for changing the circuit constants with-
out having to change the actual lengths of the trans-
mission lines. A diode is coupled into the line at a point 
close to the dummy antenna, which is composed of a 
51.5-ohm resistor and two tuners. The output of the 
detector is observed on an oscilloscope. A vibrating 
short circuit (chopper) is coupled to the load resistor of 
the detector to establish the zero-voltage line on the 
scope.' The amplitude-modulation factor can be meas-
ured from the scope picture in this way (Fig. 4). A similar 
detector system is coupled to the sliding pickup probe 
of the slotted line. 
The injection power was produced by a Type-6161 

grounded-grid frequency-doubler triode. The plate 
cavity "k" of the triode (Fig. 1) was tuned to the 
stabilized magnetron output frequency which was 
f,„= 750 or 825 mc, while the grid cavity "g" was ex-
cited with a crystal-controlled f„,/2 frequency. 

THE MEASURED DATA 

To keep the magnetron output frequency and phase 
under control, it is necessary to build up a high injec-
tion current in the output loop of the magnetron. To 
do this, it is necessary to know the loop impedance as 
seen from the injection source, in particular, at the low 
end of the AM cycle. The value of the loop impedance at 
the low end of an AM cycle is important design informa-
tion since this impedance determines the distance of the 
injection junction from the magnetron loop, as will be 
discussed later. Methods used to measure the loop im-
pedance of a magnetron in the nonoscillating condition 
with different plate voltages and at the low power end 
of an AM cycle will be described. 

Another objective of this paper is to describe a method 
for determining the load seen by the synchronized 
magnetron. Whatever load is presented to the mag-
netron by the passive elements of the system shown in 
Fig. 1, this load is changed by the application of injec-
tion. This is in agreement with the analytical results of 
Donal and Chang.' It will be shown that the load seen 
by the magnetron also changes with the power level 
during the modulation cycle and, in general, at no power 
level must it be identical with the physical impedance 
of the dummy antenna itself. 

A METHOD FOR MEASURING THE LOOP IMPEDANCE 
OF THE NONOSCILLATING MAGNETRON 

The loop impedance of the nonoscillating magnetron 
was computed from the voltage standing-wave ratio 
(vswr) and the position of the voltage minimum from 
the loop. The injection amplifier was used as the RF 
power source for the measurement. The reference plane 
of all the measurements is the plane L, as shown in 
Fig. 2, where the output loop of the magnetron is 
joined to the vacuum-sealed part of the transmission 

T. J. Buzalski, "Method of measuring the degree of modula-
tion of a television signal," RCA Rev., vol. VII, pp. 265-271; June, 
1946. 

line in the multicavity magnetron. The developmental 
Type A-128 magnetron' was used during the experi-
ments with a magnetic field of about 400 gausses. It is 
believed, however, that the qualitative results of the 
work are applicable also to different types of mag-
netrons. The loop impedance measured with operating 
magnetron-filament and magnetic field, but without 

VANE 

MAO N ETROLIE 
CATHODE TO LOAD 

PLANE L 

Fig. 2—Transmission-line coupling to the loop in plane L in the 
vacuum-sealed part of the magnetron. 

plate voltage, is a typical high-Q impedance of high 
absolute value. As the plate voltage is applied and in-
creased from zero towards the value where oscillation 
starts, the loop reactance continuously decreases. At 
the point where oscillation starts the reactance is 
typically low, but still of high Q. Fig. 3 shows the 
changes of the loop reactance with changes of plate 
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Fig. 3—Loop reactance at 825 mc at different plate voltages of a 
nonoscillating magnetron measured at plane L. 

voltage. Oscillation starts when the plate voltage is 
between 2.4 and 2.5 kv. Between plate voltages of 1.6 
and 2.4 kv, spurious oscillations at —50 to — 60 db 
level below 1 kw at frequencies which were not the opera-
tional oscillation frequency of the magnetron were ob-
served. When the plate voltage approaches the oscilla-
tion limit the spurious oscillations disappear and are 
no longer observed as the plate voltage in synchronized 
operation is further increased for higher power levels. 
Fig. 3 represents data measured on a cold magnetron. 
The magnetron tuner was adjusted during these meas-
urements so that the loop reactance at the start of 
oscillation measured by the static method was close in 
value to the loop reactance measured by a dynamic 
method, to be discussed later. Close to cutoff, a condi-
tion approached at the low end of the AM cycle at 100-
per cent modulation, the free-running magnetron fre-

7 The Type A-128 magnetrons were built in the RCA Labora-
tories, Princeton, N. J. They include an electron beam for frequency 
modulation purposes, which, however, was not used during these 
experiments. See J. S. Donal, Jr., R. R. Bush, C. L. Cuccia, and H. R. 
Hegbar, "A 1-kilowatt frequency-modulated magnetron for 900 
megacycles," PROC. I.R.E., vol. 35, pp. 664-669; July, 1947. 
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quency is several megacycles lower than the injection 
frequency. This results from "pushing," and the pur-
pose of the injection system is to eliminate this fre-
quency change. Now, since the loop impedance was 
measured at the injection frequency, the magnetron 
cavities at and below cutoff were inherently detuned 
from the measuring frequency. Impedance measure-
ments on a cold magnetron when tuned to the meas-
uring frequency close to cutoff show different results 
than indicated in Fig. 3. The cold loop reactance in such 
a case approaches infinity and is dependent only to a re-
duced degree upon variations of the plate voltage below 
the cut-off limit. 
Welch8 has shown on a different type of magnetron 

that the resonant frequency of the cavities below cutoff 
is a function of plate voltage. In the present work the 
frequency of the measuring signal, which was the same 
as the injection frequency, was constant, so that the 
magnetron loop-impedance was measured at a fre-
quency which differed from the resonance frequency 
by varying amounts as the plate voltage was altered. 
Therefore, the measured reactance (Fig. 3) would be 
expected to vary with plate voltage. As Welch investi-
gated the resonant frequency of the magnetron cavities 
only and not the loop reactance, which depends also 
on the geometry of the cavity and on the coupling 
coefficient of the loop, his results should not be com-
pared directly with the results shown in Fig. 3. A 
qualitative agreement on the phenomenon is evident. 
The data of Fig. 3 were taken at 825 mc. The loop 

reactance of a Type-128 magnetron operating at 750 
mc has shown the same characteristic changes. It was 
at cutoff —j33 ohms, and without plate voltage, was of 
the order of —j600 ohms. 

LOOP IMPEDANCE MEASUREMENTS AT THE Low END 
OF AN AM CYCLE 

The operation of the previously described measuring 
system becomes somewhat difficult at the oscillation 
limit. The measurement of the loop impedance close to 
cutoff, which resulted in a reactance of about j10 ohms, 
was repeated using a different technique. Somewhat 
more than 100 per cent AM was applied to the mag-
netron, with a frequency within the pass band of the 

CHOPPER LINE. 
(0 VOLT) (i HE le7REMNODO8L'All: EO AM CYCLE  

so*. 

CARRIER LEVEL. 
(A) (El) 

Fig. 4—Detected modulation envelopes at the load (A) at an 
intermediate level, (B) magnetron slightly overmodulated. 

system. Scope No. 2, coupled to the load side, shows 
pictures as given in Fig. 4: (A) at an intermediate 
modulation level; (B) with the magnetron slightly over-

H. W. Welch, Jr., "Effect of space-charge on frequency charac-
teristic of magnetrons," PROC. I.R.E., vol. 38, pp. 1434-1449; 1950. 

modulated, where the sine-wave demodulated envelope 
becomes flat at the low modulation end. Between the 
distorted sine wave, which represents the over-
modulated magnetron voltage (Fig. 4(B)), and the 
chopper line appears the remanent injection voltage 
at the low end of the AM cycle, Ae.. In a properly 
adjusted system, etei is very small compared with 
the peak amplitude; it is not more than a small per-
centage of it. The demodulated envelope is now ob-
served along the slotted line on Scope No. 1 as shown in 
Fig. 5. As the pickup probe is moved in the slotted line, 
the d1, da, da, • • • readings are made in time sequence 
during which the magnetron is cut off. Consequently, the 
d values correspond exactly to the injection voltage. 

' T (1) T(2) T(3) 
  SLOTTED 

LINE 

n3 

CHOPPER LINE 

-' .(0 VOLT) 

SCOPE 

PICTURES 

(1),(2), AND (3) REPRESENT THE SLOTTED-LINE PICTURES AT 

THREE DIFFERENT PROBE-POSITIONS 

Fig. 5—Changes of detected modulation envelopes, as observed 
on the scope along the slotted line. 

They are different at different pickup positions along the 
line. The d1, da, da, • • • distances measured on the 
scope are plotted against the slotted-line probe posi-
tions, and the results give us the standing-wave pat-
tern I in Fig. 6. The other patterns in Fig. 6 will be 
discussed later. 
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Fig. 6—Dynamic vswr patterns of an injection synchronized, ampli-
tude-modulated Type A-128 magnetron at 825 mc (Case 1 in 
Table I and Fig. 8). 

From the I curve may be computed the input imped-
ance of the magnetron at the time instant when the oscil-
lation stops, at the very low end of the modulation cycle. 
The vswr of the I pattern was considerably higher than 
20. Consequently, the loop impedances at cutoff for 
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practical purposes are considered here as pure re-
actances. The absolute value of the loop reactance at 
the low end of the AM cycle is subject to changes with 
the setting of the internal magnetron tuner. The value 
of the inductive reactance, computed at j9.8 ohms, can 
be changed into a capacitive reactance of the same 
order of magnitude by changing the setting of this 
tuner. The setting of the tuner changes the capacitive 
loading of the cavities, and in this way influences the 
reactance of the loop which is inductively coupled to 
one cavity. The slightly inductive loop reactance at 
cutoff is typical for the investigated magnetron if the 
internal magnetron tuner is adjusted at the peak power 
level to produce a free-running magnetron frequency 
which is identical with the injection frequency. This 
kind of magnetron tuning, suggested by Wolff,' was 
used during experiments, with minor variations. 
The loop reactance at cutoff depends also on the push-

ing of the free-running magnetron. When the mag-
netron is tuned for locked operation as described above, 
the loop reactance is measured more or less off reso-
nance, depending on the amount of the free-running 
pushing—which is the difference between the frequency 
of the magnetron at the peak of the AM cycle (injec-
tion frequency) and at cutoff. As the pushing changes, 
the loop reactance seen from the line must also change. 

CONSEQUENCES OF THE MEASUREMENTS 

Important consequences arise from the fact that the 
magnetron loop is a high-Q circuit when measured at 
the injection source frequency and at the low end of 
an AM cycle. The absolute value and sign of the loop 
reactance are not important, and, as was shown, are 
different at different carrier frequencies. The im-
portance of the low-loss character of the loop so far as 
the injection source is concerned can be understood from 
Fig. 7. The distance of the injection source joint from 
plane L must be selected in such a way that the vswr 
pattern of the injection voltage at the low end of a 
100 per cent AM cycle must have a low point at the 
plane of the joint. The first possible injection-joint 
distance from plane L, a, is the distance of the first low-
voltage point from plane L. Further half-wave lengths 
can be added to a, and in this way another mechanically 
proper injection-joint distance from the magnetron can 
be selected. If reactive elements (tuners) are coupled to 
the line, as is the case in Figs. 1 and 7, the physical 
length of the line added to a, to locate the proper injec-
tion joint, may be more or less than X/2. By proper ad-
justment of the reactive elements, the low-voltage 
plane of the swr pattern may be moved to a previously 
established injection plane. In this way the carrier fre-
quency can be changed within reasonable limits with-
out changing the length of the connecting lines. If the 
low-voltage point of the vswr pattern is almost zero, 
the modulated RF output in the load at the low end of a 
100-per cent magnetron AM cycle can be reduced al-
most to zero. An alternative experimental method is to 

Verbal communication to the author. 

use a line stretcher in the magnetron line to find the 
injection-joint plane with which the maximum AM can 
be obtained. 
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Fig. 7—Determining the proper plane of the joint of the main 
transmission line and injection line. 

At the low end of the AM cycle the injection source 
works mainly into a high-Q network, which consists of 
the magnetron loop, the connecting transmission line, 
and some tuners on the line. The power absorbed from 
the injection source by these components is very low. 
By proper choice of the injection-joint plane, the load 
at the the low end of an AM cycle is as good as entirely 
short-circuited by the loop reactance reflected to the 
injection-joint plane. Thus the injection source is almost 
entirely unloaded. This results in a considerably in-
creased injection-current circulation in the loop at the 
low end of the AM cycle, which helps to eliminate the 
low-level moding in a very efficient manner. 
At higher power levels during the AM cycle, the loop 

impedance of the magnetron is changed, and conse-
quently the low-voltage point of the injection pattern 
is not on the joint plane; thus the load at higher power 
levels absorbs not only magnetron power but also in-
jection power. The loading of the injection source is 
consequently increased. The vswr patterns at the high-
power end and for three intermediate power levels 
during the AM cycle in the line section a are represented 
in Fig. 6. In the line section, where reactive elements 
are located, the vswr patterns may have a high variety 
of forms, determined by the applied combination of the 
reactances. In the line section between the injection 
joint and the load, only the impedance of the load de-
termines the swr pattern which remains unchanged at 
any power level. In the injection line a high standing 
wave is present at all power levels, but especially at the 
low end of the AM cycle. This condition is shown in 
Fig. 7(B). The length of the injection line must be se-
lected to place the injection amplifier at a voltage plane 
which is within the safe operational value for the injec-
tion amplifier at the peak of a magnetron AM cycle. 
The optimum length can be experimentally determined 
with a line stretcher inserted in the injection line. 
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MEASUREMENTS OF THE LOADING OF THE MAGNETRON 

To determine the load seen by the synchronized 
magnetron, the vswr was plotted in the magnetron 
input line between plane L and the injection line junc-
tion for different types of loading, and for each loading 
at different power levels. The load Z, seen by the 
magnetron at plane L, can be computed from the vswr 
and from the position of minimum from plane L by 
using the known expression 

= R 1 - j (vswr) tan /3 
Z  

(vswr) - j tan 13 

where R is the resistance of the coaxial line, j3 is the 
position of the minimum from plane L in degrees, and 
j= 

There are two RF voltage sources in this system 
which operate at the same frequency. At those power 
levels, where the current which flows in the magnetron 
input line toward the injection junction is greater than 
the current which flows toward the loop, we consider 
the system as a single RF generator-single-load net-
work-and use (1) to compute Z. By this means, the 
effect of the injection source is expressed in values of Z. 
This Z is a dynamic loading which changes during an 
AM cycle, and, at any particular power level, is de-
termined by the combined effects of (1) the dummy 
load, (2) the injection-source current which flows into 
the dummy load, (3) the injection current which flows 
into the magnetron loop, (4) the impedance of the injec-
tion line (looking toward the cavity k from the joint), 
and (5) by the tuners which may present different 
reactances. The combined effect of all the loading ele-
ments may present a large variety of loading which, at 
some power level, may match the transmission-line 
resistance, R. 

The setup shown in Fig. 1 was also used for measuring 
the magnetron load, with a technique similar to that 
described previously in connection with the loop im-
pedance measurement. The method consists in applying 
amplitude modulation to the magnetron carrier at dif-
ferent AM factors (not only at overmodulation, as 
before) and measuring on Scope No. 1 at different 
pickup positions in the slotted line the distances be-
tween the high end of the demodulated envelope and 
the chopper line and the low end of the demodulated 
envelope and the chopper line, which represent two dif-
ferent power levels. The distances to the chopper line 
at different pickup positions are compiled in vswr pat-
terns. The thermal condition of the magnetron is sub-
stantially constant at different modulation factors, and 
therefore affects the measurements only at a low degree. 

In Fig. 6 the vswr is plotted for three intermediate 
power levels which are expressed as parts of the peak 
power, P, delivered into the dummy load. The ampli-
tudes of the vswr patterns do not serve to compare (or 
to measure if the scope is calibrated in volts) the power 
levels in the load during an AM cycle. This is the conse-
quence of the factors that two RF sources are working 
into the same load and that the system contains non-

(1) 

linear impedances-the magnetron loop and also, to a 
limited extent, the injection source. 
As typical examples, in Table I are shown the values 

of the dynamic loads as seen by the magnetron, and as 
computed from Fig. 6 (Case 1), and also for two dif-
ferent types of loading (Case 2 and 3). In Case 1 the 
total load almost matches the magnetron line at the 
peak of the AM cycle. In Case 2 the load at the peak 
power output was selected higher than the line re-

TABLE I 
LOADING OF A TYPE A-128 MAGNETRON AT DIFFERENT POWER 
LEVELS DURING AN AM CYCLE. CARRIER FREQUENCY 825 MC. 

Power relation to 
peak power (P) in 
dummy load 

Loads seen by the 
magnetron at 

plane L, at 825 mc 
Z=r±jx 
(ohms) 

Load 
impedance 

Vra+xs 
(ohms) 

Case 1 

0.81P 
0.36P 
0.12P 
Cutoff 

46.4-j3.9 
46.5 -j0.8 
37.0A-j9.2 
13.9 

-j9.8 

Case 2 

0.64P 
0.41P 
0.15P 
Cutoff 

62.3 -j3.1 
62.6-Fj3.6 

21.9A-j12.6 
-j11.0 

Case 3 

0.83P 
0.53P 
0.11P 
Cutoff 

51.2 -j57.5 
50.5-j53.5 
48.5 -j42.8 
16.2 -j26.6 

-j13 .3 

46.56 
46.51 
38.13 
13.90 
9.80 

62.38 
62.70 
51.53 
25.26 
11.00 

76.99 
73.57 
64.68 
31.14 
13.60 

• Computed from (1). 

sistance (decoupled loading), but it is also in this case 
substantially resistive. In Case 3 a capacitive loading 
is used at the high-power end of the AM cycle. The three 
cases represent a few examples only from the practically 
infinite variety of possible loadings of the injection 
locked magnetron. Some of the loading combinations 
show lower incidental angular modulation during the 
AM cycle than others, and some combinations show 
better linearity in the AM envelope of the output-
carrier versus input-voltage to the modulator in agree-
ment with the analytical studies of Donal and Chang.' 
Nearly every passive load (antenna) can be trans-
formed by reactive line elements at the peak of the AM 
cycle into a different impedance with which some addi-
tionally wanted advantage can be obtained during mod-
ulation, without imposing disturbing bandwidth limita-
tions on the system. The magnetron does not require 
the transformation of the load into a pure resistance 
for efficient operation. This is a noteworthy difference 
between the synchronized magnetron oscillator and a 
tube amplifier, whereas, in other respects, both are sim-
ilar in application. 

In Table I the negative of the measured value of 
loop reactance is inserted as the load seen by the magne-
tron at cutoff. At cutoff, the magnetron loop was a 
passive load seen by the injection source and the 
magnetron was not a generator. This inverted repre-
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sentation is, however, justified if we consider the mean-
ing of the same, which is simply that the loop reactance 
of the magnetron must be inserted in an RF circuit 
which tunes it to the carrier frequency. The resonant RF 
circuit must be, of course, an active circuit which con-
tinues to sustain circulating injection currents in the 
loop when the magnetron stops oscillating. The low-
level moding is suppressed in this way, a result which 
could not be achieved by a passive network. 
The close agreement between the various reactance 

values at cutoff in all the cases in Table I indicates that 
the internal magnetron tuner was not changed con-
siderably when operating with different loads. The ad-
justments were made almost exclusively by the tuners 
on the line; when the locked carrier frequency is 
changed, however, the magnetron tuner setting and 
also the loop reactance value at cutoff are changed. 
Thus, for a given magnetron and for a given peak-power 
output the load at the low end of an AM cycle, which 
is the negative value of the loop reactance, depends 
only on the carrier frequency. 

THE LOADING DIAGRAM 

The important data given by the vswr patterns, as 
shown in Fig. 6, for different loading conditions of a 
magnetron can be represented in a common circular 
diagram. Fig. 8 shows a circular diagram wherein three 
loading conditions of Table I are drafted. The repre-
sented data are the vswr and the position of the mini-
mum at the different power levels during an AM cycle. 
The circular diagram is made up of two parts to show the 
loading of two RF generators during the AM cycle, the 
magnetron and the injection source. The inner part of 
the diagram, which represents the vswr's from unity 
(as center point) to re, shows the changes of the vswr 
and position of the minimum for the major part of the 
AM cycle, where the current which flows towards the 
injection junction and dummy load is greater than the 
current flowing toward the magnetron loop. In the 
external part of the diagram the circle representing 
vswr = co coincides with the circle for the internal part; 
the matched operation is, however, represented by any 
point of the circle of maximum diameter. In this external 
diagram are shown the vswr's and positions of minima 
for the condition where the higher currents flow toward 
the loop and the lower currents toward the injection 
junction thus the position of the generator is changed. 
A similar representation with a single circular diagram 
was previously used by the author.' In an analytical 
approach Donal and Chang' extended the load line be-
yond the co vswr circle, making use, for the first time, 
of a double circular diagram. The difference between 
the representations is that in the external part of the 
diagram of Donal and Chang the matched condition of 
the injection source is at infinity and the vswr beyond 
the co circle is considered as negative vswr produced by 
the magnetron. Both representations are equally ap-
plicable for the case where the generator, seen from the 
line, is a high-Q reactance. The diagram presented here, 

however, is also applicable for low-Q generators. The 
whole chart of Donal and Chang may be used for plot-
ting resistance and reactance contours, whereas only 
the internal part of this chart may be easily used for 
this purpose. 
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Fig. 8—VSWR and position of minimum during an amplitude-
modulation cycle for three different loads of a type A-128 magne-
tron at 825 mc (Case 1, 2 and 3 in Table I), computed at plane L. 

The values of the power delivered into the dummy 
antenna are shown along the load lines expressed as 
parts of the peak power P as parameters. At the end of 
the lines (cutoff) no magnetron power is transferred into 
the load, and the very low amount of power, if any, is 
furnished by the injection source only, as was discussed 
previously. All the load lines at a given carrier fre-
quency must end close together. The angular position 
of this point is given by the reactance of the magnetron 
loop at cutoff, as explained above. As the carrier fre-
quency is changed, the convergence point of all the load 
lines moves around the circle. For example, at 750 mc 
the convergence point, corresponding to a loop im-
pedance of —j33 ohms, would appear for this type of 
magnetron near to 0.09X instead of 0.47X, which is the 
convergence point at 825 mc. For a given magnetron 
tuner position the high-end point is in any case de-
termined by the choice of passive load. Consequently, 
the family of load lines for another carrier frequency 
may start in the same position, but must turn into a 
new position in Fig. 8. Note that the distance of the 
convergence point from plane L in Fig. 8 is identical 
with the distance a in Fig. 7. 
The impedances represented by the points of Fig. 8 

are calculated for the plane L of Fig. 2. There is reason 
to believe that the effective plane of the magnetron is 
as much as X/8 to the left of plane L in Fig. 2. If, ac-
cordingly, the load lines of Fig. 8 are rotated 90 degrees 
clockwise, the resulting contours are generally similar 
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in position to those calculated by Donal and Chang2 
for the same Type A-128 magnetrons. The comparison 
cannot be exact since, in the present work, the load was 
not, in general, matched to the line as was assumed to 
be the case by the workers mentioned above. 

CONCLUSIONS 

The impedance of the magnetron loop was measured 
over a range of plate voltages below the point of oscil-
lation. Whereas at low plate voltages the loop im-
pedance was a high reactance with a low resistive com-
ponent, at the oscillation limit it was found to be a 
typical low positive or negative reactance with a low 
resistive component. 
The high-Q character of the magnetron loop react-

ance at cutoff results in a high vswr in the line at the 
bottom of an AM cycle. The coupling of the antenna 
in a low voltage plane of this vswr pattern prevents in-
jection power flowing to the antenna at the low end of 
an AM cycle; thus an almost 100-per cent modulation 
of the carrier is feasible. 
The loop reactance close to cutoff was also measured 

by use of a dynamic method to avoid errors arising from 
changes of magnetron temperatures. With the same 
dynamic method the swr and minimum positions were 
measured in the magnetron line at various power levels 
during an AM cycle and were plotted on a circular chart. 
All the points measured at the same carrier frequency lie 
on a continuous curve. In the internal part of the chart, 
conditions are represented where the net power flows 
towards the load; in the external part it flows towards 
the magnetron. The points of the load-line at cutoff lie 
close together, since, for a constant carrier frequency, 
these depend only on magnetron tuner position, which 
was constant. However, three different values of passive 

load were used, so that the high-power ends of the curves 
are at different positions on the chart. 

This is the first time that experimental measure-
ments have been made on the impedances presented to 
a phase-controlled magnetron, during variations in 
magnetron input, by the combination of the passive load 
and the locking source. If the impedances are calcu-
lated, it is seen that as the magnetron power level is 
reduced the successive loads presented are such as to 
progressively raise the frequency of an unlocked tube. 
This loading counteracts the pushing that would occur 
if the magnetron were unlocked. The incidental phase 
modulation and the linearity are functions of the pas-
sive load used. The total loading varies in both its 
resistive and reactive components. The changes in load 
are in general qualitative agreement with the analytical 
results of David and of Donal and Chang.5.2 

Proper adjustments of the circuit and of the passive 
load yield a locking range sufficient to overcome the 
magnetron pushing. Good linearity and reasonable 
values of incidental phase modulation are obtained. 
Mode shifts at the low end of the modulation cycles are 
suppressed; thus the output carrier is similar to the 
carrier produced by a conventional amplifier tube. 
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An X-Band Sweep Oscillator* 
IRWIN D. OLINt, ASSOCIATE, IRE 

Summary—A microwave sweep oscillator has been developed 
which sweeps the range of 8,500-9,500 mc. The RF amplitude over 
this band is maintained constant to within ±0.1 db by means of a 
ferrite modulator unit connected in an amplitude-stabilizing feed-
back circuit. In addition to providing amplitude control, the ferrite 
unit also provides amplitude modulation at 1,000 cps of the swept 
cw source. The generator sweeps the band in about 1.5 seconds, 
making practical the presentation of network transmission charac-
teristics on an oscilloscope. 

I. INTRODUCTION 

THE MEASUREMENT and adjustment of micro-
wave networks may be greatly facilitated by em-
ploying a sweep generator which will display on a 

cathode-ray tube the pattern of RF amplitude versus 

* Decimal classification: R355.914.431. Original manuscript re-
ceived by the Institute September 29, 1952. 
f Naval Research Laboratory, Washington 25, D. C. 

frequency automatically. This device would permit 
rapid adjustment of a network for a prescribed trans-
mission pattern or disclose the reflection characteristic 
at the input terminals. A generator for such service 
would be required, in addition to covering the proper 
frequency range, to maintain constant the energy inci-
dent upon the test network. There are, therefore, two 
principal phases involved in its design. 
The available primary source of RF energy must be 

capable of being swept over the band in synchronism 
with the oscilloscope time base. Over most of the 
microwave range the klystron appears to be the most 
satisfactory signal source for low levels, its cavity di-
mensions being varied mechanically or electrically by 
means of thermal elements, to produce frequency 
sweep. However, even with accurate reflector tracking 
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the output power is by no means constant and some 
form of amplitude control is required. The most com-
mon form of control would sample the primary source 
and use the variation in its level to control the ampli-
tude of energy output by means of a variable attenuator 
placed in the transmission circuit. For visual display 
purposes the attenuator must be capable of fast re-
sponse, so that meçhanical arrangements are inade-
quate. Recent developments in the use of ferrites,' how-
ever, enable the construction of an attenuator in the 
microwave range which may be varied electrically. 
Moreover, this unit may be made to function as a modu-
lator, producing 100 per cent modulation. 
The device to be described operates at X-band, utiliz-

ing a mechanically swept klystron between the fre-
quencies of 8,500-9,500 mc. The band is covered in 
about 1.5 seconds and the output power is maintained 
constant to within +0.1 db by employing a ferrite 
modulator. A modulation frequency of 1,000 cps is used, 
consistent with many of the tuned amplifiers available. 

II. COMPONENT PERFORMANCE 

A block diagram of the essential components of the 
complete system is shown in Fig. 1. The primary RF 
source consists of a 2K48 reflex klystron mounted in an 
external coaxial cavity. Tuning is accomplished by 
moving a "noncontacting" short-circuit plunger within 
the cavity by an external cam and linkage assembly. 
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Fig. 1—Block diagram of the sweep generator. 

AFT 

A motor which is reversed at each end of the sweep 
band actuates the cam in addition to a reflector tracking 
potentiometer and a potentiometer supplying the time 
base for the oscilloscope. The cavity was produced for 
other equipments and is used here by replacing the cam 
with one providing the proper frequency coverage. 
Coupling of the cavity to the waveguide is provided 
by a magnetic probe in the cavity feeding an antenna 
in the waveguide. In order to provide a terminal for 

1 C. L. Hogan, "The ferromagnetic Faraday effect at microwave 
frequencies and its applications," Bell Sys. Tech. J our ., vol. 31, 
pp. 1-31; January, 1952. 

the marker cavity, the conventional short-circuit be-
hind the antenna is replaced by a 15 db pad followed 
by the transmission-type marker cavity. It has been 
found that the RF signal output may be maintained 
constant, without control, to within 3 db over the sweep 
band by suitably adjusting the antenna length in the 
guide. 
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Fig. 2—Ferrite modulator unit. 

A sketch of the modulator unit is shown in Fig. 2. 
The linearly polarized input wave, which may be con-
sidered as comprising left and right circular polariza-
tions, enters the ferrite section. Depending upon the 
magnitude and direction of the controlling current, the 
velocity of one of the polarization components is re-
duced.2 At the output of the ferrite section the equiva-
lent plane wave has been rotated through an angle de-
pending upon the amount of velocity reduction which 
has taken place.3 The ferrite section is followed by an 
attenuator fin oriented in such a manner as to absorb 
all energy which would propagate in the plane of the 
input guide. The output guide, placed at right angles to 
the input guide, transmits the remaining component of 
the rotated plane wave. Thus, if there were no rotation 
in the ferrite all the energy in the input guide would be 
absorbed in the attenuator. With 90 degree rotation, 
all the input energy would be coupled to the output 
guide. With intermediate rotations, varying amounts of 
power are transmitted, the attenuator section always 
preventing reflection from the output guide from enter-
ing the ferrite section. 
An idealized control characteristic of the modulator 

unit consisting of input and output guides, ferrite and 
attenuator sections, is shown in Fig. 3. With a sine wave 
current applied to the control coil, it is evident that the 
fundamental component of the modulated RF is twice 
the frequency of the excitation. In addition, whenever 
the coil current is zero no RF voltage is transmitted; 
with high currents, substantially all the RF is transmit-
ted, so that the modulation at the output is 100 per cent. 
It should be pointed out, however, that the discussion 

2 N. G. Sakiotis, A. J. Simmons, and H. N. Chait, "Microwave 
antenna ferrite applications," Electronics, vol. 25, p. 156; June, 1952. 

3 C. H. Luhrs, "Correlation of the Faraday and Kerr magneto— 
optical effects in transmission line terms," PRoc. IRE, vol. 40, pp. 
76-78; January, 1952. 
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has been confined to an idealized case. With the ferrites 
used there is always some unequal absorption of the 
circular components, hence ellipticity is observed at the 
output. This, combined with mechanical imperfections 
and residual fields, results in some energy, though small, 
being propagated in the absence of coil current. Simi-
larly, the control characteristic may not be exactly 
linear or symmetrical for all currents. If the coil cur-
rent is increased too much, the ferrite may tend to 
saturate or the rotation may exceed 90 degrees and 
thus alter the characteristic. 
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Fig. 3—Idealized modulator control characteristic. 

A photograph of the sweep chassis which includes the 
modulator unit and oscillator is shown in Fig. 4. The 
metal shield covers the space occupied by the po-
tentiometers. 

Fig. 4—Completed sweep chassis. 

III. CONTROL CHASSIS OPERATION 

The control chassis receives a signal from the monitor 
amplifier (tuned to 1,000 cps) which varies in accordance 
with the power incident on the test network. The 

envelope is derived by means of the detector and filter, 
resulting in an increasingly negative voltage for an in-
crease in RF power. A battery subtracts a fixed amount 
from the envelope to supply the variable gain stage 
with an error voltage from which to work. The variable 

gain stage, a single 6BA6, amplifies a 500 cps signal in 
accordance with the supplied bias, the error voltage. If 
the RF voltage tends to increase, the bias on the 6BA6 
becomes more negative and decreases the magnitude of 
the 500 cps output signal. The 500 cps signal is supplied 
by a phase-shift type oscillator using a single 6SJ7. A 
power amplifier consisting of push-pull 6L6 tubes 
couples the signal to the control unit coil. With a coil 
impedance of about 10 ohms at 500 cps, the power 
amplifier supplies an average of 1 ampere when the 
entire unit is in operation. 

Fig. 5—Front and rear views of completed generator. 

The actual power output uniformity, assuming the 
automatic control system is operating with small error, 
is dependent upon the characteristic of the directional 
coupler used in the monitor circuit. Most available 
types are not flat over this wide band, so that the de-
tector used for measuring the transmitted power of the 
test network consists of another directional coupler, 
identical with the one in the monitor circuit. 

IV. MARKER OPERATION 

The transmission cavity operates with a cw wave 
applied to the input. When the wavelength of the gen-
erated wave corresponds with the wavelength of the 
cavity, an RF pulse is applied to the detector. The width 
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of the pulse is a function of the sweep speed and the 
cavity Q. In the equipment constructed, it corresponds 
approximately to the period of a 200 cps sine wave. 
This pulse is amplified by a commercial variety amplifier 
which is arranged to overdrive, thus providing limiting 
and resulting in markers of equal height on the scope, 
regardless of RF frequency. 

V. CRT DISPLAY 

To provide a clearer indication of the test network 
transmission the associated amplifier output, also 
tuned to 1,000 cps, is connected to an envelope detector 
before display on the cathode-ray tube. The marker 
pulse is added to the presentation by capacitively cou-
pling the marker amplifier to the scope terminals. The 
circuitry for the envelope detector and the marker 
coupling has been included on the control chassis. 
Photographs of the completed sweep generator are 
shown in Fig. 5 (see page 12). The only auxiliary equip-
ment required is a scope with dc amplifiers and a long 
persistence screen. The directional coupler, detector and 
matched load which are attached to the test network 
are not shown in the photograph. 

VI. CONCLUSION 

The instrument is presently used for transmission 
adjustments on four terminal networks, for which the 
characteristics are suited. Transmission attenuations as 
great as 20 db may be clearly indicated. In other appli-
cations more rigid amplitude control may be desirable, 
or actual power uniformity required. Such requirements 
may be satisfied by increasing the loop gain and using 
a directional coupler in the monitor circuit which is flat 
over the band. 

It should be pointed out that a phase change of 180 
degrees occurs in the RF wave each time the control coil 
current reverses, since the rotations in the plane wave 
take place in opposite directions. For ordinary meas-
urements this does not appear disadvantageous; how-
ever, another modulator scheme could be used if this 
is objectionable. The coil excitation current could be 
clamped in such a manner as to maintain the current 
unidirectional, zero current corresponding to no RF 
transmission and the maximum current of each modulat-
ing cycle adjusted to provide amplitude control. This 
scheme, of course, would produce 1,000 cps modulation 
with 1,000 cps excitation. 

One-Kilowatt Tetrode for UHF Transmitters* 
W. P. BENNETTt, MEMBER, IRE, AND H. F. KAZANOWSKIt, MEMBER, IRE 

Summary—A forced-air-cooled power tetrode capable of deliver-
ing 1,200 watts output in television service at frequencies up to 900 
mc is described. Particular features of the design include a coaxial 
electrode structure, novel metal-to-ceramic seals, and a unipotential 
matrix-type cathode having a 120-volt heater. 
A discussion is included of the special parts-making techniques 

and precision assembly methods in which radio-frequency heating is 

used together with accurate jigging to maintain uniform electrode 
spacings. 
A typical 900-mc circuit for use with the tube is described and 

tube performance data as a cathode-driven amplifier are given. NEW FORCED-AIR-COOLED transmitter tube' 
the 6181, has been developed to meet the needs 
of a rapidly expanding television industry for a 

power tetrode capable of delivering approximately one 
kilowatt at ultra-high frequencies. This tube combines 
the proven features of coaxial design with an improved 
tetrode structure having closely spaced, thermally effi-
cient electrodes and an envelope structure utilizing low-
loss ceramic-metal seals. 

Although both the triode and tetrode types of nega-
tive-grid power tubes were originally considered, the 
tetrode construction was chosen for this uhf application 
because it appeared to offer the following advantages 
over the triode construction: 

'' Decimal classification: R331XR339.2. Original manuscript re-
ceived by the Institute, November 11, 1952. 
t Tube Dept., Radio Corporation of America, Lancaster, Pa. 

a. 
b. 
C. 

Reduced internal feedback effects. 
Reduced driving power. 
Reduced output capacitance because of increased 
screen-to-plate spacing. 

Fig. 1—UHF power tetrode type 6181. 



14 PROCEEDINGS OF THE January 

In addition, the tetrode construction has been pre-
ferred by designers of television transmitting equip-
ment.1.2 Forced-air cooling, also a primary requirement 
for economical, trouble-free transmitter operation, was 
provided by the use of a conventional type of structure 
having an external plate and cooling fins. Radio-fre-
quency losses and interelectrode coupling were mini-
mized by the use of a coaxial arrangement of cylindrical 
electrodes, supports, and terminals. Use of ceramic in-
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Fig. 2—Cross section of uhf power tetrode type 6181. 

sulators in place of glass was found desirable because it 
permitted higher processing and operating tempera-
tures, provided lower dielectric losses, and simplified 
assembly methods. 
A photograph of the 6181 is shown in Fig. 1 (see page 

13) and a cross-sectional view in Fig. 2. The cathode 
used for the 6181 is a low-temperature unipotential bar-
ium-oxide type having a high efficiency. Its physical 
structure is such that the alternating heater voltage is 
completely shielded from the tube input. The use of a 
cathode construction of the matrix' or sponge type per-
mits the application of plate voltages in the order of 2 
kv without sparking, provides good coating adherence, 
and yields long life under back-bombardment conditions. 

1A. K. Wing and J. E. Young, "A new ultra-high-frequency 
tetrode and its use in a 1-kilowatt television sound transmitter," 
PROC. I.R.E., vol. 29, pp. 5-9; January, 1941. 

2 P. T. Smith and H. R. Hegbar, "Duplex tetrode uhf power 
tubes," PROC. I.R.E., vol. 36, pp. 1348-1353; November, 1948. 

C. E. Fay, D. A. S. Hale, and R. J. Kirchner, "A 1.5 kw. 500 
mc. grounded grid triode," PROC. I.R.E., vol. 39, pp. 800-803; 1951. 

CATHODE SUPPORT 
CYLINDER 

The length of the cathode was limited for two reasons. 
First, the height of the active portion of the electrodes 
should be only a small percentage of a wavelength at 
the highest operating frequency in order to have uniform 
radio-frequency voltage along the active cathode. Sec-
ond, short grid and screen structures are desirable be-
cause they provide good end or conduction cooling, thus 
allowing greater dissipation before instability occurs due 
to grid emission. The cathode diameter was selected to 
satisfy emission requirements for the specified power 
output at the specified cathode current density and 
cathode height. 

GENERAL FEATURES 

The coaxial structure of the 6181 provides for easy 
insertion into a socket and eliminates the necessity for 
cumbersome circuit disassembly. Cylinders having pro-
gressively larger diameters provide the external contact 
surfaces for the cathode, the control grid, the screen 
grid, and the plate flange. Continuous contact can be 
made to the under surface of the plate flange by means of 
a lock-washer type spring or other suitable slightly flex-
ible contact. During operation the tube is supported and 
held firmly by this plate flange. The plate contact sur-
face is the reference for the axial locations of the various 
other contact surfaces. Perpendicularity of the plane of 
this surface with respect to the axis of the tube and the 
concentricity of the various terminals with respect to 
the axis of the tube are specified in terms of a standard 
cylindrical gauge, which all tubes must be capable of 
entering. The maximum movement required by the cir-
cuit contact fingers can be determined from a compari-
son of the minimum diameters of the various tube termi-
nals and the corresponding diameters of the gauge. In 
circuits designed for use with this tube, lateral move-
ment of the plate flange is not limited and the cylindrical 
terminals are allowed to seek their final positions freely. 

CATHODE AND HEATER 

An adequate emitting surface area of approximately 
two-inch diameter and one-quarter-inch height is 

WOUND HEAT-ISOLATING STRAIN -ISOLATION OFFSET HEATER THIN-WALL 
SUPPORT HEATER TERMINAL 

MATRIX CATHODE 

Fig. 3—Cutaway view of cathode assembly. 

formed by the sintering of nickel powder matrix onto a 
drawn nickel cathode cup. This portion of the single-
piece, re-entrant cathode (Fig. 3) is formed at high unit 
pressures in a precision die by an expanding punch. A 
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thin-wall heat-isolating section is rolled from the parent 
metal to provide a thermally and mechanically stable 
cylindrical support. After suitable washing processes, a 
pure nickel powder of fine particle size is bonded to the 
band-shaped cathode-surface area with the aid of dif-
ferential expansion jigs and firing in a high-temperature 
hydrogen furnace. This sponge-like band, full of voids, 
will later form the "active" cathode after it is impreg-
mated with emitting material and further processed. Prior 
to this impregnation, however, insulated receiving-tube 
type heater wire is wound inside the cathode offset section 
and the cathode is radio-frequency brazed to a cylindri-
cal support member. An appropriate length of heater 
wire is used to provide the required cathode heating at 
approximately 120 volts and 1.5 amperes. This high-
voltage, low-current heater-power requirement per-
mitted the use of small-diameter wire for the heater 
winding. The use of an offset cathode, in which only the 
actual emitting area of the cathode is spaced close to 
the adjacent grid, greatly reduces the input capacitance 
of the structure and permits use of a less costly modu-

lator. 

CERAMIC-METAL SEALS 

When high-power vacuum tubes are designed to be 
operated at ultra-high frequencies, high-conductivity 
metallic members and low-loss dielectric materials are 
used. The physical properties of the metals and ceramics 
used must be matched 'carefully to provide vacuum-
tight envelope assemblies. A well-designed tube should 
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GRID SUPPORT 
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• 4 

GRID-SCREEN 
CERAMIC 
INSULATOR 

CATHODE 
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GRID CATHODE 
CERAMIC 
INSULATOR 

Fig. 4—Mount support; assembly and exploded view. 

also be easy to assemble, should have internal cleanliness, 
and should be able to withstand repeated high thermal 
and electrical stresses without fractures or vacuum leaks. 
The mount support assembly of the 6181, shown in 

Fig. 4, consists of tapered metal and metallized ceramic 
cylinders, seated together by the positioning of the 
adjacent tapers one upon another, and sealed as an as-
sembly by conventional brazing of the component parts 
in a hydrogen atmosphere using a eutectic silver-copper 
brazing alloy. The ceramic material selected for the in-
sulating cylinders is a high-alumina body. The metal 
parts may either be drawn from a high-conductivity 
low-expansion copper-clad alloy, or copper plated after 
fabrication. In preparation for envelope assembly, a 30-

degree taper is ground on both ends of the ceramic 
cylinders which mate the 30-degree flared lips of the 
metal cylinders. The tapered ceramic is then metallized 
along the sealing edges to provide a suitable base for ad-
herence of the brazing alloy. Very satisfactory metalliz-
ing is accomplished by painting a mixture of extremely 
fine tungsten and iron powders, with a binder, onto the 
tapered sections, and then hydrogen-firing the ceramics 
at 1,400°C. After this sintering process, the metallized 
area is wire-brushed to remove the nonadhering powders 
and the metallic surface is lightly plated with nickel or 
copper to promote solder flow on assembly. 

Several theories may be advanced as to how a firmly 
adhering layer of metal is bonded to a ceramic surface. 
The reactions that occur, however, are complex, and 
none of the explanations appear complete enough to 
satisfy all conditions encountered. One hypothesis is 
that the action is a diffusion of metal into the ceramic 
and, possibly, the bond is created by a peculiar arrange-
ment, or rearrangement, of the crystals at the interface. 
Another hypothesis is that solid reactions take place 
because of loosening of the atomic bonds by thermal agi-
tation, permitting mutual diffusion of the different 
atoms into adjacent parts of the structure. In this case it 
is possible that large crystals grow from smaller ones, or 
a new type of crystal grows from two dissimilar ones. It 
is evident that a more extensive study of the interface, 
its composition and properties, is necessary before a 
complete explanation of the ceramic-metal bond can be 

made. 

GRID AND SCREEN 

The close interelectrode spacings necessary for opera-
tion of electron tubes at ultra-high frequencies create 
problems of grid structure, grid-cathode spacing, and 
grid cooling. All of these factors must be considered in 
the tube design if thermionic emission from the grid 
wires during tube operation is to be minimized. Heating 
of the grid is caused primarily by heat radiated by the 
cathode, electron bombardment of the grid, and high 
radio-frequency currents charging the grid-cathode ca-
pacitance. The most desirable method of handling the 
grid-dissipation problem is to make the entire grid of one 
piece of material having high thermal conductivity and 
to provide for removal of the heat to the outside of the 
tube by thermal conduction. In addition, especially for 
large-diameter grids, considerable mechanical rigidity is 
desirable to prevent vibration or changes in interelec-
trode spacing. The 6181 uses grids of single-piece 
chrome-copper construction made by a special cold-
forming process.' 

In this process, a large number of grid strands, in this 
case 160 vertical wires, are rolled into a slotted mandrel. 
At the same time a reference surface is rolled along the 
base of the grid which will subsequently be used for 
jigging during induction brazing to the support surface. 

4 W. P. Bennett, E. A. Eschbach, C. E. Haller, and W. R. Keye, 
"A new 100 watt triode for 1000 megacycles," PROC. I.R.E., vol. 36, 
pp. 1296-1302; October, 1948. 
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After the grid is removed from the mandrel, it is acid-
etched and is then ready for use. The same procedure is 
used for fabrication of the screen grid. This construction 
eliminates thermal barriers from welded joints or uneven 
thermal-mechanical strains, and provides for use of the 
outside cylinder of the grid or screen base as a reference 
surface concentric to close tolerances with the wire 
cylinders. The thermal "sink" necessary for grid and 
screen cooling is supplied by cooling air passing over 
envelope terminals and by the contacting circuit fingers. 

GENERAL ASSEMBLY METHODS 

In the fabrication of parts and assembly of closely 
spaced uhf tubes, precision jigging and, often, novel 
tube-making techniques are required. The coaxial-type 
structure used in the 6181 uses the V-block-and-mandrel 
method of assembly,* together with accurate reference 
surfaces on the individual parts. During the assembly 
of the tube, as each element is induction-brazed to the 
main unit, its reference surface is aligned by the jigs 
with the primary reference surface, the inside cylindri-
cal surface of the cathode support sleeve. This method 
provides for a reproducible construction and for accu-
rate spacing of the four electrodes. 

ONE-PIECE 
SCREEN 

ONE PIECE 
GRID 

COMPLETED CATHODE 
ASSEMBLY 

aik 

MOUNT SUPPORT 
ASSEMBLY 

Fig. 5—Screen grid, control grid, cathode assenii,1. 
and mount support assembly. 

• A complete tube mount assembly is given in Fig. 5. 
Initially, the ceramic-metal mount is made into a sup-
port assembly and vacuum-tight envelope by the use of 
a precision firing jig and furnace brazing in hydrogen. A 
single-stepped fixture provides the necessary positioning 
for insertion of the cathode assembly into the mount to 
the proper depth and also provides a reference for the 
cathode surface with respect to the grid and screen sup-
ports. A radio-frequency braze, made while the assem-
blies are in the fixture, joins the cylindrical cathode sup-
port and the envelope cathode terminal. The brazing is 
done by a heavy surge of current through a single-turn 
induction coil which brings the metals up to tempera-
ture in a few seconds. Because the heating is concen-
trated and of short duration, the brazing is accomplished 
with a minimum of total heat, and the adjacent seal re-
mains at low temperature, unharmed. After this brazing 
operation, the matrix cathode is impregnated with an 
appropriate carbonate coating. Next, the single-piece 
grid and screen are radio-frequency brazed to their sup-
port members; the ground V-blocks and mandrels are 

January 

used for accurate alignment of parts. The brazes pro-
duced are symmetrical, continuous, and uniform, pro-
viding great mechanical strength and high thermal and 

CATHODE CUP 
ASSEMBLY 

Fig. 6—Plate assembly, mount assembly, and cathode cup assembly. 

electrical conductivity. All these joining operations are 
made in a reducing atmosphere to maintain tube cleanli-
ness by preventing oxidation of the heated surfaces. 

The plate assembly, shown in completed form in Fig. 
6, is made by brazing all the parts together in one opera-

Fig. 7(a)—Radiator fin. 

PLATE -  

WALL 

FINS BRAZED 
TO PLATE 

Fig. 7(b)—Radiator fin assembly. 

tion in a hydrogen furnace. An unusual feature of this 
assembly is the high thermal efficiency of the radiator 
obtained by bonding the individual fins directly to the 
plate wall. (See fin and assembly, Fig. 7.) The rather 
high, heavy-wall, oxygen-free, high-conductivity copper 
plate further aids thermal conduction from the born-



1953 Bennett and Kazanowski: 1-KW Tetrode for UHF Transmitters 17 

barded area and distributes heat efficiently over the en-
tire length of fin. Louvres are stamped into each fin to 
aid the transfer of heat from the radiator to the plate air 
stream. All these factors combine to permit the use of 
smaller blowers and result in the relatively low cooling 
requirements of the 6181 as shown in Fig. 8. 
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Fig. 8—Cooling requirements of Type 6181. 

The main seal of the tube is made by inserting the 
mount assembly into the plate assembly to a fixed 
depth, and radio-frequency brazing the edge of the 
screen and screen-support cylinders. The final closure is 
made by placing the self-aligning cathode-cup assembly 
into the cathode support cylinder and radio-frequency 
brazing it in place. The heater rod is joined to the ex-
ternal terminal by means of a flame weld. The tube is 
then evacuated and a cold-metal pinch-off is made at 
the exhaust tubulation above the plate. After pinch-off, 
a protective cap is attached and the exterior of the en-
tire tube is silver plated. 

CIRCUIT' AND OPERATION 

In the original developmental design of this tube, an 
output space (screen-grid-to-plate spacing in the active 
area) of approximately 0.060 inch was provided. This 
relatively close spacing was considered necessary to 
minimize transit-time effects in the output region. How-
ever, developmental tubes having this spacing yielded a 
very low output. Measurements of circuit efficiency and 
bandwidth, made by the Lawson method involving a 
slotted line between the cavity and a matched load,' 

8 G. B. Collins, "Microwave Magnetrons," McGraw-Hill Book 
Co., Inc., New York, N. Y.; 1948. 

showed that this tube and cavity had extremely high 
radio-frequency losses. Even with the external load al-
most completely decoupled the load resistance presented 
to the electron beam was far too low for efficient opera-
tion. This poor circuit efficiency was believed to be due 
to the high circulating current required to charge the 
high plate-screen capacitance. This high capacitance 
was a result of the close output spacing of the tube. In 
later developmental tubes, the output space was in-
creased and substantially higher outputs were obtained 
as a result of increased circuit efficiency. In subsequent 
tubes the output space was further increased to 0.200 
inch and additional improvement in performance was 
obtained. 
The total radio-frequency power generated by the 

tube is determined by adding the power lost in the cir-
cuit to that delivered to the load. When this total power 
was originally measured, it was found to agree substan-
tially with the calculated low-frequency output. This 
agreement indicated that, in the output space, transit-
time effects, even though present, did not cause serious 
reduction of efficiency.' However, there were evidences 
that transit-time effects were present, and were perhaps 
being compensated for automatically as circuit adjust-
ments were made to obtain optimum power. As the out-
put tank circuit was tuned, minimum plate current and 
optimum power output did not occur simultaneously. 
This phenomenon could be due to feedback effects, but 
this possibility seemed unlikely in view of the low 
internal feedback capacitance in a grounded-grid-
grounded-screen type circuit. Furthermore, the meas-
ured bandwidth for a particular circuit and set of operat-
ing conditions was almost always lower in value than the 
corresponding calculated values. This reduction would 
be an indication that the electron beam was operating 
into a load resistance that was higher than expected and 
and that the plate-voltage swing had a value higher 
than expected. It is quite likely, as suggested by Dow,' 
that the reduction in fundamental component of the 
current pulse, which is brought about by transit-time 
effects, can be compensated by an over-voltage swing 
across the output space, and that suitable phase rela-
tionships prevent electron rejection by the plate. 

Transit-time effects in the input or cathode-to-con-
trol-grid space are evidenced by back bombardment of 
the cathode. Although a matrix-type cathode is used to 
minimize the detrimental effect of cathode bombard-
ment, the life of a tube can be further increased by 
proper control of heater power. During high-frequency 
operation the heater voltage should be maintained at as 
low a value as possible consistent with line-voltage 
fluctuations and power-output requirements. 

• H. Rothe and E. Gundert, "The effect of electron transit time 
on the efficiency of tetrodes," Telefunken-Zeit., vol. 25 pp. 75-87; 
June, 1952. 

7 W. G. Dow, "Transit time effects in ultra-high-frequency class-C 
operation," PROC. I.R.E., vol. 35, pp. 35-42; January, 1947. 
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TABLE I 

GENERAL DATA 

Heater, for unipotential cathode: 
voltage (ac or dc)  

Current at 120 volts  
Mp-factor, grid no. 2 to grid no. 1 for plate 

volts =1000, grid no. 2 volts =400, and 
plate amperes =1  8 

Direct interelectrode capacitances: 
Grid no. 1 to cathode  44 mid. 
Plate to cathode  0.10 max mid 
Grid no. 2 to plate  22 med 
Maximum over-all length  7-7/16 inches 

120 av volts 
130 max volts 

1.55 amperes 

RATINGS AND TYPICAL OPERATION OF 6181 As 
BIAS-MODULATED RF POWER AMPLIFIER 

Synchronizing-level conditions per tube unless otherwise specified 
Maximum CCS* ratings, absolute values: 
DC plate voltage  2000 max volts 
DC grid—no. 2 (screen) voltage  500 max volts 
DC grid—no. 1 (control-grid) voltage 

(white level)  —300 max volts 
DC plate current  1.75 max amp 
DC grid—no. 1 current  0.2 max amp 
Plate input  3500 max watts 
Grid—no. 2 input  40 max watts 

Plate dissipation  2000 max watts 

TYPICAL CATHODE-BIAS-MODULATED OPERATION IN 

CATHODE-DRIVE CIRCUIT AT 900 MC 

Bandwidtht of 8 mc 
Air flow through radiator: 
Minimum, with incoming air at 45°C..... 60 
Static pressure   0.36 

DC plate-to-grid—no. 1 voltage  1875 
DC grid—no. 2-to-grid—no. 1 voltage  550 
DC cathode-to-grid—no. 1 voltage: 
Synchronizing level  75 
Pedestal level  105 
White level  210 

Peak RF' cathode-to-grid—no. 1 voltage  120 
DC plate current: 
Synchronizing level  1.7 
Pedestal level  1.2 

DC grid—no. 2 current (pedestal level)  —0.025 
DC grid—no. 1 current (approx.): 
Synchronizing level  0.075 
Pedestal level  0.020 

Driver power output (approx.): 
Synchronizing level  200 

Output-circuit efficiency (approx.).  75 
Useful power output (approx.) 4 
Synchronizing level  12001 
Pedestal level  675§ 

cfm 
inch of water 

volts 
volts 

volts 
volts 
volts 
volts 

amp 
amp 
amp 

amp 
amp 

watts 
per cent 

watts 
watts 

" Continuous commercial service. 
t Measured between half-power points. 

The driver stage is required to supply tube losses, RF circuit 
losses, and RF power added to the plate input. The driver stage 
should be designed to provide an excess of power above the indicated 
value to take care of variations in line voltage, in components, in 
initial tube characteristics, and in tube characteristics during life. 
§ This value of useful power is measured at load of output circuit 

having indicated efficiency. 

The typical data as shown in Table I and Fig. 9 were 
obtained with the 6181 operating as an amplifier at a 
frequency of 900 mc in a cathode-driven circuit in which 
the control grid and screen grid are separated, similar to 
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Fig. 9—Average plate characteristics of Type 6181 

2500 

that shown in cross section in Fig. 10. The tube is driven 
by a 6161 amplifier stage which in turn is driven by a 
6161 frequency doubler. The 6181 input circuit consists 
of a coaxial line having an effective electrical length of 
either three-quarter or five-quarter wavelength depend-
ing upon where the input coupling loop is located. The 
circuit is tuned by a contacting-type shorting bar at the 
end of the line. In the usual cathode-driven circuit it is 
desirable to maintain the control grid and screen grid at 
the same radio-frequency potential. Two different cir-
cuit variations were tried and found to be satisfactory 
so long as certain operating conditions were avoided.In 
one type of circuit a coaxial line having a movable 
shorting bar was placed between the grids. In this cir-
cuit, performance is not affected by the position of the 
shorting bar unless the length of the line is such as to 
cause it to be in parallel resonance. Another condition 
to be avoided is having the length of the line such as to 
allow a lower-frequency spurious mode of oscillation to 
build up whereby triode operation could exist with the 
screen acting as a plate. Such a spurious oscillation could 
be damped out without adversely affecting performance 
by loading the screen-grid and control-grid circuit with 
a high-loss material such as carbon. In other circuits, the 
region between the screen grid and control grid is simply 
left open. However, precautions must be taken to pre-
vent the development of spurious resonances, as well as 
excessive radiation from this opening. 
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Fig. 10—Cross section of cathode-driven 900-mc circuit for Type 6181. 

The output circuit connected between the plate flange 
and the screen-grid terminal is a simple quarter-wave 
type, fitting closely about the tube and providing uni-
form current distribution about the circumference of the 
tube and circuit. Output tuning is effected by moving a 
"slug" in a direction perpendicular to the tube axis. 
Power is fed out of the circuit by means of a coupling 
loop connected to an external adaptor, which is in turn 
terminated by a 50-ohm load. All power measurements 
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were made calorimetrically by means of a calibrated 
water-cooled load. 
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High-Power Klystrons at UHF* 
D. H. PREISTt, MEMBER, IRE, C. E. MURDOCKt, ASSOCIATE, nt, AND J. J. WOERNERt 

Summary—A brief history of high-power cw klystron develop-
ment and a classification of types of klystron are followed by a de-
scription of the three-cavity, gridless klystron amplifier with mag-
netic focusing, in general terms, and the Eimac 5-kw klystron for 
UHF-TV in more detail. This tube has cavities which are partly out-
side the vacuum system and contain ceramic "windows." The ad-
vantages of the klystron over the conventional negative-grid type of 
tube are reviewed from the standpoint of performance, and the main 
operational features are noted. 

I NTROD UCT ION IN VIEW OF the increasing activity above 450 mc 
for such purposes as television, it may be of value 

to review the means of generating transmitter 

power presently available. 

Of outstanding interest in this field is the post-World 

War II development of power amplifier klystrons. Al-

though the klystron principle was discovered as far back 

as 1939,' its application to high-power generation was 
delayed, largely because of the 1939-1945 war and the 
need to concentrate on those lines of development which 

appeared the most promising for military purposes. The 

ultimate possibilities of the klystron were appreciated 

by few, and although a great deal of fundamental re-

search on electron beams was carried on in various 

places, development in the field of high-power cw tubes 

was confined mainly to one group in California,2,8 and 

one group in France.4.5 As a result of this work the basic 

principles have been extended, and much progress has 

been made in techniques of construction, culminating 

in the recent appearance of high-power klystrons for 

commercial purposes in the United States,2,6 and an in-

creasing awareness of the great advantages of this type 

of tube for stable amplification at high-power levels. 

The object of this paper is to review, briefly, from the 

point of view of the potential user, the performance of a 

modern high-power klystron, and to describe the 

special peculiarities and methods of operation of this 

type of tube. A brief survey will also be made of the 

factors limiting the performance of a klystron, compared 

with the factors limiting the performance of conven-

tional negative-grid tubes. 

Decimal classification: R339.2 X R583.6. Original manuscript re-
ceived by the Institute, November 3, 1952. 
t Eitel-McCullough, Inc., San Bruno, Calif. 
R. H. Varian and S. F. Varian, "A high frequency oscillator and 

amplifier," Jour. Appt. Phys., vol. 10, p. 321; 1939. 
"High Power UHF Klystron," Tele-Tech, p. 60; October, 1952. 
W. C. Abraham, F. L. Salisbury, S. F. Varian, and M. Cho-

dorow, "Transmitting Tube Suitable for UHF TV," paper presented 
at IRE National Convention; 1951. 

4 P. Guénard, B. Epsztein, and P. Cahour, "Klystron Amplifica-
teur de 5 KW à large bande passante," Ann. Radioelect., vol. VI, 
p. 24; 1951. 
& R. Warnecke and P. Guénard, "Tubes à Modulation de Vitesse," 

Gauthier-Villards, Paris; 1951. 
J. J. Woerner, "A High Power UHF Klystron for TV Service,» 

paper presented at IRE National Convention; 1952. 
Fig. 1—Schematic diagram of 3-cavity klystron with 

magnetic focusing. 

KLYSTRON TYPES 

Present-day klystrons fall into three categories: 

1. Reflex Klystron Oscillators 
Most of these have low efficiency (of the order of 

1 per cent) and generate relatively low power, and 

are suitable for receivers, local oscillators, test 

equipment, and the like. 

2. 2-Cavity Klystrons 

These may be used as amplifiers, oscillators, or fre-

quency multipliers; as amplifiers they are capable 

of power gains of about 13 db and efficiencies of 
about 20 per cent, at frequencies of the order of 
1,000 mc. 

3. 3-Cavity Klystrons 
These are useful, principally, as amplifiers, and are 

capable of power gains of about 20 to 30 db, and 

efficiencies of 30 to 40 per cent, together with 
bandwidths of several mc, at frequencies of the 

order of 1,000 mc. Because of the superior amplifier 

performance given by this type of klystron, the 

other two types will not be dealt with further in 
this paper. 

3-CAVITY GRIDLESS KLYSTRON AMPLIFIER WITH 
MAGNETIC FOCUSSING 

A. Description 

This type of tube, sometimes called a «cascade 

amplifier," is illustrated schematically in Fig. 1. It will 

be seen to consist of four essential parts: 

1. The Electron Gun 

This has a source of electrons (the cathode), a 

means of accelerating the electrons to a high 

energy level (the anode), and a means of focussing 

the electrons into a parallel beam of high electron 

density emerging from the hole in the anode. 

FOCUSSING COILS 
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2. The RF Resonant Cavities and Drift Tubes 
The first cavity is fed with RF energy from a 
driving source at low level. The second cavity is 
tuned to resonance, or near resonance, but is not 
fed with energy from outside. The function of 
these two cavities, in conjunction with the drift 
tubes, is to velocity-modulate the electron beam 
so as to produce "bunches" of electrons at the out-
put cavity. The latter is tuned to resonance and 
coupled to the antenna, or other load, and serves 
to extract as much RF energy as possible from the 
"bunched" electron beam. Its function and opera-
tion are closely similar to those of the output cir-
cuit of a Class "C" amplifier using triodes or 
tetrodes. 

3. The "Collector" Electrode 
This collects the electrons after they have passed 
through the output cavity, and have given up part 
of their energy to the RF field, and thus to the 
load; because only about 30 per cent of the energy 
in the beam is converted to RF energy, this collec-
tor has to be capable of dissipating the remaining 
percentage, that is to say, 70 per cent of the 
product of the anode-cathode voltage and cathode 
current, when fully driven. (In practice the collec-
tor current is very slightly less than this because 
some electrons inevitably strike the anode and the 
drift-tube walls.) If the tube is used as a linear 
modulated amplifier, the collector will be required 
to dissipate 100 per cent of the input power under 
conditions of zero drive and zero output. 

4. External Magnetic Circuit 
This consists of suitably disposed electromagnets 
producing an axial magnetic field of controllable 
strength which tends to keep the beam parallel as 
it passes along the tube. Without this field the 
beam would expand because of the mutual re-
pulsion of the electrons. The optimum field 
strength is fairly critical, and is not necessarily 
uniform along the length of the tube. It is usually 
prevented from penetrating the cathode, either by 
a metallic magnetic shield or by the use of a "buck-
ing" coil, or by a combination of both. 

B. Performance and Operational Features of This Type of 
Klystron 

The 3-cavity klystron is a tube capable of generating 
a much larger power output at uhf than the conven-
tional negative-grid tube. The deterioration of per-
formance as the frequency is raised is slight. The power 
gain of the klystron is very much larger than that of a 
tetrode. It may be worthwhile to review briefly the rea-

sons for this. 
Considering the factors limiting the power output of 

a triode or tetrode, aside from external circuit losses, 
one finds that basically they are the total cathode emis-
sion, the anode voltage, the interelectrode spacing, and 

the RF loss in the materials used to make the electrodes 
and the envelope. Now the total cathode emission, as-
suming the best material is used and that a given life 
is required, depends on its area. This area is limited at 
uhf because the tube forms part of a resonant transmis-
sion line in which large changes of electric and magnetic 
field occur over distances which are small compared 
with the wavelength. Since nonuniform potentials be-
tween electrodes cause loss of efficiency, it is necessary 
to keep the electrode dimensions small compared with 
the wavelength; thus, the cathode area is limited, and 
has to be reduced as the wavelength is decreased. The 
anode voltage is limited by internal flash-arcs between 
electrodes. The electrode spacing must, however, be 
small enough to give small electron transit times, and 
must be decreased with the wavelength. The applied 
voltage must, therefore, be reduced also with the wave-
length. Lastly, the RF losses in the tube materials in-
crease as the wavelength decreases. All these factors 
added together give the well-known result that triodes 
and tetrodes get rapidly smaller as the wavelength de-
creases, and so does the power they will generate and 
the efficiency. In addition, the problem of manufacture 
becomes more and more serious, and ultimately becomes 
prohibitive. The two worst problems are caused by the 
small spacing between electrodes, of the order of 0.001 
inch, and the mechanical weakness of the fine wire grids. 

Considering now the power gain, this becomes less as 
the wavelength decreases because the tube requires 
more and more driving power to overcome the increas-
ing electron transit-time effects, losses in materials, 
grid current, and (usually) inherent negative feedback. 

In a klystron, on the other hand, some of these limita-
tions do not occur at all, and others are less significant. 
The cathode area is not limited by the wavelength be-
cause it is outside the RF field. The anode-to-cathode 
spacing being of the order of 1 inch, extremely high 
anode voltages may be applied without internal flash.. 
arcs; also, the cavity gap spacings may be about .1 inch 
in a 5-kw tube at 1,000 mc. Again, because gridless gaps 
may be used without serious loss of coupling between 
the beam and the resonant cavities, there are no prob-
lems of fabrication or heating of grid wires. Further-
more, because the collector is outside the RF field, it 
may be designed solely for the purpose of dissipating 
heat, and this becomes a minor problem in practice. The 
losses in the conductive tube materials are small because 
all the metal parts carrying RF current may be made 
of high-conductivity metal. (There is no loss comparable 
to the RF losses in a triode due to RF current flowing 
through lossy cathode material or fine resistive grid 
wires.) Therefore, the only limiting factor approached in 
klystrons giving adequate power for present commercial 
applications is the loss in the dielectrics. Some dielec-
trics are inevitable either in the form of windows in the 
cavities, as in the Eimac tube, or in the other type of 
tube with integral cavities, the window betweeethe 
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output cavity and the load. If the power level is raised 
high enough, these dielectrics will ultimately break 
down, either by cracking due to heat or by flashing over 
the outside surface which is at atmospheric pressure; 
however, this does not occur in a well-designed tube at 
power levels that are presently interesting. 

Considering the power gain of a klystron, this is 
governed almost entirely by the geometry and is limited 
only by the small RF losses in the input cavity and the 
beam loading of the cavity, which is small. The transit-
time loading experienced with a triode becomes a factor 
of minor importance, and the negative feedback disap-
pears since there is no coupling between the input and 
output cavities. 
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Fig. 2—Curve (1): Efficiency versus frequency for typical uhf tetrode 
—4X150G. (Plate dissipation 150 watts.) 
Curve (2): Efficiency versus frequency for typical uhf triode 
—2C39. (Plate dissipation 100 watts.) 
Curve (3): Typical efficiency of klystrons versus frequency 
(independent of output power). This is the efficiency at the 
optimum frequency for each tube. 
Curve (4) (dotted): Maximum power output of the largest 
commercially available negative-grid tube at various frequen-
cies. 
Points ID cw power output of various klystrons (not the larg-
est possible). 

It is, therefore, apparent that the efficiency and power 
gain of a klystron will fall off relatively slowly, com-
pared with a triode or tetrode, as the wavelength is re-
duced. This is illustrated by the curves in Fig. 2. It is 
also clear that the maximum size and power output of a 
klystron are not determined by the wavelength. It fol-
lows that the klystron is ideally suited to high-power 
generation at uhf and microwave frequencies, and out-
classes the conventional type of tube in every respect, 
including ease of manufacture. 
Turning now to a typical performance obtainable 

from a 3-cavity klystron, the results given by the Eimac 
tube may be taken as representative of this type of 
tube. This tube will generate 5 kw of RF power in the 
uhf television band with an efficiency of more than 30 
per cent when fully driven. The over-all bandwidth is 
about 5 mc and the power gain, under television condi-

tions, is about 20 db. Salient features of operation ar 
these: 
The tuning of each of the 3 cavities is independent c 

the others since there is no feedback present. Thi 
makes for very simple lining-up procedure. 
The output cavity is tuned to resonance at the mid 

band frequency, and loaded for optimum performanc 
by means of some variable coupling device external t. 
the tube. 

01.11Illée PO«. 

Fig. 3—Output power versus driving power for klystron. 

A curve of power output against power input for thi, 
type of tube is a Bessel function of the first order and thi 
first kind, and the first part of such a curve is yen 
nearly linear. (See Fig. 3.) In television service, assumin¡ 
that sync stretching is used in the driving stages, th( 
klystron may be operated in such a way that the sync 
pulses drive the tube very nearly to the peak of th( 
Bessel curve, so that the efficiency at sync pulse level; 
is nearly the fully driven efficiency. 

ENVELOPE OF MAX. EFFICIENCIES FOR 

VARIOUS DEGREES OF DETUNING 

MIDDLE CAVITY 
OETUNED TO MF 
SIDE OF RESONANCE 

MIDDLE CAVITY 
RESONANT 

DRIVING POWER 

Fig. 4—Efficiency versus driving power, showing the effect 
of detuning the middle cavity. 

The center cavity is detuned to a frequency slightly 
higher than the midband frequency, since this gives 
greater efficiency than resonant operation, and helps to 
broaden the pass band. This cavity may be loaded ex-
ternally by resistance in some cases. This detuned opera-
tion requires greater driving power to the first cavity 
than resonant operation. (See Fig. 4.) 
The input cavity may be either detuned on the low-

frequency side of resonance or it may be tuned to 
resonance and loaded with external resistance in order 
to achieve the necessary bandwidth. 
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The relation between efficiency, power output, and 
.node voltage for a given tube is shown at Fig. 5. There 
s an optimum voltage for best efficiency because the 
roltage determines the speed of the electrons along the 
ube. Now a certain time is required for electron bunch-
ng to take place; this depends mainly on the frequency 
Ind determines the distance between the cavities. But 
his distance will be optimum for only one electron 
;peed, and therefore only one voltage. Conversely, for a 
given voltage the relation between efficiency and fre-
quency will also show a broad peak at a given frequency, 
ind this fall-off at higher and lower frequencies will limit 
the useful frequency range of a given tube, even if the 
zavities are tunable over an indefinitely wide range. 
The power input from the dc power supply feeding 

the anode of the tube is constant (about 1.5 amps at 13 
kv), and independent of the drive voltage; therefore, 
the regulation of this power supply may be quite poor 
without adverse effects. Also, only simple circuits are 
necessary to reduce the hum to a low level. The filament 

may be heated by ac. 

w. 

ANODE VOLTAGE 

Fig. 5—Power output and efficiency versus anode voltage. 

The magnetic field used for focussing the beam is 
simple to arrange, and relatively low in intensity, and 
consumes only a small amount of dc power in the coils. 
It must be made variable since the efficiency of the tube 
varies fairly rapidly with the field strength and reaches 
a maximum for an optimum setting of the magnetic 
field. The RF cavities, the drift tubes, and the anode 
are all in metallic contact and may be grounded. Thus, 

there is no problem of by-passing and dc isolation in the 
output circuit compared to the by-passing problem 
with a triode or tetrode amplifier. The collector is 
usually insulated from the main part of the tube in order 
to facilitate monitoring of the current division between 
the collector and the drift tubes. The anode voltage sup-
ply is grounded on the positive side, and the negative 
side is connected to the cathode of the tube. 

Considering now the over-all problem of design, con-
struction, installation, and operation of a high-power 
uhf amplifier, and the difference between the problem 
with a conventional type of tube and with a klystron, 
it is evident that the klystron scores heavily in all re-
spects. The burden imposed on the transmitter de-
signer is lessened because the klystron with its cavities 
forms a complete amplifier stage in itself. Because of the 
absence of feedback in the klystron, the circuit design is 
greatly simplified, compared with the conventional am-
plifier design. Also, when using a conventional tube at 
uhf, the designer is usually faced with the very difficult 
problem of obtaining the maximum efficiency from a 
stage in which the tube is run to its limit, and only by 
very careful design can the desired performance be ob-
tained from it. With klystrons, on the other hand, the 
problem is easier because there is usually a greater 
margin of performance, both in respect to output and 
power gain. Also, the construction of a klystron stage is 
simpler than the conventional stage, and, as we have 
seen, the operation is also simpler. 

Fig. 1 shows the more or less conventional type of 
klystron construction involving integral cavities, 
namely, cavities which are an integral part of the 
vacuum system. A unique feature of the Eimac tube, 
hereinafter described, is that part of the cavities are 
external to the tube envelope so that simple mechanical 
tuning of the cavities over a wider band of frequencies 
is possible. The tube itself is also simplified. 

C. A Practical Example: Eimac UHF Klystron for TV 

The photograph in Fig. 6 shows the Eimac uhf klys-
tron, an example of a 3-cavity klystron in a form suit-
able for commercial manufacture, and now in produc-

Fig. 6—The Eimac 5-kw uhf klystron for TV. 
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tion. Tube-cavity parts and drift-tube sections are 
shown in Fig. 7. Fig. 8 shows the tube and external 
cavities in a test setup. 

lissarainaget 
.T 

Fig. 7—Tube cavity part and drift tube sections. 

Fig. 8--The 5-kw klystron on test. 

A feature of interest is the use of cavities which are 
tunable by means external to the vacuum system. This 
is made possible by use of ceramic "windows" which, if 
designed and fabricated correctly, will produce only a 
minor deterioration in the over-all performance of the 
tube because of their finite dielectric loss and high 
dielectric constant. 

This means that part of each cavity is in vacuo and 
part is in air. The convenience of operating a tube of 
this type, compared with a tube in which the cavities 

are entirely in vacuo, is considerable. In the first placc 
the mechanism for varying the resonant frequency i 
simple and may involve straightforward shorting bar 
with sliding contacts with negligible losses. Thes 
slidable devices are outside the vacuum system, a 
shown in Fig. 8. The tuning range of such a cavity i 
large. With a totally evacuated cavity it has not ye 
been found possible to use such a means of tuning, be 
cause sliding contacts in vacuo are generally unsatis 
factory. Therefore, tuning has to be done by distortica 
of some flexible metallic membrane. Such a membran( 
introduces mechanical weaknesses into the tube struc 
ture which then has to be stiffened by an external frame 
Also, the range of tuning is relatively small, and usuall) 
the tuning is done by varying the gap spacing, anc 
therefore, its capacitance. This can be done only to e 
limited extent. If the gap is made too wide, the elec. 
tron transit time will become an appreciable fraction 
of 1 RF cycle, causing inefficiency; on the other hand, 
if the gap is too small, the bandwidth will suffer (band-
width varies roughly as 1/c). With a ceramic window 
cavity the tuning is done by varying the inductance of 
the cavity, the capacitance across the gap is fixed, and 
the gap can be set for optimum performance over the 
frequency band. 

Another point of difference is that the mechanical 
forces required to tune a cavity by means external to 
the vacuum system are small, being determined only 
by friction, whereas with the other type of cavity the 
tuning mechanism has to withstand the forces caused by 
the operation of atmospheric pressure against the 
flexible metallic membrane. 

Fig. 9—Output cavity with one tuning plunger removed, showing 
ceramic and output coupling device. 

Another desirable feature obtained with the ceramic 
windows is that the loading of the cavity may be ac-
complished outside the vacuum system, either by loops 
or a waveguide-to-cavity loading device, such as a 
quarter-wave transformer made from ridge waveguide. 
(See photograph of output cavity, Fig. 9.) The coupling 
may, therefore, be varied with ease. With a totally 
evacuated cavity it is very inconvenient to build in a 
variable load coupling, and it is common practice to use 
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fixed loop; thus the benefit of variable coupling is lost. 
Lastly, because of the relatively large frequency band 

hat can be covered by a given klystron with ceramic 
zindows, a smaller number of tube designs is required 
o cover a given frequency band, such as the uhf TV 
land. This simplifies the manufacturing problem and 
educes the cost of the tube. 
Another feature of interest is the use of a tantalum 

athode heated by electron bombardment from a tung-
ten filament of relatively small size by means of a dc 
)ower supply (0.6 amps. at 2,000 volts) between the 
•athode and the filament. This constitutes a flexible 
;ystem, and is much simpler to design and construct 
han a radiation-heated cathode. 

CONCLUSIONS 

The 3-cavity externally tunable klystron is excel-
lently suited to high-power generation at uhf (and also 
at higher frequencies) because 

1. it is relatively simple to manufacture, 
2. it is easy to use and adjust, 
3. the transmitter design and construction is simpli-

fied by its use, 
4. its performance as an amplifier is greatly superior 

to other tube types. 

It is likely that the future will see more and more such 
tubes in commercial service for an increasing variety of 

applications. 

A Floating-Drift-Tube Klystron* 
M. CHODOROWt, SENIOR MEMBER, IRE AND S. P. FAN, ASSOCIATE, IRE 

Summary—This paper describes a theoretical and experimental 
awestigation of a special form of klystron which seems to have many 
important uses as a frequency-modulated oscillator. Basically, it is a 
single-cavity, two-gap klystron with a floating drift tube between 
the two gaps. 

By applying a separate voltage to the floating drift tube it is 
possible to produce frequency modulation by varying the transit angle 
between the gaps in a similar manner to the frequency modulation 
produced in a reflex klystron. An examination of the theory indeed 
indicates that the theory of the floating-drift-tube klystron (FDTK) 
and the reflex klystrons are essentially identical. One merely re-
places the transit angle wherever it appears in reflex theory by the 
same number divided by a factor H, where H is the ratio of the 
effective voltages at the two gaps. However, in spite of this identity 
of theory, in practice the FDTK should have higher efficiency and 
power-handling capabilities merely because of its geometry. In 
addition, the absence of the reflection problem, i.e., of electrons 
transversing the same gap twice, eliminates all the difficulties con-
nected with multiple transits which produce hysteresis, mode distor-
tion, and the like, which are characteristic of many reflex klystrons. 

This prognosis fulfilled in the tube which was constructed. 
When a detailed examination was made of the dependence of 

efficiency and electronic tuning bandwidth on the factor H, it was 
possible to vary the cavity shape so that one could get either high 
efficiency at relatively low bandwidth (22 per cent, 4 mc), or lower 
efficiency and greater bandwidth (6 per cent, 15 mc). In both cases 
the mode was very clean, showing no distortion or hysteresis, and 
the behavior of efficiency and bandwidth with change in parameters 
was in very close agreement with theory. 

I. INTRODUCTION 

THIS PAPER DESCRIBES a theoretical and ex-
perimental investigation of a special form of 

  klystron which seems to have many important 
uses, particularly in communication, and specifically in 
microwave relay links. This type of tube has been pre-

* Decimal classification: R355.912.3 X R339.2. Original manu-
script received by the Institute, December 10, 1951; revised manu-
script received July 30, 1952. Presented, IRE National Convention, 
New York, N. Y., March 20, 1951. 

Stanford University, Stanford, Calif. 
Burroughs Adding Machine Co., Philadelphia, Pa. 

viously described in the literature and has been worked 
on by a number of people.1.2 Much of this work was 
done quite some time ago, however, when the interest 
was in exploring the simplest properties of this tube, 
and the emphasis was not on the particular properties 
which will be discussed in this paper. 

This tube has been designated by various names, but 
it will be referred to here as the floating-drift-tube 
klystron, abbreviated as FDTK. A schematic diagram 
is shown in Fig. 1. From the configuration of the cavity 
it is obvious that the tube is generically related to a 
two-cavity klystron. Indeed, if one removes the common 
wall between the two adjacent resonators of such a 

'00061 

 1111 

Fig. 1—Schematic diagram of floating-drift-tube klystron. 

two-cavity klystron, one gets a single cavity which will 
resonate at the same frequency as the common fre-
quency of its two constituents. The electronic behavior 
is also quite similar to that of a two-cavity oscillator; 
velocity modulation occurs at the first gap and for the 
right transit angle between the gaps, the voltage at the 
second gap will be of the right phase to extract energy 

1 A. Arsenjewa-Heil and O. Heil, Zeiss. far Physik, vol. 95, pp. 
752-762; 1935. 

2 A. L. Samuel has done research on this tube at the Bell Tele-
phone Laboratory. His work is described in G. C. Southworth's book, 
"Principles and Application of Waveguide Transmission," D. Van 
Nostrand Co., Inc., New York, N. Y.; 1950. 
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from the bunched beam. Thus, in many respects, par-
ticularly efficiency and power-handling capabilities, 
this type of tube will be very similar to a two-cavity 
oscillator. Of course, the drift tube must be supported 
in some manner, and, in particular, it may be insulated 
from the wall of the outside cavity, as shown in the 
figure, so that it is possible to apply a separate voltage 
to the drift tube. This changes the transit angle of the 
electrons between the two gaps without changing the 
input power, and in this type of operation one can get 
frequency modulation in a manner entirely analogous 
to that obtained in a reflex klystron when the reflector 
is modulated. 

In this paper, a theoretical analysis of the operation 
of a FDTK is made, and the results obtained on an ex-
perimental tube are described. The results agreed very 
satisfactorily with the theory; in particular, the relation 
between the efficiency and electronic tuning bandwidth 
were verified. It was found possible to get a combination 
of the two, which is much better than has been hereto-
fore obtained with a reflex tube in this frequency range. 

II. THEORY OF FLOATING-DRIFT-TUBE KLYSTRON 

A. Fundamental Equations 

Since the FDTK has only one cavity, as in the reflex 
tube, the theory is, therefore, almost identical, with a 
few important differences. As in standard treatments of 
reflex tubes,3.4 one defines an electronic admittance 
which is determined by the velocity modulation and 
bunching process and a circuit admittance which de-
pends only on the cavity. The electronic admittance is a 
function of the voltage amplitude. In the steady state, 
this amplitude is such that the two admittances are 
equal. To get the electronic admittance, one can calcu-
late the current at the output gap in terms of the volt-
age at the input gap in an obvious way from simple 
bunching theory. Since the circuit admittance of 
importance is the admittance across the output gap, 
one must write an electronic admittance using the out-
put gap voltage. This can be easily written in terms of 
the input gap voltage since the ratio of the two gap 
voltages is a constant, depending only on cavity geome-
try. Using this ratio, one can equate the circuit ad-
mittance and electronic admittance for the output gap, 
and from the resultant complex equation one gets two 
real equations for the steady state, 

2,,,x, _r. i ± GL 1 
1' . cos yb = tie . (1) 

x LQ0' Qext J 
[-- 1 GL BL 

-F ---] tan 4) = 28 + — / where (2) 
Qo' Q..t. Qext 

M 117100 
x =bunching parameter =- 

2 Vo 

J. C. Slater, "Microwave Electronics," chap. X, D. Van Nos-
trand Co., Inc., New York, N. Y.; 1950. 

4J. Pierce and W. G. Shepherd, "Reflex oscillators," Bell Sys. 
Tech. Jour., vol. 26, p. 460; July, 1947. 

= rf voltage gap 1 

V2 rf voltage gap 2 

M1= beam coupling coefficient for gap 1 

M2 = beam coupling coefficient for gap 2 

02,2 = transit angle for input gaps 1, 2 

Oo =drift-tube transit angle 
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Io, V 0= dc current and drift-tube voltage 

1 
Ye' =c0C[---+ j2(3] Gc' [1-1- j2Q0'8]= equivalent 

Qo' 

circuit admittance at the second gap (including 

beam loading) 

GL Be eL] 
YL = COC = G L' -FjB L' = equivalent load 
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admittance at the second gap. 

Equations (1) and (2) determine both the amplitude and 
frequency, and, consequently, also determine the 
modulation characteristics. Equations (1) and (2) are 
similar to those of the reflex tubes, except for the quan-
tity H, which is the ratio of the effective gap voltages. 
It is obviously unity for the reflex tube. It is this quan-
tity H which is the significant parameter in determining 
the behavior of the FDTK. It will be discussed in 
greater detail below. 

B. Power and Efficiency 

The RF power delivered to the second gap is 

3122102 
P2 = X Ji(x) cos 0. 

y. 

The power output to the load is 

3f22/02 
PL — X [Ji(x) cos (1) — —1 X wC I. (4) 

y. 2 y.Q0' 

As in the reflex tube, the load for optimum power output 
can be found by differentiating (4) with respect to x. 
Then, x for optimum is given by cog y.Qo' = o(x0) 
with GL' = J2(x0), the optimum power output is 

M22G0 X02 
PL opt = V0/0 J2(xe), 

y. 2 

and the corresponding efficiency is 

(3) 

(5) 
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H 
111., opt = — 

00 

x02.12 (x0). 
(6) and with optimum load, 

df fe GL 2J i(xo) 

rom the form of the equation it can be seen that H 
ssentially determines the effective bunching angle, 
.hich can be defined as 00IH. The function Fi(xo) 
.xo2J2(x0) is plotted against Jo(xo) in Fig. 2(a). The 
.ason for choosing Jo(xo) instead of xo as abscissa is 
lat Jo(xo) =o)C y „Qo' can be considered as a funda-
œntal design parameter, whereas xo is only an operat-
Ig parameter. 
It should be pointed out that the efficiency in (6) 

ses drift-tube voltage as basis. Actually, the input 
.ower of the tube is determined by Ve, the anode 
•oltage, so that the over-all efficiency should be multi-
died by the factor Vol VB. The practical efficiency may 
œ greater or less than the theoreecal value. 
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Fig. 2(a)—Performance curves I. 

Modulation Sensitivity and Electronic Tuning Band-

width 

Since the drift tube is isolated from the outside cavity 
wall, it is possible to apply a voltage to it to change the 
electron transit time in the drift tube. This is similar 
to the effect of the repeller voltage of the reflex tube, 
and the analysis of the resulting frequency modulation 
can be carried out in an analogous way. In (2) d) is 
related to the operating drift-tube voltage, while 8 
=Ailfo is linearly proportional to the operating fre-
quency. By simple differentiations and substitution, 
one gets for the modulation sensitivity 

df f000 y. 2./i(x) 
  sec c>, 

dVo 4Vo o.0 x 
(7) 

dVo 41,0 Qszt xo.12(xo) 

The half-power bandwidth (BW) can be found by 
the fact that the power output is always equal to 
PL = VèGL', and also V2=I3 VI. Then at the center of 
the mode with x =x,, 

(8) 

FL = 1 [ M2/0 xc]2 (9) 

2 y. 

If the load does not change with frequency, x at the 
half-power point is (1/ N/2)x.. Substituting this value 
of x in (2) and solving for 28, the bandwidth is 
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28 = Gofo M2200 1 [1112()— J12(xc)] . (10) 
aC H xc 2 

Equation (10) holds true with any load condition using 
the appropriate x. For the optimum loading condition, 
the product of efficiency and bandwidth is, with a slight 
rearrangement 

WC ea 
nz. opt 8 — = 

Y. H 

1/2 

X0./2(X0) [ X° 2./22 ./22(X0)] . (11) 
2 

Equation (11) is plotted n Fig. 2(b). The efficiency-
bandwidth product n LS is similar to the gain-bandwidth 
product of the conventional video-amplifier circuit, 
G(BW)=g„,12rC, in that they are both proportional 
to a similar factor gl2rC. From (11) it is apparent that 
to have high efficiency and wide bandwidth of electronic 
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tuning at the same time, the quantities Go and 1/coC 
should be as large as possible. 
A rather useful equation which is particularly simple 

to verify experimentally, derived from (7) and (10), is 

df 4170 1 -1 1/2 

28/ — =   
dV0 0o Ji(xc) [ 2 2J12(--) — ./12(4_1 • (12) 

The operating parameter x can be calculated from the 
direct measurable quantities in the left-hand side of 
(12) and known quantities, Vo and 0. Compared with 
other methods, this gives more accurate results because 
it involves only the measurements of the power, voltage, 
and frequency which can be rather accurately measured, 
while other methods involve the knowledge of the effec-
tive current which is difficult to measure accurately. The 
function of x in (12), i.e., 

00 26 

4V0 dfo/dVo 

is plotted in Fig. 2(a). 

D. Gap Voltage Ratio 

It was pointed out that the ratio of the effective RF 
gap voltages, H= (M2/ 2f1)13, is important in the opera-
tion of the FDTK. The RF gap voltage ratio, fi, is deter-
mined by the cavity configuration, and the beam-cou-
pling coefficient depends on both electron velocity and 
the gap spacing. Therefore, the factor, H, will be a func-
tion of beam voltage and the cavity dimensions. Obvi-
ously, it is not necessarily unity, as in the reflex tube 
and, theoretically, it may have any value depending on 
adjustments. 
The factor 

M2 01 sin 02/2 

Af1 02 sin 01/2 

is greater than unity if 01>02, i.e., Si >S2 with 01 (and 
02) <27r. Although the value of fi decreases as di/d2 in-
creases, fi depends on all dimensions of the cavity. With 
proper choice of the shape of the cavity, fi can be made 
greater than unity over a considerable range of di/d2. 
Thus, H can be adjusted over a rather wide range by 
changing both beam voltage and gap spacings. The cal-
culation of fi is given later. 
As given by (6), the efficiency of the FDTK depends 

on the factor H, with xo for optimum loading, also re-
lated to H by the equation 

Jo(xo) = H  
2G: 
312200G0 

If all quantities on the right-hand side, except H, can be 
regarded as constant, then the expression for ?IL opg be-
comes 

M22Go , 
nc, opt — Xe-TOX0)J2(X0)• 

2G; 

This can be optimized with respect to 00/H, using a th. 
relation between this quantity and xo. The correspond 
ing efficiency is 

0.169 3/22G0  77z, opt ma: ='• 

when 

(14 

3/22G0 
H = 0.158 0. (15. 

Gc' 

Equation (14) gives the best efficiency which can be ob. 
tamed. There is a similar expression for a reflex tub( 
with H =1 and 00 as the only adjustable parameter.5 

Equation (15) may lead one to a wrong conclusion 
that H can be made as large as possible to get high ef-
ficiency by increasing the value of Go. There is actually 
a restriction on the magnitude of H because of the fact 
that the theory assumes no reflection of electrons. The 
restriction in that case is, MI Vi(1 -EH) < VB. If VB=aVo, 
it follows that 

Boa 

H < — — 1. 
2x 

(16) 

This equation gives an upper limit of H. In the practical 
design of the FDTK, (10), (11), (12), (14), (15), and (16) 
are the guiding equations. A universal efficiency curve, 
given by (13), together with the equation 

2 xo 2Q0'8 --  [ 12 
2/12 — J12(X0)1  (17) 

xchio(xo) 

are plotted in Fig. 2(b) as functions of G,,'/y. 

III. DESIGN CONSIDERATIONS 

Most of the design considerations for a FDTK are 
similar to those of the two-cavity klystron except for the 
problems involved in getting a suitable value of H. If ef-
ficiency and power output are important, the value of H 
must be greater than unity. If both efficiency and BW 
are desired, as in the case of frequency-modulated os-
cillators, the equivalent coC should be as small as pos-
sible and the dc beam conductance Go should be large. 

For a single cavity, as shown in Fig. 3, the equivalent 
RF gap voltage ratio 13 is constant if the cavity configu-
ration is fixed. On the other hand, the beam-coupling co-
efficient depends on the beam voltage and the gap spac-
ing. So, if both the cavity dimensions and the voltages 
are given, the value of H is definite. If large H is re-
quired, both /3 and M2/Mi must be large so that the 
product of them gives the required value. 
For a capacity-loaded coaxial-line cavity, Fig. 3(a), a 

crude analysis shows that the condition 13 >1 requires 
the capacity of gap 1 be greater than capacity of gap 2, 
i.e., 52>S1. With transit angles <2r, however, the value 

E. G. Linder and R. L. Sproul!, "The maximum efficiency of re-
(13) flex-klystron oscillators," PROC. I.R.E., vol. 35, pp. 241-248; March, 

1947. 
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M 2/321< 1 for S2 >S1, and therefore, the value of H 
or such a cavity would not be far from unity. 
In order to have a large value of H one must get the 

•equired capacity ratio without adversely affecting the 
)eam-coupling coefficients, and for this purpose the ta-
)ered-line cavity shown in Fig. 3(b) was used. An exact 
.heoretical analysis of this cavity would have been diffi-
:tilt, and therefore two approximate methods were used. 
These consisted of using transmission-line theory for an 
exponentially tapered line, or replacing the tapered co-
axial line by ordinary coaxial lines with abrupt change 
n the radii for the two halves of the cavity, the radii 
used being some suitable average over the taper. The 
accuracy of these approximations was checked by means 
af a sample cavity, and the measured frequencies agreed 
well with the calculated values.6 

In addition to frequency, the RF gap voltage ratio, /3, 
was also measured by a method similar to that proposed 
by Hansen and Post7 for cavity-impedance measure-
ment. This method measures, by perturbation of the 
cavity, the ratio of the gap field E to the energy stored, 
and can be extended in an obvious way to measure the 
ratio of the two gap fields. 
The equivalent LI C ratio of the output gap can be 

easily derived by considering the resonator as being 
composed of two cavities separated by a nodal plane. 

1 

2 

Fig 3—Schematic cavities of FDTK. (a) Uniform coaxial cavity; 
(b) tapered cavity. 

The resultant coC = 1R/L/C for the output gap can be 
represented by 

WC' 
WC = - WC2, 

02 

where C1 and C2 are the capacities of the two gaps. 

S. P. Fan, "The Floating-Drift-Tube Klystron," Ph.D. Thesis, 
Department of Electrical Engineering, Stanford University, Stan-
ford, Calif.; June, 1951. 

7 W. W. Hansen and R. F. Post, "On the measurement of cavity 
impedance," Jour. AppL Phys., vol. 19, pp. 1059-1061; 1948. 

Based on the cavity measurements listed above, an 
experimental tube was built to operate at a wavelength 
of about 10 cm. It was designed to operate on a 31 mode 
with a drift-tube voltage of about 1,000 volts. A sche-
matic diagram of the experimental assembly is shown in 
Fig. 4. 

Ca thode Assembly 

Lead Gasket 

Adjusting 
Screw 

Drift Tube 

Drift Tube Support LOVCI 
8 Modulation Input Bead 

Adjusting 
Screw 

Collector 

Cooling Fins 

I inch 
To Pump 

Fig. 4—Assembly of the experiment tube. 

SAL Output 

Lead 
Gasket 

IV. EXPERIMENTAL RESULTS 

The experimental tube was not sealed off, but was 
continuously pumped. In the tests, it was possible to 
apply both ac and dc voltages to the drift tube. To 
check the theory of oscillation, cold-cavity measurements 
and power and frequency measurements with different 
external loads for different operating conditions of volt-
age and current were made for one mode with a fixed 
cavity configuration. The experimental results agree 
very well with the theoretical calculations. It is, there-
fore, possible to predict with good accuracy what the 
operating characteristics will be. 
One of the most significant results of the theory is the 

dependence of the efficiency and the bandwidth on the 
gap ratio, H. This was studied by a set of experiments in 
which the value of H was varied by changing the gap 
spacings. The load was adjusted to optimum power out-
put while all other quantities, such as voltage, current, 
and frequency remained unchanged. The results are 
shown in Fig. 5. The curve of bandwidth (BW) versus 
H shows that (B W) decreases with increasing H. The ef-
ficiency curve first increases and, after reaching a maxi-
mum, decreases. The decrease of experimental efficiency 
is caused by the decrease of x, as seen in Fig. 2(a). A 
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theoretical efficiency was calculated by using (6), and 
the values of x obtained from the B W and df/dV curves. 
The theoretical and experimental efficiency curves were 
plotted in Fig. 5 and showed close agreement. 

(8VA 

df 
dV 

1 KC 4 
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5—Operating characteristics as function of 
gap voltage ratio H. 
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H 
16 
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dV 
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4 

o 

As an illustration that the FDTK can be adjusted to 
have either higher efficiency or large bandwidth, the 
data for two extreme adjustments of Hare given here. 

(A) High-Efficiency Operation 

Va . 1,230 volts Vo=1,049 volts /e=94 ma 

S1=0.366 cm S2 = 0.208 cm H=4.98 f=3,012 mc 

Pout=26.4 watts no...=26.8 per cent Inou.1=23 per cent 

GI,(opt)= 0.49/4 (BW) -= 4 mc 

(B) Wide BW Operation 

Teg'= 1,560 volts V0= 1,040 volts 

S1=0.525 cm S2=0.137 cm 

P002=14 watts nehoor=11.7 per cent 

GL() 4.6/Z0 (BW)= 14.8 mc 

dV 

df 
=0.0252 mc/v 

IB145 ma 

11= 1.54 f=3,030 mc 

ntot.i=6.2 per cent 

df 
-=0.084 mc/v 
dV 

The mode pattern for the wide BW operation is shown 
in Fig. 6. 

It is apparent that there is no discontinuity or ir-
regularity of the mode pattern. As said before, the 
FDTK may be used as a FM oscillator. To study its 
behavior in this respect, the linearity of frequency 
modulation was investigated. The frequency devia-

Eff 

= 0.525 cm 

Sa = 0.137 cm 

8 tion from the center of the mode was measured 
and it is linear in the center portion of the mode, 
as shown in Fig. 7. To find the load presented to the 

AV (Volts) 
Voltage Devlation from 
the Center of the Mode 

-3 

20 

V. .1050V 

. 86 ma 

334 Mode 

Fig. 7—Linearity of frequency modulation. 

modulator, the static capacitance and dynamic re-
sistance of the drift tube were measured. The static 
capacitance depends mostly on the gap spacings, and its 
value ranged from 5 µof to 10 eqhf. The dynamic re-
sistance was obtained from the curve of Ig versus VDDc 
(Fig. 8). The S shape of the curve in the region of VDDC 
<20 volts may be attributed mostly to the secondary 
electrons caused by the bombardment of the grids by 
the electron beam. The dynamic resistance for this tube 
was 

R e-- 7 X 108 ohms with VD' < 20 volts 

R e. 23 X 103 ohms I VD I > 20 volts. 
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-lence, it is advisable to bias and to modulate this tube 
o that the drift-tube voltage is limited to I VDI >20 
mitts. The FDTK will then behave as a constant load, 
Lnd the required driving power will be small. 

I I  V. .1000v. 
• 65 ine j I 

I
 

I
 

I
 

'
 

Dr
if
t-
tu
be
 
Cu

rr
en

t 
on

ej
 

r 
ri
 

el
 

 

u 

No Oscillation 
— 4 

V,,,,, • Ovens 
V.,,,,,,• 0 volts 

_ 

is0seillolIol 

i 

fl act_ fl_ xo-4,- so i0 0 lO 20 50 40 50 60 70 7 

Drift-tubs Voltage volts 

Fig. 8—Drift-tube voltage-current characteristics. 

V. CONCLUSION 

As stated in the introduction, the FDTK is similar to 
he two-cavity klystron in configuration and to the re-
iex tube in electronic behavior. Compared with the two-
:avity klystron, the FDTK is easier to tune, both me-
zhanically and electrically. The latter property renders 
the FDTK suitable for FM operation. As compared with 
the reflex tube, the FDTK has almost all the important 
properties of the reflex tube but not the disadvantages. 

In the theory of the FDTK, H always occurs in com-
bination with 00 as 00/H so that the effect of H is to 
modify the drift-tube transit angle. If one replaces the 
quantity 00 by 00IH in the equations of reflex-tube 
theory, except where 00 occurs in the phase angled), all 
these equations can be used for the FDTK, with the RF 
gap voltage V being the second gap voltage V2. It is to 
be noted that the effective value of the bunching angle, 
00, can be changed continuously in the FDTK by chang-
ing relative gap dimensions, while in the reflex tube one 
must go in discrete steps by changing modes. Thus, (16) 
can always be satisfied and the optimum efficiency can 
be obtained in the FDTK. 

Although, theoretically, both types of tubes should 
have about the same optimum efficiency, and for circuit 
reasons (i.e., single-gap versus double-gap cavity), the 
reflex tube should have the greater BW, it turns out that 
there are a number of practical and almost insurmounta-

ble disadvantages in the reflex tube which do not occur 
in the FDTK which make the latter a very attractive 
alternative. Specifically, these disadvantages of the re-
flex tube all arise from the fact that one must return the 
beam to the same gap a second time by means of a re-
flector. The electron optics of such reflector regions are 
inherently difficult, and the requirements are such that 
the reflector must perform several almost incompatible 
functions. For example, it must focus the beam back 
through the gap without loss of current; the electrons 
must all be returned in the same phase in order to get 
optimum efficiency from the beam; and last and most 
difficult, the electrons must not go into the cathode re-
gion and return through the interaction region a second 
time,8 since such multiple transits between the reflector 
and cathode will produce hysteresis, a property which is 
very undesirable for communication links. If one tries to 
put all of these factors into reflector design, it turns out 
that one usually has to compromise in such a way that 
there is either a loss of efficiency or a sacrifice of other 
desirable characteristics. 

All the relatively insoluble problems connected with 
returning an electron beam are eliminated in the FDTK, 
and one can presumably get, as is borne out by the re-
sults of the paper, very.close to the theoretically antici-
pated results, both for efficiency and for electronic tun-
ing characteristics. 
While no precise measurements of the linearity which 

is necessary for a relay system were made, the static 
measurements of modulation characteristic indicated 
that the FDTK has a good characteristic for FM opera-
tion. On the other hand, the power measurements 
showed that this tube could deliver a fairly high power 
output with reasonable operating efficiency. Such a com-
bination of power and modulation characteristics should 
have interesting possibilities for microwave relay links. 
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FM Distortion in Reflex Klystrons* 
ROBERT L. JEPSENt, ASSOCIATE, IRE AND THEODORE MORENOt, ASSOCIATE, IRE 

Summary—The harmonic distortion introduced by a reflex klys-
tron used as a frequency-modulated transmitter is computed. The 
method used is to make a power-series expansion of the theoretical 
expression of frequency as a function of reflector voltage, and then 
to relate the coefficients of the power series to the harmonic-dis-
tortion components. The design of a reflex klystron for low distortion 
is briefly discussed. 
A novel technique was used to measure the harmonic-distortion 

components experimentally. The experimental results were in good 
agreement with the theoretical predictions. The distortion is low 
enough for the reflex klystron to be useful for many transmitter and 
relay applications. 

INTRODUCTION 

REFLEX KLYSTRONS have been in use for a 
number of years as local oscillators in microwave 
receivers, and extensive work has been done on 

their theory.'.2.3 More recently, they have been widely 
used as transmitting tubes in microwave-relay service. 

Ji 

/FREQUENCY 

REFLECTOR VOLTAGE 

POWER 
OUTPUT 

Fig. 1—Power and frequency versus reflector voltage. 

In this application the frequency is controlled by the 
reflector voltage to produce frequency modulation; 
hence, the FM distortion properties of the tubes are of 
primary importance. To compute this distortion, it has 
been necessary to extend the existing theory. To meas-
ure the distortion a novel experimental method has been 
developed. 
When the static reflector voltage of a reflex klystron 

is changed, the power output varies, as shown in Fig. 1. 
The frequency of oscillation is also controlled by the 
reflector voltage, typically over a range of many mega-
cycles per second (again, see Fig. 1). In transmitter 

* Decimal classification: R355.912.3 X R148.11. Original manu-
script received by the Institute, October 8, 1952. 

t Varian Associates, San Carlos, Calif. 
J. R. Pierce and W. G. Shepherd, "Reflex oscillators," Bell. Sys. 

Tech. Jour., vol. 26, pp. 460-681; July, 1947. 
2 D. R. Hamilton, J. K. Knipp, and J. B. H. Kuper, "Klystrons 

and Microwave Triodes," M.I.T. Rad. Lab. Series, McGraw-Hill 
Book Co., Inc., New York, N. Y., no. 7, pp. 311-526; 1948. 

A. E. Harrison, "Klystron Tubes, McGraw-Hill Book Co., 
Inc., New York, N. Y., pp. 73-112; 1947. 

service, the quiescent operating voltages are usually se 
near the center of one of the modes of oscillation. Th. 
modulation voltage is then applied to the reflecto 
electrode, which is a high-impedance electrode. Result 
ing frequency modulation is used to carry intelligence 
To minimize distortion, the tube should be operate( 

at the most linear portion of the frequency versus re 
flector voltage characteristic. The points of minimun 

distortion and of maximum power do not necessaril} 
coincide. 

FM DISTORTION THEORY 

A schematic sketch of a reflex klystron is shown ir 
Fig. 2. For this treatment the usual simple-theory ap 
proximations are made.' 

1. The RF voltage across the gap is assumed smal 
compared with the dc accelerating voltage. 

Output 

Waveguide 

Cathode 

Focus Electrode/ 
Accelerating Grid 

Coupling Iris 

V + V 
0 R 

—Reflector 

 \\" --\r- Gap 
.; 

/Resonant Cavity 

Fig. 2—Schematic sketch of reflex klystron. 

2. Space-charge repulsion and interaction effects are 
neglected. 

3. Variations in modulation coefficient and drift angle 
for various electron paths are neglected. 

4. Sidewise deflections are neglected. 
5. Thermal velocities are neglected. 
6. The electron flow is considered to be a uniform 

distribution of charge. 
7. Multiple transit electrons are ignored. 
8. A linear reflecting voltage is assumed. 

It is shown 5 that the fundamental frequency equation, 
with these approximations, may be written 

1 
f = 10( 1 1 +  cot 0 2Q L ) = fo(1 — — tan (p), (1) 

2Q L 

where 

47rfoi,V2 — Vo 
e 

o  V, + Vo 
a 

V,. —F Vo 

4 J. R. Pierce and W. G. Shepherd, op. cit., p. 467. 
Ibid., p. 487. 

(2) 
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dV,3 a:-=4Y-f 0/V2 1 •1 Vo (volts). 

f = frequency of oscillation (cps). 
fo= frequency of oscillation at the mode center (cps). 
QL loaded Q of the klystron cavity; this includes 

beam loading, both primary and secondary. 
Vo = dc beam voltage (volts). 
V,- reflector voltage. The reflector is at a potential 

- V, with respect to the cathode (volts). 
m = electron mass (9.103 X 10-" kg). 
e= electronic charge (1.602 X10-'9 coulomb). 
1= distance from reflector to RF gap (meters). 
0 =drift angle in radians in the region between RF 

gap and reflector. 

(n+ 3/4)27r. 
n= is the mode number. 

Let us consider the case where the reflector voltage is 
the sum of a steady dc voltage V,' and an alternating 
voltage y =y„, sin co,,,t, where co.= 27rf„„ and f,„ is the 

frequency of modulation. Thus 

V, = V,' ± V = V, ± v„, sin coml. (3) 

We can write f as a function of V, using a Taylor series 

expansion around V/. 

df 
f(V,) = f(V,' ± y) = f(V,') y — 

dV,I v,-v,, 

y2 df y3 cl3f 
+ — + • 

—2 dV,2 v,v,• —6 r117.3 v,-v,, 
• • . (4) 

Putting in y = y„, sin co„,t, using appropriate trigonometric 
relationships, and restricting the analysis to small values 

of v„„ we obtain 

df 
f(V,) f(V,') --

dV,. 
vm sin co,,,t 

v,-v,• 

1 df 

4 dV,2 

1 ef 

24 dV,3 

v.' cos lami 
v,—vr, 

v„,3 sin 3comt + • • 
v„-v„, 

(5) 

With an ideal FM detector, the output at a frequency 
nf„, will be proportional to the magnitude of the co-
efficient of sin nw„,t or cos ncenit. We define the nth 
harmonic distortion, Dn, as the magnitude of the ratio 
of detector output voltage at the nth harmonic fre-
quency nfn, to that at the fundamental frequency f,n. 
Thus the second and third harmonic distortions are 

v. 
D2 = 

4 

d 2f 

dV,2 

df 

dV, 

(6) 

V.2 
D3 - 

24 

Using (1) and (2), 

df foe 

df 

dV, 

dV, 2 aQL, cos2 

f003  (1 + 0 
dV,2 a2QLcos241, 

tan 0) 

(7) 

(8) 

(9) 

(pi  3f00 2 0 1+ - + 20 tan 0 + 02 tan2 0). (10) 
dV,3 asQL cos2g5 3 

The peak modulating voltage vm produces a peak fre-
quency deviation given by 

v„,f00 
àf =   (11) 

2aQL cos2 

If, as V„' is changed, y„, is adjusted to keep Af constant, 
then 

D2 = 

D3 = 

AfQL\ 

fo 

AfQL\2 

\ fo 

cos2 

0 

2 

(1 -I- 0 tan 4)) 
Vr—V,' 

cos' ( 
  1 + —02 02 ± 20 tan cio 

3 

(12) 

+ 02 tan2 (13) 
V,—V,' 

If, however, v„, is set to produce a particular frequency 
deviation Af' at the mode center, and if v„, (rather than 
Af) is thereafter held constant as V,' is changed, then 

v„,fo0„2 
Af' =   (14) 

2aQL 
and 

D2' = C -fiQL) —0 (1 + 0 tan 0)1 
fo 0.2 

D3' - (ArQL)2 —02 (1 + —02 ± 20 tan 0 
fo 60,.' 3 

+ 02 tan2 4)) 
V,—V,' 

(15) 

(16) 

A point of zero second harmonic distortion occurs near 
the mode center. The value of 0 at which D2 = D2' = 0 is 

given approximately by 

4) 

At the mode center (4,=0), 

1 

on 

(AfQL 1 
D2 = D21 fo 

(17) 

(18) 

and for 4, large, i.e., for 0≥.71-/4, 
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D2 tlfQL sin 24) 

\ fo / I 2 I 

D,-("i'L)1(—) 2tan,f o f 0 „ 
(20) 

6 

4 

2 

n.0 

n.I 

n.6 
n•6 

n.I 

n.0 

-.5. 

4 

2 

o 

-.3. -.I. 0 I. 
0 IN RADIANS 

Fig. 3(b)—(0/0.2)(1+0 tan 0) versus 0. 
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Fig. 3(d)--I 02/0,;(1+02/3 +20 tan 0+02 tant 0)1 versus ça. 

The portions of (12), (13), (15), and (16) that depend on 
(19) 0 (or 4• and 0„) are plotted as functions of 4) for the 

n=0, 1, and 6 modes in Figs. 3(a), (b), (c), and (d). It is 
noted that the curves do not change greatly with mode 
number. 

Third harmonic distortion is not zero near the mode 
center. For 4)= 0, 

= De = 
fàfQL\2 1 + 

fo 0„2 3 

1 (AfQL 

— 3 fo • 

For 4, large, 

'—"•—••• fo AtQL ) 21 COS4 (--•1 tan2 
3 

D3' fo (àtQL)21E°Y(( + tan2) 
3 • 

If is large enough so that tan2 cb>>1, then 

D2 WC° y  sin 201 2 
D.' 

fo / 2 - 
De r,-(eQL)2 1(--0 )tano 2 2 

fo 0. 
D2". 

.3. .5. 

KLYSTRON DESIGN WITH CONSIDERATION 
OF DISTORTION 

In designing a reflex klystron for a specific applica-
tion, there are many properties that need to be taken 
into account. These usually include frequency, power 
output and efficiency, and electronic tuning range, and 

(21) may include modulation sensitivity (df/d V,.) and FM 
distortion, as well as a number of more subtle items. 
When a tube is designed for low distortion, a number of 
other characteristics must usually be compromised in 
the design. 

From the expressions for D2, and DI (see (19), (20), 
(24), and (25)), it is noted that, for a given QL. D2 and 

(23) D3 are virtually independent of the mode number, n, 
especially for large n. D2 and D3 are made smaller 
chiefly by making QL smaller. For constant shunt im-
pedance, QL can be reduced by increasing the L/C 
ratio of the cavity. This will also increase the electronic 
tuning range and modulation sensitivity. However, if 
the capacity is reduced (L/C ratio increased) by reduc-

(25) ing the grid diameter, it becomes increasingly difficult 
to focus the beam current through the reduced aperture, 

(22) 

(24) 
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.nd debunching effects which can reduce power output 

.re also more serious with a more concentrated electron 

)eam. 
For a fixed cavity and electron optics, QL can be re-

duced by loading the cavity more heavily. Electronic 
,uning range to half-power points has a maximum with 
-espect to QL, and reducing QL below this optimum 
value results in reduced bandwidth. Power output also 
las a (different) maximum with respect to QL. 
For a given QL, electronic tuning range can be in-

zreased at the expense of powcr by going to a larger 
value of n. Both output power and electronic tuning 
range will be increased by increasing beam current, or 
by increasing beam voltage at constant perveance. 
A set of simple-theory parameters was assigned to a 

particular klystron operating in the n=3 mode. ° The 
quantity l, and hence a, was chosen to give coincidence 
with the experimental points of minimum second har-
monic distortion, and QL was selected to give agreement 
with the experimental modulation sensitivity, df/dV,., 
at mode center. With ¿f= 1 mc (peak) (àf held con-
stant as V,.' was changed), Dg and Ds were calculated. 
Da nowhere exceeded —75 db. Ds versus V,. is plotted 
along with the experimental curve in Fig. 4. 
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Fig. 4—Comparison between experiment and theory of second 
harmonic FM distortion. 

EXPERIMENTAL RESULTS 

First-order theory of klystrons is usually no better 
than a rough approximation to their actual behavior. It 
was necessary to measure the distortion experimentally 
for comparison with the theoretical results. 

In principle, it is a simple thing to measure distor-
tion. The tube is modulated with a sine wave, which can 
be made arbitrarily pure with filters. The output of the 
klystron is then demodulated, and the distortion com-
ponents of the demodulated output are measured with 
a wave analyzer. The chief experimental difficulty lies 
in finding a suitable limiter and demodulator. Wide-
band microwave discriminators can be constructed, but 

• Simple-theory parameters used for Varian Associates Reflex 
Klystron X-26 #1644B; fo =7425 mc, QL =150, V, -750 volts, 
a-25,738 volts, V, = 344 . 3 volts at point of minimum distortion. 

good microwave limiters are not easily obtained. The 
microwave signal can be heterodyned to some inter-
mediate frequency where conventional vacuum-tube 
limiters can be used, but the precision wide-band dis-
criminator at intermediate frequencies offers a diffi-

cult problem. 
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Fig. 5—Experimental setup used for measuring FM distortion. 

The ideal type of linear discriminator is the counter 
type, used in some FM station monitors. These dis-
criminators are usually designed for a center frequency 
of 200 kc/sec and a maximum frequency deviation of 
only ±75 kc/sec, while the microwave frequency devia-
tion of interest here was +1 mc/sec. 
These problems were resolved with the experiment 

setup shown in Fig. 5. The tube under test, a Varian 
Associates X-26 Reflex Klystron, was modulated with 
a 1 kc/sec sine wave, with a frequency deviation of 
1 mc/sec (peak). This signal was mixed with a local 
oscillator signal in a crystal, the two klystrons being 
isolated with a directional coupler and attenuators. The 
two klystrons were operated from a common, well-regu-
lated beam voltage supply, and batteries were used to 
supply reflector voltage. The local oscillator frequency 
was adjusted until the output frequency from the 
crystal was 4 mc/sec, deviated +1 mc/sec. The signal 
was amplified by a Hewlett-Packard 460A Amplifier, 
and then amplified and displayed by a Tektronix 511A 
Oscilloscope. The amplified output from the oscillo-
scope was fed into a Hewlett-Packard 524A Frequency 
Counter. 
This instrument is a high-speed counter, capable of 

counting at a maximum rate of 10 mc/sec. The gating 
circuits in the counter were disabled, and a special out-
put connection was made after the first binary stage 
in the second decade counter. For every twenty cycles 
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in, one cycle came out, so that the instrument served to 
divide the input frequency by a factor of twenty. The 
output frequency was therefore 200 kc/sec, deviated 
±50 kc/sec. The modulating frequency was unchanged 
at 1 kc/sec. The 200 kc/sec signal was then demodulated 
by the discriminator of a Hewlett-Packard 335B FM 
Station Monitor, which was also used to set the 4 
mc/sec intermediate frequency and the deviation level. 
The harmonic content of the demodulated output signal 
was measured with a harmonic wave analyzer. 
With frequency deviation of ± 1 mc/sec (peak), dis-

tortion components other than the second harmonic 
were — 60 db or less, too small to be measured ac-
curately. Second harmonic distortion was readily ob-
servable. Qualitatively, and even quantitatively, the 
results were in good agreement with the theoretical 
predictions. 

Typical experimental results are shown in Fig. 4, 
along with the theoretical curve. It was observed that 
different values of distortion were measured when the 
local oscillator was tuned to the high and to the low 
side of the signal frequency. The source of this apparent 
error was traced to the small amount of distortion (es-
timated at —64 db) introduced by the amplifier which 
follows the discriminator in the FM monitor. This dis-
tortion can either add or subtract from the distortion 
introduced by the klystron. The relative phase of the 
two distortion components is changed by 180 degrees 
when the local oscillator is switched to one side or the 
other of the signal frequency. Similarly, the distortion 
introduced by the klystron is changed 180 degrees in 
phase when the static reflector voltage is tuned past the 
the point of minimum distortion. The true distortion of 
the klystron was judged to fall midway between the 
two experimental curves, as shown in Fig. 4. 

COMPARISON OF EXPERIMENT AND THEORY 

One of the important considerations in the applica-
tion of these klystrons is the range of reflector voltage 
or of operating frequency over which the distortion is 
less than some specified limit. Typical experimental 
results for ± 1 mc/sec frequency deviation are tabu-
lated below: 

Second harmonic 
distortion 

(db) 
—60 5 
—50 15 
—40 

Range of reflector 
voltage 
(volts) 

50 

Range of frequency 
(mc/sec) 

2 
6 

20 

For different tubes, these ranges differed typically 10 

to 20 per cent. The average ranges were in excess of the 
theoretical predictions by perhaps 20 per cent. Third 
harmonic distortion was an undetermined amount be-
low —60 db. Theory predicted a value somewhat less 
than — 75 db. 

The reflector voltage of minimum distortion for this 
tube type was usually about 5 volts less than the voltage 
which gave maximum power. This was not in good 
agreement with the theory, which predicted that the 
minimum distortion point should fall about 3 volts 
above the maximum power point. Fortunately, it was 
found that the reflector voltage for minimum distortion 
was almost exactly halfway between the voltages cor-
responding to the half-power points. This simplified the 
tuning procedure for the tube, but there is no reason to 
expect this tuning procedure to apply equally well to 
other models of klystrons. 

RELATIONSHIP BETWEEN DISTORTION, OTHER TUBE 
CHARACTERISTICS, AND SYSTEM DESIGN 

It is advantageous for system design to specify dis-
tortion in terms of a permissible range of reflector 
voltage, or a permissible range of operating frequency. 
It is usually necessary to stabilize the operating fre-
quency of the klystron by an afc circuit to compensate 
for changes in ambient temperature and of power-
supply voltages. When the effects of changes in ambient 
temperature or of beam voltage upon the operating fre-
quency of the klystron are also known, it is then possi-
ble to specify, for the system, temperature and voltage 
stability which will ensure adequately low distortion. 

It has been found that when the distortion is too 
great, with reasonable stability of voltages and tem-
perature, the distortion can be reduced by proper ad-
justment of the klystron load impedance. This adjust-
ment has been incorporated into some relay systems. 

CONCLUSIONS 

With the growing use of reflex klystrons in relay 
systems, it has become important to know their dis-
tortion properties. Reflex klystron theory has therefore 
been extended so that, when other operating characteris-
tics of the klystrons are known, the distortion can be 
computed with reasonable accuracy. A novel experi-
mental technique was used to check the theoretical 
calculations, and theory and experiment were found to 
agree reasonably well. In general, the distortion of a 
reflex klystron used as a frequency-modulated trans-
mitter is low enough for the tube to be satisfactory in 
many relay applications. 
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Theory of the Reflex Resnatron* 
M . GARBUNY t 

Summary—A qualitative and quantitative description is given of 
the interaction phenomena between density-modulated groups of 
electrons and a field which permits them to cross the gap of a 
resonant cavity twice. Based on the method of Lagrangian parame-
ters, resonance conditions of transit time and field parameters are 
derived for maximum energy transfer. The theory is extended to 
account for the specific behavior of the reflex resnatron in terms of 
efficiency, amplitude modulation, and bandwidth. The results are 

compared with experiment. 

I. INTRODUCTION 

T
HE DEVICE that emerged during the past dec-
ade as the most powerful and efficient generator 
of continuous, uhf waves is the resnatron.' This 

potentiality of the resnatron is well understood' on the 
basis of its physical operation. This consists, in short, 
of the production of well-defined beams of density-
modulated electron bunches in the gap of a tuned input 
cavity; the acceleration of these bunches by a high static 
potential toward a resonant output cavity; and the con-
version of the resulting kinetic into field energy by the 
electrons while they are still sharply focused in phase 
and geometry in the output gap. These characteristics, 
which account for most of the notable efficiencies and 
power capabilities, are largely the result of the short 
transit times with which the electrons traverse the in-
tervening fields between cathode and anode.' In view 
of this fact, it is interesting that a somewhat different 
operation, embodied in the reflex resnatron,3 still pro-
duces substantially the high powers and efficiencies of 
the conventional device, although the transit times in 
the output cavity are much larger as a consequence of 
certain resonance conditions with respect to the field. 

In the conventional resnatron the electrons surrender 
their energy to the high-frequency field in a single 
transit from the accelerating screen to the collecting 
anode; in the reflex resnatron (Fig. 14) the anode is re-
placed by an electrode of sufficiently negative potential 
so that the electrons, after traversing most of the gap, 
are repelled to the screen where they are collected. It 
follows that transit times must stand in exact relation-

* Decimal classification: R138 X R339.2. Original manuscript re-
ceived by the Institute, October 3, 1952. Based, in part, on a paper 
presented by M. Garbuny and G. E. Sheppard before the National 
IRE Convention, New York, N. Y., 1952. 
t Westinghouse Research Laboratories, East Pittsburgh, Pa. 
1 D. H. Sloan and L. C. Marshall, "Ultra high frequency power," 

Phys. Rev., vol. 58, p. 193; 1940. Also, D. H. Sloan, U. S. Patent 
2,405,763. 

2 W. G. Dow and H. H. Welch, "The generation of ultra high fre-
quency power at the fifty kilowatt level," Proc. NEC (Chicago), vol. 
2, p. 603; October, 1946. 

3 G. E. Sheppard, M. Garbuny, and J. R. Hansen, "Reflex resnatron 
shows promise for UHF TV," Electronics, vol. 25, p. 116; September 
1952. 

4 Reprinted with permission of the publisher from the Electronics 
article, loc. cit. 

ship with respect to field reversal and must, in fact, ex-
tend over most of the cycle, if maximum efficiency of 
energy conversion is to be achieved. A deviation from 
this condition will result in reduction of output energy, 
and therein lies the possibility of amplitude modulation 
by swinging the negative repeller with relatively little 
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Fig. 1—Scheme of the reflex resnatron. 

signal power. Moreover, as a consequence of the two-
fold beam interaction with the field, this modulation 
can occur with relatively wide bandwidth, independent 
of the Q-value for the input cavity. The construction 
and performance of an experimental reflex resnatron, 
exhibiting these features, has been recently reported.' 
There remains, however, the need for a qualitative and 
quantitative description of the active transit-time phe-
nomena to explain and derive the resonance conditions 
and performance characteristics for efficiency, modula-
tion, and bandwidth. 

II. OUTLINE OF PROCEDURE 

The problem will be treated on the basis of the follow-
ing assumptions, which are not only mathematically 
convenient but are in any case justified by the close 
correspondence to the actual experimental design. 

First, the production of density-modulated bunches 
is effected in the same way as in the conventional 
resnatron. It will be sufficient to state here that during 
a periodically occurring time interval, called the "angle 
of flow," electrons of high, practically equal velocities 
enter the screen-repeller cavity which is tuned to the 
bunching frequency. Secondly, it is assumed that the 
field with which the electrons interact is homogeneous 
with only a negligible component normal to their veloc-
ity. The field is confined between two parallel plates, 
viz., the screen and the repeller. The effect of secondary 
electron emission from the screen is ignored as being, 
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at any rate, unimportant in view of the retarding field 
conditions. Space charge will be a second-order effect. 
Finally, the electrons which pass through the screen 
again in the direction toward the cathode can be dis-
regarded both with respect to their number and their 
individual effect. This treatment is, therefore, con-
cerned only with the events in the interaction space be-
tween screen and repeller where the electrons describe 
one-dimensional paths s(t). 

It will be seen that the operation of the reflex resna-
tron is governed by density modulation, exhibiting 
therein the most contrasting feature with respect to the 
reflex klystron and the Barkhausen oscillator which 
produce velocity-grouped bunches and simultaneously 
extract energy from them. Unlike the theory of such 
effects, this treatment can afford to consider a single 
electron as representative of its group since the latter 
remains well focused in phase, with velocity modulation 
reduced to a secondary role. Thus a resonance condition 
for optimum operation will be derived on the basis of 
the transit-time phenomena of a single electron. The 
influence of all other electrons in the group will then be 
included by an approximation method to account for 
efficiencies, bandwidth, and the particular behavior of 
power modulation by variation of the static repeller po-
tential. 

III. QUALITATIVE DESCRIPTION OF THE OPERATION 

Qualitatively the production of radio-frequency 
power in the reflex resnatron can be understood by the 
following. 

SO) 

1 
30 60 90 tr ISO 180 210 240 270 300 330 
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Fig. 2—Motion of single electron with time under the influence of a 
static retarding and oscillating field. I and II correspond to 
negligible radio-frequency field component, with two different 
values of repeller bias. III and IV represent, correspondingly, 
trajectories under the influence of optimal radio-frequency fields. 

In Fig. 2 the position of the electron between screen 
and repeller is plotted against time, measured as the 
phase of the sinusoidally varying field to which work 
is rendered and which is indicated in the upper left 
corner. Curves I and II represent the limiting case of 
negligible radio-frequency power. The electron en-

counters then in the gap merely a retarding static po-
tential, and its trajectory will be a parabola with the 
apex at that static potential line which corresponds to 
the cathode potential, except for the negligible net 
change in energy experienced in the previous interaction 
with time-variant fields. Curve I shows, for instance, 
that the electron nearly reaches the repeller, if the same 
is on cathode voltage. The time co-ordinate of the apex 
is given by the condition for maximum energy conver-
sion which demands that the electron experience a re-
tarding field over as much of its path as possible. The 
apex of the parabolas must therefore occur at field re-
versal, i.e., at 180 electrical degrees. 
Another extreme case is represented by curves III 

and IV, for which the oscillating field is just large 
enough to extract the entire kinetic energy from the 
electron. It follows that the average velocities on the 
way to the apex are considerably larger than on the 
way from it because the descent begins, and asymptoti-
cally ends, with zero velocity. Hence there results the 
asymmetric shape of the trajectories with respect to 
time. The apex is traversed before field reversal and lies 
at a point positive with respect to the static cathode po-
tential line by an amount equal to the net energy sur-
rendered to the sinusoidal field, cf., curve III which 
corresponds to operation under the same repeller voltage 
as curve II. To utilize the cavity gap more fully, a suita-
ble voltage between that of cathode and screen has to 
be applied to the repeller so that the electron penetrates 
most of the field space, yet yields all of its kinetic energy, 
cf., curve IV. 

Between the two extreme cases of vanishingly small 
contribution and complete conversion of the kinetic 
energy, one finds, correspondingly, trajectories which 
vary gradually from the shape of parabolas to that of 
curves III and IV. It is obvious that the timing of be-
ginning and end of the trajectories influences rather 
critically the ensuing interaction with the oscillating 
field. The transit time and field parameters will, in 
fact, have to fulfill a resonance condition between elec-
tron motion and field phase if the efficiency of energy 
conversion is to be a maximum. 

IV. QUANTITATIVE DESCRIPTION OF THE OPERATION 

A. The Conditions of Resonance 

The following basic question has arisen from the 
merely qualitative arguments: What values have the 
field and time parameters to assume so that the energy 
given to the oscillating field by the electron is a maxi-
mum. Obviously this problem can be solved by finding 
a minimum for the kinetic energy or the square of the 
velocity with which the electron returns to the screen. 

Writing the equations of motion for convenience in 
kinematic units, one obtains by successive integration 

a = A sin cut B 

A 
vs = — (cos cal — cos (012) — (Cat — Cal) Vo 

to 

(1) 

(2) 
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SI A Ono) 
= O = [(w12 — w/1) (cos (AI — 

0.12 A 

] B + sin w/1 — sin w/2) ± — (cdt2 — wh)2 (3) 
2w2 

0 ≤ ti < 27r,11<12, s 0, where 

a = resultant electron acceleration 
A =acceleration due to sinusoidal field with ampli-

tude (m / e)A 
B =acceleration due to static field (m / e)B 
= circular frequency of sinusoidal field 
ti =time of entering the field 
t2= time of arrival at screen 
Vo = velocity at 11 
y2= arrival velocity at ts 
S2 = position at £2 

elm—specific charge of the electron. 

It is seen that, yo being constant, the arrival velocity 
v2 depends on the four variables 11, 12, A, and B, of 
which however only three are independent because of 
the condition of "restraint" (3). This corresponds ex-
actly to this experimental situation: to achieve maximal 
power output with the reflex resnatron when input and 
driving conditions are fixed, three parameters are varied, 
viz., the two components of the complex impedance and 
the repeller bias. In computing the minimum of y2, only 
those variables must be used for which there exists a 
true extreme value, i.e., at which the first derivative is 
still continuous. Thus the amplitude (m/e)A of the 
sinusoidal field will be held constant at an arbitrary 
value. One obtains with the method of Lagrangian 
parameters 

a(v22) 852 
 + A — = 
811 all 

a(v22) ass 
 + A — = 
8(2 812 

a(v22) 852 
 + A — = 
aB aB 

52= 0, 

altogether four equations for the four unknowns ti, £2, B, 
and the Lagrangian parameter A. The solutions will 
contain values for maximum and minimum energy con-
version and, in addition, such points of zero curvature 
for which variations vanish. Substituting y2 and ss from 
(2) and (3) in (4) to (7), one easily finds by combination 
first two rather general relations between the time 
parameters which permit immediate evaluation of /I 
and £2 for the various modes: 

(sin cut2 -I- sin w1) (w12 — °al) = 2(cos cati — cos W12) 

sin tuti[l — i(cots — coli)2] 

(C012 Cal) cos Cal — sin co/2 = O. 

(8) 

(9) 

Equations (8) and (9) teach that the transit-time param-
eters ti and 12 are independent of yo and A, a fact which 
is plausible since B has been allowed to assume the 
optimum value in terms of these constants. The solu-
tions for (8) and (9) are expressed as sums and differ-
ences of tj and £2: 

CO£2 = nr n = 2, 3, 4, 5, • • • , (10) 

n odd, 

w12 — ‘011  2 cuts — 2 COI i) =tan(  , cots-f-coti=3r, 5r, • • • ; (11) 

n even, 

2 0)12 — Cal 

(012 — (012 2 

(w12 — WI) 

2 
an   , wt1 (.112 -= 27r, 47r, 6r, • • • . (12) 

Furthermore, one finds by expansion that approxi-
mately 

2 2 
cot' — WI2 nr — 

nir nr 
= 2, 3, 4, 5, • • • , (13) 

with improving accuracy as n increases. Finally, the 
optimal field parameter B also results from the combina-
tion of (4) to (7). 

2covo 
B =   A sin coil 

(0.'12 — coti) 

2 
— — (co7,0 + A). 

fir 

(14) 

It is now possible to discuss the significance of the 
solutions for various values n. Here it is helpful to real-
ize that parabolas, such as shown in Fig. 2 for n=2, 
form the limit curves of all optimal trajectories for vari-
ous values A but of the same order number n. This fol-
lows from the invariance of (8) to (12) with respect to A. 
The electrons thus undulate under or above the limiting 
parabolas, depending on the negative or positive sign of 
the energy exchange. 
The modes with n odd are symmetric to a field loop, 

the electrons spending equal times in retarding and 
accelerating phases of the oscillating field. Hence no net 
energy is transferred at all. This conclusion can be veri-
fied by inserting (10), (11), and (14) into (2), with the 
result that indeed y2= --teo. The solutions represent 
therefore points of inflection rather than extreme values 
for the energy. 
The modes with n even correspond to states in which 

ti and £2 are symmetric with respect to a node of the 
field so that the electron spends equal times in phases of 
opposite polarity. The simplest example is that of the 
parabola for vanishing A and n =2 where the electron 
travels continuously with either a retarding or an ac-
celerating phase of the oscillating field. These conditions 
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are characterized by maximum energy transfer to or 
from the electron. Again this result can be demonstrated 
by various tests. 

It will be noted that the optimal times of entering and 
leaving the field converge towards 0 and nr as the order 
increases. Thus, translating phases into electrical de-
grees, one obtains for n =2, coti =22.8'; n =3, (011=12.5'; 
n=4, cot1=9.5°, and so on, with corresponding values 
for (4,12. Similarly, the optimal static field parameter B 
is, at least approximately, inversely proportional to n. 
For positive A, i.e., for maximum electron acceleration, 
B assumes a more negative value than when maximum 
conversion into field energy is demanded. The choice of 
discrete values of B determines the mode and sign of the 
beam interaction. By the simple expedient of varying 
the repeller voltage in such manner that the order num-
ber changes by 1, the conversion efficiency fluctuates 
between a maximum value and zero, a fact pertinent to 
reflex resnatron modulation. 

The computations have dealt with a fixed, although 
arbitrary, value for the oscillating field amplitude 
(m/e)A. The special case is of interest in which the 
electron surrenders all of its energy to the field, v2=0. 
By inserting (14) and (12) or (13) into (2), one obtains 

WV0 WV° 
A — — 

(cut2 — coil) sin coli 2 

It should be mentioned here that it is of course pos-
sible to satisfy (2) and (3) for v2=0 in case of a single 
electron, if other values for the variables are used. The 
point to be made, however, is that all other combina-
tions of parameters lead to a greater value of A. There-
fore, even if such modes of reflex operation were stable, 
they would lead to increased losses for the other elec-
trons of the group. Hence the requirement of maximum 
conversion efficiency implies the choice of the optimal 
value (15) and the derivation given above. Similarly, 
if maximum power is to be transferred from the field 
to the electron, one will now apply as high an A as 
practically possible and then adjust for maximum elec-
tron acceleration at this fixed value. 

Finally, the relation between field and time param-
eters (14) has to be expressed in terms of practical de-
sign. Replacing then in (14) accelerations by voltages, 
one obtains as condition of resonance 

d V2mc2Vo/e  
178 — 47r  ± VA sin outi 

X (cut2 — cal) 

_ —d N/2V0VEci + 2VA 
n X mr 

(15) 

(16) 

where 

VB=voltage difference between screen and repeller 
Vo =screen voltage 

It has been assumed in this derivation that dix is sufficiently 
large to accommodate the nth mode. 

—VA=amplitude of sinusoidal voltage (retarding) 
V= 511,000 volts, energy equivalent of electron 

mass [eVEq =mc2] 
d = cavity gap between screen and repeller 
X =wavelength of oscillating field. 

Equation (16) is accessible to comparison with experi-
ment, a subject taken up under Section V. 

B. Extension to Multiple Electron Theory 

The derivation of the resonance conditions was based 
on the transit-time phenomena of a single electron, 
physically embodied in a sufficiently small angle of flow. 
As long as no strong debunching occurs, the same rela-
tions will hold for a group of electrons with a spread in 
phase normally used in class C operation. As the order 
number of the mode increases and the electrons undergo 
several cycles of oscillations, defocusing effects mainly 
due to space charge will become more important and the 
treatment correspondingly complex. Hence the discus-
sion of the transit-time phenomena for groups of elec-
trons will be limited to the main mode, n =2. The salient 
features of efficiency, modulation, and bandwidth will 
already emerge from this practically most pertinent 
example. 
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Fig. 3—Transformed electron trajectories in reflex space in 
fulfillment of the conditions of resonance. 

A study of multiple trajectories is possible only with 
approximation methods. The graphical procedure used 
here (Fig. 3) has been described previously.6 This meth-
od utilizes the fact that when particles move together 
through a homogeneous field of force which may be any 
function of time their trajectories describe straight lines 
when viewed from each other. Thus if a reference sys-
tem, with respect to which positions and velocities are 
measured, is moving along with an electron such as 
represented by curve III or IV in Fig. 2, the trajectories 
of all electrons in its group, however complicated, are 
transformed into the straight lines shown in Fig. 3. The 
co-ordinates of screen and repeller, in turn, are now 
curves G(t). Positions of the electrons at any time t dur-
ing their motion are then measured as distances from 

M. Garbuny, Jour. App. Phys., vol. 21, p. 1054; 1950. 
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G(t) and velocities as differences between the slope of 
the straight line and that of G(t). 
The trajectories of electrons emitted from the cathode 

of a typical resnatron were followed through with this 
method, Fig. 3 showing only the phenomena occurring 
in the output gap. It is assumed that the control grid 
passes current between 30 and 100 electrical degrees. 
The diagram shows then that most electrons arrive at 
the screen with a spread over a relatively small time 
interval, showing only minor symptoms of velocity mod-
ulation and debunching. Furthermore, the curvature of 
G(t) is positive during the arrival times, implying a field 
which is retarding to secondary electrons and which in-
hibits their effect. 
The graphical evaluation of the arrival velocities per-

mits determination of the individual conversion effi-
ciencies n = 1 —v2(t2)/v02 where (v(t2)/vo)2 represents the 
fraction of the initial kinetic energy lost as heat to the 
screen. An evaluation of n for the different times of 
emergence from the cathode is shown in Fig. 4. The 
specific operating conditions chosen in this analysis were 
the optimum relations (15) and (16). Thus it is seen 
that the efficiency of most of the beam current can be 
very high, the average conversion efficiency amounting 

100 

80 

,e 60 

›- 

I%. 1 

O• 40 
u-
Lu 

20 

too 
se 

80 
0 

60 IË 

a 
a 
o 

40 w 

20e 
u. 

Œ 
4 
D 
0 
ut 

t t II  
30 40 50 60 70 80 90 100 
—wt ELECTRICAL DEGREES 

Fig. 4—Efficiencies n and the square of the maximum relative gap 
penetration plotted against phase of electron origin at the cathode. 
The curves, which have been graphically evaluated from Fig. 3, 
correspond to a choice of optimal conditions. 

to 88.6 per cent. The sharp drop in the power contribu-
tion of the straggling electrons is of interest in view of 
the asymmetry with respect to the maximum. This has 
a direct bearing on the modulation characteristics of the 

reflex resnatron. 
Power modulation in the output cavity can occur as 

the result of variations in the repeller voltage from the 
optimum value determined by (16). It would be possible 
to account for the resulting phenomena in Fig. 3 by 
altering the curvature of G(t). Instead of this cumber-
some process, it is easier to visualize the effect of the sig-
nal voltage as a small perturbation superimposed on the 
moving reference system. The straight lines become 

then parabolas of very small but varying curvature, and 
the following situation will result: As the repeller volt-
age is swung more positive, the trajectories curve up-
ward so that the electrons are delayed in their arrival at 
the screen. They will therefore, in greater numbers, ex-
hibit the behavior of the straggling electrons shown in 
Fig. 4. This implies that a variation in the repeller bias 
to more positive values results in a sharp reduction of 
power, and a sensitive control of the power level is pos-
sible in this region. For a single electron this merely 
corresponds to the transition from the second to the 
third mode, as outlined before. Fig. 4 also shows that a 
variation of the retarding potential to more negative 
values will lead only to a gradual reduction in the con-
version efficiency. Thus the modulation characteristics 
of the reflex resnatron will show an asymmetric shape, 
and the positive branch will be the preferred region of 
operation. 
The increased bandwidth of the reflex resnatron oper-

ation follows from the reduced oscillating voltage nec-
essary to diminish the initial speed of the electrons. 
From an alternative point of view, the electrons traverse 
the gap twice, hence represent a twofold beam current. 
From this consideration results a gross approximation 
method to determine the bandwidth in the multiple 
trajectory picture. Fig. 4 shows a plot of the maximum 
penetration d of the gap do for the trajectories of Fig. 3. 
Assuming that the resulting bandwidth is proportional 
to the mean square of the fractional penetration, one 
thus arrives at the theoretical estimate that an improve-
ment by a factor of 2.7 is possible over the conventional 
operation. 

V. COMPARISON WITH EXPERIMENT 

The effect of space charge has been ignored in the 
treatment outlined in the preceding sections, and cer-
tainly only secondary corrections should be anticipated 
as necessary. A test of this conclusion is available by 
comparing (16) with the values measured for the maxi-
mum power points. Table I shows experimentally de-

TABLE I 

d/X 
Output 
power 
(watts) 

Oscillat-
ing 

voltage 
—VA 

Screen 
voltage 

V. 

Theoretical Repeller 
voltage repeller 

voltage 

nums theor 

0.0357 80 
0.0357 120 
0.0357 360 
0.0357 900 
0.0357 1100 
0.0400 1800 
0.0446 1800 

1030 
1260 
2180 
3430 
3800 
4900 
4900 

3000 
5000 
3500 
6000 
6000 
8000 

10,000 

3700 
5200 
3850 
5700 
5400 
6800 
8700 

4080 
5310 
4020 
5030 
4900 
6400 
9200 

termined voltages for a great range of output powers 
corresponding to a number of beam current and voltage 
conditions. The frequency used was in the order of 600 
mc. The ratio d/X of gap to wavelength is, however, 
different for the two cases listed at the bottom of the 
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table because of constructional changes in the gap spac-
ing. The oscillating voltage VA was computed from the 
output power and the cavity characteristics, the screen 
voltage Vo is measured directly, and VB, the repeller 
potential with respect to the screen, represents the value 
adjusted for maximum output. The last column lists the 
theoretical values of VB, computed from (16) with the 
use of the measured VA, Vo, and d/X, n=2. 

It is seen that the discrepancy between the values of 
the last two columns is only in the order of 2-12 per 
cent. Experimental errors alone would account for these 
differences, and it is therefore correct to conclude that 
the available evidence does not warrant a correction of 
the derived expressions for space charge. 

In comparing the results of the multitrajectory cal-
culations with practice, one must be aware of the criti-
cal influence that the chosen driving conditions exert on 
the angle of flow and hence on the resulting efficiency. 
Moreover, it is difficult to establish the true conversion 
efficiency from measured values. The beam current to 
the screen, for instance, consists in the experimentally 
studied tube of two fractions with uncertain ratio, viz. 
the intercepted electron flow and the part succeeding to 
penetrate into the gap and interact with the field. It is 
however possible from an extrapolation of static screen 
current measurements with positive VB to estimate this 
ratio. It was thus found that about 45 per cent of the 
current was prematurely intercepted by the screen un-
der most reflex operating conditions. Even with this 
handicap, the total output efficiency was measured to 
be in the order of 40 per cent. Hence the conversion 
efficiency was about 73 per cent, which is quite close to 
the theoretical optimum of 89 per cent in view of the 
additional losses in the dielectrics. 
The asymmetric behavior of the modulation curve 

predicted by the theory can be verified experimentally. 
Fig. 5 shows an example for low powers plotted against 
repeller voltage relative to ground. The sharp drop to-
ward more positive values is indeed verified. 

Finally, the bandwidth shows a consistent improve-
ment by a factor of about 2.2 over that of the conven-
tional resnatron. A bandwidth of about 8 mc at 2.5 kw 
was thus obtained with the experimental model. 
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Fig. 5—Modulation curves at low currents. Repeller voltage 
is plotted relative to ground. 

While these experimental results are quite encourag-
ing, the theory points the way in which further advances 
can be made. Improved beam forming structures, spe-
cifically designed for reflex operation, should increase 
the over-all efficiency to about 75 per cent. Better input 
driving conditions, perhaps applied to higher modes of 
operation, should result in very steep modulation char-
acteristics, permitting signal modulation at very small 
powers. 
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An Axial-Flow Resnatron for UHF* 
R. L. McCREARYt, SENIOR MEMBER, IRE, W. J. ARMSTRONGt, AND S. G. McNEESt, MEMBER, IRE 

Summary—A new design for a resnatron based on the axial flow 
of the electron stream has resulted in the development of a tube for 
uhf. The tube has been tested up to 29-kw cw power output at 420 mc 
with efficiencies from 45 to 75 per cent and power gains in excess of 

10 db. The novel and general features of the mechanical design are 
described and the performance characteristics are given in curve and 
tabular form. 

* Decimal classification: R339.2. Original manuscript received 
by the Institute, November 12, 1952. 

t Collins Radio Co., Cedar Rapids, Iowa. 

INTRODUCTION fl HE RESNATRON TUBE is uniquely applicable 
to the field of uhf in that it makes possible the 
use of high power for all types of applications in 

this frequency range. This tube can be used in service 
to provide power gains and efficiencies comparable to 
those obtainable at lower frequencies. For several years 
there has been in operation an extensive program of 
resnatron development to advance the design and per-
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formance of this tube. As a part of this program, the 
design and performance features of various geometrical 
arrangements of the elements of the tube have been 
considered. A particular arrangement may be generally 
assigned to one of the two classifications consisting of 
(1) radial flow and (2) axial flow. In this sense a distinc-
tion is made according to whether the electron stream 
is directed perpendicular to or parallel to the axis of 
symmetry of the tube. This distinction is important 
when the requirements of constructional simplicity 
operational stability, and serviceability of the tube are 

considered. 
The conventional resnatron design which has evolved 

from the original work of Sloan and Marshall' and which 
has been extended by other workers2.3.4.° is an example 
of the radial-flow resnatron. These tubes are high-power 
(50 kw), tetrode, cavity resonator types operating in 
the frequency range of 350 to 650 mc. Particular em-
phasis is placed upon the design of the electrodes in 
order to secure desirable beam-focusing characteristics. 
At uhf the electron transit-time effects require careful 
design consideration for the interelectrode spacings 
and for the electrode voltage if efficient operation is to 
be obtained. 
A recent publication° describes a tube with an axial-

flow arrangement of electrodes combined with a reflex 
principle of operation. 

This paper presents a description of the design fea-
tures and the performance of a resnatron amplifier 
utilizing the axial-flow arrangement. The design uses 
the basic information available from the previous works 
cited. However, because of the mechanical simplicity 
afforded by this arrangement, various critical parame-
ters affecting the performance can be experimentally 
adjusted with a minimum of effort and time. 

DESIGN OF THE AXIAL-FLOW RESNATRON 

A. General Design Objectives 

The general objectives which were set up for this 
amplifier development are as follows: 

1. A power output of 30 kw, cw. 
2. A tuning range of 300 to 600 mc. 
3. A power gain of at least 10 db with a 4-mc band-

width and with a plate efficiency of at least 50 per 

cent. 
4. A design which yields simplified construction, 

adaptable to variation of interelectrode spacing 

D. H. Sloan and L. C. Marshall, "Ultra high frequency power," 
Phys. Rev. vol. 58, p. 193; 1940. 

2 W. W. Salisbury, "The resnatron," Electronics, vol. 19, pp. 92-
97; February, 1946. 

3 W. G. Dow and H. W. Welch, "The generation of ultra high fre-
quency power at the fifty kilowatt level," Proc. NEC, vol. II, pp. 
603-614; October, 1946. 

4 W. G. Dow and H. W. Welch, "Very high frequency techniques," 
McGraw-Hill Book Co., Inc., New York, N. Y., chap. 19; 1947. 

6 D. B. Harris, "New UHF resnatron designs and applications," 
Electronics, vol. 24, pp. 86-89; October, 1951. 

6 G. W. Sheppard, M. Garbuny, and J. R. Hansen, "Reflex resna-
tron shows promise for UHF TV," Electronics, vol. 25, pp. 116-119; 
September, 1952. 

and accessible for rapid replacement of grids and 
cathode assemblies. 

B. General Characteristics 

As designed, this tube is continuously pumped during 
operation. Therefore, demountable vacuum gasket 
joints are employed at the flange connections. Tuning 
shafts are placed through vacuum seals to the outside 
of the tube. Fig. 1 is a photograph of the assembled 

Fig. 1—Assembled axial-flow resnatron. 

tube. The flanged vacuum port is seen extending away 
from the main housing in the middle of this view. The 
anode and cathode cavity tuning shaft knobs are shown 
extending from the main housing. The lower section of 
the photograph of Fig. 1 includes the coaxial input line 
and the input stub tuner. The 3I-inch flanged coaxial 
connector is shown on this section and the means for 
adjusting the stub tuner is seen at the bottom of the 
photograph. Fig. 2 is a schematic diagram showing the 
essential features of this design. 
The tube is water cooled throughout. All water con-

nections, with the exception of the anode, are made 
through the lower section of the tube. The anode water-
cooling pipes are shown at the top of Fig. 1. 

C. Cathode 

The cathode of the axial-flow resnatron is com-
prised of twelve "U"-shaped, directly heated, thoriated 
tungsten filaments. The ends of the individual filaments 
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are mounted to two concentric rings so that the angu-
lar spacing between the filaments is 30 degrees and the 
plane of the emitting surface is perpendicular to the 
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Fig. 2—Cross-section schematic of axial-flow resnatron. 

axis of the rings. Fig. 3 is a photograph of the cathode, 
grid, screen grid- and anode elements removed from as-
sembly and placed in their proper relative though ex-
panded positions. 
The individual filaments are made from thoriated 

tungsten ribbon 0.010 inch thick and 0.050 inch wide 
with an emitting length of 0.375 inch. The total 
emitting area of the cathode is 1.45 cm'. The concentric 
copper rings on which the filaments are mounted are 
fastened to water-cooled surfaces by means of eight 
small screws. 
The external filament connections are brought out of 

the tube through insulating glass seals shown in Fig. 1. 
Since the tube is operated with the cathode at a high 
negative potential relative to the grounded anode, these 
seals also furnish the insulation required by the plate 
voltage supply. 

D. Control Grid and Screen Grid 

The control and screen grids, as shown in Fig. 3, are 
flat copper plates with twelve radial slots milled through 

OF THE I.R.E. January 

their surfaces. The control grid and screen grid are 
fastened to water-cooled tubes by means of screws and 
are oriented so that the slots of each are aligned and cen-
tered with the filaments of the cathode. By demount-
ing the tube at the flanged joint which mounts the 
anode, (Fig. 1) the cathode, grid, and screen grid elec-
trodes are readily accessible and may be accurately 
aligned and fixed in position before the final tube as-
sembly is completed. This feature has proven valuable 
during the development period when effects of the varia-
tion of interelectrode spacings were studied. 

Fig. 3—Axial-flow resnatron electrodes including anode, 
screen grid, grid, and cathode. 
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For the purpose of collecting data, the anode was 
isolated from the rest of the tube by means of a ca-
pacitor so that the screen and anode could be metered 
separately. This technique provides a means of de-
termining the efficiency of the electron focusing. At 
high power, the screen current was found to be only 
6 per cent of the total cathode current. This value re-
mained constant under both dc and RF conditions. 

F. Input Cavity and Coupling 

The input cavity is al-wavelength re-entrant coaxial 
cavity formed between the cathode and control grid. 
The actual electrode structures form part of the cavity 
and are located at the voltage maximum of the standing 
waves set up by cavity resonance. A choke, by-pass 
capacitor, and blocking arrangement is used to main-
tain RF continuity of the cathode cavity where it is 
broken to provide dc grid bias isolation from the cathode. 
Tuning of the cathode cavity is accomplished by 

changing its length by means of a shorting plunger and 
tuner arrangement incorporated in the tube. 
The inner conductor of the input coaxial line is con-

nected directly to the center of the control-grid element 
and the outer conductor is connected directly to one 
side of the cathode wall. A choke, by-pass capacitor, and 
blocking system placed in the inner and outer conductors 
of the input coaxial line and within the vacuum envelope 
allow the input coaxial line to be at ground potential 
external to the tube. The external connection is designed 
to accommodate a standard 31-inch, 50-ohm coaxial 
transmission line. 
The external grid bias connection is made to the 

grid water-cooling pipe. This water pipe is insulated by 
means of a glass seal from the tube housing which is 
operated at ground potential. 

G. Output Cavity and Output Coupling 

The output cavity is a i-wavelength re-entrant coaxial 
cavity concentric with and surrounding the cathode 
cavity. The screen and anode electrode structures form 
part of the cavity and are located at the RF voltage 

maximum point in the cavity. 
The anode cavity extracts the power from the elec-

trons that are accelerated into it from the cathode by 
the screen. Output power from the anode cavity is 
coupled into a waveguide or coaxial transmission sys-
tem by means of a coaxial impedance transformer 
formed by the anode structure and a short length of 
tubing placed around it. The anode structure acts as a 

capacity probe for the output system. 
As in the cathode cavity, the anode cavity is tuned 

by positioning a shorting plunger to alter the length. 
The position of the plunger is adjusted by means of a 
tuning arrangement incorporated in the tube. 

PERFORMANCE 

Experimental curves of plate current as a function of 
plate voltage for a range of grid voltages are shown in 
Fig. 4. Constant plate current curves taken from 
these experimental data are shown in Fig. 5. 
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Fig. 4— Plate current versus plate voltage curves for 
constant-grid voltages as indicated. 
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A compilation of typical RF operating conditions is 
given in Table I. For these data the grid-cathode spac-
ing was fixed at a value which gave the most desirable 
over-all performance for power output, power gain, and 
efficiency. For these data a crystal-controlled amplifier 
was used to drive the axial-flow resnatron. The operating 
frequency was approximately 420 mc. 
At this time, performance characteristics have not 

been acquired covering the frequency tuning range of 
the tube. However, the cathode and anode cavities have 
been tuned at signal generator level over the frequency 

range of 250 to 750 mc. 
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TABLE I 
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the construction of the tube is simplified. Novel mean 
of coupling power into and out of the tube have beet 
employed and have given satisfactory performance. 
The performance characteristics of the tube hay< 

been measured, and these show that the tube will oper 
ate satisfactorily up to 29-kw cw output with a powei 
gain in excess of 10 db at a bandwidth estimated to b< 

49.2% approximately 4 mc. The measured plate efficiencies o 
56 the tube vary between 45 and 75 per cent dependinF 

upon the operating point of the tube. 
The axial-flow resnatron design can be extended ti 

tubes with considerably higher power output rating: 
than that covered in this paper. This will require ne%% 
and improved cathode designs which are now under in. 
vestigation. This design also holds promise for extending-
the resnatron principle to higher frequency operation 
as has been previously suggested.' 

Power 
input 
watts 

Ezt 

kv 
IB 

amps 

CW power 
output 
kw 

Power Plate 
gain efficiency 

250 10.0 
500 12.5 
1000 15.0 

15.0 
1500 15.0 

17.0 
2000 15.0 
2500 17.0 

15.0 

1.0 
1.5 
2.7 
2.0 
2.8 
3.05 
2.8 
3.0 
2.15 

4.5 
9.2 
18.5 
16.0 
22.0 
25.5 
23.5 
29.5 
24.0 

18.0 
18.4 
18.5 
16.0 
14.7 
17.0 
11.75 
11.6 
9.6 

45 % 
49 % 
45.6% 
53.3% 
52.3% 

58 % 
74.7% 

CONCLUSION 

A resnatron amplifier has been developed which 
utilizes a geometrical arrangement of electrodes so that 
the electron stream is directed parallel to the axis of 
symmetry of the tube. When designed in this manner 

RF Performance of a UHF Triode* 
H. W. A. CHALBERGt, SENIOR MEMBER, IRE 

Summary-The details of techniques of measurements and the 
dynamic results obtained with a uhf triode are discussed. Per-
formance characteristics in the vhf and uhf television bands are 
covered, and a comparison of gain and noise figures made with 
tubes now available for vhf amplifier service. 

A DEVELOPMENTAL 9-pin miniature triode for 
grounded-grid RF amplifier applications in the 
vhf and uhf television bands has recently been 

announced by the General Electric Company. The de-
velopmental-type number of this tube is the Z-2103 
(now Type 6AJ4). This paper will cover the measuring 
techniques used in evaluating the performance capabil-
ities of the Z-2103. Results obtained on some of the 
early developmental samples will also be presented. 

Early measurements were made with commercially 
available coaxial transmission-line equipment. This 
equipment permitted using simple tube chassis fitted 
with coaxial connectors. The coaxial system simplifies the 
measurement of standing-wave ratio, impedance, effect 
of feed-through coupling, and power gain. 

It is common knowledge that power-gain measure-

* Decimal classification: R583.6XR333. Original manuscript re-
ceived by the Institute March 18,1952. Presented at the 1952 IRE 
National Convention in New York, N. Y. 
t General Electric Co., Owensboro, Ky. 

ments at frequencies from 400 to 1,000 mc are more reli-
able and reproducible than voltage-gain measurements 
where a mismatch exists between the components in the 
RF system, i.e., signal generator and tube or load. 
Therefore, power-gain measures have been used almost 
exclusively in order to eliminate the necessity for using 
matching transformers or circuits. However, since the 
television manufacturers are primarily interested in 
how many microvolts are required across the antenna 
to produce a given input to the grid of the RF system, 
additional experimental work has been done using 
lumped constant circuits in which the input and output 
were matched to the generator and load impedance. 
The coaxial system is shown in block diagram form in 

Fig. 1. The output of the uhf signal generator, which 
is 30-per cent amplitude-modulated with a 1,000 cycle 
sine wave, is fed to a slotted line which in turn is con-
nected to the input of the tube or to the output indicat-
ing system, as the case may be. The 1,000-cycle rectified 
output of the slotted-line probe is fed through a re-
sistance attenuator calibrated in decibels, amplified, 
and observed on either a cathode-ray oscilloscope or 
meter. 

The tube under test is mounted in a simple chassis 
fitted with RF input and output connectors and by. 
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Fig. 1—UHF coaxial measuring system. 

passed filament and plate leads which include RF 
chokes. The dc return for the cathode is also through a 
by-passed terminal with an RF series choke; this feature 
permits the use of different values of the self-bias re-
sistor. The bottom view of this chassis is shown in Fig. 

Fig. 2—Basic chassis for making Z-2103 RF measurements. 

2. As can be seen in the figure, the RF cathode and plate 
leads have been made as short as possible; even with 
this precaution the electrical length from the connector 
to the cathode pin is approximately 0.4 of a wave-
length at 900 mc. 
The output circuit consists of a line stretcher, coaxial 

"T," stubtuner, crystal rectifier, a 50-ohm coaxial-re-
sistor, and dc microammeter. The RF tuned circuit 

CRYSTAL 
RESISTOR 

DETECTOR 
CAT NO 
874 -vR 
(WITH 
RESISTOR 
REVERSED) 

MC 

connected to the plate consists of the line stretcher and 
shorting stub which are adjusted for the resonant fre-
quency. Bandwidth of the system is adjusted by physi-
cally moving the position of the coaxial "T" crystal, and 
50-ohm resistor along the coaxial line. This is similar 
to moving a pick-up loop in a cavity in varying the load 
presented to the plate. 
The voltage-standing-wave ratio can be measured 

in decibels if the resistance attenuator in the slotted-
line crystal circuit is calibrated in decibels. The 
dbswr is proportional to Amax —Amin, where Amax and 
Amin are the attenuator settings in decibels for constant 
indicator reading. In the case of the equipment being 
described here, the crystal probe is operated over its 
square-law region and a factor of 4- must be used in 
measuring the dbswr. Thus, dbswr = (A.—Amin) db. 

In measuring the impedance of a system, either short 
circuit or open circuit at the end of the slotted line can 
be used as the reference. When the tube and its tuned 
load are connected to the end of the slotted line, the 
position of voltage minimum will shift a distance of 
Ax from the reference point. This distance is plotted 
on a Smith chart as an angular shift equal to (A/X)x, 
using the zero impedance or infinite impedance reference 
on the Smith chart to correspond to the short-circuit 
or open-circuit slotted-line reference. If the position of 
the voltage minimum shifts toward the generator, the 
[Ix vector is rotated in the clockwise direction from the 
reference position. 
Of course, if the position of the voltage minimum 

moves away from the generator, the Ax is rotated in a 
counterclockwise direction. In either case the radial 
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plus and minus one-half the bandwidth. As can be seer 
in Fig. 3, the change in input impedance for this condi 
tion is virtually along the main impedance contour. I 
the impedance at the sidebands were to be great13 
different than at the center frequency, the effect woulc 
result in narrowing the input bandwidth. This conditior 
would also be indicative of greater regeneration or feed 
through coupling, making the gain a function of th< 
amplitude of the signal. 
The Z-2103 does not appear to have any interna 

resonances, and the isolation between the output and 
input circuits appears to be very effective. With special 
socket arrangements, it is as high as —40 db. 

length of the vector is proportional to the vswr of the 
system under investigation. 

It is possible by this method to measure variation of 
input impedance for a system over a wide frequency 
range, and Fig. 3 is a plot of the input impedance of the 
Z-2103 from 400 to 900 mc. As stated before, these im-
pedances are referred to the connector on the basic tube 
chassis and do not represent the impedance at the ele-
ments or even the tube's pins. 
The effect of feed-through coupling on input im-

pedance is also presented in Fig. 3. It is desirable to 
have as small a change of input impedance as possible 
when the signal generator is adjusted to the sidebands of 

RIMS TANCL COMP01111411 ° Ion CO.OUCIANCE COMM '*C'T(t 4. 

Fig. 3—Input impedance variations of the Z-2103 over the uhf range. 
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Power-gain measurements are made in the following 
manner: The maximum and minimum standing-wave 
voltages are measured for the combined tube and load 
and for the load alone. As in the case of measuring swr, 

DERIVATION OF POWER GAIN EQUATION 

VmaxVmin 

P =  
2Z0 

P (load) 
P.G. =   (2) 

P (amplifier) 

VmaxVmin ( P.G. — (load) 
V.V.in (amplifier) 

20 
P.G. (db) = — [log V.. 4- log Viain] load 

20 
— — [log V. ± log Vinin] amplifier (4) 
2 

maz = KR...; 

log R. = 

17.1.2 = KR.i. 

log Rmin = ¡Amin 

(1) 

(3) 

(5) 

(6) 

P.G. (db) = 1[Aniax+ Amin] load 

— [A... ± Amin] amplifier (7) 

Fig. 4—Derivation of power gain equation. 

the settings of the calibrated resistance attenuator are 
used. The power gain of the system is equal to PG(db) 
= EA.-I-Amin) load circuit— i(Amax-F Amin) amplifier. 
The derivation of this equation is shown in Fig. 4. These 
same methods can be used in making similar measure-
ments on other than coaxial systems. 

RF - INPUT 
= 50 

I 5 Li I. 

Fri r\--I 

I 5-7 

Z2103 

47 

+b 

1500 RFC 

1.5 14 I 5 

22 

RFC 

RF 
OUTPUT 

50A• 

RFC - 10 T NO 25 WIRE 

Li - T COPPER 

5/RIP: I D. 

L2 - 21 *" COPPER 

STRIP: 

BRASS SLUG TUNING 

Fig. 5—Circuit diagram of a 900-mc amplifier using 
lumped constants. 

One-tube RF amplifiers have been built for several 
frequencies in the uhf range using lumped constants for 
the input and output tuned circuits. The schematic 
diagram for a unit amplifier designed for operation at 
900 mc is shown in Fig. 5. The input of this circuit has 
been adjusted to match the 50-ohm output impedance 
of the signal generator, and the output impedance has 
been matched to the load and detector circuit. Power-
gain measurements are made in the same manner as 

previously described. Fig. 6 is a photograph of the 900-
mc amplifier unit. 
A third system for evaluating gain of the Z-2103 has 

been used. Two stages of RF amplification are con-
nected in cascade and provision is made for connecting 
the RF signal to both tubes in series or to the input of 

Fig. 6-900-mc chassis using lumped constants. 

the second tube alone. Thus, the second tube is used as 
a calibrating or volt-meter tube. The circuit diagram of 
a complete 900-mc test unit is shown in Fig. 7. 
The input impedance of both the test and calibrate 

positions are adjusted to match the 50-ohm signal gen-
erator impedance; and the gain, as a voltage ratio, is 
determined by the ratio of the settings of the signal 
generator attenuator at the calibrate position to that at 

UHF RF AMPLIFIER GAIN TEST 
(900 MEGACYCLES) 

SO-. TEST 
/ INPUT 

2.2 L. 

3-40 

200 

22 

CALAKTE ••••0  
INPUT 1-7.0t, 

FILAMENTS 

RFC 

Er 
6 3V 

200 I' 200 

2-2103 . 

14 

CM 
\ 2. 

3 

RFC I - 70 

200 

Z-2103 

200 

RFC 

2000 POT 

470 I 

RECTIFIED 
OUTPUT 

RFC 

G-7 
XTAL 

10 

000 

L,-2T.:1-COPPER STRIP, I.D. 

LE -1 T. ÏCOPPER STRIP f O. 
1..L. T, i" COPPER STRIP. 71'1 D 

RFC 13 -BT. • 20 WIRE, I D 

ALL CAPACITANCES IN ig.af 

Fig. 7—Circuit diagram of a two 900-mc amplifier. 

the test position for constant output indication. The 
calculated voltage db gain can be checked against the 
power gain (db) by m4asuring the maximum and mini-
mum attenuator settings at the test and calibrate posi-
tions and substituting in the power-gain equation. A 
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bottom view of this two-stage amplifier is shown in 
Fig. 8. 

Gain measurements using the three methods de-
scribed above have been made on developmental 
samples of the Z-2103. The results obtained on the 
coaxial system and the single-stage lumped constant cir-
cuit are presented in tabulated form in Fig. 9. 
The average voltage gain of several tubes as measured 

in the two-stage circuit of Fig. 7 gave gain of figures 
3.5 times or calculated (db) gain of 11, at a frequency of 
900 mc. This calculated value of gain in decibels checked 
within one-half of a decibel of the measured power gain 
in decibels. 

t. 

.1•11111, 

Fig. 8-900-mc two stage chassis. 

In measuring the noise figure of the Z-2103 over the 
uhf range the single-stage lumped constant circuits were 
used ahead of a General Radio Crystal Mixer. A G-R 
Unit Oscillator served as the local oscillator source. 
The measured noise figure of the Z-2103 amplifier 

stage plus crystal mixer varied from 12 db at 500 mc to 

16.2 db at 900 mc. The noise figure of the tube alone was 
10.7 db at 500 mc and 14.7 db at 900 calculated mc. 
The vhf performance of the Z-2103 has been evaluated 

in a turret-type production tuner using a 6J6 mixer-
oscillator and adapted for using a Z-2103 grounded-grid 
amplifier. The measured noise figures at channels 4 and 
10 are 6.2 db and 8.2 db, respectively. The corresponding 

FREQUENCY 

MC/S 

B.W.=6 MC/5 

COAXIAL 

LINE 

GAIN 

DEC IBELS 

LU MPED 

CIRCUITS 

GAIN 

DECIBELS 

CONSTANT 

NOISE 

FIGURE 

DECIBELS 

500 5.8 5.5 12.0 

600 7 . 6 9.1 I 1.1 

700 7.9 7.3 14.7 

800 8 . 8 6.7 13.0 

900 7 . 6 7.0 15.5 

79 11.0 6.0 

195 — I 1.4 8.1 

Fig. 9—RF performance of the Z-2103. 

gains are 3.84 and 3.71 times in voltage. These figures 
compare favorably with other tubes now used in 
grounded-grid amplifiers in the vhf television bands. 

In conclusion, the preliminary data on measurements 
made over the uhf band of input and impedance, feed-
through coupling, gain, and noise figure, together with 
performance figures over the vhf bands, indicate that 
the Z-2103 is a practical candidate for the RF amplifier 
position in combined vhf-uhf television tuners. 

C}YD 
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UHF Triode Design in Terms of Operating 
Parameters and Electrode Spacings* 

L. J. GIACOLETT0t, SENIOR MEMBER, IRE AND H. JOHNSONt, SENIOR MEMBER, IRE 

Summary—An approximate triode theory has been organized in 
terms of the operating parameters and electrode spacings so that, 
with the aid of graphical representations, the tube designer can 
readily and very quickly predict the RF performance of a grounded-
grid amplifier or the effect thereon of changes in design parameters. 
It is thus possible to minimize the experimental work required to 
achieve a desired performance. The effects of changes in design 
parameters are shown by illustrative examples, and a study of these 

examples confirms that substantial improvements in the perform-
ance of present-day tubes cannot be obtained by minor changes in 
one or two parameters. Significant improvements may only be ob-
tained by pushing all design parameters to the limit of practicability. 
The performance predicted by this theory is compared with experi-
mental measurements of other workers with satisfactory agreement. 
It is concluded that the theory is quite adequate for design work. 

performance (gain and noise factor) from this ratio. To 
illustrate the trend in RF performance directly as a func-
tion of the fundamental design parameters, typical 
curves are given for the variation of gain and noise fac-
tor with changes in selected design parameters. 

INTRODUCTION 

T
HIS STUDY of triode design emphasizes applica-
tions to the RF input stages of uhf television re-

  ceivers. It is well known that extremely close-
spaced triodes can be constructed to give excellent per-
formance at ultra-high-frequencies (uhf). It is equally 
well recognized that the difficulties of constructing such 
triodes cannot be dismissed lightly. Thus, in order to 
evaluate the triode for uhf television applications, it is 
necessary to have some idea of the design and construc-
tional difficulties imposed by the performance require-

ments for this application. 
The various aspects of triode performance at ultra-

high-frequencies have been discussed by many workers. 
These analyses have generally related the rf perform-

ance to the electrical parameters of the triode. The pres-
ent study is an attempt to relate the RF performance 
more directly to the fundamental design parameters, 
such as electrode spacing, current density, and operat-
ing voltages. Somewhat similar design considerations 
have been published for tube designs in which the gain-
bandwidth product is of paramount interest. However, 
in the present case, the noise performance and gain are 
of paramount interest and the present study is organ-

ized with this in mind. 
While it is possible to set up explicit expressions for 

the RF performance as functions of the basic design pa-
rameters, these expressions are so involved that they 
contribute little to the understanding of the design prob-
lem. The present solution has set up graphical repre-
sentations from which the ratio of the electrical param-
eters, transconductance and electronic grid input con-
ductance, can be determined from the fundamental de-
sign parameters. Another set of graphs then gives the RF 

* Decimal classification: R333 X R583.6. Original manuscript re-
ceived by the Institute, October 1, 1952. 

t Radio Corp. of America, RCA Laboratories Division, Prince-
ton, New Jersey. 

CIRCUIT CONSIDERATIONS 

Vacuum tubes are inevitably a part of a circuit; there-
fore, a tube designer has to consider the design of a tube 
in association with the circuit. Insofar as possible, cir-
cuit considerations will not be treated in this paper un-
less they relate directly. to the tube-design problem. The 
circuit application for which a tube is to be designed 
is a Class A uhf grounded-grid amplifier, shown in Fig. 
1.1 The choice of a grounded-grid amplifier at uhf can 
generally be justified on the basis of the input-output 

shielding provided. 

TUBE CONSTANTS71. rp, gm 

OPERATING CONSTANTS: V 0/ J a g c 

Fig. 1—Grounded-grid amplifier circuit. Tube constants: A =cathode 
area, is =amplification factor, r,=anode resistance, g„.= trans-
conductance. Operating constants: V.. = anode voltage, Vg= grid 
voltage, Jc=cathode current density. 

An accurate treatment of the circuit of Fig. 1 results 
in equations that are so complex as to be of little value 
as an aid in tube design. Therefore, various assumptions 
have been made to reduce these circuit equation com-
plexities to a minimum while still retaining those factors 
that are of importance in a television uhf Class A ampli-
fier. It is important that these assumptions be clearly 
defined and well understood in order that the final re-
sults may be properly interpreted. These assumptions 

are: 
1. Tube lead and circuit losses are neglected. 
2. Cathode-anode capacitance is negligible. This as-

sumption is justified primarily on the basis of the 
resulting simplification of circuit equations. In ad-
dition, it is generally believed that Ck—a does not 
alter the noise factor of the amplifier since its most 
important role is to introduce feedback. Finally, 

The circuit shown indicates a source of internal resistance, R., 
delivering power to a load resistance, RL, through a vacuum tube. 
In practice it will usually be necessary to employ an inout trans-
former of turns ratio N1=R./Ri to match a generator resistance, RI, 
and an output transformer of turns ratio N2= R2/R1, to match a 
terminating resistance, R2. 
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this assumption must be again examined upon the 
completion of the tube design to ascertain its valid-
ity. The input and output tube capacitances can 
generally be accommodated as part of the input 
and output circuits. 

Several other assumptions will be employed, but these 
will be recited during the course of the development. 
The following equations concerning the circuit of Fig. 

1 are either taken from or can easily be derived from 
published results,' and are therefore given here without 
proof. The input resistance in terms of anode resistance, 
r„, load resistance, RL, amplification factor, µ, and elec-
tronic grid input conductance, g., is 

(r„ 
R,„ =   

1 ± (rp RL)g, 

and the output resistance is 

(1) 

1 
Rout = r„ (2) 

1 
— + g. 
R. 

From these, and the voltage ratio, VL/ Vs, the power 
gain is 

G, = é VL\2 (Rs ± Zin)'  
power gain = 

Vs) ZinRr, 

RL(1 /1) 2 

(3) 
RL [1 + i + (rp + RL)g.] 

In order to get maximum power gain,' it is necessary to 
conjugately match the input and output circuits. The 
output resistance for maximum power gain can be ob-
tained by differentiating G,„ with respect to RL and 
setting this equation equal to zero. The result is 

RL = 5(1 ± 1 + 12\1,2 ( 
rd. r„ 1 — . (4) 

1 1,2 

ge 

In this equation as well as in several following equations 
,u is assumed to be much larger than unity, and the 
appropriate approximation is used. The maximum 
power gain is 

2 M. Dishal, "Theoretical gain and signal-to-noise ratio of the 
grounded-grid amplifier at ultra-high frequencies," PROC. I.R.E., vol. 
32, pp. 276-284; May, 1944. 

3 At low frequencies it is customary to consider the voltage gain 
of an amplifier. When the electronic grid input conductance becomes 
appreciable, voltage gain loses significance, and it is preferable to 
consider the power gain. For reference, the voltage gain and the 
maximum voltage gain are 

VL  (1 µ)RL  
G, = = 

Vs r, RL Rs[1. + (4+ RL)g.] 

1 +  

2[1 + (1 + spg. 

respectively. 
The maximum power gain and maximum voltage gain are related 

as follows: 

G.,..... i 2r,,G„,,, )2 =  4  G,,,,,2A-- 4  Go:. ‘ RL 1 -I- Ai g.. 
1 ± 1+ — 

rg. g. 

G„,„ = 
2 

1 + (1   

1 ± 1.1 

rpg. 

rpg. 1/2 

gm/g. 

{1 + (1 ± L') "2}2 
(5) 

The power delivered to RL w ill depend upon Rs and 
will be maximum when the source generator is con-
jugately matched. The source resistance for an input 
match can be obtained either by substituting (4) into 
(1), or by setting Rc,„t=RL in (2) and solving for Rs. 
In either even t, 

Rs = 
1 +  
re, ge(1 — 

g1112 
12 )1/2 \ 

ge 

(6) 

When the product of the electronic grid input con-
ductance and the equivalent noise resistance (R.p) is 
greater than unity, it is well known that the improve-
ment in the noise factor that can be obtained by mis-
matching the input is insign ificant. Therefore, through-
out the remainder of this article it w ill be assumed that 
the circuit of Fig. 1 is operated with a conjugate imped-
ance match at both the input and the output. 
To the above collection of formulas there should be 

added the approximate noise factor,' F, of a grounded-
grid triode amplifier, 

F — 1 = 

ge 
5 + 2.5 — {1 + [1 ± Ln1/21 2 

ge I 
[1 + 

The preceding four equations relate the important 
circuit relations in terms of a dimensionless ratio of 
transconductance to electronic grid input conductance.' 
This ratio is determined by the grid-cathode and grid-
anode transit angles so that the RF performance is solely 
a function of these angles and is independent of cathode 
area. Although g„, and g. are proportional to the cathode 
area, since only their ratio is used here, they can be con-
sidered per unit area quantities. 

4 The noise factor of a grounded-grid triode amplifier is usually 
given as 

F = 1 ± gill?. 5g.R. 
( ) I +/Á (1 + gem g.R.)2 —• R. 

(7) 

(See G. E. Valley and H. Wallman, "Vacuum Tube Amplifiers," 
McGraw-Hill Book Co., Inc., New York, N. Y., p. 634; 1948.) 
Since circuit losses are neglected, go =O. Since la is much greater than 
unity, µ/1+µ is approximately equal to unity. For an impedance 
match at the input, R. is given by (6). Finally, R.6 for an oxide 
cathode operating at approximately 1000°K is usually taken as 2.5/g„,. 
(See B. J. Thompson, D. O. North, and W. A. Harris, "Fluctuations 
in space-charge-limited currents at moderately high frequencies," 
RCA Rev., vol. 4, p. 471; April, 1940; and vol. 5, p.516; April, 1941.) 

6 This dimensionless ratio can be looked upon as an anode-to-grid 
current amplification factor, ok,„, similar to a collector-to-base current 
amplification factor, a, , often employed in transistors. 

g.112 
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;TRODUCTION OF FUNDAMENTAL DESIGN PARAMETERS 

Having expressed the RF performance in terms of the 
itio, gc/gm, the next step is to express gelgm in terms of 
le fundamental design parameters. This can readily 
done with the aid of North's expression' for gclg,,, in 

trms of the transit times, ri and r2, in the cathode-grid 
ld grid-anode regions, respectively, and is 

co3T13 T2) 
ge/gm — -t- 44 — 

180 Ti 

.here co is the angular frequency and second-order 
mms have been neglected. Using Ferris' expressions' 
)r transit times in terms of the electrode spacing and 

ffective electrode voltages, this becomes 

ge = 45 X 105 (a/X)2 3.3b/a  , 
  1+ (8) 

Vi 1 + 

'here a is the cathode-grid spacing (cm), b is the grid-
node spacing (cm), Vi is the effective grid-plane volt-
ge (volts), V. is the anode voltage (volts), and X is 
he wavelength (cm). The following assumptions apply 

o this relation 
"1. The electrodes are parallel planes. 
2. The initial velocity of the emitted electrons is zero 

and the emission is ample, so the three-halves-
power equation holds in the cathode-grid region. 

3. The grid is an equipotential plane surface. 
4. The amplification factor of the grid is high, . . . . 
5. The alternating voltage at the plate is zero. 
6. The alternating voltage at the grid is very small 

with respect to the effective static potential there. 
7. The space-charge density in the grid-anode space 

is so slight that the potential distribution between 
grid and plate is substantially linear."' 

8. The transit angles in both the cathode-grid and 
grid-anode regions are small, and second-order 
terms involving these transit angles may be neg-

lected. 
Under assumption (2) above the effective grid-plane 

voltage is given by the usual Child-Langmuir 3/2 power 

Vi --- 5.69 X 103 (L413_4213, 

where f , is the cathode current density (amp/cm2). 
Thus, when the parameters Jc, a, b, V., and the wave-

length are specified, gclgm can be determined using (8) 
and (9). The noise factor, F, and the normalized maxi-
mum power gain, Gc,„1,u, can in turn be determined 
from (7) and (5). To aid in the calculation of the de-
sired quantities, the graphs of Figs. 2, 3, and 4 have 
been prepared. Normally, the design of a tube would 
begin with a choice of a, and Jc V1 is then determined 

° D. O. North, "Analysis of the effects of space charge on grid 
impedance," PROC. I.R.E., vol. 24, pp. 108-136; January, 1936. See 
North's equation (23), where it is assumed that both transit angles 
are small. 

7 W . R. Ferris, "Input resistance of vacuum tubes as ultra-high-
frequency amplifiers," PROC. I.R.E., vol. 24, pp. 82-105; January, 
1936. 
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Fig. 2—Equivalent diode characteristics. J.----cathode current dens-
ity, amperes/cm', A.-grid plane equivalent voltage, volts, and 
a =grid-cathode spacing, cm. 

0 I 2 3 

using (9) or the graph, Fig. 2. Next, b, V., and X are 
chosen and gc/g„, determined by means of (8) or with 
the aid of the graph, Fig. 3. Finally, F and G,,„/12 can 
be determined using (7) and (5) or the graph, Fig. 4. 

This design procedure has thus far been carried out 
without detailed knowledge of the grid structure and 
of the tube amplification factor, It is convenient to 
proceed with the tube design in this manner in order to 

E 

or.o or.o 

E 

9. 
/gm V, If 

b 
3.3 io 

( il•)43 xI05 X 
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simplify the development. However, if one wishes to de-
termine the actual maximum power gain and to com-
plete the design of the tube, detailed consideration 
must be given to the grid structure. There are several 
ways to do this. The most logical is for the tube designer 
to choose a power gain consistent with the application 
requirements. The power gain should be chosen so that 
the noise contribution of the succeeding stage, 
(F2-1)/G.,„, is negligible compared with the over-all 
noise factor, F12, given below: 

F2 — 1 

F12 = F1 ± 

G„,„ 

Care must be exercised in applying this relation when 
a wide-band RF amplifier is placed ahead of a receiver 
having appreciable image or other spurious responses. 
Even though the power gain is sufficient to make the 
second term of (10), negligible, the over-all receiver noise 
factor will not reduce to F1 if the RF amplifier possesses 
gain at these undesired responses, but will be greater 
than F1 due to the noise contribution of the undesired 
responses. 
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Fig. 4—Noise factor and normalized power gain. 

o 

(10) 

Having selected G„,„, the normalized maximum power 
gain determines the amplification factor required. How-
ever, the resulting amplification factor may be so large 
that the grid draws current for the specified operating 
conditions. The limiting value of g is determined by 
setting the control grid voltage, IT„, equal to zero in the 
expression' for the cathode current density of a triode, 
and is 

gmax = 1.76 X 10-4 
J.213a 413 

V. fa ± b\413 

a 

V. (a + b)413 

a 

9 The expression given by J. H. Fremlin, footnote reference 12, is 

2.34 X 

—  
as ri +1 (a + b) 4131 912 
L P‘ a 

The value of g obtained from (11) should be larger tha 
the value of g required to give the desired power gai 
If this condition is not satisfied, the design of the tul-
must be revised. 

Next, the grid structure must be designed to git 
the desired g. There are numerous formulas'° that ca 
be used for this purpose. A convenient empirical formu 
that yields reasonably good results has been given, b 
Herold," and is 

g= 2rNb [O. 2 + 6. 8Nd 680(Nd)5], (1: 

where N is the turns per unit length of the grid, d 
the grid-wire diameter in the same units as N, and 1 
is the grid-anode spacing also in the same units as P 
For use with a mesh grid, Nd is interpreted as the frac 
tion of the total area covered by the grid, and N is th 
total lineal length of exposed grid conductor per uni 
area of the grid. Since b has already been chosen, eithe 
N can be chosen and d determined, or vice versa, t 
yield the desired g. According to Fremlin," experiment 
indicate that if the cathode current density is hell 
constant, the g„, of a triode is maximum when the grid 
cathode spacing is approximately 3/4 of the grid pitch 
Accordingly, N can be chosen as 3/4 a and d determine( 
using (12). 

The preceding development completes the basic tub. 
design except for the cathode area. As noted above, the 
noise factor and power gain are independent of cathode 
area. The cathode area and therefore the cathode cur 
rent and interelectrode capacitances are determined by 
bandwidth considerations provided the bandwidth re 
quired is not too large. 

It is not possible to derive a simple solution for thc 
cathode area in terms of known quantities. A suitable 
method of procedure is to assume a cathode area, A. 
The tube output capacitance, CT, is given approximately 
by 

0.0885A 
CT — 

b 
(13) 

where A is in cm2, b is in cm, and Cr is in micromicro-
farads. For a more realistic calculation, it is well to add 
to CT a fixed capacitance representing tube lead ca-
pacitance. 

It is next necessary to obtain an expression for the 
anode resistance of a triode. The anode resistance can 
be determined from the transconductance since g for 
the tube has already been specified. The usual expres-
sion for the transconductance of a triode obtained by 
differentiating the theoretical expression for anode cur-
rent gives results that are considerably larger than 
measured values. A more exact method of evaluating 
the transconductance of a triode has been given by 

10 A good summary of /.4 equations can be found in K. R. Spangen-
berg, "Vacuum Tubes," McGraw-Hill Book Co., Inc., New York, 
N. Y., chap. 7; 1948. 

11 E. W. Herold, "Empirical formula for amplification factor," 
PROC. I.R.E., vol. 35, p. 493; May, 1947. 

1' J. H. Fremlin, "Calculation of triode constants," Phil." Mag. 
vol. 27, pp. 709-741; June, 1939. 
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.iebmann." This method consists of determining the 
nit-area conductance to current density ratio, g,/J,, 
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Fig. 5—Equivalent diode conductance per unit area to 
current density ratio. 

3f the equivalent diode and of correcting this ratio to give 
the transconductance-to-current ratio of the triode. For 

carried out for the lowest frequency to be employed as 
the bandwidth increases for larger frequencies. 

Fig. 6—Output matching circuit. 

The procedure indicated above is tedious and 
time consuming. It is possible to shorten the calcula-
tions by making some simplifying assumptions concern-
the transmission line. Usually, RL will be much larger 
than Rif. In this event, /2 will be small and the trans-
mission line will not differ appreciably from a short-
circuited resonant line. A short-circuited resonant line 
can be approximated over a narrow frequency range by 
a parallel L„, Ci, lumped circuit where the total lumped 
capacitance's is 

C Cr Cp e= 1/2 [CT + wZo 1 ± (co 1 ± (wZer)2 sin--1 ( 1 
ZoC7)2 

convenience, the data given by Liebmann is replotted 
in Fig. 5. In this figure, the ratio gel.T. of an oxide-
cathode diode is given as a function of the effective 
grid-plane voltage (equivalent diode anode potential, 
V1). It is noted that the value of gc/L does not change 
rapidly as a function of the cathode current density. 
Using the appropriate value of g,/J,, the transcon-
ductance of the triode is" 

g. 
= 

V' [1+ 

1 

1 ia bra] 

et\ a 

LA. (14) 

Using (14), the anode resistance, r„, of the triode can 
be obtained from g„,r„=µ. The output resistance, RL, 
is then determined using (4). This output resistance 
is to be matched to another vacuum tube or similar de-
vice having an input resistance, RT', and an input 
capacitance, Cr'. If a transmission line is used to effect 
the impedance match, the circuit configuration will be 
as shown in Fig. 6. For a given characteristic impedance, 
Zo, the lengths of the transmission lines, l and /2, 
can be determined (for a given center frequency); the 
bandwidth at the tube terminals can then be computed, 
and the over-all bandwidth obtained. If the bandwidth 
is too small, a larger cathode area can be chosen, and 
the calculations repeated. These calculations should be 

13 G. Liebmann, "The Calculation of Amplifier Valve Character-
istics," Jour. IEE (London), vol. 93, pt. III, pp. 138-152; May, 
1946. 

14 The diode to triode correction factor employed here is obtained 
from J. H. Fremlin's formulation of an equivalent diode and differs 
slightly from that used by G. Liebmann. 

(15) 

The input circuit of the amplifier will normally have 
a large bandwidth because of the loading effect of the 
matched seurce resistance. It is assumed therefore that 
the amplifier bandwidth is determined solely by the 
output circuit. Since the output circuit is matched, 
the loading resistance is RL/2 and the bandwidth for a 
single-tuned output circuit will be 

1 

= ircRL 
(16) 

where C is given by (15) and RL is determined as indi-
cated above. The bandwidth can now be computed as a 
function of the cathode area. When this is done, it is 
found that the bandwidth approaches a limiting value, 
Afma„, as the cathode area is made larger and larger. 
The limiting bandwidth is obtained when the tube ca-
pacitance is the entire output capacitance. Therefore, 

Af4192 
0.0885 X10-12 [ (a+ byri[ gml   + 1 + 

a ge 

(17) 

This equation indicates that Afr,ax is independent of 
cathode area. If the bandwidth desired exceeds lg., 
a redesign of the tube is required, or alternatively, power 
gain can be traded for bandwidth by operating the tube 
with a mismatched output. Likewise, if the cathode 

" E. W. Herold and L. Malter, "Some aspects of radio reception 
at ultra-high frequency," PROC. I.R.E., vol. 31, p. 437; August, 
1943. 



56 PROCEEDINGS OF THE Januar. 

area required to give the desired bandwidth is larger 
than can be tolerated because of cathode power re-
quirement or anode power dissipation, a redesign of the 
tube is required. Unfortunately, tubes designed for 
larger Afrna. will usually have smaller power gains, 
greater noise factors, or both. 

COMPUTATIONS TO ILLUSTRATE THE EFFECT OF CHANGES 
IN DESIGN PARAMETERS 

It is apparent from the preceding development that 
there is no optimum set of parameters upon which the 
design of a tube can be based. The final design will de-
pend upon a judicious compromise between desired 
RF performance, mechanical limitations, and practical 
operating conditions. In order to effect a compromise 
design, it is expected that several tubes will be designed 
and their expected characteristics compared. 
The manner in which the design parameters affect 

the power gain and noise factor is sufficiently involved 
so that it is difficult to see from the expressions just 
how fast the RF performance varies as one of the design 
parameters is changed. A better understanding of this 
can be obtained by studying the following numerical 
illustrations. 
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Fig. 7—Triode operating characteristics as a function of cathode 
current density and grid-cathode spacing. 

The calculated data of Fig. 7 illustrate the effect of 
changing the cathode current density on the noise factor 
for tubes with several grid-cathode spacings. These 
calculated data are for a particular frequency (750 
mc/s), a grid-anode spacing of 0.010 inches, and an 
anode voltage of 250 volts. For these chosen param-
eters, it is seen that for current densities above about 
0.2 a/cm' the noise factor varies but slowly with in-
creasing current density. However, at current densities 
below 0.2 a/cm2 and particularly below 0.1 a/cm2, the 

noise factor degrades rapidly with decreasing curren 
density. 
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Fig. 9—Triode operating characteristics as a function of 
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The RF performance as a function of grid-cathode 
spacing for several grid-anode spacings is illustrated in 
Fig. 8 and for several anode voltages in Fig. 9. In both of 
these figures, the current density is fixed at 0.2 a/cm2, 
and the frequency is 750 mc/s. In addition, the anode 
voltage is chosen as 250 volts in Fig. 8 and the grid-
anode spacing is chosen as 0.010 inch in Fig. 9. Again, 
the noise factor does not vary particularly rapidly with a 
change in grid-cathode spacing, nor does a change in 
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rid-anode spacing or anode voltage change the noise 
Ictor rapidly. Similar statements apply to the normal-
;ed power gain G„,,/µ. However, the theoretical maxi-
-Rim power gain (µ being adjusted so that V5=0) in-
reases fairly rapidly as the grid-cathode spacing is 
.duced. This is because the maximum µ is correspond-
lgly larger and indeed may be so large as to be im-
ractical. A variation in grid-anode spacing does not 
adically affect the theoretical maximum power gain. 
greater effect is shown by a variation in voltage. 
It thus appears that, in so far as the noise performance 

3 concerned, there is no one design parameter that 
roduces a rapid change in the noise factor. To achieve 
good noise performance, one can only adjust each of 
he design parameters to a limit indicated by practical 
onstructional difficulties and economic considerations. 
he point to be emphasized, however, is that noise 
>erformance will not be greatly altered by a small 
:hange in only one of the design parameters, and that 
or the improvement to be worthwhile, one must add 
ogether the results of changes in several design 
mrameters. Again these statements can be applied to 
:he normalized power gain, G„,,11.4. However, in order 
:o secure large absolute power gains, Figs. 8 and 9 show 
hat a small grid-cathode spacing is required together 
vith a suitable grid structure and grid-anode spacing 
o provide a large 12. 
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Fig. 10—Computed and measured performance of 2C40 triode. 

COMPARISON OF CALCULATED AND MEASURED RESULTS 

In order to show the correlation between the above 
theoretical design calculations and experimental results, 
calculations will be made on some typical tubes and the 
results compared with measurements on the same tubes. 
The measured data available are very meager so that 
the only conclusion that can be reached at the moment 
is that the theory gives reasonably good checks with 
the measured data available. 
A tube that has been used extensively as a grounded-

grid amplifier is the 2C40. Calculations of power gain 
and noise factor of this tube are shown in Fig. 10. The 
electrode spacings and operating parameters used for 
these calculations are also shown on the figure. Similar 
calculations for the WE 416A and the RCA 5876 tubes 
are shown in Figs. 11 and 12, respectively. Although 
the RCA 5876 tube is a cylindrical tube, the theory de-

veloped herein for a planar tube has been used without 
correction. Such measured data as were available are 
shown on the figures. It is not known under what oper-
ating conditions the data on the 2C40 were taken, and 
in fact it is not clear whether these represent actual 
measured data. The data for the WE 416A and 
RCA 5876 were taken with the output mismatched, and 
this doubtlessly accounts for part of the discrepancy be-
tween computed and measured power gain. 
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RCA 5876 triode. 

Approximate bandwidth calculations were also made 
on these tubes, assuming a 100-ohm short-circuited 
resonant line. The calculations were made using meas-
ured values of tube capacitance and anode resistance. 
The results are shown in Fig. 13. It is seen that the 
present tubes (area ratio =1) will not give a large 
enough bandwidth for a television signal when the 
output is matched. Tubes with something like twice 
the present cathode area are required for a television 
signal when operated under this condition. 

DESIGN OF A TELEVISION RF AMPLIFIER TUBE 

In this section, the design principles that have been 
outlined will be used to design a television RF amplifier 
tube that represents a compromise between optimum RF 
performance and practical manufacturing limits. 

1. Choose a = 0.002 inch =0.00508 cm. This repre-
sents about the minimum practical grid-cathode 
spacing for commercial receiver tube design. 

2. Choose _T., = 0.2a/cm'. A larger cathode current 
density might be desirable, but this is about the 
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Fig. 13—Operating bandwidths as a function of area ratios. A0= cath-
ode area of individual commercial tube. A =cathode area of 
hypothetical tube. 

maximum that can be used with an oxide cathode 
and still have a reasonable life. 

3. Then, V1=1.67 volts. 
4. Choose V8=250 volts. From past usage, this is 

about the maximum voltage that is employed in 
receivers. 

5. For maximum g„„ N=I X lia =375 turns/inch. 
This grid pitch is somewhat larger than what 
might be considered practical for commercial re-
ceiver tube usage, particularly because the grid 
wire diameter would then be prohibitively small. 
Therefore, pic, N=250 turns/inch rather arbi-
trarily and accept a small loss in g„,. 

6. A grid-wire diameter should be chosen to give 
from 10- to 20-per cent coverage. For 10-per cent 
coverage the grid-wire diameter would be 0.0004 
inch. This small size is beyond commercial prac-
ticability. A grid-wire diameter of 0.0008 inch 
representing 20-per cent coverage is near the com-
mercially practical limit. For this grid-wire diam-
eter, µ=2795b. This can be equated to the maxi-
mum permissible µ to give b„,„„ = 0.036 inch. In 
order to provide for a small grid bias, choose 
b= 0.025 inch. Then II= 70 and V, = —1.1 volt. 

7. g8/g„,= 0.318 X10-4 Xfox02. 
8. Noise factor and power gain as a function of fre-

quency are shown in Fig. 14. 
9. Using Fig. 5, gr/J, =0.57. Therefore, g„,= 0.0781 

A, = 897/A . At 500 mc/s, RL=3310 (1/A). 
Allowing 0.75 xtfd for lead capacitance, the 
anode-grid capacitance is Co„ =0.75+1.392 
A getfd. Using the approximations indicated 
above and assuming an output line impedance, 
Zo =100 ohms, then a few trials indicate that a 
cathode area, A=0.17 cm2, will give approxi-
mately 6 mc/s bandwidth at 500 mc/s. This 
cathode area will be used for all calculations indi-
cated below. 

10. Cc, =2.96 µµfd. 
11. Co„ = 0.75+0.25 =1.00 wifd. 
12. .ro =34 ma. P8=8.5 watts. 
13. g„,= 13.28 ma/v. 
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Fig. 14—Computed performance of hypothetical 
uhf television triode. 
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CONCLUSIONS 

The RF performance of a grounded-grid uhf amplifier 
has been related to the tube-operating parameters and 
electrode spacings. Using the design information pro-
vided, the design of a tube can be carried out step-by-
step, and its RF performance predicted. The noise factor 
and "normalized" power gain (G/µ) depend only on the 
ratio (g./g„,) of the electronic input conductance to the 
transconductance, i.e., on the electron transit angles, 
and are independent of cathode area. For this reason, 
the noise factor may be improved only by a decrease in 
transit angles; this is possible either by decreased spac-
ings for the same effective electrode potentials or by 
increased electrode potentials for the same spacings. 
Either change requires an increase in cathode current 
density, but the same reduction in ge/g,,, can be effected 
by a smaller increase in current density if the grid-
cathode spacing is decreased than if the voltage is 
increased. 
Although sufficient experimental data available to 

evaluate the reliability of the theoretical results, there 
is every reason to believe that the theoretical perform-
ance can serve as a good guide for the design work. This 
should make it possible to reduce the amount of experi-
mental work required to achieve a desired performance. 
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On Transformations of Linear Active Networks with 
Applications at Ultra-High Frequencies* 

H. HSUt, ASSOCIATE, IRE 

Summary—A relation similar to the familiar Star-Delta trans-
rmation is developed for linear active networks. Transformation 
rmulas are derived for triode circuits under both negative-grid and 
)sitive-grid conditions. The result can be extended to tetrodes and 
mtodes. Applications of the analysis to vacuum tubes and circuits 
e given for illustration, with special considerations to uhf problems. 

PART I. THEORY 

. Introduction 

A
RELATION similar in nature to the familiar Star-
Delta or Wye-Delta transformation is pointed 
out. This relation is believed to be helpful for 

he analysis of vacuum tubes and circuits. 
Three types of the triode Star-Delta transformations 

re treated in detail in this paper. As shown in Figs. 1 to 
, a triode appears in all the Star-Delta circuits. In the 
;tar-circuits, the triode electrode common to the input 
.nd output circuits is seen to be not grounded. This 
:ommon electrode becomes grounded in their equivalent 
Delta networks which are the conventional grounded-
;rid, grounded-cathode, or grounded-plate (or cathode-
ollower) circuits. The Star-Delta circuits are, however, 
dentical irrespective of the ground connections. 
-,'urthermore, the triode is taken here only as a typical 
mear active element which may be actually, for ex-
Imple, a transistor or a magnetic amplifier. The trans-
ormations are not limited to triode networks. The 
nethod can be generalized to Star and Delta circuits 
.vith a tetrode or pentode in the circuit. The triode case 
s however more fundamental for practical use, and 
.herefore deserves special attention. 

II. Transformations for Negative-Grid Triodes 

There are three kinds of star networks depending 
upon whether the grid, cathode, or plate is connected 
to the common junction. Accordingly, there can be 
three types of transformations which, in this paper, are 
called "common-grid," "common-cathode," and "com-
mon-plate" transformations as in Figs. 1 to 3. 

In the following sections the three types of trans-
formations are analyzed separately. The constant cur-
rent generator representation' of the vacuum tube is 
used for the convenience of the analysis. The plate re-
sistance which should be connected in parallel with the 
constant-current generator is not shown in any of Figs. 

* Decimal classification: R139.1 X R143. Original manuscript re-
ceived by the Institute, November 3, 1952. 

General Electric Co., Owensboro, Ky. 
F. E. Terman, "Radio Engineer's Handbook," McGraw-Hill 

Book Co., Inc., New York, N. Y., p. 354; 1943. 

1 to 3. The effect of the plate resistance can always be 
included in Ypk and added to Ypk ' directly. Therefore, 
there is no loss of generality regarding the omission of 
the plate resistance, e.g., in Fig. 1. 

(a) (b) 

Fig. 1—Common grid transformation. (a) Star connection. 
(b) Delta connection. 

(a) (b) 

Fig. 2—Common cathode transformation. (a) Star connection. 
(b) Delta connection. 

(a) (b) 

Fig. 3—Common plate transformation. (a) Star connection. 
(b) Delta connection. 

A. Common-Grid Transformation. Referring to Fig. 
1(a), we get 

ik = ek(g. Y kg) — eg(g. Y kg) (1) 

i„ = ek(—g„,) eg(g. — Y„„) eg(Y (2) 

and, at the junction, 

O = —  Y leek + (Ygo Yko Ygp)eo — (3) 
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eo (Ykoek Y upen)/EY 6, (3a) 

EYg= Y. 90+ Irk° Y OP° (4) 
Eliminating e, by substituting (3a) into (1) and (2), we 
have 

ik= Ykkek + Ypkep 

ip = YkPek Y pPep, 

or, by means of the matrix algebra, 

yk k ypk c i/-k\ 
{ek • 

YkP e„ 

(5) 

(6) 

(7) 

II Yoll is used as an abbreviation of the admittance 
matrix, and 

Ykk = g. + Ykg — (g. + Ykg)• 17kg/EV0 (7a) 

Y„k = — (gm -F Y kg) • V09/E Y, (7b) 

YkP = —gm + (g. — Y9,). Y kg/ E 17 (7c) 

Ya,' = Y„ (g„, — Y„/Eya,. (7d) 

The admittance matrix in (7) can be expanded as fol-
lows: 

1117,11 = 
gm 0 

—gm 

(1st) 

IYk, 
0 0 

(2nd) 

— (Yko 1709)/E 179•1 

(4th) 

— (17kg + 17,71,)/E 179.1 

(5th) 

o 
— (17kg• l' 99)/E Yo. O 11 

(6th) 

Y ko 

0 0 

+ (gm ±  Y  kg) •Y 033/Z 17 9'1 

0 0 

O Y„„ 

(3rd) 

o 
Yo, 

(7th) 

and, by combining the matrices of similar nature, 

111'011 = 

where 

gm'OI Ykgi 0 

— gm' 0 0 0 

Ypk' 

— Ypk' Y„k' 

0 0 

▪ o Y„' 

and 

Ypici = Ykg) -Ygg/E 17 17. (1 

From (8) and (9), the equivalent circuit of the Del 
type can be identified and constructed because eac 
matrix corresponds to one branch of the Delta circu 
(Fig. 1(b)). 

Thus the first three terms in (8) represent an ide 
grounded-grid amplifier with no feedback couplim 
This is also the case for the first three terms in (9). Whe 
Yoo is infinite, i.e., short-circuited, they are identic‘ 
with each other. The effect of a finite Ye, on gm is ir 
dicated by the fourth term of (8), similarly for Yko 
the fifth term and likewise Y„ in the sixth term an 
finally for Yvk in the seventh term. The presence of Y 
thus effectively changes the transconductance of th 
tube, the input and output loadings, and the feedbac 
coupling. 

Since (9) indicates an equivalent Delta circuit a 
Fig. 1(b), (10) and (11) are the conditions of the Star 
Delta transformation for the common-grid networks 
The transformation formulas derived from (10) and (11 
are 

Common-Grid Star-Delta Transformation 

gm' = g„,Ygo/E Yo 

Yk o' = YkaYgo/E Y 

ITO; = YOPY 00/E Y 

Y= Ygp(g,,, Ykg)/E Yg, 

where 

E Yo= V,0 + Ykg Y„. 

Common-Grid Delta-Star Transformation 

= gmt(E ry,),/[yo,;(g„.' Ykg')] 

Yko = Yksj(E Y'Y'),/[Y„,'(gm' Yk,')] 

Y9, = (E Y'Y')„/(g„,' Yk,') 

= (E 17/17/),7/Ypk', 

where 

(E Y'Y')g = Yko'Yop' Y„'Ypk' Y„,/17k,,' 

, (8) g.ty gpl. 

(9) 

(12 

(13 

(14 

(15: 

(4) 

(20) 

It is interesting to see that gm appears in the fourth 
and seventh terms of (8) and also in the above trans-
formation formulas. Being a direct consequence of the 
presence of the vacuum tube, this indicates the marked 
difference from the Star-Delta transformation of the 
passive circuits. 

B. Common-Cathode Transformation. Referring to 
Fig. 2(a), we get 

ig = Ykgeg Yk oek (21) 

Yko'/Yko = Yop'/Yop = 1790/E Vg (10) = gme, — (g. + Ypk)ek + Ypke, (22) 
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ek = [(Yk, gm)e, Y,ke,]/E Yk, 

E Yk = g. Yk0+ Ykg+ Ypk. 

and 
(23) e = [(V„ — gm)e, + (gm + Y,k)ek1/E Y„, (38) 

where 

(24) E Y = Y „„ Y „k Y o. (39) 

3y eliminating ek in (21) to (23), the admittance matrix 
Ykj can be obtained and expanded as follows: 

I Ykll = 
Y kg 0 

0 0 I sca' 
Ykpl pkIEYk• 

— (Yk Q + 17,k)/ E k• 

- (17k0 ± gm + Pk)/E k• 

— (Y kg ± gm ± 17Pk)/E k. 

O 

gm 

O 

o 

Y hp 0 

0 0 

0 0 

O Y pk 

0 0 

gm 0 

Dn the other hand, from Fig. 2(b), we have 

II Ykll = 
Vice!' 0 II 

0 0 II + 

TI Y OP' —17 0PF 

— Y 9P, IT OP, 

0 0 
gm, 

. (25) 

(26) 

By equating the corresponding matrices in (25) and 
(26), the following transformation formulas are ob-
tained: 

Common-Cathode Star-Delta Transformation 

gm — gmYko/E u  k 

Y kg' = YkgY kO/E Yk 

Y0' = YpkYko/E Yk 

Ypk' = YpkYkO/E 

where 

By eliminating e„, the admittance matrix II YPII can 
be obtained and expanded as 

II Y,11 = 
YOP 

0 0 

0 0 

O Ypk 

Yop(Ypk gm)/E Y,• 

— (Ypk + 9P)/E 12• 

— Pk ± gPVE VP• 

0 0 

g. 

1 —1 

—1 

TOP 

0 0 

o 

0 0 

O Ypk 

00 
— (VIA + 17013)/El 

—gm g. 

1 

The admittance matrix obtained from Fig. 3(b) is 

1117,11 = 
VupIO 0 0 

0 0 Ypk' 

Ykg —Yk0' 

— Y Y kg' 

0 0 

— gm gm 

By equating the corresponding matrices in (40) 
(41), the following transformation formulas are 
tamed: 

Common-Plate Star-Delta Transformation 

(27) gm' = g„,Ypo/E 

(28) Vice' = Y„(gm Ypk)/ E 

(29) = YgpYpo/E P 

(30) = YpkYpO/E VP, 

where 

E Yk = g. + Yko Y kg + Ypk. (24) 

Common-Cathode Delta-Star Transformation 

gm = gm' (E Y'Y')k/Yk,'Ypk' 

Yk„ = (E Y 'Y ')k/Ypk' 

Ypk = (E Y'r)k/Y kg' 

Yk0 = (E Yink/V9P1 

where 

(31) 

(32) 

(33) 

(34) 

(E Y'Y') k = Yk,'Y„' Y,„'Y,k' 

Y,k'Yk,' gm'Y„'. (35) 

C. Common-Plate Transformation. From the common-
plate star circuit in Fig. 3(a), we get 

ig = Ygpeg Ygpep (36) 

ik = gmeg (grn V.Pk)ek Ypkep (37) 

where 

(40) 

(41) 

and 
ob-

(42) 

(43) 

(44) 

(45) 

E VP = VP0 Yap Y Pk* (39) 

Common-Plate Delta-Star Transformation 

g„, = gm'(E Y'Y'),/[Y,'(gm' Ypk')] 

Y „, = (E Y'Y'),/ (gm' + Ypk') 

Ypk = Ypil(E Y'r)p/[Ypp'(gm' Ypk')] 

Y po = (EY'r)p/I'kpI, 

(EY'Y'), = Yk,'Y,' Y,„'Ypk' 

TI YpktY kg gm'Y OPF • 

(46) 

(47) 

(48) 

(49) 

(50) 

D. Analogue Between Transformations of Active and 
Passive Networks. For the convenience of comparison, a 
generalized form of the Star-Delta circuits is shown in 
Fig. 4. The connection of the triode is not specified. 
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g„, gm, = g,, 

gk = gg' = gk' = 0. 

(51) 

(Sta) 

(52) 

(52a) 

(53) 

(53a) 

Thus, Fig. 4 may represent Fig. 1, 2, or 3, depending 
upon the actual connections of the triode electrodes. 
The three types of triode connections are distinguished 
by defining the following symbols for g, and g,„' of the 
respective types. Thus • 

g,, gk, g,= g,,, of the common-grid, common-cathode, 
and common-plate star networks, respec-
tively 

g,', gk', of the common-grid, common-cathode, 
and common-plate delta networks, respec-
tively. 

The above notation implies the following conditions: 
For common-grid connection, 

g = gg, gme = gge „,  

yk = g, = gk' = g,' = O. 

For common-cathode connection, 

gm = gk, gk' 

gg = gp = g, = gpe = O. 

For common-plate connection, 

= 

g, = 

(.) 

(c) 

Fig. 4—General triode transformation. (a) Star connection. (b) Delta 
connection. (c) Equivalent star. (d) Transformed star. 

By using the above notation and the symbols in Fig. 
4, the three types of transformations can be combined 
into one set of formulas which become identical with the 
previous forms under the respective conditions of (51) 
to (53). Thus, 

where 

General Star-Delta Transformation 

gm' = gmY3/EI (54) 

(55) 

(56) 

(57) 

E = (gk + Yi) + 172 + Ya• (58) 

Y12 

Y23 

Y31 = 11.3171/E Y, 

= (Yt gg)(Y2 gp)/E Y 
= Y2Y3/E Y 

General Delta-Star Transformation 

g„, = g„s'E YY/[(Y23 e)(Yst g,')] 

Yt = Y31 E YY/[(7,3 + a)(1731 + g,')] 
Y2 = l'23E YY/[( 1728 gvi)( 1731+ go')] 

Y3 = E YY/Y12, 

where 

E = 

(59) 

(60) 

(61) 

(62) 

1712(gk' -F Yu) 
(Ysi -F goi)(172s gp') -F Y231712. (63) 

In the special case when the triode is absent or non-
conducting, i.e., 

g„, = g, = gk = gp = 
gm, = g,,, = g k i 0 ,  

(64) 

(64a)-

(54) to (63) reduce to the familiar Star-Delta formulas 
for passive circuits as expected. A marked analogue be-
tween the passive case and the active case can be ob-
served for the common-cathode transformations by 
substituting (52) and (52a) into (54) to (62). 
As far as the analogue relations are concerned, it is 

interesting to consider the common-cathode transforma-
tion as a basic representation. The other two cases can 
be derived by effectively transforming the tube itself 
to the equivalent common-cathode connection, or vice 
versa. To indicate the process, only the transcon-
ductance matrices of the three types need to be con-
sidered They are 

since 

and 

o 
—g. 0 

II °gm 0g. II = 

for common-cathode 

for common-grid 

for common-plate 

g. 0 

0 0 

0 0 

—g„ 
(65) 

0 0 

11 IL:. 0 II + . (66) 

The common-grid tube of transconductance g,,, is thus 
equivalent to a common-cathode tube of transcon-
ductance —g,,, and an extra input admittance of the 
amount gm between the grid and cathode. Similarly, for 
the common-plate tube its equivalent common-cathode 
transconductance is also — g., but the extra admittance 
of g„, is at the output side between the plate and cathode. 
These extra admittances give a clear indication of 
the impedance transformation characteristics for the 
grounded-grid and grounded-plate amplifiers. They also 
help to explain the appearance of g,, g,', and g,, g,' in 
(55) and (59) to (63). In fact, Fig. 4(a) can be redrawn 
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is Figs. 4(c) and (d). Then by applying (27) to (35), 
(54) to (63) can be verified. 
The presence of gk and gk' in (58) and (63) can also be 

?.xplained by the following identity: 

o 
gk °DO eej Ogh eil  €21 

gkei II 1 — 1 I 

e2 — CI-1 1 1 C2} 

(67) 

where 

Ci = 11.0e + ± 172)e pi/ E  Y, (71) 

E Y = gm + + 1 2 + 17 3. (72) 

In the above equations, the effects of the grid and plate 
resistances are supposed to be included in Y1 and 12, 
respectively. By eliminating ek in (69) to (71), the ad-
mittance matrix becomes 

11 h k11 = [yi(y2 + /73) gmg,]/E y , [g„(g„,-1- 173) — YiY2]/E 

li [gm(g. Y3) — 11172]/E Y, [12(11 + Y3) — Y II 

Equation (67) indicates a remarkable characteristic in 
that an active element of gk can be represented by an 
extra admittance gk across the input and a "pseudo" 
passive coupling admittance which can be handled as if 
it were passive. This interesting relation was observed 
and reported in a similar form by Keen.' Now, the extra 
admittances gk and gk ' are added to the admittances Y1 
and Yu, respectively, because they are in parallel con-
nection. 

In (54) to (63), the idea of considering g„, and g,„' as 
extra admittances is indicated by the parentheses which 
factor out g„, and g„,' with their respective correlated 
admittances. 
By applying (67), the active Star-Delta circuits can 

both be expressed by pseudo-passive circuits. In this 
way, the transformation formulas for the common 
cathode circuit can actually be verified by applying the 
familiar Star-Delta formulas for passive networks. It is, 
however, difficult to detect the transformation rela-
tions. The matrix method is still far more clear and 
straightforward. 

In Fig. 4(a), a coupling admittance Yo is shown by 
dotted lines. If Yo is present, (55) becomes 

Y12 =  YO (171 go)(1 2 gp)/E Y. (68) 

Equation (68) is sometimes useful because it gives the 
total feedback coupling of the complete circuit. 

///. Transformations for Positive-Grid Triodes 

The previous analysis for negative-grid triodes can be 
generalized to positive-grid triodes provided the opera-
tion is linear. 

Let g,, be the inverse (or reflex) transconductance. 
Then, using the symbols in Fig. 4 and the constant-
current generator representation for a positive-grid 
triode,* (21) to (24) for the common-cathode case be-
come 

io = Yieo — (g,, + Yi)ek + gne, (69) 

ip = beg — (g. + Y 2)ek + Y 2e, (70) 

and 

2 A. W. Keen, "Triode transmission networks," Wireless Eng., pp. 
56-66; February, 1951. 

E. L. Chaffee, "Theory of Thermionic Vacuum Tubes,» Mc-
Graw-Hill Co., Inc., New York, N. Y., p. 200; 1933. 

Equation (73) can be expanded as 

11174 = 171173/ Y. 11 + 1213/ 17. 

gmYilz Y-II ° 1 
gnyilz Y. 0 1 

lo II  

+ (17117 2 — g.g.)/ —1 
1 II 

0 0 

0 1 

(73) 

(74) 

The Delta circuit can then be identified from (74). Thus, 
we get 

Common-Cathode Star-Delta Transformation 

g.' = gmYs/E Y (75) 

g.' = 8,4178/E (76) 

1 12 = (Y11 2 — big.) / Y (77) 

/23 = 1 21 3/E Y (78) 

131 = 1311/E Y. (79) 

Now, by applying the circuit transformations obtnedai 
from (65) and (66) for g„, and the similar relations for 
g., i.e., for common-grid circuit g OU .- = g.-oII 
and for common-plate circuit 

0 00 —g. g. 11 . 11 0 O 0  gn 

O —g. 
(65a) 

O 0 

O — g. 

0 0 
(66a) 

the common-grid and common-plate transformations 
can also be obtained. They can be combined into a gen-
eralized form, 

General Star-Delta Transformation 

= g,,,Ys/E Y (80) 

g.' = gnYa/E Y  (81) 

1 12 = [(Y1 g, + g.)(Y2 + g, + gq) — gmg.]/E Y (82) 
/23 = 1 21 3/E 17 (83) 

Yal =I 1 81 1/E Y, (84) 
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where 

= gk+ gi Vi-1- Y2 + Y3. (85) 

In the above equations, the notations in (51) to (53) are 
again used, but extended to include g„ so that 

For Common-Cathode Connection 

g,. = gk, g. = gi 

go = gh = go = go = 0. 

For Common-Grid Connection 

= g. = gh 

gk = gi = go = g0 = 0. 

For Common-Plate Connection 

gm = gp, gn = $0. 

gk = gi = g0 = gh = 0. 

(86) 

(86a) 

gm' = Ya(g.,-F Y2)/E Y 

g„' = 173(g. + 172)/E 

Y12 = [Y2(Y1 173) — gmgn]/E Y  

Y23 = 

Y31 = Y3(Y1 Y2)/E Y. 

(99) 

(100) 

(101) 

(102) 

(103) 

Also, by setting Y„' to zero, the following Delta circuit 
is obtained: 

= Y3($ — gn)/E Y (104) 

= 

(87) Y12 = [Y1Y2 g.(gm 173)]/E 

(87a) Y23 = Ya(g. + 172)/E Y 

(88) 

(88a) 

Naturally (80) to (85) become identical to (54) to (58) 
when g. vanishes. 
The common-cathode transformation of (75) to (79) 

can again be verified from the familiar Star-Delta 
formulas for passive circuits by the idea expressed in 
(67). Nevertheless, as can be observed from (73) and 
(74), the above transformation is not the only solution. 
Various other Delta circuits can be obtained by expand-
ing (73) into different forms. From (73) itself, for ex-
ample, a Delta circuit can be obtained as 

g.' = [gm(g. + Y3) — YiY2]/E Y (89) 

gn' = [g.(g. + Y3) — YiY2]/E Y 

Y12 = 

Y23 = [Y3(Y1 ± Y3) — gmga]/E Y 

YE1 = [Y1(Y3 Y3) — gmg.J/E V; 

(90) 

(91) 

(92) 

(93) 

Equations (89) to (93) can be considered as representing 
particular type of Delta circuit having no Y12. Similarly, 
other forms of equivalent Delta circuits can be obtained 
by arbitrarily setting a value for one of the five ad-
mittances, i.e., g„„ gn, Y12, Y23, or Y31. This value may be 
zero, but may also be any other values, positive or nega-
tive. The reason for this uncertainty is that the five 
admittances are actually determined by only four 
equations corresponding to the conditions given by the 
four elements of the matrix of (73). As an example, a 
Delta circuit can be formed from (73) so that Yu is 
zero, i.e., 

= Y3(g,. Y1)/E Y 

gn' = V3(gn+ YO/E Y 

Y12 = [Y1(Y2 ± Y3) — g.g.]/E 

Y23 = 173(Y2 — Yi)/E 

(94) 

(95) 

(96) 

(97) 

Y31 = 0 . (98) 

Similarly, by setting Yu to zero, the equivalent Delta 
circuit becomes 

(105) 

(106) 

(107) 

Ys1 = Y3(g. + Y1)/ E Y . (108) 

The condition that g„' be zero corresponds to an ideal 
negative-grid triode. Therefore, (104) to (108) indicate 
that it is possible to represent a positive-grid triode by 
an ideal negative-grid triode, and vice versa. 

Several forms of the Delta circuit described here have 
also been suggested by Peterson.* Nevertheless, as re-
gards the analogue to the transformation of passive cir-
cuits, (75) to (79) or (80) to (84) is probably the best 
choice. In the practical applications, however, it may 
be advantageous to make other choices. 

IV. Transformations for Tetrodes and Pentodes 

The analysis for triodes can be extended to tetrodes 
and pentodes and other multi-electrode tubes. For 
tetrodes, the admittance matrix has the rank of three. 
For pentodes, the rank is four. By means of the matrix 
expansion, equivalent circuits can be constructed in the 
same way as for triodes. 

In practice, the screen and suppressor grids are 
usually grounded. The problem is then actually reduced 
to the triode case. The triode transformation formulas 
can be applied. 

In this paper, no attempt will be made to generalize 
the transformations to tubes of any number of elec-
trodes. In fact, even for the passive circuits, it is not 
always possible to transform the Delta of more than 
three terminals to an equivalent Star circuit. The reason 
is that there are more branches in a Delta circuit than 
in its equivalent Star circuit when the number of termi-
nals is more than three. As far as any particular solution 
of a general network is concerned, there are other 
articles in the literature*.6.7.8 which may be of interest 
to the reader. 

4 L. C. Peterson, "Equivalent circuits of linear active four-ter-
minal networks," Bell Sys. Tech. Jour., vol. 27, pp. 593-622; October, 
1948. 

6 N. R. Campbell, V. R. Francis, and E. G. James, "Linear single-
stage valve circuits," Wireless Eng., pp. 333-338; July, 1945. 

U. Kirschner, "Allegemeine Netzwerktheorie," Arch. Elekt. 
Ueberlragung, vol. 4, pp. 367-373; 1950. 

7 U. Kirschner; "Darstellung einer allgemeinen Roehrenschaltung 
durch eme Kettenmatriz," Arch. ElekI. Uebertragung, vol. 5, pp. 
190-196; 1951. 

U. Kirschner: "Einiges über Gegengekoppelte Verstaerker," 
Prequels.; vol. 5, no. 8, pp. 223-230; 1951. 



953 Hsu: Transformations of Networks at UHF 65 

PART I I—APPLICATIONS 

. Introduction 

The previous analysis indicates that a Star circuit 
Fig. 4(a)) can always be transformed into a Delta cir-
lit (Fig. 4(b)), and vice versa. Fig. 4(a) (including 
ro) is actually a single-stage feedback amplifier having 
oth current and voltage regenerations. By means of 
le transformations it is possible to obtain an equiva-
mt circuit with either a current or a voltage regenera-
on only. The transformation usually simplifies the 
nalysis. 
There are other views regarding the transformations. 
ince (a) and (b) of Fig. 4 are electrically identical, 
here is no limitation in the transformations as to which 
f the terminals of the circuits are for the input or out-
ut. In particular, the transformations can be applied 
ven though Y3 is actually in series with the input or 
he output electrode, as is shown in Fig. 5. In order to 
ransform these circuits to their equivalent Delta cir-
uits, for example, the common-grid formulas can be 
pplied to Fig. 5(a) and the common-plate formulas to 

5(b). Consequently, even if there are series ad-
littances at each of the three electrodes, an equivalent 
)elta circuit can still be obtained by three successive 
ransformations. Similarly, by means of the Delta-to-
;tar transformations, it is possible to get an equivalent 
ircuit having only three series admittances with one at 
ach electrode. 

(a) (b) 

Fig. 5—Alternate star connections. (a) Common grid star. 
(b) Common plate star. 

In general, the Star-to-Delta transformations are use-
ul for effectively eliminating the series admittance Y3, 

vhile the Delta-to-Star transformations provide the 
vay for eliminating the shunt admittance Yo. 
There is no restriction regarding the circuit elements. 

The admittances Yo, Y1, Y2, and Y3 are not necessarily 
3utside of the tube. For instance, Y3 may be the ad-
nittance due to the oxide cathode interface or the elec-
.:rode lead inductance. The admittances in Fig. 4(a), in-
...hiding the transconductance, may also have complex 
ralues. 
At low frequencies, the triode can be represented as 

'ollows: 

gm = gm0 

Vk0 = iCOCkg 

37 59 = oP 

Y  plc = j0.,Cpk 1/rp = iù)Cpk gmOppt 

(109a) 

(109b) 

(109c) 

(109d) 

where 

Ckg, Cgp, Cpk= capacitances between the respective elec-
trodes k, g, and p 

co = the angular frequency 
ri, = the plate resistance 

gmo = the static transconductance 
Di, = the inverse amplification factor = 1 ht. 

In (109d), D„ is used instead of the amplification factor 
I./ simply for the convenience of comparison with the 
subsequent equations. 
At high frequencies when the transit time becomes 

appreciable, (109a) to (109d) should be modified. The 
more general equations for a triode electrode, not taking 
into account the effect of the leads, are 

gm = — D„(P — Q) DkR1 (110a) 

Y kg = ggso{(1 D„)(P — Q) — DkR1 jcock, (110b) 

Y„= g„,01— D,(P — Q) -F (1 Dk)R1 -F jwc„ (1 10C) 

Y pic = gmoD,P jwc,,k. (110d) 

These equations are stated as (53) to (56) in a recent 
paper by Rodenhuis,9 except the introduction of the 
capacitances. The definitions of Dk, P, Q, and R can be 
found in Rodenhuis' paper.t° 
When the transit time approaches zero, we get 

P=Q= 1 
R = O. 

Then (110a) to (110d) reduce to (109a) to (109d), as 
expected. 

In the following, a few examples are given to illustrate 
the application of the transformations to vacuum tubes 
and circuits. 

II. Application to UHF Triodes 

At ultra-high frequencies, the transit-time loading 
and the lead inductance become the factors of primary 
importance. Due to the lead inductances, none of the 
electrodes is perfectly grounded. Accordingly, it be-
comes necessary to treat separately the admittances be-
tween the electrodes, the admittances of the individual 
leads, and also the admittances between the individual 
electrodes and the common ground. The equivalent 
circuit is very complicated, but it is of the typical forms 
of Figs. 4(a) and 5(a) and (b). The circuit can be con-
siderably simplified by the transformations, for ex-
ample, by considering Y3 in Fig. 4(a) as the admittance 
of the common electrode lead. Furthermore, the effect 
of 1s on g,11, Y12, Y23, and Y3i in the transformed circuit 

K. Rodenhuis, "The limiting frequency of an oscillator triode," 
Philips Res. Rep., vol. 5, no. 1, pp. 46-77; February, 1950. 

10 In his paper, Rodenhuis did not consider Ckg. There is also a 
slight error in his treatment of the capacitance effect. To detect the 
error one needs only to check his results for the special case at low 
frequencies where the transit-time effect is negligible. With his 
equations expressed as (110a) to (110d), the only difference in P, 
Q, and R is to drop the second term of his (59) for R. The reader 
should also be cautious of the misprints in his equations. 



66 PROCEEDINGS OF THE I.R.E. Januar: 

(Fig. 4(b)) can be observed separately from (54) to (58) 
and (68). In this way, the analysis is usually less com-
plicated but more instructional. When the total feed-
back coupling is being investigated, for instance, one 
needs only to evaluate 112 alone. A solution can be ob-
tained directly from (68) with the appropriate sub-
stitution of (109a) to (109d) or (110a) to (110d). Thus, 
the tube is considered as hot or conducting, and the 
transit-time effect can be included. It can be shown 
that, for example, the total feedback coupling of a 
grounded-grid triode may be dominantly determined by 
the grid-lead inductance instead of the plate-to-cathode 
capacitance. A condition of minimum regeneration can 
also be derived. This relation has been observed and 
analyzed by Diemer," but his analysis was confined to 
cold tubes only because the action of the tube was neg-
lected. 
There is no restriction in the application of the trans-

formations regarding the interpretation of the lead in-
ductances." In fact, the conception of the lead in-
ductance can be generalized to tubes having multiple 
grid leads, even though there are mutual couplings 
among the leads of all the three electrodes." The result 
provided a basis for the analysis of the type of uhf tubes 
similar to the 6AJ4, a miniature tube having five grid 
leads. 

III. On Input and Output Admittances of Amplifiers 

One rather interesting application of the transforma-
tions pertains to the input and output admittances of 
amplifiers. 

In (54) to (58), let 13 be zero, that is, open circuit. 
Then gm', 123, and Yol vanish altogether; only 112 is 
left. Accordingly, the equivalent Delta circuit in Fig. 
4(b) reduces to a single admittance Yu, which is, by 
putting leo equal to zero in (68), 

1121 = Yo (Yi g9)(1'2+ b)/(gk+ VI+ Y2). (111) 

In this equation Y12 i is used to distinguish it from 112 
in (68). With Yo reduced to zero, the circuit in Fig. 4(a) 
becomes effectively a Delta circuit formed by Yo, 
and 12. Therefore, 112, is equal to the admittance of 
that Delta circuit looking at the terminals 1 and 2. As an 
example, the equivalent admittance of a triode between 
the grid and plate can be obtained from the common-
cathode formula given by (111). The result has been 
applied to analyze uhf oscillators by Bell, Gavin, James, 
and Warren," and by Kamphoefner." By means of the 
transformations, the analysis can be extended to explain 
the effect of the lead inductances also. 

" G. Diemer, "Passive feedback admittance of disc-seal triodes," 
Philips Res. Rep., vol. 5, no. 6, pp. 423-434; December, 1950. 

16 E. E. Zepler, "Valve input conductance at VHF," Wireless 
Eng., vol. 28, pp. 51-53; Feb. 1951. 

IS Unpublished notes. 
" J. Bell, M. R. Gavin, E. G. James, and G. W. Warren, "Tri-

odes for Very Short Waves—Oscillators," Jour. IEE (London), 
vol. 93, pp. 833-846; pt. IHA; 1946. 

16 F. J. Kamphoefner, "Feedback in very-high frequency and ul-
tra-high frequency oscillators," PROC. I.R.E., vol. 38, pp. 630-632; 
June, 1950. 

, The previous reasoning can further be applied to tip 
circuits shown in Fig. 5. When leo is zero, (111) give 
the equivalent admittance at the output terminals o 
Fig. 5(a) and also the equivalent admittance at tilt 
input terminals of Fig. 5(b). In the special case of z 
grounded-cathode circuit, the common-grid formula o 
(111) is used for Fig. 5(a) and the common-plat 
formula for Fig. 5(b). Now, let Y. = the source ad 
mittance and YL= the load admittance. Then, by con 
sidering Y. as a part of Yi in Fig. 5(a), the equivaleni 
admittance becomes actually the output admittance o 
a grounded-cathode amplifier. Similarly, Yr. can be in• 
cluded in 12 of Fig. 5(b) and get the actual input ad-
mittance of the amplifier. 
The triode amplifier in Fig. 5 can also be considere( 

as a general circuit representing grounded-grid an 
grounded-plate amplifiers as well. With reference tc 
(65) and (66) and also to Figs. 4(c) and 4(d), the follow-
ing relations can be observed. 

For Fig. 5(a), 

For Fig. 5(1-) 

gm .=-

Yo 

Vi = 

12 = 

g». =-

170 = 

Y1 = 

12 = 123 ± gpit 

gki goi gpt 

Y23 + gp 

Y31 ± Y. + g 

112. 

gk, _ gg, _ gp, 
y 31 ± got 

It 12 

(112a) 

(112b) 

(112c) 

(112d) 

(113a) 

(113b) 

(113c) 

(113d) 

where the notations follow Fig. 4(b), with the elec-
trode 1 as the input terminal and the electrode 2 as 
the output terminal. Now by substituting (113a) to 
(113d) into the common-plate formula of (111), a gen-
eral expression of the input admittance can be obtained 
as 

112(123 + YL I gk' - g‘,')  
Yin = 131 g , l"" (114) 

gp' 112 ± Y23 + YL 

Similarly, by substituting (112a) to (112d) into the 
common-grid formula of (111), we get the output ad-
mittance as 

Y12(Y81 Ye ± go' - bI)  
Yout = 123 + gpt (115) 

+ 1 12 + 1731 Y. 

Equations (114) and (115) are valid for the three types 
of grounded amplifiers. Furthermore, by substituting 
(54) to (58) into (114) and (115), the input and output 
admittances of ungrounded amplifiers shown in Fig. 
4(a) can also be obtained. 

In (114) and (115), Yo and 1L may also be the ad-
mittances of the preceding and following amplifier 
stages, respectively. By successive application of (114) 
and (115) for each stage, the input and output ad-
mittances of cascade amplifiers can be obtained. For 
example, the equations can be applied to a two-stage 
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grounded-plate to grounded-grid amplifier (i.e., a 
cathode coupled amplifier). 

In deriving (114), Y3 in Fig. 5(b) may also be con-
sidered as being equal to YL, but the output terminals 
are shorted. Similarly, (115) can be derived by putting 
Y3 in Fig. 5(a) as Y.. The results are of course the same 
as before. 

IV. On the Gain of Amplifiers 

As a further illustration of the transformations, a 
general expression is derived for the voltage gain of 
amplifiers. 
The voltage gain of a grounded-cathode amplifier of 

Fig. 5(b) ( Yg being zero) can be shown as 

voltage gain = (— gm+ 171)/(171-1- Y2). (116) 

Now by substitution of (113a) to (113d) into (116), a 
general expression can be obtained as 

' — gil ± Y g. 12  
voltage gain = (117) 

gp' Y12 ± Y28 ± YL 

Equation (117) is valid for all three types of grounded 
amplifiers. By substituting (54) to (58) into (117) the 

equation can be generalized for ungrounded amplifiers. 
Furthermore, Y1, in (117) may be actually Yin in (114). 
Thus, (117) can be applied to cascade amplifiers as well. 

Equation (117) gives not only the absolute value of 
the voltage gain but also the phase between the input 
and output voltages. With reference to (114) and (117), 
the relation of the absolute value of the voltage gain 
and the power gain can also be obtained as 

Re (YL)  
power gain = 1 voltage gain 12 • (118) 

Re (Yin) 

Equation (118) can be applied to evaluate the power 
gain of grounded and ungrounded amplifiers. 
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Tuner for Complete UHF-TV Coverage 
'Without Moving Contacts* 

RICHARD J. LINDEMANt, ASSOCIATE, IRE AND CHARLES E. DEANt, SENIOR MEMBER, IRE 

Summary—A tuner covering the uhf television band continuously 
and having essentially constant selectivity over all of this band is 
described. A unique feature is that the tuner employs no moving 
contacts in the tuned circuits, and so avoids the well-known contact 
troubles. 

The circuit consists of a double-tuned preselector, a crystal 
mixer, a triode oscillator, and a cascode-type first intermediate 
stage. The two preselector circuits and the oscillator employ bal-
anced parallel-rod constructions, each tuned with a movable ca-
pacitor element having surfaces shaped to give a linear displacement-
frequency characteristic. Shielded compartments are provided for 
the three tuned circuits. The tuner input matches a 300-ohm an-
tenna, and the output is suitable for feeding the conventional "40-
mc" intermediate-frequency amplifier of a television receiver. 

Measurements of the performance show the noise figure to be 
15 db or better over the band, the image rejection at least 43 db, 
and the transadmittance (which is a measure of sensitivity) 11 db, 
or better, above 1 millimho. Oscillator signal at the antenna terminals 
averages approximately 43 db below 1 volt. 

INTRODUCTION 

IN A PROGRAM of development work in a field which is new to commercial exploitation, the form 
which apparatus should take to be best suited to 

the needs of the customer is usually not clear. The 
work on this tuner, therefore, was preceded by some 

* Decimal classification: R583.5. Original manuscript received 
by the Institute, October 6, 1952. 

f Hazeltine Corporation, Little Neck, L. I., N. Y. 

consideration of the general aspects of the tuner prob-
lem. This led to certain rules, which may or may not 
be considered to hold in other commercial situations. 
However, they were controlling in this development and 
are stated, therefore, as follows: 

1. The tuning system shall be continuous rather 
than switched.'If preset tuning is wanted, it can 
be added as a mechanical auxiliary feature. 

2. Sliding or switched contacts in the tuned circuits 
shall not be used. 

3. The tuning motion shall be suitable for operation 
ganged with a continuously tuned vhf system, 
thus permitting a single drive mechanism for both 
frequency ranges. 

It was found possible to comply with these rules and, 
at the same time, obtain a tuner with good electrical 
performance. 
The chief electrical characteristics desired are low 

noise figure, adequate rejection of unwanted signals, 
and low oscillator radiation. To achieve these, certain 
principles should be observed, as follows: 

For low noise figure. (1) Losses in the signal-frequency 
circuits are detrimental to noise figure, and therefore 
should be kept as low as possible (this applies to both 
mismatch losses and losses resulting from the use of 
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low-Q circuits). (2) Crystal conversion loss should be 
kept as low as possible. (3) A low-noise intermediate-
frequency amplifier of adequate gain following the 
crystal mixer is necessary. 

For adequate rejection of unwanted signals. (1) The band-
width of the signal-frequency circuits should be as 
narrow as is consistent with good signal reception. 
(2) All spurious resonances, located in or near the 
band, should be eliminated. 

For low oscillator radiation. (1) The oscillator injection 
level should be as low as good conversion efficiency 
allows. (2) The path between the oscillator injection 
circuit and the antenna terminals should present a 
high impedance to oscillator signals. (3) The oscil-
lator should be well shielded. 

A general view of the tuner, resulting from this ap-
proach, is given in Fig. 1, and the chief mechanical 
and electrical features are shown in Figs. 2 and 3. 

SIGNAL-FREQUENCY CIRCUITS 

Each of the two tuned circuits, which select the de-
sired signal frequency, is made up of two silver-plated 
copper rods which are placed next to each other and 
tuned by a movable capacitor member, as shown in 
Figs. 2 and 4. It should be noted that the lowest fre-
quency is reached when the maximum amount of ca-
pacitance is in the circuit, which is with the capacitor 
block furthest to the right on the rods. This is where the 
shortest portions of the rods are exposed. Therefore, in 
relation to short-circuited transmission lines, which 
give the lowest frequency with the greatest length, the 

Fig. 1--General view of tuner. 

tuning is in the opposite direction. Of course, there is 
some tuning similar to that on transmission lines due 
to the decrease in distributed inductance and ca-
pacitance as the sliding capacitor is moved further to 
the right over the rods, but this effect is small and 
does not materially affect the main tuning character-
istic. The inductive path of each tuned circuit is 
completed by grounding its two rods to the chassis at 
their extreme right-hand ends. 

Capacitive tuning of the signal-frequency circuits 
allow full coverage of the band (470-890 mc) in ap-
proximately three-quarters inch of travel. This reduces 

the physical size of the tuned circuits to about ont 
quarter of what they would be if short-circuited trans 
mission lines were used, but also increases tracking prob 
lems. To facilitate tracking of the two preselector 
cuits and the oscillator circuit, all three are made wit' 
capacitor elements having inner-curved surfaces shape( 
to provide linear frequency-displacement curves. Ca-
pacitors C1 and C4 (shown in Figs. 2 and 3) afford ad-
justment of the preselector circuits at the high-frequency 
end of the band. A two-point alignment can be obtained 
by providing also a mechanical adjustment in the at-
tachment of tuning push rod to gang-tuning control. 
The preselector lines are high-Q circuits, varying 

from an unloaded Q of 1,500 to 470 mc to 900 at 890 mc. 
This characteristic is obtained by using large surface 
areas in the lines, by shielding properly, and by silver 
plating the metal used for the lines and shielding. 
The use of a balanced system in the signal-frequency 

circuits has two advantages: First, for those viewers in 
strong signal areas who wish to use their present vhf 
antenna for uhf pickup it may be possible to put both 
vhf and uhf tuners on the same lead in, which in most 
cases is balanced 300-ohm twin lead. Second, balanced 
twin lead has less loss than the coaxial type. 
The stainless-steel push rod which drives each 

capacitor element is grounded by contact fingers at 
the point where it protrudes from the left end of the 
box. This point is, of course, not in the tuned circuit. 
The introduction of grounded metal push rods was 
found necessary to eliminate an unbalanced resonance 
between the lines and the box. 
The positioning of loop L3, which couples the antenna 

to the input section of the preselector, varies the amount 
of loading introduced into this tuned circuit by the an-
tenna circuit. The two small series inductors, L1 and L., 
wound of the same piece of wire as L3, are provided to 
compensate for the increase in coupling which would 
otherwise occur at the higher frequencies. By adjustment 
of these inductances and the position of loop L3, the 3-db 
bandwidth of the input section of the preselector can be 
held between 9 and 11 mc across the entire band. 

Polytetrafluoroethylene feed-through insulators of low 
capacitance to ground (made of Teflon Poly F#1114 of 
DuPont, or Fuoroflex T of Resistoflex Corporation, 
Belleville, N. J.) are used to bring the antenna lead-in 
wires through the compartment wall, and are so arranged 
that the coupling loop in parallel with the feed-
through capacitance does not become resonant within 
the band. (Similar feed-through insulators at other 
points are shown in the schematic; these are distinct 
from feed-through capacitors, Cs, Ce, and C10, whose 
capacitance values are shown.) 

In the adjustment of the coupling between the output 
section of the preselector and the crystal mixer, the 
crystal itself can be used as a signal detector. The short 
at F in Fig. 3 is replaced by a potential of about 150 
volts applied through a 150-kilohm resistor so as to pro-
duce a current of about 1 ma through the crystal. The 
normal intermediate-frequency load on the crystal is 
replaced by a resistive load of approximately 200 ohms, 
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LIDING TUNING CAPACITOR 

UNING PUSH ROD FOR INPUT 
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Fig. 2—Main features of tuner. 
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Fig. 3—Schematic circuit. 
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Fig. 4—Details of input section of preselector. 

across part of which a tuned audio amplifier and output 
meter are connected to serve as indicator. The position 
of loop L9 (shown in Figs. 2 and 3) is then varied, while 
the uhf signal is loosely coupled to the preselector line 
and the position located, giving a 3-db bandwidth of 
about 10 mc across the band. Inductance 14, which is in 
series with L9, gives a resonance outside the band in such 
a way as to prevent an increase of coupling which other-
wise occurs at the low-frequency end of the range. 
The coupling between the input and output sections 

of the preselector is obtained by inductively coupling 
from the input section with loop L4, and feeding the 
signal to the output section through capacitors C2 and 
C3, as shown in Figs. 2, 3, and 4. Loop L4 is adjusted to 
give approximately critical coupling between the two 
preselector sections at the low-frequency end of the 
band, with the result that they are slightly over-
coupled at the high-frequency end. 

.373 DIA, SILVER-PLATED 
BRASS RODS 

.380 DIA. POLYSTYRENE 
BEARING SURFACES HIGH-FREQUENCY 

/ I PADDER,C,  

With the various couplings in proper adjustment, a 
good match is obtained between the antenna and the 
crystal mixer. The over-all bandwidth of the signal-
frequency circuits is 14 to 16 mc, which is adequate for 
good signal reception, allows some tracking error with-
out undue harm, and still provides the necessary rejec-
tion of unwanted signals. 

OSCILLATOR CIRCUIT 

A 6AF4 tube is used as oscillator with a grid-plate 
tuned circuit, which is much like the preselector lines, 
but is essentially half wave rather than quarter wave in 
characteristics. In order to obtain frequency stability 
through the use of high Q, silver plating is provided on 
the line, the movable tuning element, and the shield box. 
The two socket connections to the grid of the 6AF4 

are joined together by a silver-plated copper band. The 
plate pins are similarly joined, and the line is then 
soldered to these bands. 
The inner curved surface of the movable tuning mem-

ber is designed to give a linear frequency-displacement 
characteristic corresponding to that of the preselector 
tuned circuits. Full coverage of the 470-890 uhf band 
(oscillator 514-934) cannot be obtained by capacitive 
variation alone because of the effect produced by that 

part of the line which lies within the tube. Therefore, i 
is necessary to add inductance in series with the vani 
able capacitor. This is provided by dividing the ca 
pacitor element into two parts and connecting then 
with a rod of one-sixteenth-inch diameter, whick 
furnishes the desired inductance. As a result of th 
capacitance variation during tuning, the impedanc 
added at the end of the line by the tuning member i 
capacitive at the higher frequencies, becomes resistive 
and is then inductive for the lower part of the band. 
To drive the tuning element, a metal rod is fastene( 

to the center of the added inductance element. 
It may be noted from the circuit diagram (Fig. 3 

that the cathode of the oscillator tube is returned tf 
ground through two 1.2-kilohm resistors connected it 
series. The use of resistance in place of the usual cathod. 
inductance gives more uniform oscillator operation be 
cause the resonances of a coil are not present. Two re 
sistors in series are desirable to keep the capacitance t( 
ground small, for the inherent capacitances of the re 
sistors are also in series. The heater is kept abovi 
ground by a bifilar choke L9 which also aids in reducim 
the capacitance between the cathode and ground. Tht 
plate potential (150 volts) is fed through a choke L10 
which is damped by a 10-kilohm resistor. The 50-Au 
bypass capacitors used on the plate and heater lead: 
are a low-inductance feed-through type. 
The oscillator output is delivered inductively an 

conductively by L9 and L7 to the 1N72 crystal modu 
lator.' Loop L7 is so positioned that the capacitiv( 
coupling, which is present, aids the inductive couplin¡ 
to L4, the desired path, but opposes any inductive colt-
pling to the preselector line, thus providing additiona 
attenuation of oscillator signal going toward the an-
tenna terminals. 
The amount of oscillator injection to the crystal it 

important. The optimum produces approximately 1 ma 
of rectified crystal current, as measured by inserting a 
meter in place of the short at terminals F in the sche-
matic. Slightly less injection can be used satisfactorily 
if some dc bias2 is applied to the crystal. These conclu-
sions were arrived at by noting that noise originating in 
the crystal increases considerably at high-injection 
levelss (such as producing 2 ma of rectified crystal cur-
rent); on the other hand, the conversion efficiency goeF.: 
down rapidly if the rectified crystal current is allowed 
to fall below 0.5 ma. 
The oscillator is provided with two alignment pad-

ders, one of which (C5 in Figs. 2 and 3) is effective at 
the high-frequency end of the range. The other (C7 in 
Fig. 3) is located near the vacuum-tube end of the line 
and is effective at the low-frequency end. About 25 mc. 
at the extreme ends of the band, is the maximum obtain-
able variation if the general oscillator operation is to bE 
unaffected. With the proper curves on the inner sur-
faces of the three tuning elements, this is sufficient tc 

R. V. Pound, "Microwave Mixers," Radiation Laboratory SerieE 
McGraw-Hill Book Co., Inc., New York, N. Y., vol. 16, pp., 119-
122; 1948. 

I op. ca., pp. 249-256. 
8 O. cit., pp. 235-241. 
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)13tain linear frequency displacement curves for the 
hree circuits, and thus facilitate unicontrol. 

CASCODE FIRST INTERMEDIATE STAGE 

The "cascode" circuit" (having two cascade triodes 
vith the first operating grounded cathode and the sec-
)nd grounded grid) has been utilized to provide a low-
wise intermediate-frequency amplifier. The circuit is 
uTanged with ac coupling so that the same plate voltage 
nay be used for both the oscillator and amplifier tubes. 
f he common 150-volt supply is reduced by resistors to 
ipproximately 110 volts at the plate of each triode 
.ection of the cascode amplifier. The plate current of 
ach section is about 10 ma. 
The coupling into the cascode amplifier from the 

nixer consists of an LC network, L12 and Cs (Fig. 3). 
t he proportioning of this coupling is an important part 
)f the design. It is a well-known fact that overcoupling 
It the grid of the input section of the cascode stage 1m-
roves (that is, reduces) the noise figure of the ampli-
ier. However, the impedance presented to the crystal 
mixer by the cascode input circuit affects the crystal 
mnversion efficiency, so that a compromise is necessary 
.o produce the best over-all noise figure.6•7 A mathe-
natical analysis to locate the optimum-compromise 
)oint was made and gave the result that the best noise 
3erformance is obtained when there is sufficient over-
.mupling to produce approximately a 3-to-1 impedance 
mismatch. Then, however, a new difficulty was en-
zountered, namely, that the bandwidth was inadequate. 
To correct this, a further increase of coupling was neces-
5ary, and it was found that a deterioration of less than 
1 db in the noise figure occurred when the coupling was 
increased enough to give the required bandwidth. 

If this adjustment is made for crystals with high 
impedance, the bandwidth will remain adequate for all 
crystals. Care regarding this appears to be necessary 
due to the tolerance range of impedance in germanium 
diodes. 
The grid-to-plate capacitance of the input section of 

the 6BQ7 is neutralized by an inductance L13, which 
gives parallel resonance with the neutralized capaci-
tance. This changes the interelectrode capacitance to 
a high impedance, and so reduces amount of feedback. 
The output transformer T1 is part of a link system 

which couples the output of the cascode amplifier to a 
conventional "40-mc strip," which is the intermediate-
frequency amplifier such as found in the usual present-
day television receiver. A similar transformer is used at 
the other end of the link to match the first grid of this 
amplifier. The couplings between the windings of these 
transformers were adjusted to obtain a 3-db bandwidth 
of about 4.75 mc. This provided, in conjunction with 

4 G. E. Valley, Jr., and H. Wallman, "Vacuum Tube Amplifiers," 
Radiation Laboratory Series, McGraw-Hill Book Co., Inc., New 
York, N. Y., vol. 18, pp. 615-694; 1948. 

5 H. Wallman, A. B. MacNee, and C. P. Gadsden, "A low-noise 
amplifier," PROC. I.R.E., vol. 36, pp. 700-708; June, 1948. 

L. A. Moxon, "Recent Advances in Radio Receivers," Uni-
versity Press, Cambridge, England, pp. 54-56; 1949. 

F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., Inc., New York, N. Y., pp. 204-208; 1943. 

the succeeding stages, a typical television-receiver re-
sponse characteristic. 
The gain of the cascode amplifier is about 26.5 db at 

midband (44 mc). The noise figure, when the cascode 
input is matched to a 50-ohm noise diode, is between 
2.5 and 3 db. Over-all noise figures indicate that the 
noise performance remains substantially the same when 
the input is obtained from the crystal mixer. 

Figs. 1 and 2 show how the cascode stage and its 
components are mounted as a subchassis. The chosen 
location of the subchassis reduces the length of the lead 
from the crystal mixer to the cascode input grid, and 
appears desirable from the standpoint of reducing oscil-
lator radiation. 

TABLE I 

NOISE FIGURE IMAGE REJECTION, AND TUNER TRANSADMITTANCE 

Frequency 
mc 

Noise 
figure 
db 

Balanced 
image 

rejection 
db 

Trans-
admittance 
db above 
1 millimho 

470 
500 
550 
600 
650 
700 
750 
800 
850 
900 

14 
14.5 
14.5 
14 
13.5 
13.5 
13.5 
13 
13 
14.5 

44 
44 
43.5 
45 
48 
51 
47 
51 
51.5 
56 

12 
11 
12 
14 
14 
13.5 
14.5 
14 
14 
11 

PERFORMANCE 

Noise figure, image rejection, and tuner transad-
mittance data are given in Table I. These measurements 
were made with perfect tracking. 
Tuner transadmittance, as for vhf tuners, is defined 

as the ratio of short-circuit tuner-output intermediate-
frequency plate current to the open-circuit antenna 
voltage required to produce it. It has, therefore, the 
dimensions of admittance and is usually expressed in 
millimhos; the values are then numerically equal to the 
voltage gain per kilohm of intermediate-frequency out-
put load impedance. Transadmittance is most readily 
measured by first observing the intermediate-frequency 
plate current (ac only) in the tuner output which pro-
duces a chosen standard test output from a following 
amplifier. When this standard output is duplicated with 
a uhf signal fed from a signal generator through a 
dummy antenna to the tuner input, the transadmit-
tance can be directly obtained as the ratio of the ob-
served plate current divided by the observed uhf-signal 
voltage. 

In the present case the output intermediate-fre-
quency plate current was determined by applying an 
intermediate-frequency signal to the cascode input with 
its output link coupled in normal fashion to a following 
amplifier. The required input (e) to the cascode to ob-
tain the standard test output was measured, as was the 
transconductance (g.) of the input section of the 
cascode. The product (gme) of these two is the inter-
mediate-frequency plate current of the first cascode 
section, which closely approximates that of the second. 
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Care is necessary in making transadmittance meas-
urements on uhf tuners to avoid over-all regeneration 
in the cascode stage, which may raise the observed 
values above the computed ones and may also cause de-

TABLE II 

BALANCED-SIGNAL SPURIOUS RESPONSES 

Frequency 
of tuner 

Local-
cscillator 
frequency, 

fo 

Input 
frequency, 
fo 

Rejection 
ratio, db How formed 

550 mc 594 mc 44 mc 
183 
275 
572 

60 fo=fir 
60 fo-3f =fI F 
53 fo - 2f. =fi F 
66 2f0 - 2f. •=fi F 

650 694 44 62 
130 76 fo -5f. =f1 F 
163 70 fo -4f. ,..flir 
217 57 fo-3.4 =•fi I? 
325 53 fo-2.4 ./.1F 

750 794 44 
107 
125 
150 
188 
250 
375 
816 

850 894 44 
213 
283 
425 

65 fo=fir 
75.5 fo-7f,...fir 
80 fo-6.4 =fiF 
70 fo-5f. ---fiF 
66 fo-4f. -hr 
65.5 fo-3f. = fl F 
53.5 fo -2f. --.41 F 
50.5 2f. -2fo=fir 

68 fo...fir 
66.5 fo-4f...fir 
61 fo-3.4=f1F 
51 fa - V» ...fi r 

.fiF =intermediate frequency =44 mc. 

TABLE III 

UNBALANCED-SIGNAL SPURIOUS RESPONSES 

Frequency 
of tuner, 

f. 

Local-
oscillator 
frequency frequency, 

fo f. 

Unbalanced-
rejection 
ratio, 
db* 

How formed 

550 mc 594 mc 44 mc 77 .& =fr F 
550 47.5 f. =f. 
638 63 fo-fo-fi F 

650 694 44 75 fofir 
650 43 fo-fo . 
738 73 fo-fo-fi F 

750 794 44 79.5 
750 42.5 
838 60 fo-fo=f1 y 

850 894 44 79 f. =It F 
850 38 f.-f. 
938 58 f,-fo=f1 F 

fry =intermediate frequency .44 mc. 
* Values are for unbalanced interfering signal to produce same output as bal-

anced desired signal. 

tuning of the cascode-input circuit.8 Such regeneration 
was substantially eliminated in the present design by 
placing a shield across the cascode socket to isolate the 
output circuit. 
Tables II and III present the rejection ratio to 

spurious responses for balanced and unbalanced signals, 

M. J. O. Strutt and A. van der Ziel, *The causes for the increase 
of the admittances of modern high-frequency amplifier tubes on 
short waves," PROC. I.R.E., vol. 26, pp. 1020-1025; August, 1938. 

respectively. The distinction between these lies ir 
whether the interfering signal is present between the 
two balanced input terminals, or between both ter 
minals and ground. The recorded value is the number o 
decibels corresponding to the ratio of open-circuit signal 
generator voltage at the undesired frequency to the 
corresponding voltage at the desired frequency requirec 
to produce equal output. These tables include all re. 
sponses with smaller rejection ratios than 80 db, excepi 
the balanced-image rejection which is shown in Table I 
It should be realized that all rejection ratios, excepi 
forfx=f, in Table III, are 6 db better than when meas. 
ured in a television receiver due to the 6-db carrier at-
tenuation normally provided in the receiver for vestigial-
sideband reception. 
Table IV gives the amplitude of balanced and un-

balanced oscillator voltage at the antenna terminals ol-
the tuner when they are terminated in a 300-ohm 
dummy-antenna impedance. A uhf converter feeding a 
low-frequency receiver was used to pick up and meas-
ure this voltage. Oscillator-injection level determines 
to a great extent, how much voltage will appear at thE 
antenna terminals. (When the injection was raised tc 
give 2 ma of crystal-rectified direct current at 800 mc, 
the balanced-oscillator voltage at the antenna terminals 
increased 17 db.) The increase in voltage at the high-
frequency end shown in Table IV is believed to be due, 
in part, to some increase in oscillator injection. The in-
crease at the low-frequency end is believed to be due to 
an increase in preselector bandwidth. 

TABLE IV 

OSCILLATOR VOLTAGE AT THE ANTENNA TERMINALS 

Signal 
frequency, 

mc 

Oscillator 
frequency, 

mc 

Oscillator signal at antenna 
db below 1 volt 

Balanced Unbalanced 

500 
550 
600 
650 
700 
750 
800 
850 

544 
594 
644 
694 
744 
794 
844 
894 

38.5 
54.5 
48.5 
44 
48 
44.5 
33 
28 

32.5 
48 
62 
45 
52 
36 
38 
34.5 

While no definite limits for oscillator radiation have 
yet been established for the uhf band, a figure of 500 
µvim seems reasonable, based on the RTMA-suggested 
vhf limits of 50 µv/m for the range of 54-88 mc, and 
150 1.4v/m for 174-216 mc. The value of 500 µv/m cor-
responds to an antenna-terminal voltage of about 36 
db below 1 volt. Therefore, it appears that the voltage as 
measured at the antenna terminals is not excessive over 
most of the uhf-television band. 
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Development of A UHF Grounded-Grid Amplifier* 
C. E. HORTONt, MEMBER, IRE 

Summary—The 6AJ4 is a nine-pin miniature, grounded-grid 
node designed to operate as the radio-frequency amplifier in uhf 
elevision receivers. This paper reviews the development of this 
ube, treats the special problems encountered in extending the useful 
requency range of a miniature tube to beyond 890 mc, and dis-
:usses the methods employed in arriving at a useful solution. Special 
Ittention is given the problem of isolation between input and output 
:ircuits. The techniques of the measurements involved in the de-

yelopment of this tube are also discussed. 

INTRODUCTION 

T
HE ANNOUNCEMENT of commercial televi-
sion channels in the uhf region created a new 
demand for a radio-frequency amplifier tube usa-

)le in television tuners at frequencies up to 900 mc. The 
lesirability of using such a tube arises from the advan-
tages of improved selectivity, reduced local oscillator 
radiation, additional gain, and improved noise figure. 
From the standpoint of electrical requirements, tubes 
which are more than suitable for this application have 
been available for some time in the form of lighthouse 
types and the like. However, the cost of these tubes is 
such as to outweigh the advantages in all but the most 
expensive sets. For this reason it has been found desir-
able to extend the frequency limitations of the less ex-
pensive miniature-type tubes to beyond 900 mc. This 
paper will describe the problems encountered in the de-
velopment of the 6AJ4, one of the new miniature types 
designed for use as a grounded-grid, radio-frequency 
amplifier at frequencies up to 900 mc. 

INVESTIGATION OF MINIATURE-TUBE CAPABILITIES 

Early models of this type were rather crudely made, 
designed only to indicate how far the upper frequency 
limit of 9-pin miniature tubes could be extended by the 
use of new mounting techniques. These tubes used the 
basic electrode structurc grid, plate, and cathode—of 
the 6AF4, because this was a relatively good high-
frequency tube and the parts were readily available. The 
electrodes were mounted horizontally and in such a way 
as to reduce lead inductances and the plate-cathode 
capacitance as completely as seemed feasible. The tube 
was placed so close to the button stem that the plate 
radiating fins actually extended below the tops of the 
glass fillets which surround the tube pins. 

Measurements made on these tubes indicated that at 
1,000 mc (equipment limitations prevented measuring 
at higher frequencies) the tubes still had a gain greater 
than unity. Effort was then directed toward obtaining 
similar results with a structure better adapted to the 
established manufacturing techniques for miniature 
tubes. 

• Decimal classification: R333 X R583.6 X R262. Original manu-
script received by the Institute, November 3, 1952. 
1. Tube Dept., General Electric Co., Owensboro, Ky. 

PROBLEM OF INTERNAL COUPLING 

Although these first tubes indicand the possibility 
of success, at the same time they revealed a serious 
problem to be overcome before the design could be con-
sidered satisfactory. It was found that excessive 
coupling existed between input and cutput circuits 
when this tube was used as a grounded-grid amplifier. 
One effect of this coupling was to give a certain amount 
of regeneration. This was sufficient to give the tubes 
a gain of 1 or 2 db higher than they would otherwise 
have had, indicating a tendency towards instability. 
Another effect of this coupling is to give an excessive 
variation of input impedance over the pass band of the 
amplifier, due to coupling of the change in impedance 
of the plate load. 
The plate-to-cathode capacitance was suspected to 

be the cause of this trouble, but improving the shielding 
so as to reduce this capacitance from its original value 
of 0.25 µµf to less than 0.0712µ1 actually caused greater 
coupling between input and output circuits than before. 
The greatest source of coupling was found to be the 
grid lead inductance, which is an impedance common to 
both input and output circuits. This was in spite of the 
fact that the grid was grounded by means of parallel 
connections to four of the tube pins. 
Although the effect of grid-lead inductance in 

grounded-grid amplifiers has been recognized for years, 
it has been found that engineers are often inclined to 
attach much more importance to plate-to-cathode ca-
pacitance than to grid-lead inductance. This is quite 
possibly because the latter difficulty has been virtually 
eliminated in lighthouse tubes, and therefore has never 
before been a common problem for grounded-grid am-
plifiers operating at 900 mc. Because of the importance 
of this effect in the development of a 9-pin miniature 
uhf amplifier, the basic theory will be reviewed. 

Rp 

C k  ir  
—1 1--
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Fig. 1—The approximate equivalent circuit responsible for coupling 
in a conventional triode used as a grounded-grid amplifier. 

Fig. 1 shows an approximate circuit to illustrate 
the factors which cause coupling between the input and 
output circuits of a grounded-grid amplifier. Coupling 
can occur through the plate resistance of the tube, the 
plate-to-cathode capacitance, and a third path con-
sisting of the grid-plate and grid-cathode capacitances 
and the grid-lead inductance. By improving the electro-
static shielding of the tube, the plate-cathode ca-
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pacitance can be cut drastically, but the additional 
shielding will increase the grid-cathode and grid-plate 
capacitances and thereby lower the impedance of the 
feed-through path they provide. This accounts for the 
experimental results obtained when an improvement of 
the electrostatic shielding gave poorer rather than bet-
ter isolation. 
As already mentioned, one of the effects of coupling 

between the input and output circuits is that with the 
plate-load impedance tuned to a fixed frequency, the 
input impedance varies widely over the amplifier pass 
band. This is much like the Miller effect in a grounded-
cathode amplifier. Because of the gain of the tube, the 
voltage applied to the cathode causes a larger voltage 
to appear at the plate. As the plate-load impedance 

changes over the pass band, there is a change in th. 
amplitude and phase of the plate voltage with respec 
to the input voltage. The difference between the inpu 
voltage and the output voltage is impressed across thi 
feed-through circuits indicated in Fig. 1, and curren 
will flow through these various paths as a result. A 
this current flows in the input circuit, it modifies thi 
apparent input impedance of the amplifier. Changes ii 
phase and amplitude of this current as the plate-loa( 
impedance varies over the frequency pass band can 
under certain conditions, cause excessive variations o 
the input impedance. As a result, with the impedanc. 
of the input circuit matched at the center frequency 
the mismatch at frequencies away from the center fre 
quency may be so great that the bandwidth of the sys 

Fig. 2—Smith chart plot showing the excessive input impedance variations of an early developmental tube. 
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.em is limited by the input circuit impedance change 
•ather than by the bandwidth of the plate circuit.' 
Several observations which should help to avoid mis-

nterpretations may be made regarding this effect. 
1. The magnitude of the effect on the input impedance 
s a function of the voltage gain as well as the equivalent 
ldmittance of the feed-through path. A tube which is 
-elatively poor from the standpoint of isolation between 
nput and output circuits will show a satisfactory input 
mpedance characteristic if it is put in a circuit which 
muses it to have a low gain. A tube operating at a high 
rain will amost always show considerable input ad-
mittance variation over the pass band, because the high 
radio-frequency plate voltage developed is sufficient to 
produce appreciable current in the feed-through paths 
wen if these paths have a relatively high impedance. 

2. In even the best tubes coupling through the plate 
resistance of the tube is noticeable at high gain levels. 

3. Bandwidth is a much less important factor than 
gain in determining the amount that the input ad-
mittance changes over the band. The plate-load im-
.pedance will change the same amount between the half-
-power points, regardless of the actual bandwidth. Of 
course, the variation of the static or "cold" com-
ponent of the input impedance will have a greater 
effect over the wider bandwidth. This change is usually 
small compared to other impedance changes involved. 

Fig. 2 indicates approximately the input impedance 
characteristic obtained with the early models of this 
tube. This is a Smith chart showing the input impedance 
of the amplifier circuit as seen looking into the circuit 
through a 50-ohm transmission line. The large arc 
drawn with a solid line shows the operation of the tube 
at a center frequency of 900 mc and a bandwidth of 
20 mc. As the frequency is varied over the pass band of 
the amplifier, the input impedance changes as shown 
over the frequency range from 890 to 910 mc. Other 
arcs show the operation of the tube with the plate circuit 
tuned to center frequencies of 700, 500, and 400 mc. 
The dashed line shows the locus of the input impedance 
over the uhf band for the condition that the plate load 
impedance is tuned to resonance at the input frequency. 

It should be mentioned that Fig. 2 does not represent 
actual data on a specific tube. Due to measurement dif-
ficulties encountered with the earliest tubes, exact data 
on input impedance are not available; and the curves 
shown are meant only to be representative of charac-
teristics of the first design. It should also be emphasized 
that the input impedance of the amplifier circuit, not 
of the tube itself, is shown. The connections between the 

1 An analytical expression for input impedance is easily derived 
from equations developed in a companion paper by H. Hsu, "On 
transformations of linear active networks with applications at ultra-
high frequencies," PROC. I.R.E., vol. 41, pp. 59-66, this issue. His 
equations 114 and 117, for the grounded-grid case (gp' =0), may 
be combined to give 

Yi.= Yu +A (Y23+ Ys) 
where A is the voltage gain and Y2 is the load admittance. Y21 and 
Y23 refer to constants of the circuit shown in his figure 4(b), which 
is a transformed equivalent circuit including the effect of grid-lead 
inductance. 

tube and the 50-ohm transmission line represent discon-
tinuities which introduce impedance transformations in 
the measured input impedances. However, it is evident 
that excessive impedance variations are encountered in 
these tubes at the high end of the uhf band. Another 
difficulty, also due to poor isolation between input an 
output circuits, will be encountered with large varia-
tions of input impedance. Tube will be found inferior 
with regard to attenuation of local oscillator signal. 

REDESIGN TO REDUCE INTERNAL COUPLING 

Fig. 1 represents approximately the circuits which 
produce unwanted coupling between the input and out-
put circuits. The circuit shown in Fig. 3 represents an 
idealized solution to the problem of coupling. The un-
avoidable plate-to-cathode capacitance and plate re-

R p 
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Fig. 3—Idealized equivalent circuit showing a method of elim-
inating the coupling caused by grid-lead inductance. 

sistance are of course still present. Neither has the grid-
lead inductance been eliminated; if the tube is to remain 
a 9-pin miniature, it is unlikely that the grid-lead in-
ductance can be made negligible. However, without 
eliminating this inductance, this circuit does eliminate 
any transmission of energy through the path associated 
with the grid-lead inductance. 

Rp 

Fig. 4—The approximate equivalent circuit responsible for 
coupling between input and output circuits of the 6AJ4. 

Fig. 5—Tube and mounts showing the construction of the 6AJ-I. 
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This circuit is not actually obtainable because there 
will always be a small amount of mutual inductance or 
inductance common to both paths. However, by .a care-
ful redesign of the tube it has been possible to obtain the 
circuit of Fig. 4, where the inductance Ill is relatively 
small. The isolation between input and output circuits 
is very much improved as a result. 
A number of different tube designs were tried to de-

termine which would give the isolation between input 
and output circuits. The most effective design was also, 
with a few modifications, the easiest design to manu-
facture. See present tube design (Fig. 5). Two large 
metal sheets provide a low inductance path between 
grid and ground, and give electrostatic shielding be-
tween cathode and heater connectors and plate. 

NEAT ER LEADS 

GRID 
CONNECTORS 

CJO NODE 

PLATE 
CON HECTOR 

Fig. 6—Approximate cross section of the 6AJ4 lead configuratior 
with a flux plot to indicate the degree of inductive rsolatior 
between input and output current paths. 

Fig. 7—Smith chart representation of the input impedance of a 6AJ4 grounded-grid amplifier circuit over the 
frequency range of 400-900 mc. 
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It was mentioned that the improved performance of 
this tube is not primarily due to decreasing the grid-
lead inductance, but rather is due to separation of the 
inductance through which the currents in the input and 
output circuits flow. To illustrate why this is so, a flux 
plot has been sketched in Fig. 6, which shows an ap-
proximate cross-sectional view of the tube. At high 
frequencies the currents flowing in the grid-cathode cir-
cuit are largely confined to the area in the grid lead 
just opposite the cathode connector. The currents flow-
ing in the grid-plate circuit tend to travel along the 
right-hand edges of the grid connectors as shown in the 
sketch. The flux plot gives some indication of the area 
of influence of the two current paths. There is some 
overlap, but this construction gives the practical equiva-
lent of separate transmission-line connections to the 
input and output circuits, with only a small degree of 
coupling between the two lines. 

Fig. 7 illustrates the effectiveness of this arrange-
ment. It shows the input impedance of a 6AJ4 tube 
over the uhf spectrum. Although the arcs over the 
amplifier bandwidth are moderately large in size, this 
tube is operating at a considerably higher gain. Con-
sidering this fact, the Smith chart plot in Fig. 7 indi-
cates much better performance than the Smith chart 
plot in Fig. 2. A large part of the change in input im-
pedance is due to energy fed through the plate resist-
ance of the tube. This is indicated by the fact that the 
effect is about the same at all frequencies. The reactive 
coupling circuit that gave such a large impedance varia-
tion at 900 mc in the earlier tubes now has very little 
effect. The only reason that tubes of earlier design 
showed very little effect from coupling through the plate 
resistance was that the gain was not high enough for this 
effect to be noticeable. Tubes of the present design are 
also better from the standpoint of attenuation of local 
oscillator radiation. 

TEST EQUIPMENT 

At ultra-high frequency it is impossible to separate 
tube design and circuit work; hence it was necessary to 
develop testing equipment as a part of the tube develop-
ment program. This paper will describe the type of cir-
cuit which was first constructed and which is still found 
most convenient for routine testing. The work done on 
practical circuits, such as might be found in uhf televi-
sion tuners, will not be discussed in this paper. 

Essentially, all that was done to set up the amplifier 
circuit was to make the simplest possible connections 
from the tube elements to 50-ohm transmission lines. 
Aside from the chassis, which holds the tube under test, 
almost all parts of the test setup are standard com-
ponents coupled together with General Radio Type 874 
Universal Coaxial Connectors. No attempt is made to 
match the input impedance of the tube to the 50-ohm 
line, because, with a standing-wave detector, the power 
being fed into the tube can be measured whether the 
impedances are matched or not—the power is propor-

tional to the product of the maximum and the minimum 
voltages of the standing-wave pattern. 

Fig. 8 shows the essential features of the circuit. DC 
potentials are applied to the tube through radio-fre-
quency chokes, and blocking capacitors are placed in 
the transmission-line system. The signal generator feeds 
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Fig. 8—Schematic diagram of the 6AJ4 coaxial-line test circuit. 

a modulated signal to the tube through the standing-
wave detector (or slotted line). The slotted-line crystal 
responds to the envelope of the modulated signal. The 
amplitude of the signal at any point is indicated by 
setting the calibrated attenuator so that a certain de-
flection is obtained on the oscilloscope. 
The output load is a 50-ohm resistor. A crystal de-

tector and a microammeter give an indication of the 
radio-frequency voltage across this resistor. A tuning 
stub and. a line stretcher make it theoretically possible 
to transform the 50-ohms to any desired impedance, so 
there is no difficulty in adjusting it to the impedance 
necessary for proper performance. Although there is 
some interaction between the two variable elements 
used to control the load impedance, it is convenient to 
think of the tuning stub as the bandwidth control and 
the line stretcher as the adjustment for the resonant 
frequency of the load. 
The method of measuring gain is very straightfor-

ward. The input power level is adjusted until the desired 
output indication is obtained on the microammeter. The 
input power is measured by means of the slotted line. 
The chassis holding the tube under test is then un-
plugged from the system, and the load is connected 
directly to the slotted line. The signal generator is ad-
justed to give the same deflection as before on the 
microammeter. It is then supplying the same power to 
the load that the amplifier tube was previously deliver-
ing. This power is measured with the slotted line. The 
power gain may then be found as the ratio of the power 
delivered to the load to the power input to the tube. 

Fig. 9 shows the chassis which holds the tube under 
test. The input and output transmission lines are con-
nected directly to the tube socket. DC power is fed in 
through radio-frequency chokes. The input and output 
circuits are separated by the shield which is placed 
horizontally to divide the chassis into two separate com-
partments, plus the smaller shield which extends down-
ward and to the left from the center of the horizontal 
shield. A cover goes over the assembly to make the 
shielding complete. The cathode connection is at the 
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top. At the lower left are the heater leads, and the plate 
lead is at the lower right. 

The main advantage of this type of circuit lies in its 
adaptability. It is not necessary to match the input, 
and the circuit can be adjusted for use with any output 
impedance. Therefore, neither the input nor the output 
impedances of the tube need to be considered. How-
ever, this can be a disadvantage as well as an advan-
tage. For instance, the circuit may appear to give perfect 
performance with a tube having some serious defect, 
such as an input impedance which varies excessively 
with small changes in frequency. 

Probably the biggest disadvantage of this type of 
circuit is that all of the transmission-line components 
which make up the load impedance—the line stretcher, 
the tuning stub, and so forth—can easily add up to one 
and a half wavelengths of transmission line unless very 
careful steps are taken to hold these lengths to a mini-
mum. The bandwidth of such a system is much narrower 
than could be obtained with a more compact arrange-
ment, and the circuit does not give an accurate picture 
of the full capabilities of the tube. With the particular 
arrangement which was chosen this is apparently more 
troublesome at the lower frequencies, and the test re-
sults actually show a slight dropping off in performance 
at the low end of the UHF television band. 

Fig. 9—Amplifier test chassis. 

As an example of the improvement possible by a re-
design of the plate-load impedance, the load shown in 
Fig. 10 was made which used for the bandwidth control 
a specially designed tuning stub which was a very small 

fraction of a wavelength long (rather than approxi-
mately a half wavelength long as dictated by conven-
ience in the present arrangement). Control of the reso-
nant frequency over a limited range was obtained by 
replacing the line stretcher (about a wavelength long) 
with an adjustable short-circuited stub about a quarter-
wavelength long. This second stub was located about a 
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Fig. Fig. 10—Modified load circuit designed for improved bandwidth. 

quarter wavelength from the stub controlling band-
width, i.e., near a voltage maximum. In this position it 
is almost exactly equivalent to a line stretcher over a 
limited range. When compared to the system shown in 
Fig. 8, this load gave a 70-per cent increase in band-
width with no loss in gain. Other improvements are of 
course possible. For instance, the quarter-wavelength 
adjustable short-circuited stub used for control of the 
resonant frequency could be replaced by an open-circuit 
adjustable stub a small fraction of a wavelength long. 
The short open-circuited stub would be less frequency 
sensitive than the longer short-circuited stub. 
The convenience of the somewhat less efficient system 

outweighs many of its disadvantages. One load circuit 
can be used to cover the entire uhf band. Its components 
are all standard parts, and its construction is simple 
and easily duplicated. Although this arrangement does 
not reveal the maximum capabilities of the tubes tested, 
relative indications showing the difference between 
tubes are accurately obtained. The disadvantages of 
the system are serious only so long as these disadvan-
tages are not recognized in interpreting the test results. 
The gain measured with a 10-mc bandwidth is given 

in the coaxial-line test setup described, and also in what 
might be termed a "practical" circuit, using lumped-
constan t circuit elements. 

TABLE I 
RADIO-FREQUENCY PERFORMANCE OF THE 6Aj4 

Frequency in 
megacycles 

Gain in coaxial-
line circuit in 

decibels (band-
width =10 mc) 

Performance in lumped-
constant circuits 

Gain in 
decibels 

(bandwidth 
=10 mc) 

Noise figure in 
decibels (stage 
bandwidth= 
10 mc. Over-all 
noise band-

width =4 mc) 

500 
600 
700 
800 
900 

6.2 
6.8 
7.6 
7.8 
7.0 

6.9 
7.6 
7.4 
6.9 
6.0 
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of this tube. Dr. Hsiung Hsu did much of the work in 
setting up the original test equipment, and made im-
portant fundamental contributions in the design of the 
tube itself. A. P. Haase, under whose direction this 
work was carried on, made many helpful suggestions. 
I-I. W. A. Chalberg has worked on the circuit develop-
ments and supervised the testing associated with this 

project. An investigation of the noise characteristics 
was carried out by J. W. Rush, and most of the other 
measurements made on the tube have been made by 
R. L. Bailey. Additional development work leading to 
the commercial version of this tube was carried out at 
Owensboro by J. G. Tucker, under the supervision of 
\V. T. Millis. 

Multichannel Crystal Control of VHF 
and UHF Oscillators* 

ALWIN HAHNELt 

Summary—Single-crystal control of a multiplicity of uhf channel 
frequencies is obtained by periodic phase control of a variable oscil-

lator. Its output consists of a spectrum of harmonically related fre-
quencies. The bandwidth of the spectrum envelope can be kept so 
narrow that the amplitude of any single desired frequency of the 
very large number of available ones is emphasized up to 40 db over 
the amplitudes of the adjacent harmonics. Suppressions of the un-
desired frequencies in this order of magnitude are obtained in oscil-
lators which cover a frequency range of from 250 to 900 mc and are 
simultaneously excited at a crystal-controlled fundamental fre-
quency in the range of from 1 to 10 mc. Thus, utilizing one single 
triode this uhf oscillator may put out any desired one of a very large 
number of crystal-controlled frequencies. It is continuously tunable 
over a wide frequency range, acting as though it were electronically 

detented. 

INTRODUCTION 

A
H IGH DEGREE of frequency accuracy isdifficult 
to obtain if a multiplicity of frequency channels 
is required under conditions which do not allow 

the use of a separate crystal for each one. A relatively 
little known method of solving these problems at uhf or 
lower frequencies exists by the periodic phase control of 
a variable frequency oscillator at a frequency which is 
the fundamental of the desired harmonic frequencies. 
The output of this oscillator constitutes a spectrum of 
harmonically related frequencies whose envelope is 
peaked at the frequency to which the tank circuit of the 
variable frequency oscillator is tuned. In this phase-
controlled mode of operation, the oscillator is termed a 
"spectrum generator." It may consist of a uhf oscillator 
tuned to the center of the desired spectrum, which is 
keyed by pulses at the crystal-controlled fundamental 
frequency. 

PRINCIPLE OF OPERATION 

The pulse repetition interval (T) is divided into a re-
generative and a degenerative period. If a sufficiently 
high ratio of the time of pulse duration (T,,) to the time 
of one uhf period (To) can be realized, the oscillations 
increase during the regenerative period until a non-

* Decimal classification: R355.6 X R355.912. Original manuscript 
received by the Institute, October 9, 1952. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 

linear range of the tube characteristic becomes involved 
and a constant amplitude condition is reached. The os-
cillations of the free-running oscillator are quenched in 
the degenerative interval because of the pulse-controlled 
decrease of the transconductance of the oscillator tube, 
resulting in a positive damping of the tuned circuit. 
To obtain a harmonic frequency spectrum it is es-

sential that the uhf oscillator is pulsed so that its output 
waveform is periodic at the repetition frequency of the 
pulses. The oscillations must start with the same phase 
at the edge of each pulse, requiring that at the end of 
the degenerative period the oscillations have decayed to 
noise level and that the pulse harmonics have in the 
vicinity of the frequency to which the tank circuit is 
tuned an amplitude sufficiently large compared to the 
noise level. The resulting uhf wave shape is shown in 

Fig. 1. 
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Fig. 1—Periodic time function as derived from the 
pulsed oscillator. 

A Fourier analysis of the output waveform was made. 
An approximate solution was obtained by breaking up 
the RF waveform into periods of exponential build-up, 
constant-amplitude, and exponential decay. However, 
even with simplifying assumptions, the formula describ-
ing the spectrum envelope as a function of the oscillator 
waveform becomes an expression too cumbersome to 
be of much value at frequencies which are too high for 
direct observation of the periodic time function on an 

oscilloscope. 
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The Fourier analysis of the periodic time function 
shows that, in order to obtain a spectrum of minimum 
envelope bandwidth, it is necessary to extend the con-
stant amplitude period to a practical limit. This requires 
build-up and decay periods which are short compared to 
the intervals between two successive pulses. The build-
up time can be shortened by increasing the regenerative 
coupling, but it depends upon the amplitude of the 
pulse harmonics in the vicinity of the oscillator fre-
quency. To shorten the decay time a low circuit Q is re-
quired. 

CIRCUIT DETAILS 

The RF oscillator may be of any type which permits 
periodic phase control. The cathode-coupled oscillator 
shown in Fig. 2 was chosen in order to get high power 
output at very high frequencies. The grounded-grid 
amplifier is keyed at a crystal-controlled repetition fre-
quency. The magnitude of feedback and, with this, the 
rise time of the oscillations is controlled by the cathode 
follower section. The conventional method of reducing 

OUTPUT L. 
n•f, 

o  
PULSE INPUT 

Fig. 2—Schematic diagram of a vhf spectrum generator. 

decay time by low resistance shunting of the tuned cir-
cuit is not applicable in the case where maximum sup-
pression of unwanted frequencies and large amplitude of 
the desired harmonic frequencies are important; a syn-
chronously controlled diode paralleling the oscillator 
tank circuit was therefore provided. This diode is keyed 
so that it is in cutoff condition during the regenerative 
periods and is heavily conducting in between. This type 

(a) 

of circuit was used in experimental vhf spectrum genera-
tors up to a frequency of 300 mc. It allowed an extension 
of the regenerative phase of operation to more than 9C 
per cent of the pulse repetition period. 

The attempt to simplify the spectrum generator to a 
practical limit led to the development of a feedback os-
cillator consisting of two resonant circuits and two feed-
back paths so as to permit simultaneous excitation of 
two frequencies. A schematic diagram of an experi-
mental spectrum generator of this type is shown in Fig. 
3. The butterfly circuit is tunable over the frequency 
range from 250 to 900 mc. The other tuned circuit and 
the crystal are resonant at the desired fundamental fre-
quency (f1). The oscillation characteristic for fi repre-
sents the relation between the average plate current and 
the average grid voltage during the oscillation at the 

Fig. 3—Schematic diagram of a complete uhf spectrum generator. 

higher of the two frequencies. For the higher frequency 
fo, the point of operation shifts along the oscillation 
characteristic synchronously with the lower frequency. 
The frequency fo is thereby modulated with the lower 
one. By proper choice of circuit parameters it is possible 
to establish quenching at the lower frequency so that, 
during the degenerative period, the fo oscillation decays 
to noise level and the output waveform is phase-
controlled at f1. In this case, the output frequencies are 
exact harmonics of the crystal-controlled lower fre-
quency. 

RESULTS 

The various operation conditions are shown in the 
following oscillograms made at fo = 10 mc, particularly 

choosing that frequency for easier observation of the 
periodic time function. Fig. 4(a) shows a wave shape 

(b) (c) 

Fig. 4—Wave shape and frequency spectrum for relatively short pulses;fe...10 mc. 
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with short rise and decay times, obtained with a pulse 
luration (T„) of 2 µsec, at a pulse repetition rate (fi) of 
10 kc, which results in a broad spectrum envelope. The 
niddle picture shows long rise and decay times of the 
wave shape which was obtained at fi =20 kc, with pulses 

30-µsec duration. The spectrum envelope is unsym-
netrical with respect to the frequency fo to which the 
3scillator is tuned. A pulse duration equal to half the 
3u1se repetition interval, at T=25 ¿.sec, gives, under 
zonditions resulting in the sharp rise and decay slopes 
3f the periodic function pictured in Fig. 4(c), a spectrum 
.3nvelope of narrow bandwidth. The oscillograms "a" 
and "c" were taken with the oscillator tuned to a fre-
quency between two adjacent harmonics of 

Single frequency output is attained by the generation 
3f a wave shape with rapid increase and decrease of the 
3scillations, having a relatively long period of constant 
amplitude, as can be seen from Fig. 5(a). Tuning the 
Dscillator from a frequency which is an integral multiple 
of the keying frequency to a point between two ad-
jacent harmonics modifies the output spectrum to the 
one shown in Fig. 5(b). 
Spectrum generators of the type which is phase-

controlled by an external pulse source were tested over 
the frequency range from 1 to 900 mc. When designed 
for operation as frequency multipliers, with widely 
variable multiplication factors, differences of up to 40 
db between the amplitude level of the desired harmonic 
frequency and those of unwanted harmonics of a similar 
order are obtained. 

Triode oscillator circuits which were designed for si-
multaneous excitation of the uhf (250 to 850 mc) and 
the crystal-controlled fundamental frequency (1 to 10 
mc) gave up to 40-db emphasis of the harmonic fre-
quency to which they were tuned. 

1-4 

(a) (b) 

Fig. 5—Effect of oscillator tuning on the frequency spectrum obtained 
with relatively long pulses; fo= 10 mc and h-40 kc. 

CONCLUSIONS 

The described spectrum generator has a wide range 
of applications. It was successfully applied in models of 
multichannel equipment in which it allowed consider-
able simplification of the frequency-control circuits. 
Operating the spectrum generator as a frequency multi-
plier, it may be used directly as a crystal-controlled 
master-oscillator. In such a system, frequency modula-
tion may be introduced in the pulse circuit. Another 
application is in intermediate frequency receivers where 
it may replace the local oscillator; thus the receiver be-
comes tunable in discrete steps. 

A Wide-Band Hybrid Ring for UHF* 
WALTER V. TYMINSKIt, ASSOCIATE, IRE AND ALBERT E. HYLASt ASSOCIATE, IRE 

Summary—A 6X/4 hybrid ring was modified by replacing the 
3X/4 long arm, with a X/4 line and a frequency insensitive ir phase 
shift. Calculations are shown for input and transfer admittances, 
insertion loss, and the effect of capacitance across the loads. Some 
experimental results are given and applications for the wide-band 
hybrid ring are suggested. 

INTRODUCTION 

THE HYBRID RING1-4 has been employed at 
, microwave frequencies primarily as a mixer, and 
  also has been utilized at ultra-high television fre-

* Decimal classification: R310. Original manuscript received by 
the Institute, October 16, 1952. 
f Allen B. Du Mont Laboratories, Inc., Research Division, 

Passaic, N. J. 
1 W. A. Tyrrell, "Coupling Arrangement for Use in Wave Trans-

mission Systems," U. S. Patent 2,445,895. 
1 W. A. Tyrrell, "Hybrid circuits for microwaves," PROC. I.R.E., 

vol. 35, pp. 1294-1306; November, 1947. 
3 H. T. Budenbon, "Analysis and performance of waveguide hy-

brid rings for microwaves," Bell Sys. Tech. Jour., vol. 27, pp. 473-
486; July, 1948. 

4 R. V. Pound, "Microwave Mixers," Radiation Laboratory Se-
ries, McGraw-Hill Book Co., Inc., New York, N. Y., vol. 16, pp. 257-
289; 1948. 

quencies to combine power in experimental transmit-
ters.' However, its application to small signals at uhf 
has received relatively little attention and its inherent 
properties which include isolation of sources, sensitivity 
to unbalance, and practical physical size make it a 
useful and convenient tool for designers and experi-
menters at uhf. 
The balance of the conventional 6X/4 hybrid ring 

shown in Fig. 1(a) is sensitive to frequency deviations, 
and thus it is essentially a narrow-band device. Another 
veuion of the hybrid ring, where the 3X/4 arm of the 
6X/4 hybrid ring is replaced by a X/4 arm and a fre-
quency insensitive reversal of phase, is shown in Fig. 
1(b). Since the balance of this ring is not a function of 
frequency, its bandwidth can be expected to be very 
wide, thus the term wide-band hybrid ring. 

5 G. H. Brown, W. C. Morrison, W. L. Behrend, and J. G. Red-
deck, "Method of multiple operation of transmitter tubes particu-
larly adapted for television transmission in the ultra-high-frequency 
band," RCA Rev., vol. 10, pp. 161-172; June, 1949. 
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TERMINAL 

TERNIINAL 
02 

TERMINAL 

TERMINAL 
•4 

TERMINAL 
•3 

Fig. 1—(a) 6X/4 hybrid ring. (b) Wide-band hybrid ring. 

ANALYSIS 

By replacing each arm of the hybrid ring shown in 
Fig. 1(b) with its 7r equivalent circuit, the pertinent 
equations may be obtained by employing Kirchoff's 
laws. However, before setting down the equations to 
be derived from the equivalent circuit shown in Fig. 2, 
there are several items that should be mentioned. First, 
for generality, the load conductances at terminals two 
and three are related to the source conductance at ter-
minal one by a factor of k. Furthermore, the line con-

TERMINAL 
•2 

TERMINAL 
• 4 •Yc • 

Fig. 2—Equivalent circuit of wide-band hybrid ring. 

TERMINAL 
03 

ductance is a function of k so that the input conduct-
ance of the ring will match the source conductance at 
the design center frequency of the ring. Because the 
equivalent circuit is balanced with respect to ground, 
only four of the possible eight nodal equations are neces-
sary to describe operation of the ring. The simultaneous 
equations are 

where 

and 

= 
o = 
o= 
o= 

Ei 1/11 

- ElY12 E2 Y22 

— EiY12 

— E2Y12 

E2 1/12 E3// 12, 

— E4Y121 

E31/33 E4Y12e 

E3 1/12 E4 1/44, 

Yll = Y44 — YO 21/1 4- 21/12e 

1/22 = Y33 = YO/k 2 /7 1 + 21/12e 

o Yo 
Y1 = .117c tan — = J , tan — 

2 k 2 

Yc Yo 
Y12 = — J J  

sin O V2k sin O 

(1) 

(2) 

(3) 

(4) 

By solving (1), (2), (3), and (4) for E4 there is obtainec 
the result that is intuitively obvious, namely, 

E./ =" O. 

This result is independent of frequency and load condi. 
tions at terminal 4. By substituting (5) in (4), it is alsc 
apparent that for all frequencies 

E2 = E3. (6) 

The condition of (5) also simplifies (1), (2), (3), and 
(4) so that the operation of the circuit may be de-
scribed by two equations. 

I = EIY/1 — 2E2 Y12, 

O = — E1 1/12 E2Y22. 

(la) 

(2a) 

From (1(a)) and (2(a)), the input and transfer ad-
mittance may be derived and power relationships ob-
tained. Deriving first the normalized input admittance, 

y 122 

Yin I 1/11 Y02 

Vice' = — = = 2  
Vo ElY0 Yo Y22 

—  

After substituting the equivalent for 
1/12, (7) becomes 

= 1 
1 

Yo 
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1 + (2k — 1) cos' 

v-J r  
+ J 
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Fig. 3—Input admittance vs. frequency for wide-band hybrid ring. 

It should be noted here that the source conductance 
is included in the input admittance equation. If the 
input admittance of the ring is desired, then it may be 
obtained by subtracting 1 from (8) so that (see Fig. 3) 

Yin = Yin' — 1 • (9) 
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The transfer admittance may be expressed by 

Y11 Y22 

YT 17 0 Y 0 Y12 
- 7 

Yo 
YT = = 

YO Car 0 Y12 

2  
[(1 — cos20) ± 2k cos' 0] tan2 

dp 
= 1  74- k2 

(10) 2  1 
-I- [1 ± k tan2 0] 2 cos' 0} = 0. 

Yo 

nd once again substituting the equivalent for Y11, Y22, 
nd Y12, (10) becomes 

2 
yr = (2 cos O 

-
2
-
 1  + Ji/— sin 0(2 . (11) 
k tan' 0) 

'he power absorbed by the ring exclusive of that ab-
orbed by the source impedance may be expressed as 

Pin = I E11 2 Re (Yin), (12) 

;here 

and 

so that 

Re (Yin) = 
1 

1 (2k — 1) cos' 0 

Solving (15) for k, 
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Fig. 4—Theoretical and experimental power outputs at 
terminals 2 and 3 versus frequency. 

/21.1 ± (2k — 1) cos' OP 
I Ei12 = 

Yo' { [ 2 2 + (2k — 1) cos' 012   [k 1 — (2k — 1) cos2 O]2I 
k tan' O 

Pin = 

12[1 -F (2k — 1) cos' 0] 

2 
(2k — 1) cos' OP -I-  k tan2 0 [k 1 — (2k — 1) cos2 OP} 

This power is maximum when 0=7/2, which cor-
-esponds to the design center frequency of the ring and 
is equal to the maximum available power from the 

source, or 
12 

Pin(Or12) = 
4170 

(13a) 

By normalizing (13) with respect to (13(a)), an expres-
sion is obtained showing the power loss when the fre-
quency is other than at design center 

and 

(13) 

A plot of the reciprocal of p with k =1 is shown in Fig. 
4, and the half-power bandwidth is approximately 130 
degrees. Assuming a band center frequency of 680 mc, 
this corresponds to a bandwidth of almost 1000 mc. 

Since the variation of power output with frequency is 
due to mismatch at the input terminals, (14) can be 
used to determine the voltage standing-wave ratio, and 
the variation with frequency can be inferred from Fig. 4. 

2 
Pin() = —2) [2 + (2k — 1) cos' 012 k tan2 o   [k 1 (2k — 1) cos2 

P — 
Pin 

Equation (14) defines a response curve for the wide-
band hybrid ring, and in the subject application it is 
desirable that the bandwidth be maximum. Although an 
expression for bandwidth can be derived and differen-
tiated with respect to k to find the optimum value of k, 
it is easier here to differentiate p with respect to k for 
any given angle of O and set the differential equation 
equal to zero to obtain the optimum k. Thus 

4[1 (2k — 1) cos' O] 
(14) 

The voltage standing-wave ratio may be obtained 
from the expression 

P = 

1 + 
11 — yin' 

I 1 yin 

1 l Yin— 
71.1 

(17) 



84 PROCEEDINGS OF THE I.R.E. Januar3 

After substituting the value of Y(k1) in the above 
equation, (17) becomes 

P 

1+ A/ cos" O ± cos' O 

V cos' O — 3 cos' O + 4 

The response of this capacity-loaded hybrid ring can 
then be evaluated from the normalized input admit. 
tance which becomes 

(18) yin = gin ± J(gin — 1)(V-2. tan 0 b), 1 - 4/ cos° O ± cos' 0 
cost' O — 3 cos' 0 ± 4 where gin is defined by (20) and b = 0.428 at 0 =ir/2. 

The response curve as plotted in Fig. 4 is obtained from 

(g in + 1)2+ (g in — 1) 2(--- — b) 
tan° b, (CORRECTED BY 

21.0 ACROSS INPUT 
TERM.) 

SHUNT CAPACITANCE 
OF 20 1.1.1 ACROSS 
INPUT TERM. 

b,„ (UNCORRECTED) 

O IN DEGREES 

NOTE - CAPACITANCE OF 
2 Opp( ASSUMED TO BE 
IN PARALLEL WITH 50" 
LOAD (b • 0.028 AT O. ) 

Fig. 5—Input admittance versus frequency of wide-band hybrid 
ring with capacitance at terminals 2 and 3. 

While the preceding analysis was carried out for 
purely resistive terminations, parallel capacitance is in-
variably encountered in practice. To accommodate the 
parallel RC load at terminals 2 and 3, Y22 becomes 

where 

Yo 
Y22 2 /7 1 + 217 12 +  Y, 

Y = J 8 = JwC and —  = b. 
Yo 

When Y22 is substituted in (7), the normalized ad-
mittance for k = 1 becomes 

where 

Yin = gin -I- JH (gin — 1) — ginbi, 
tan O 

gin — 
1 

sin2 0 [1 ± '‘/ b 
( tan 0 )] 

(19) 

(201 

Normalized input conductance and susceptance for 
the special case where b =0.428 at 0=r/2 has been 
plotted in Fig. 5. As might be expected, the capacitive 
loading reduces the line lengths necessary; the graph 

also shows that the input susceptance can be made As inferred above, the ir phase shift was approxi-
small over a wide band if equal capacitors equivalent to mated by a reversal of twin-lead connections at one 
b=0.428 at 0-.7r/2 is placed across terminals 1 and 4. termination. Although no absolute measurement was 

P = 
4gin 

SOME PRACTICAL CONSIDERATIONS AND 
EXPERIMENTAL RESULTS 

The hybrid ring shown in Fig. 1(b) was built by 
cutting four lengths of 75-ohm twin-lead transmission 
line a quarter wave length at the center frequency and 
connecting them to 50-ohm connectors as indicated in 
the diagram. Two such networks were assembled and 
one intended for balanced feed was mounted on an 
insulating material, in this case glass-bonded mica, and 
the other employing unbalanced feed was mounted on 
copper sheet. Photographs showing the size and con-
figuration of two typical rings, together with a printed 
circuit version, are shown in (a) and (b) of Fig. 6. 

(21) 

Fig. 6(a)—Wide-band hybrid ring with balanced feeds. 

(22) 

Fig. 6(b)—Printed circuit wide-band hybrid ring and twin-lead 
version using unbalanced feeds. 
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made to determine the exact phase shift and its varia-
tion with frequency, these considerations can be evalu-
ated from the measurements made on the experimental 
ring. The deviations are most readily apparent in the 
determination of insertion loss of the ring using bal-
anced feed from terminals 1 to 4, or 4 to 1. The experi-
mental curve, Fig. 7, shows a maximum loss of 33 db 
with the isolation being somewhat frequency depend-
ent. Similar results were obtained with the ring employ-
ing unbalanced feed. A comparison of these results with 
those obtained using a 6X/4 hybrid ringe are shown on 
Fig. 7, and the broad-band property of this wide-band 
ring is apparent. With greater care in balancing the 
wide-band ring, rejections as high as 45 db may be 
obtained; however, the results above appear to repre-

sent the practical case. 
The response of the ring as determined by (14) is 

very broad and considerations such as (6) shows that 
the power absorbed by the ring is divided equally be-
tween the two load conductances at terminals 2 and 3. 

50 

20 

BALANCED WIDE BAND 
HYBRID RING 

30 60 90 

13 IN DEGREES 

CONVENTIONAL 

HYBRID RING 

I .  

120 150 180 

Fig. 7—Isolation from terminals 1 to 4 versus frequency for 
conventional and wide-band hybrid rings. 

Measurements of the power at each of these terminals 
show the ring to be somewhat lossy, but that the wide-
band feature is still maintained. These measurements 
are plotted on Fig. 4. 

APPLICATIONS 

Power Splitting and Addition 

One of the most obvious applications for the wide-
band hybrid ring at uhf is that of splitting a single input 
into a multiple of outputs, as shown in Fig. 8. Thus a 
single antenna, or other power source, can feed a num-
ber of uhf receivers in production testing, receiver dis-
play rooms, and other multiple-receiver installations. In 
this application the isolation feature of the hybrid ring 
serves to isolate receivers by offering considerable at-
tenuation to the oscillator radiation, with a well-de-
signed hybrid ring giving a minimum of 26-db isolation 

over the band. 
The inverse process of addition can also be ac-

complished through the use of a hybrid ring, so as to 

W. H. Sayer, Jr., and J. M. De Bell, Jr., "Television antenna 
diplexers," Electronics, vol. 23, pp. 75-77; July, 1950. 

obtain the summation of outputs from a number of low-
power generators. When maximum power output is de-
sired, the two input voltages at terminals 2 and 3 in 
Fig. 1(b) should be of equal magnitude and should bear 
a phase relationship of 0 or 180°. If the voltages are in 
phase, the summation of powers appears at terminal 1 
with zero power appearing at terminal 4. For a 180° 
phase relationship the power outputs are reversed. 

INPUT 

OUT 1102 OUT No 3 OUT No t OUT No4 

TO LOADS OR ADDITIONAL HYBRID RINGS 

Fig. 8—Power splitting with hybrid rings. 

Since the power output at terminals 1 or 4 can be 
made to vary from complete addition to one of complete 
cancellation as the phase is varied over 180°, a variable 
attenuator7 can be built for the uhf television frequen-
cies as illustrated in Fig. 9. An experimental unit built 

OUTPUT 

Fig. 9—UHF variable attenuator. 

7 R. H. Dicke, "Waveguide Transmission System," U. S. I'atent 
2,593,120. 
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using 75-ohm twin lead in an unbalanced hybrid ring, 
for 50-ohm systems, produced an attenuation range of 
approximately 1 to 40 db. 

Harmonic Generation 

Although harmonic generation by use of nonlinear 
impedances such as crystals is widely known, the use 
of a hybrid ring for harmonic generation has certain 
advantages. In addition to the increase in power output 
through the use of a second crystal, the hybrid ring 
also eases the selectivity requirements for a filter cir-
cuit choosing the desired harmonic. If a push-pull sig-
nal is applied to terminals A—B in Fig. 10, a Fourier 
expansion of the voltages at terminals 2 and 3 shows, 
that for equivalent crystal characteristics, the two 
voltages will be identical except for difference in sign 
for the odd harmonics. Thus at terminal 1, where the 
two powers add, the odd harmonics will cancel, while 
at terminal 4 the even harmonics will disappear. In 
practical applications where crystals do not have com-
pletely identical characteristics, complete cancellation 
does not take place, but 20-db suppression was found 
reasonable. For a further improvement in suppression 
to 40 db it was found necessary to insert variable bias 
resistors in series with both crystals. The bias resistors 
are not only desirable in balancing the ring, but are also 
found useful to maximize the desired harmonic output. 

TERM ei 

TERM TERM 
•3 

TERM•4 

NOTE •C-IS A BYPASS FOR 
THE DESIRED HARM-
ONIC AND LC IS 
TUNED TO THE 
FUNDAMENTAL 

Fig. 10—Harmonic generator. 

Mixers 

The hybrid ring is employed at microwave frequencies 
as a mixer not only because it affords a convenient 
method of injecting oscillator energy into the crystals 
with minimum oscillator energy at the antenna termi-
nals but also because of the suppression of local oscil-

8 W. V. Tyminski and A. E. Hylas, "UHF Hybrid Ring 
Mixers," presented at National I.R.E. Convention, Symposium on 
UHF Receivers, New York, N. Y.; March 5, 1952. 

lator noise. Although at ultra-high television frequencies 
local oscillator noise is not a problem, the oscillator in-
jection features of the wide-band hybrid ring are useful. 
Other considerations that bear mentioning are the band-
pass filter action shown in Fig. 4 and the suppression 
of IF beats arising from incoming signals separated by 
I F. 
Recent development of low-cost vacuum tubes for 

amplifier and mixer use in the uhf band suggests the 
possibility of eventual displacement of crystal mixers 
from uhf tuners and converters. However, crystals are 
theoretically capable of extremely low noise figures; and 
while vacuum tubes for uhf receiver applications are 
subject ;to further development, the possible improve-
ment in crystal design and manufacturing technique 
also cannot be discounted. At the present state of the 
art selected silicon crystals when used with 2.0-db noise 
figure, IF amplifiers can give noise-figure performance 
as low as 9.0 db. 

Small-Signal Modulation 

The inverse process to detection can be used to trans-
late a low-frequency signal into one of higher fre-
quency. If a low-frequency signal is applied in push-pull 
to the terminals A—B in Fig. 10 and a local oscillator is 
injected in terminals 1 or 4, the output at terminal 4 or 1 
will consist of suppressed carrier and sidebands. This 
method provides a simple method of converting a vhf 
television signal to one at uhf with a minimum of 
equipment. The vhf signal can be taken directly off the 
air, amplified if necessary, and a standard signal gen-
erator can be used as a local oscillator. To preserve the 
order of sound and picture carrier the receiver should 
then be tuned to the upper sideband. For production 
testing a convenient arrangement is to supply a single 
modulated uhf signal to several hybrid rings with sep-
arate uhf oscillators. The desired sidebands can then be 
combined into a single line and fed to individual test 
positions by means of hybrid rings. An alternative ar-
rangement for more intensive tests is to provide a vhf 
signal and variable oscillator at each test position so 
that the uhf receiving equipment can be checked over 
the entire band. 

Large-Signal Modulations 

An experimental hybrid-ring modulator was ar-
ranged to determine the feasibility of deriving uhf local 
oscillator power by beating a vhf oscillator with one of 
higher frequency. Using conventional oscillator tubes, a 
6J6 at 80 mc and 6AF4 at 620 mc, the output at 700 mc 
was sufficient to obtain approximately 3 ma of detected 
current in an unbalanced 1N72 mixer. Since this is 
more than enough power to drive two crystals, a possible 
uhf tuner design is suggested. 

• W. R. Bennett, "A general review of linear varying parameters 
and non-linear circuit analysis," PROC. I.R.E., vol. 38, pp. 259-263; 
March, 1950. 
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A system of reception similar to that described by 
Scandurrat° would use a decimal system with the "unit" 
switch actuating a low-frequency oscillator in 6-mc 
step, and the "tens" switch moving the higher fre-
quency oscillator in 60-mc steps. The difficulty asso-
ciated with this suggestion is the large number of fre-
quencies generated in the mixing process. These consist 
of fo, the high-frequency oscillator, nf., where n is any 
integer and fm is the low-frequency oscillator, and 
fo +nf,,,. The use of a hybrid-ring modulator serves to 
suppress the carrier and odd or even harmonics, de-
pending upon the connection used, and in the uhf spec-
trum all responses will be at least 30 db down from the 
upper and lower sideband response, fo +f.. A tuned cir-
cuit can then be used to choose the desired sideband 
and further suppress other spurious signals. Probably 
the most difficult spurious signal to suppress is one 
which falls directly into the band that is being received, 
but by proper choice of modulating frequencies this 
condition can be avoided. 
The availability of a uhf local oscillator output con-

trollable by a lower frequency oscillator also permits the 

10 A. M. Scandurra, "An 82-Channel U.H.F.-V.H.F. Turret 
Tuner," presented at National I.R.E. Convention, Symposium on 
UHF Receivers, New York, N. Y.; March 5, 1952. 

use of automatic frequency control techniques to sta-
bilize the uhf oscillator output. 

Comparison Bridge 

The wide-band hybrid ring can also be considered as 
a bridge where for an input signal at terminal 1, the 
output at terminal 4 is an indication of the mismatch 
in the loads at terminals 2 and 3. Thus unknown 
susceptances can be compared to calibrated stubs. If a 
double-stub with variable spacing" is provided, a wide 
range of loads can be matched to the ring, further ex-
tending the usefulness of the wide-band hybrid ring as a 
measuring instrument. 

CONCLUSIONS 

In applications using hybrid rings, the wide-band ring 
removes the frequency limitations of the conventional 
6X/4 ring, and thus extends the usefulness of this tech-
nique. Because of simplicity and small physical size, 
the wide-band hybrid ring is particularly useful in the 
uhf television spectrum. 

u R. W. P. King, H. Mimno, and A. Wing, "Transmission Lines 
Antennas and Wave Guides," McGraw-Hill Book Co., Inc., New 
York, N. Y., pp. 48-50; 1945. 

Ferrites at Microwaves* 
N. G. SARIOTISt, ASSOCIATE, IRE, AND H. N. CHAITt 

Summary—After a preliminary discussion of the propagation of 
waves in an unbounded ferromagnetic medium, and in waveguides 
containing ferrites, the results of an experimental study of the 
propagation characteristics of waveguides containing ferrites are 
presented for some samples of commercially available ferrites. Some 
of the applications of ferrites to microwave circuitry are briefly de-
scribed. 

INTRODUCTION 

ECENTLY there have appeared on the micro-
wave scene new materials under the generic 
name of "ferrites." Consisting of metallic oxides 

having a spinel structure and a general chemical formula 
XFe204, where X represents a bivalent metal such as 
magnesium, nickel, or cobalt, the ferrites furnish an 
interesting microwave propagation medium. The high 
resistivity of the oxide components together with the 
ferromagnetic properties of the iron component classify 
the ferrites as ferromagnetic dielectrics. Because of 
their high magnetic susceptance at low frequencies, the 
ferrites furnish a microwave medium whose properties 
may be varied over quite a large range by magnetizing 
the ferrite with a controlled static magnetic field. 
Among their other ferromagnetic properties, the fer-

* Decimal classification: R282.3. Original manuscript received 
by the Institute, September 29, 1952. 
t Antenna Research Branch, Radio Division I, Naval Research 

Laboratory, Washington 25, D. C. 

rites exhibit a strong Faraday Effect. This phenomenon 
was first observed by Faraday in 1848 when he passed a 
plane polarized light beam through a thin sheet of mag-
netic material magnetized in the direction of propaga-
tion. The following results were observed and have 
recently been obtained in the microwave region.' 

1. The plane of polarization is rotated in passing 
through the medium, the angle of rotation being propor-
tional to the thickness of material traversed. 

2. The direction of rotation of plane of polarization 
depends only on the direction of the applied static mag-
netic field. Relative to an observer looking along the 
direction of the magnetic field, the sense of rotation of a 
linearly polarized wave will be the same whether the 
wave is traveling toward or away from him. 

3. The angle of rotation is a function of the strength 
of the magnetic field. 

THE INFINITE FERROMAGNETIC MEDIUM 

The observed phenomena may be explained' by con-
sidering the linearly polarized wave to be made up of two 

F. F. Roberts, "A note on the ferromagnetic Faraday effect at 
centimetre wavelengths," Le Jour. De Phys. et le Radium, vol. 12, pp. 
305-307; March, 1952. 

The following is based on the explanation given by M. Abraham 
and R. Becker, "Theorie der Elektrizitat," Taubner, Leipzig, vol. 
p. 27; 1933. 
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circular components, one right-handed and the other 
left. Upon application of the magnetic field the material 
becomes anisotropic in such a way as to have different 
indices of refraction for right- and left-hand circular 
polarization. Thus, in passing through the material, a 
relative phase shift is introduced between the two circu-
larly polarized components which then recombine to 
give a rotated linear polarization at the output. The 
above explanation may be expanded in mathematical 
terms as follows: 

Let a linearly polarized plane wave propagate through 
a lossless, semi-infinite medium in the direction of the 
applied field intensity H. If we erect rectangular axes 
x, y, and z with the z-axis parallel to H, the E-vector 
of the plane wave will lie in the x-y plane. We will 
specify the magnitude of E to vary as cos (cot —e0z): 

IE1 = E0 cos (cot — Poz), 

or if i, and iy are unit vectors along the x and y axes, 

E = [Eoxix Eoyiy] cos (cot — 5oz) 

E =1E1 cos Oi, -F I E I sin 0i„ 

E = Re (IElee)i. Im (1 7E-

We see from the last equation that we can derive the 
x- and y-components of E from the real and imaginary 
parts of the scalar I El el° =Eoei° cos (cot —Poz). Thus, ee 
in this system of notation indicates spatial orientation 
rather than a time phase as is more usual. In this nota-
tion, then, a right-hand circularly polarized wave would 
be represented by Ee", a left-hand by Ee-i'l, where E 
may be complex. 

In accordance with the description of the Faraday 
effect given above, we will let 0 =az, where 0 is the angle 
rotation of the plane of polarization assuming the wave 
enters the medium aligned with the x-axis, at z = O. 
Then the expression for I El eo is 

.E0 
Eyed cos (cot — i30z) = — ei«.[ei(wg-00.) e-io.s-0001 

2 

E0 = [en. 1-(00-a):] 
2 

Let (130—a) =/34. and (Po+a) =0_. Then, 

E0 E0 

2 2 
= 

and 

E0 E0 
E =i -i--2 cos (cot — 5±z) iy - sin (cot — 04.z) 

2 

E0 E0 
2 — cos (cot — ¡9_z) — iy .-- sin (wt — P_z). 

2 

It can be seen by inspection of the above expression 
that the rotating plane wave is equivalent to two circu-
larly polarized plane waves traveling along the z-axis, 
with different phase velocities. One is circularly polar-

ized in the same sense as the angle of rotation of tht 
linearly polarized wave and has a phase constant Pi 
=,30—a, while the other is circularly polarized in th( 
opposite sense having 5_=50-Fa. 
The rate of rotation a, and also the angle of rotation 

0, can then be expressed as 

a. = 
0-- — 04-

2 

= 0- — 0+ z. 
2 (1) 

It must be emphasized that the Po is the phase con-
stant for a rotating linearly polarized wave in the 
medium and is not necessarily identical with the phase 
constant of an ordinary nonrotating, linearly polarized 
wave traveling through the medium. We may express 
po in terms of P+ and e_, 

± S+ 
igo = 

2 

Since O is a function of the magnetic field, j30, [3+, and e_ 
will then be functions of the magnetic field as well as 
of the material. These functions will have to be de-
termined by an analysis of the interaction of the ma-
terial and the applied fields. 
The above model shows that in order that the Fara-

day effect take place the material must exhibit different 
phase velocities for the two senses of circularly polarized 
waves. Since the direction of rotation of the plane wave 
depends only on the direction of the applied static field, 
the phase velocity of each of the circularly polarized 
components will depend upon which sense of polariza-
tion the component has with respect to the applied 
field, not upon which sense it has with respect to the 
direction of propagation. Thus, in order to prevent con-
fusion, we will have to abandon the usual nomenclature 
of right- and left-hand circular polarization since it 
depends on the direction of propagation. Instead, a 
wave circularly polarized in the sense that would ad-
vance a right-hand screw in the direction of the static 
field will by definition have a positive sense of polariza-
tion and will be characterized by a phase velocity e, 
irrespective of whether it propagates in a direction 
parallel or antiparallel to the static field. The opposite 
sense will be the negative sense with phase velocity e_. 
Therefore a given circular polarization will change sense 
if the direction of the applied field is reversed with re-
spect to the direction of propagation. 

Polder' has shown that a ferromagnetic medium 
which is homogeneously magnetized to saturation is 
characterized by a tensor permeability. That is, RF mag-
netic field intensity h and flux density b are related by 

6 = [T]h, 

where [7] is a tensor of the form 

3 D. Polder, "On the theory of ferromagnetic resonance," Phil. 
Mag., vol. 40, pp. 99-115; January, 1949. 
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o 
--= g [ja 0], 

0 O. 

where the tensor components, 1.t and a, are functions of 
the static field strength, flux density, and magnetization 
as well as the frequency of the microwave field. 

Uniform plane-wave solutions of Maxwell's equations 
'have been obtained" for such a saturated ferromagnetic 
medium magnetized in an arbitrary direction with re-
spect to the direction of propagation. In general, two 
solutions are obtained, representing two elliptically 
polarized waves propagating in the same direction but 
with different velocities. In the case of the medium 
magnetized parallel to the direction of propagation, the 
two solutions represent contrarotating circularly polar-
ized waves with phase velocities 

= (0N/6(M ± a), e+ = — a). 
In the case of the medium magnetized perpendicularly 
to the direction of propagation, the two solutions repre-
sent orthogonal linearly polarized waves. One wave has 
its E-vector polarized parallel to the direction of mag-
netization and travels with the phase velocity 

(1,2 a2) 

= coVE   

while the other is polarized perpendicularly to the 
magnetization and travels with the phase velocity 

= (0N/cito, 

which is clearly not a function of the magnetization of 

the medium. 

FERRITES IN W AVEGUIDE 

While the above discussion was based upon an in-
finite medium, the results have been found to be useful 
guides in qualitatively understanding the results ob-
tained in the case of a circular waveguide with a small 
rod of ferrite placed on the axis of the waveguide. On 
the other hand, the infinite medium propagation con-
stants have not been useful in understanding the data 
obtained in the case of a waveguide of rectangular cross 
section containing ferrite material. 
The 12-tensor given above seems to be an inherent 

property of magnetized media and is therefore ap-
plicable to all analyses of ferrite propagation phenomena 
irrespective of the geometry of the medium. The phase 
velocity and the configuration of the fields, however, 
depend on the geometry involved. Thus, in order to 
analyze the propagation of energy through waveguides 
containing ferrite media, solutions must be found to 
Maxwell's equations with the ordinary scalar permeabil-
ity replaced by the tensor permeability and subject to 
the waveguide boundary conditions. 

' M. Born, "Optik," Springer, Berlin, pp. 363-365; 1933. 

Formal solutions have been obtained by Kales' and 
by Suhl and Walker' for the modes in a completely filled 
circular waveguide magnetized in the axial direction. 
The rectangular waveguide case is also under investiga-
tion and some of the modes that may exist in the filled 
rectangular waveguide magnetized in the transverse 
plane have been obtained by Van Trier.' These theo-
retical investigations indicate that the modes which 
exist in a magnetized medium are quite different from 
the usual TE or TM waveguide modes. However, before 
the formal solutions can be used to obtain mode con-
figurations and phase velocities, numerical solutions are 
necessary which require the knowledge of the ti-tensor 
components as functions of the applied field. This re-
quires ti and a to be obtained experimentally for values 
of applied field at least below saturation. We are not at 
present aware of a satisfactory experimental method of 

measuring µ and a. 
We have been engaged in an experimental study of 

the propagation characteristics of both circular and 
rectangular waveguide containing pieces of standard 
commercial ferrites at 9,375 mc. Let us consider first the 
case of the circular waveguide. It can be seen from (1) 
that the angle of rotation of the plane of polarization 
may be obtained from measurements of the phase 
velocity of the circularly polarized components. The 
transmission loss, reflections and changes in ellipticity 
of a linearly polarized wave may also be deduced from 
measurements made upon circularly polarized waves. 
Because of the more fundamental nature of the in-
formation obtained by studying the propagation of 
circular polarization, most of the measurements are 
being made with circularly polarized waves using the 
apparatus shown in Fig. 1(a). A right-hand circularly 
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Fig. 1—Schematic diagram of the measuring apparatus. 

M. L. Kales, "Modes in Waveguides Containing Ferrites," 
NRL Report #4027, August 8, 1952. 

H. Suhl and L. R. Walker, "Faraday rotation of guided waves," 
Phys. Rev., vol. 86, no. 1, pp. 122-123; April 1, 1952. (Letters to the 
Editor.) 

7 Van Trier, "Anomalous wave types in waveguides containing 
ferromagnetics," Phys. Rev., vol. 87, no. 1, pp. 227-228; July 1, 
1952. (Abstract of talk given at meeting of A.P.S. in Washington, 
D. C.) 
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polarized TE n mode is incident upon a ferrite cylinder 
mounted coaxially in a length of 0.9375 inch diameter 
waveguide by means of a polyfoam spacer. The ferrite 
is magnetized in the axial direction by a solenoid wound 
around the waveguide. When the applied field is in the 
direction of propagation, the incident wave is by defini-
tion polarized in the positive sense. Upon reversal of the 
applied field, the incident field must be regarded as 
polarized in the negative sense. 
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Fig. 2—Relative phase shift and insertion loss versus applied axial 
magnetic field intensity with the diameter of the sample as a 
parameter in the case of circularly polarized wave propagation. 

As can be seen from the schematic, all reflections as 
well as changes in ellipticity are measured. The power 
absorbed by the ferrite can then be calculated from the 
measured insertion loss, the difference in readings of the 
input monitor, and the output power detector. It has 
been found, however, that for most samples the power 
absorbed is at least 90 per cent of the insertion loss. 
The change in the phase constant (3± —)5°) due to the 

application of the magnetizing field was measured by 
observing the amount of phase shift that had to be in-
troduced in the reference line to maintain a minimum 
reading at the phase null indicator. The phase shift was 
introduced by means of a calibrated rotary phase shifter 
capable of producing any change of phase within an 
accuracy of at least + 2 degrees. In terms of 0, the dif-
ference in settings of the phase shifter for the magnetized 
and unmagnetized states, 0±, is given by 

13±1 = — 

where 1 is the length of the sample and the subscripts 
— refer, as before, to the phase velocities for the 

positive and negative senses while the superscript, 0, 
refers to the phase velocity in the unmagnetized 
medium. The angle of rotation for a plane polarized 
wave can then be calculated from 

7250" 

150 
125" 

200" 

o (1)+ — 4)-  = /. 
2 

The angle of rotation was measured directly in the 
apparatus shown schematically in Fig. 1(b) to an ac-
curacy of at least + 2 degrees and found to be in agree-
ment with calculated values within experimental errors. 
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Fig. 3—Calculated and measured angle of rotation of the plane of 
polarization versus applied axial magnetic field intensity. 

The curves of ck and insertion loss versus external ap-
plied field H are shown in Fig. 2 for samples of Fer-
ramic D of the same length but different diameters. 
The angle of rotation calculated from these curves as 
well as the measured rotation is shown in Fig. 3. The 
effect of changing only the length of the sample can be 
seen in Fig. 4. The corresponding curves of angle of 
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rotation are presented in Fig. 5. The general shape of 
the curves is seen to be the same as the physical dimen-
sions are changed, only the magnitude apparently being 

affected. 
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Fig. 5-Calculated angle of rotation of the plane of polarization 
versus applied axial magnetic field intensity. 

The horizontal shift of the peaks of the phase and in-
sertion loss curves as the length or diameter is changed 
may be a result of the change of the demagnetization 
factor as the dimensions are changed, resulting in dif-
ferent internal fields for the same applied field, as well 
as end effects producing lumped phase shifts at the ends 
of the cylinder. These factors may also explain why the 
rotation per unit length curves do not coalesce into a 
single curve as would be expected from (1). 
The origin of the peak which is present in the inser-

tion-loss curves is not yet fully understood. There are 
some indications that it may be a shape resonance since 
as one goes to much larger diameters in some ferrites 
more peaks appear. We have found, however, that if in 
addition to the axial field a magnetic field is applied 
transverse to the axis of the waveguide a substantial 
reduction can be made in the magnitude of the peak in 
many cases. This is shown in Fig. 6, where the parameter 
is the value of the transverse field, the dimensions of 
the sample being held constant. 

Because of the limitations of space, only the curves 
for Ferramic D are shown. These were chosen since this 
particular ferrite exhibits the lowest absorption loss of 
the materials we have tested. The rest of the samples, 
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Fig. 6-Relative phase shift and insertion loss versus applied axial 
magnetic field intensity with the applied transverse magnetic 
field intensity as a parameter in the case of circularly polarized 
wave propagation. 
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with the exception of three, exhibit phase and insertion 
loss curves having the same general shape as those shown 
for Ferramic D, the difference between curves for indi-
vidual materials of the same size being one of magni-
tude rather than of shape. A résumé of the values of the 
cp and insertion loss curves at the more interesting points 
is given in Table I for 0.250-inch X 1.50-inch cylinders 
of the materials tested. The three exceptions are Fer-
ramic B, Ferramic H, and Ferroxcube 4B. These three 
materials give 4 and insertion loss curves which seem 
to have the same general trend, but differ markedly in 

TABLE I 

Magnitude Loss at Loss at 
Ferrite Peak of tfr_ of loss 

peak 

Loss at 
H =0 

H = 0+ at 
1000 oe H= +1000 oe H= -1000 oe 

Ferramic8 A -145° 3.4 db 2.6 db 43° 0.8 db 1.2 db 

Ferramic A-34 
Ferramic C 

I D' Ferramic D 1D5 

-188° 
-244° 
-150° 
-350° 

2.1 db 
11.5 db 
3.0 db 
4.4 db 

0.6 db 
6.0 db 
2.7 db 
3.2 db 

95° 
35° 
41° 
35° 

0.3 db 
0.9 db 
1.2 db 
1.0 db 

1.5 db 
5.4 db 

1.2 db 
3.2 db 

Ferramic E 
Ferramic G 
Ferramic H1 
Ferramic I 

-540° 
-650° 
-238° 
-490° 

12.5 db 
26.0 db 
26.0 db 
20.0 db 

3.0 db 
5.5 db 
3.5 db 
5.5 db 

35° 
30° 
98° 
123° 

1.1 db 
1.0 db 
0.25 db 
0.8 db 

8.6 db 
6.0 db 
18.0 db 
19.4 db 

Ferramic J -305° 11.5 db 6.0 db 40° 1.0 db 6.5 db 

Ferroxcube 4D -312° 15.0 db 6.2 db 38° 1.2 db 9.7 db 

Ferroxcube 4E -170° 2.8 db 1.7 db 42° 0.5 db 0.8 db 

Crolitelo -570° 21.0 db 5.5 db 35° 1.0 db 6.5 db 

General Ceramics and Steatite Corp., Keasbey, N. J. 
Ferroxcube Corporation of America. New York. N. Y. 

14 Henry L. Crowley and Co., West Orange. N. J. 
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form from the other materials. An unusual feature of 
these materials is that over the range of values meas-
ured ck+ is less than ct,_; hence, negative rotation is 
obtained. 

The data presented is intended to give a qualitative 
rather than a quantitative picture of what may be ex-
pected. In view of the nonuniformity of commercial 
ferrite materials with respect to their microwave prop-
erties, exactly reproducible results cannot in general be 
expected for materials having the same commercial 
designation. Thus, for example, we have been able to 
separate our Ferramic D samples into two groups from 
their phase- and insertion-loss characteristics which we 
designate as DI and D2. The differences in the character-
istics between these two forms of Ferramic D can be 
seen from Table I. The data presented applies to Fer-
ramic D'. 

In the rectangular waveguide case, experiments 
have been conducted with various physical dimensions 
and relative orientations of the waveguide and the 
ferrite. It is interesting to note that the transmission 
loss depends not only on the intrinsic properties of the 
ferrite material but also on the particular physical con-
figuration used. For example, it has been found that 
when a small rectangular piece of ferrite is inserted in 
the center of a standard X-band waveguide the loss is 
much higher than if the same piece of ferrite were 
placed adjacent to the narrow wall of the waveguide. 
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Fig. 7—Relative phase shift and insertion loss versus applied trans-
verse magnetic field intensity for rectangular waveguide case. 

On the other hand, the range of phase shift is not ap-
preciably changed. A possible explanation is that the 
reduction in the loss is due to a reduction in the dielec-
tric loss which results from placing the ferrite in a part 
of the waveguide where the electric field is small. Figs. 7 
and 8 show the phase shift and loss as a function of 
transverse field obtained from two different physical 
arrangements. 
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Fig. 8—Relative phase shift and insertion loss versus applied trans-
verse magnetic field intensity for rectangular waveguide case. 

APPLICATIONS 

Since it is possible, by means of ferrite devices, to 
vary electrically the phase or polarization of micro-
wave fields, the ferrites should have many applications 
in microwave systems. Before such applications may be 
realized, however, the absorption losses of the ferrite 
materials must be minimized and further study must 
be made of their power-handling capabilities and the 
dependence upon frequency and temperature of their 
propagation characteristics. In view of the fact that 
commercially available ferrites were developed as rela-
tively-low frequency transformer cores, it is not to be 
expected that they are optimum at microwave fre-
quencies. Thus, it is quite possible that new ferrite ma-
terials can be developed with loss so low that they will 
be practical for many applications. 
A direct application of the Faraday Rotation in fer-

rites has been made by Luhrs in his microwave switch." 
Essentially, the Luhrs' switch consists of a section of 
dielectric-filled circular waveguide in which a piece of 
ferrite rod is axially located. A coil is wound on the 
circular waveguide to provide an axial magnetic field. 
The input to the ferrite section is a rectangular wave-
guide and the output another length of rectangular 
waveguide which is rotated 90° about its axis with re-
spect to the input waveguide. Thus with the ferrite un-
magnetized, there is about 50-db isolation between the 
crossed waveguides. When the proper current is sup-
plied to the coil, the ferrite rotates the plane of polariza-
tion 90° and the input and output guides arc coupled. 
The transmission loss in the "on" state is about 0.25 db. 
If a square waveguide having two outputs is used at 
the output, one could electrically switch between the 
two output channels. A number of two-channel switches, 

C. H. Luhrs and Co., Hackensack, N. J. 
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f cascaded, could form an organ-pipe scanner" with no 
noving parts. A rod of ferrite magnetized to produce 
45° of rotation and located on the axis of a circular 
vaveguide terminated at each end by a two-mode 
:ransducer produces a very interesting device called a 
'circulator," the properties of which are described by 
-Logan." In the same paper, Hogan describes a one-way 
r phase shifter utilizing a 90° rotator. This device pro-
luces a phase shift of r for linearly polarized waves 
zaveling in one direction. If the direction of propaga-
ion is reversed, no phase shift is introduced. 

Fig. 9—Diagram of ferrite isolating device. 

Another important possible application is the isola-
tion of the generator from the load. If successful, it may 
make possible many antenna designs, particularly for 
scanning antennas, which in the past have had to be re-
jected because of the variable impedance presented to 
the generator. Fig. 9 shows a typical possible arrange-
ment. When the magnetron fires, both the TR and ATR 
are closed. The output of the magnetron is rotated 45° 
in passing through the 45° rotator, and then pro-
ceeds to the antenna. If any power is reflected by the 
antenna, it comes back down the line, passes through 

12 K. S. Kelleher and H. H. Hibbs, "Organ pipe radar scanner,» 
Electronics, vol. 25, pp. 126-127; May, 1952. 

II C. L. Hogan, "The ferromagnetic Faraday effect at microwave 
frequencies and its applications—the microwave gyrator," Bell Sys. 
Tech. Jour., vol. 31, pp. 22-26; January, 1952. 

the rotator, and is rotated another 45° in the same di-
rection, making a total of 90°. The reflected wave there-
fore cannot enter the input and must proceed up one of 
the two side arms. Since the TR and ATR are still 
closed, the reflected wave proceeds to the upper arm 
and is absorbed in the load. By the time the target 
reflection reaches the antenna, both the TR and ATR 
are open and thus the target energy proceeds to the re-
ceiver instead of the load. 
The electrical variation of phase made possible by the 

ferrites makes these materials especially useful in the 
design of scanning antennas, since one can scan a radar 
beam by controlling the phase distribution over the 
radiating aperture. We are at present developing an ar-
ray whose beam can be electrically scanned. The array 
consists of shunt slots cut along the edge of a rectangular 
waveguide. Pieces of ferrite are located between the 
slots and energized by small electromagnets in such a 
way as to progressively change the phase at each slot, 
thus causing the radiated beam to scan. 
A phase shifter utilizing the variation in phase 

velocity of circular polarization will be nonreciprocal 
since a wave traveling in one direction will suffer a 
phase shift which differs from that of the wave traveling 
in the reverse direction. However, such a device can be 
made reciprocal by the addition of a 45° ferrite rotator 
at each end." 
We have described only a few of the many possible 

applications of ferrites in present-day microwave sys-
tems. The field is relatively new and there is much more 
to be learned about ferrites at microwave frequencies. 
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Characteristics of the Magnetic Attenuator at UHF* 
FRANK REGGIAt AND ROBERT W . BEATTYt, MEMBER, IRE 

Summary—Certain ferromagnetic materials such as ferrites 
have considerable loss at frequencies in excess of 30 mc. This loss 
can be controlled by producing a magnetic field in the material by 
external means, such as an electromagnet. This principle is used in 
the small electrically controlled variable attenuator for coaxial lines 
which is described. The performance of the attenuator at ultra-high 
frequencies is given for a specific attenuator using a number of 
suitable materials. The design and applications of the attenuator are 
also discussed. 

* Decimal classification: R396.9. Original manuscript received by 
the Institute, October 10,1952. 
t National Bureau of Standards, U. S. Dept. of Commerce, 

Washington 25, D. C. 

INTRODUCTION 

CERTAIN FERROMAGNETIC MATERIALS 
such as ferrites,' ,2 which have relatively high per-
meability and low loss at radio frequencies below 

approximately 30 mc, become quite lossy at higher fre-
quencies. Investigation has shown that the losses at 

1 C. L. Snyder, E. Albers-Schoenberg, and H. A. Goldsmith, 
"Magnetic ferrites," Elec. Manu., vol. 44, no.6, pp. 86-91; December, 
1949. 

2 M. J. O. Strutt, "Ferromagnetic materials and ferrites," Wire-
less Eng., vol. 27, no. 327, pp. 277-284; December, 1950. 
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higher frequencies are not caused mainly by hysteresis 
and eddy currents, but are associated with changes in 
the internal magnetic structure of the material such as 
domain wall relaxation and rotation of domains.3.4.8 The 
losses have been shown to be a function of the magnetic 
field within the material, and certain resonance effects 
have been observed in the microwave region. The field 
is usually produced by an electromagnet which permits 
electrical control of the loss in the material. 

This phenomenon is the basis for several devices 
which make use of the dissipative properties of ferro-
magnetic materials at high frequencies. An electrically 
controlled X-band waveguide attenuator was made by 
Miller,8 using a mixture of polystyrene and iron powder. 
The properties of this attenuator were in many ways 
inferior to other types of waveguide attenuators. An 
electrically controlled coaxial attenuator has been de-
veloped by Reggia,7 using ferrite materials to obtain ex-
cellent loss characteristics over a broad frequency range. 
An X-band waveguide microwave switch made by 
Luhrs8 uses a ferrite material to obtain rotation of 
polarization in the guide. The amount of rotation is con-
trolled by an electromagnet. A somewhat similar device 
has been developed by Hogan° using a ferrite to produce 
Faraday rotation of polarization in a waveguide. The 
circuit element is called a "gyrator" and has many 
uses in addition to its application as an attenuator. 
The electrically controlled coaxial variable attenuator 

developed by Reggia fills the need for a continuously 
variable coaxial attenuator having a low minimum loss 
of the order of a few decibels. The performance of this 
attenuator has been investigated at ultra-high fre-
quencies for a number of commercially available ferro-
magnetic materials. The purpose of this paper is to 
describe the attenuator, present the performance data, 
and discuss the design and applications of the device. 

DESCRIPTION OF THE ATTENUATOR 

As shown in Fig. 1, the magnetic attenuator consists 
of two principal parts: a short section of coaxial trans-
mission line containing a suitable dissipative material 
filling the space between the inner and outer conductors, 
and an electromagnet which produces a magnetic field 
in the dissipative material. 
The coaxial-line section and the dissipative material 

are shown in the photograph of Fig. 2. The respective 

3 J. B. Birks, "The properties of ferromagnetic compounds at 
centimeter wavelengths," Proc. Phys. Soc. (London B), vol. 63, 
pp. 65-74; February, 1950. 

D. Polder, "Ferrite materials," Prot. I.E.E. (London), vol: 97, 
pt. II, pp. 246-256; April, 1950. 

6 G. T. Rado, R. W. Wright, and W. H. Emerson, "Ferromag-
netism at very high frequencies. III. Two mechanisms of dispersion in 
a ferrite," Phys. Rev., vol. 80, no. 2, pp. 273-280; October, 1950. 

T. Miller, "Magnetically controlled wave-guide attenuators," 
Jour. Appl. Phys., vol. 20, pp. 878-882; September, 1949. 

7 "NBS magnetic attenuator," Nat. Bur. Standards Tech. News 
Bull., vol. 35, pp. 109-111; August, 1951. 

3 H. W. Herman, "Performance Tests on the C. H. Luhrs Micro-
wave Switch," Naval Research Laboratory Report 3883, 10 pages; 
December, 1951. 
• C. L. Hogan, "The microwave gyrator," Bell Sys. Tech. Jour., 

vol. 31, pp. 1-10; January, 1952. 

(A) 

(B) 

Fig. 1—Essential parts of the magnetic attenuator: (A) a shor 
section of transmission line containing a dissipative material 
(B) the electromagnet used to produce a magnetic field in th 
material. 

diameters of the inner and outer conductors at till 
center of the line section are 0.100 inch and 0.355 inch 
The dimensions of the line are varied at the ends tc 
permit use of 50-ohm Type N connectors. The wal 
thickness of the outer conductor at the center of thc 

O INCH 2 

11111111111111111111111110,11111111 

Fig. 2—Short section of transmission line showing the end con-
nectors, the ferrite material, and three sizes of material housings 
for holding inserts of different lengths. 

line section is 0.010 inch and conforms to the standard 
dimensions for Type N connectors at the ends. The con-
nectors are designed to unscrew from the line section, 
permitting quick removal of the dissipative material 
insert. 

The insert of dissipative material is a cylindrical slug 
having a length of one-half inch, with an axial hole to 
accommodate the center conductor. The dissipative ma-
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.erial appears black in the photograph and fits between 

.wo teflon insulators. It is possible to obtain ferrite in-
;erts of the required size (to fit snugly between the inner 
Ind outer conductors) directly from the manufacturers, 
.hus avoiding the difficulties of machining" the hard 
Ind brittle ferrite materials. 

Fig. 3—Large electromagnet capable of carrying several 
amperes of current. 

The electromagnet may be of any convenient design. 
A large electromagnet capable of carrying several am-
peres of current is shown in Fig. 3 and a smaller electro-
magnet (using field coils taken from relays) is shown in 
Fig. 4. Both electromagnets have adjustable pole pieces 

R 
Fig. 4—Assembled magnetic attenuator using the small 
electromagnet and internal parts of the attenuator. 

I° A. A. Feldmann, "The Machining of Powdered Iron Materials 
and Ferromagnetic Ferrites," NBS Report No. 1530, 7 pages. 

to facilitate installation and removal of the coaxial-line 
section. The pole pieces and yoke of both magnets were 
made of pure iron. The assembled attenuator consisting 
of the line section fitting snugly between the curved 
pole pieces of the electromagnet is shown in Fig. 4. 

EXPERIMENTAL DATA 

Two properties of the magnetic attenuator were 
investigated, the attenuation and input impedance. The 
attenuation is defined to be the insertion loss which oc-
curs when the attenuator is placed in a matched, 50-ohm 
coaxial transmission-line system having Type N con-
nectors. The arrangement for the measurement of at-
tenuation by direct substitution is shown in the block 
diagram of Fig. 5. The input impedance was measured 
with the attenuator terminated in a matched 50-ohm 
load. 

CALM 

AT TENUATOR 
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AT TENUATOR 

UNA 

GENERATOR 

MAGNETIC 

ATTENUATOR 

Ck 
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VOUE 

MACHINE 

OCT E C TOR 

AMPLIFIER 

VS WR 
INDICATOR 

IMPEDANCE 

MATCHING 

TN ANSFCMMER 

BUFFER 

AT TENUATOR 

UHF 

RECEIVER 

INDICATOR ) 

Fig. 5—Block diagram of the circuit used for attenuation 
measurements. 

The above properties were investigated to determine 
their dependence on the following factors: 

1. Type of ferromagnetic material. 
2. Frequency of operation of the transmission-line 

system. 
3. Strength of the magnetic field. 
4. Orientation of the magnetic field. 

Additional experiments were made to determine the 
effect of the dimensions of the insert, power level, 
temperature, and hysteresis, but complete data could 
not be obtained because of limited time and manpower. 
The attenuation in decibels versus the electromagnet 

current in amperes is shown in Fig. 6 for an attenuator 
operating at ultra-high frequencies using various dis-
sipative materials. The length of the dissipative mate-
rial is one-half inch and the diameter is three-eighths 
of an inch in each case. The electromagnet of Fig. 3 was 
used to produce the magnetic field. The field strength 
is roughly proportional to the electromagnet current be-
low the saturation point in the iron pole pieces and 
yoke. It is difficult to estimate the magnetic field 
strength in the material because of the nonuniform mag-
netic circuit, but measurements in the air gap of the 
electromagnet with the attenuator removed yield field 
strengths up to 4000 gauss with 4 amperes of current. 
The actual field strength in the material is higher than 
this, depending upon its permeability. 
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Fig. 6—Attenuation in decibels versus electromagnet current in amperes is shown for the magnetic attenuator using various dissipative 

materials. The name of the material is shown on each family of curves. In each case, the solid curve represents a frequency of operation 
of 3000 mc and the other curves correspond in descending order to frequencies of 2000, 1000, and 300 mc. 

Inspection of the graphs reveals many interesting 
things. Some materials such as Crowley C44SS (Fig. 
6-1) are not at all suitable for use with magnetic at-
tenuators at ultra-high frequencies because the attenua-
tion does not change appreciably with magnetic field 
strength. In most cases, the attenuation ultimately de-
creases as the magnetic field strength is increased, but in 
the attenuator using Stackpole No. 51 (Fig. 6-2) the re-
verse is true. 

Attenuators using polyiron such as Crowley M P1822 
(Fig. 6-4) have a decreasing attenuation characteristic 

at frequencies of 1000 mc and above. At lower fre-
quencies, both the total attenuation and the change in 
attenuation are very small. 
The materials are arranged in order to show the 

gradual increase in the ferromagnetic resonance" effect. 
A slight dip is noted at 3000 mc in the Crowley BX114 
characteristic (Fig. 6-7) and the dip has widened out to 
give a pronounced absorption peak at 0.65 ampere in 

'1 K. J. Standley, "Ferromagnetic resonance phenomena at micro-
wave frequencies," Sci. Frog., vol. 38, no. 150, pp. 231-245; April, 
1950. 
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he 3000-mc curve of Croloy No. 70 (Fig. 6-11). Perhaps 
he sharpest observed peak occurs in the 3000-mc curve 
or Ferramic I (Fig. 6-15). The materials which exhibit 
erromagnetic resonance in or near the uhf band yield 
he greatest attenuation sensitivity to changes in the 
nagnetic field and are best suited for use in control cir-
:uits and modulators. The minimum attenuation that 
•an be reached is of interest in switching applications, 
tnd it is seen that a material such as Ferramic B (Fig. 
5-10) is superior to many others in this respect. 
Additional data on ferromagnetic resonance is shown 
n Fig. 7 for Croloy No. 20 material. The resonance is 
)bserved to occur at higher magnetic field strengths as 
he frequency is increased. The highest observed 
-esonance peak occurs at a frequency of approximately 

3200 mc. 

50 CROLOY NO. 20 

40 

30 

5 

20 

10 
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3700 Me 
3200 
3000 
2400 
1800 
1000 
300 

2 3 

AMPERES 

Fig. 7—Attenuation versus electromagnet current (showing ferro-
magnetic resonance) for a magnetic attenuator using Croloy No. 
20 as the dissipative material. 

Using the small electromagnet shown in Fig. 4, good 
control of the attenuation can be obtained with small 
currents when certain dissipative materials are used in 
the attenuator. Fig. 8 shows a variation of 11 db at 325 
mc, with a total current change of 10 m amps when using 
a Ferramic H ferrite. The corresponding curve shown 
in Fig. 6-12 indicates that similar control can be ob-
tained using this material over the entire uhf band. 
Other suitable materials include Lavite F-27 and Stack-
pole XE2826. 

15 
1.111.11AUKRE: 

Fig. 8—Control of attenuation using small electromagnet. 

In some cases, rotation of the coaxial-line section con-
taining the ferromagnetic material with respect to the 
electromagnet produces a change in attenuation. This 
effect is quite small or absent in most cases except at 
ferromagnetic resonance. This phenomenon is shown in 
Fig. 9 for a particular attenuator using Ferramic B. It is 

FERRAMIC B 
3700 Me 

Area Repesents Ranee of Attenuation 
Obtained W Rotating Attenuate« Element 
VAM Rupee to Electmeneenet. 

Fig. 9—Effect of rotating magnetic field of an attenuator operating 
near ferromagnetic resonance and using anisotropic dissipative 
material. 

to be presumed that the particular sample of the ma-
terial used is anisotropic. 
The variation of input impedance at ultra-high fre-

quencies with change of magnetic field strength is 
shown for attenuators using Croloy No. 20 in Fig. 10, 

CROLOY NO. 20 

3000 Me 

2000 
1000 

500 
300 

.25 

KEY 

Fig. 10—Impedance characteristics at ultra-high frequencies of a 
magnetic attenuator using Croloy No. 20 material. The circles 
correspond to the normalized impedance with no magnetic field 
applied. As the field is increased, the impedance changes in the 
direction of the arrows. 

Croloy No. 70 in Fig. 11, and Ferramic H in Fig. 12. 
The curves of normalized impedance are plotted with an 
arrow on circular transmission-line (Smith) charts to 
show the direction of increasing field strength. In each 
case, the beginning of the curve corresponds to zero 
electromagnet current. 
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CROLOY NO. 70 

KEY 

3000 Me 
2000 
1000 
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Fig. 11—Impedance characteristics at ultra-high frequencies of a 
magnetic attenuator using Croloy No. 70 material. 

It can be seen that the attenuator impedance curves 
are quite similar in shape at the lower frequencies, but 
assume individual characteristics at frequencies near 
ferromagnetic resonance. A good impedance match is 
obtained in a number of cases and the voltage standing-
wave ratio (vswr) is at all points less than 4.0. It is 
apparent that attenuators can be designed for use as 
absorption modulators having good impedance charac-
teristics. This can be readily seen from the three-
dimensional figure shown in the photograph of Fig. 13. 
In this figure, the data in the impedance plane corre-
spond to the 2000 and 3000 mc curves of Fig. 10 for an 
attenuator using Croloy No. 20. The attenuation corre-
sponding to each impedance value is plotted vertically. 
It can be seen that large changes in attenuation can be 
obtained with small impedance changes if the attenua-
tor is operated near ferromagnetic resonance. 
The effect of dimensions, power level, temperature, 

and hysteresis on the attenuation characteristics are not 
shown graphically, but can be briefly summarized as 
follows: 

The attenuation at zero electromagnet current gen-
erally increases linearly with the length of the insert. 
Some deviation from linearity may be experienced at 
higher electromagnet currents if the distribution of 
magnetic field in the material is changed due to the in-
creased size of the poles of the electromagnet. 

The diameter of the insert and the relative diameter 
of the inner and outer conductors have their principal 
effect on the input impedance. The size of the insert 
chosen for the uhf magnetic attenuator gives a fairly 
good impedance match and efficient control of attenua-
tion with most materials used. 

FERRAMIC H 

KEY 

3000 Mc 
2000 
1000 
500 
300 

..... 
• • • • • 

Fig. 12—Impedance characteristics at ultra-high frequencies of a 
magnetic attenuator using Ferramic H material. 

At power levels up to 10 watts, some heating was ob-
served but no noticeable changen in the attenuation 
characteristic was observed. At 2000 mc and with no 
external magnetic field applied, an attenuator using a 
Ferramic H ferrite as the dissipative material was 
heated to a temperature above 105°C and no noticeable 
change in its attenuation characteristics was observed. 
One hour was required for a complete heating cycle. 
There was practically no noticeable hysteresis effect 

when increasing or decreasing the external magnetic 
field. With any one attenuator, measured data could be 
repeated within the accuracy of the measurements. 

APPLICATIONS 

Several applications of the magnetic attenuator are 
apparent and others may be found. 

The magnetic attenuator fills the need for a con-
tinuously variable coaxial attenuator having a low 
minimum attenuation. Piston attenuators used for this 
purpose have a minimum attenuation of approximately 
20 db. Coaxial variable attenuators using a resistive 
flap inserted through a slot in the coaxial line are non-
linear and have a relatively small attenuation and fre-
quency range. There are few other types of coaxial 
variable attenuators available. 
The magnetic attenuator may be used as an absorp-

tion modulator. With cw input to the attenuator, an ac 
modulating field is superimposed on the dc field, pro-
ducing an amplitude modulated output. The modulating 
field may be produced by varying the electromagnet 
current about a chosen bias's value, or by using an addi-

11 Changes in attenuation less than 0.2 db. 
13 If the attenuator is biased at the linear portion of its attenuation 

characteristic, undistorted modulation may be obtained. 
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Fig. I3—Photograph of a three-dimensional plot of the attenuation and impedance changes obtained with a magnetic attenuator as the 
electromagnet current is increased from zero to 3 amperes. Two graphs are shown, one for an operating frequency of 3000 mc (on the 
right) and the other for a frequency of 2000 mc. Attenuation is plotted vertically, the two horizontal lines corresponding to 10 and 20 db. 
The normalized impedance is shown on the horizontal Smith chart. The dissipative material is Croloy No. 20. 

tional modulating coil on the yoke of the electromagnet. 
This is often easier to accomplish than direct modula-
tion of the oscillator which usually produces unwanted 
frequency modulation. The impedance characteristics 
can be improved by proper choice of the dc biasing field 
to reduce pulling of the oscillator due to changes of 
loading. Modulation frequencies from dc to 10,000 
cycles have been used successfully with the attenuator 
assembly shown in Figs. 1 and 4. 

If suitable dissipative materials are chosen, the mag-
netic attenuator can be used as a transmission switch, 
which alternately transmits or attenuates high-frequency 
energy as the electromagnet current is varied between 
two fixed values. 
As shown in Fig. 14, the magnetic attenuator can be 

used as a control device in a degenerative feedback net-
work to stabilize automatically the power output of a 
uhf generator. A small amount of RF power taken from 
the coaxial transmission line is detected, amplified, com-
pared against a dc reference voltage, and used to control 
the output voltage of the dc power supply which sup-
plies the electromagnet current that controls the RF 
power level through the attenuator. 

The rotational effect shown in Fig. 9 can be used to 
provide additional control in connection with an angular 
rotation which may be of value in certain applications. 
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Fig. 14—Block diagram showing amplitude stabilization of the 
output of the uhf generator using a magnetic attenuator. 

DESIGN CONSIDERATIONS 

The design of a magnetic attenuator depends upon its 
application requirements. A certain amount of trial and 
error may be necessary to find the best material for a 
given application. It is good practice to choose a 
standard size for the insert of dissipative material and 
make the line section in such a way (see Fig. 2) that it is 
easily disassembled to accommodate inserts of various 
materials. 
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Since the physical properties of the magnetic ferrites 
closely resemble those of ceramics, special machining 
techniques are required to shape the materials to the 
desired dimensions. Diamond-surfaced grinding wheels 
and drills are required throughout. In most cases, it is 
possible to have the ferrite molded in prescribed shapes 
by special arrangement with the manufacturer. 
The outer conductor of the line constitutes a high re-

luctance gap in the magnetic circuit between the dis-
sipative insert and the pole pieces of the electromagnet. 
It is advisable to reduce this reluctance by making the 
outer conductor very thin. 

In applications involving modulation, the fields from 
eddy currents in the outer conductor may reduce the ac 
modulating field in the dissipative material. If high 
modulating frequencies are used, it may be necessary to 
axially laminate the electromagnet poles and a section 
of the outer conductor to reduce eddy currents. 
Another method for high-frequency modulation is as 

follows: A second electromagnet is placed about the 
attenuator element perpendicular to the electromagnet 
previously described. This electromagnet differs from 
the first in that a ferrite material is used for the yoke and 
pole pieces. Holes are cut in the outer conductor of the 
attenuator so that the pole pieces can contact the dis-
sipative material. Leakage of uhf energy may be pre-
vented by extending the outer conductor back over the 
pole pieces a short distance, forming cylindrical wave-
guides which are below cutoff at ultra-high frequencies. 

Field coils used with the electromagnet need not be 

specially wound in all cases, but can be chosen for thei 
voltage or current ratings, shape, and size and can b 
readily obtained from commercially available ac or d. 
relays. For some applications, several windings can to 
used to accommodate both ac and dc control fields am 
can be operated in series or parallel. 

APPENDIX 

A partial list of commercially available dissipativi 
materials suitable for use in the uhf magnetic attenuato 
is shown in Table I. The approximate attenuation a 
1000 mc when no external magnetic field is applied i: 
shown for each material, together with the manufac 
turers' name and address. 

TABLE I 

Dissipative 
material 

Zero field attenua-
tion (db/in) 
at 1000 mc 

Manufacturer 

Ferramic B 
G 
H 

Croloy 20 
70 
BX113 

Lavite 

XE2826 

22 
19 
35 

General Ceramic and Steatite 
Corp., Keasbey, N. J. 

29 H. L. Crowley and Co., Inc., 
40 West Orange, N. J. 
22 

F27 35 D. M. Steward Manufactur-
F15 34 ing Co., Chattanooga, 
F4 72 Tenn. 

38 Stackpole Carbon Company, 
St. Marys, Pa. 

A Microwave Magnetometer* 
P. J. ALLENt 

Summary—Faraday rotation in ferrites at microwave frequencies 
is applied experimentally to a new magnetometer technique expected 
to attain extreme sensitivity. The microwave output voltage is 
linearly related to the magnetic field. Sensitivity is a function of 
microwave carrier level, length and initial permeability of the ferrite 
rotator. Experimental response curves are given for two different ro-
tator lengths. Magnetic increments of the order of one gamma have 
been detected. The prospect of attaining the extreme sensitivity in-
herent in the microwave magnetometer principle suggests the 
magnetic detection possibilities of a micro-magnetometer. 

INTRODUCTION 

UNTIL RECENTLY the term Faraday effect has 
been associated principally with a magneto-opti-
cal rotation phenomenon observed when a polar-

ized light beam is transmitted through a transparent 
material in the direction of an applied magnetic field. 
Materials generally considered are nonmagnetic sub-
stances such as liquids, glasses and the like in which 

* Decimal classification: R282.3. Original manuscript received 
by the Institute, October 2, 1952. 
t Naval Research Laboratory, Washington 25, D. C. 

optical rotation, expressed by Verdet's constant, is of 
the order of 1/1,000 of a degree or less per cm path per 
oersted of applied field. Because of the very small rota-
tions obtainable in available materials, with reasonable 
fields, the Faraday effect at optical wavelengths has 
achieved slight practical significance. At microwave fre-
quencies, however, the Faraday effect reasserts itself. 

Hogan' has reported Faraday rotations of the order of 
1/10 degree per cm per oersted applied field in various 
ferro-magnetic ferrites at a frequency of 9,000 mc, thus 
confirming the predictions of Polder2 that at microwave 
frequencies ferromagnetic substances should show ap-
preciable Faraday rotation. With such large rotations 
at microwave frequencies being a practical reality, and 
much larger rotations to be expected, the Faraday effect 
and related gyromagnetic phenomena take on new 
meaning. This is well illustrated by Hogan's application 

1 C. L. Hogan, "The microwave gyrator," Bell Sys. Tech. Jour., 
vol. 31, pp. 1-31; January, 1952. 

2 D. Polder, "On the theory of magnetic resonances," Phil. Mag., 
vol. 40, pp. 99-115; January, 1949. 
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of the phenomenon to the realization of a new circuit 
element, the microwave gyrator. Other applications of 
gyromagnetic phenomena in ferrites at microwave fre-
quencies are reported by Sakiotis, Simmons, and Chait.3 
The present paper proposes application of microwave 
Faraday rotation to a new magnetometer technique ex-
pected to attain extreme sensitivity. 

MAGNETOMETER PRINCIPLE 

The microwave magnetometer is essentially a micro-
wave counterpart of the familiar optical system used for 
measuring Faraday rotations with known applied mag-

FARADAY 

ROTATOR 

POLARIZER 

ANALYZER 

Fig. 1—Optical analogy of the microwave magnetometer. 

netic fields. In the magnetometer application, however, 
the magnetic field is the unknown and is determined 
from the readily-measured Faraday rotation imparted 
to the polarized microwave field in passing through the 
Faraday plate or rotator. The principle is illustrated in 
Fig. 1. Radiation from a microwave carrier source, S, is 
incident on a polarizer which transmits only a plane-
polarized wave as represented by the vector A. The 
wave travels through the "transparent" Faraday rota-
tor and in the presence of a magnetic field component, 
H, parallel to the direction of propagation, experiences 
a rotation O.' The electric field now is represented by the 
vector A' which can be resolved into the components 
B and C. Component B lies in the acceptance plane of 
the analyzer and is transmitted through to the detector, 
D. Component C, on the other hand, lies in a plane nor-
mal to the acceptance plane of the analyzer, is thus re-
jected, and the detector senses only the component 

sin O. It is apparent that for small angles of rota-
tion B and O are linearly related. 
Now a change in the applied field, H, produces a 

change in the rotation O and a corresponding change in 
the amplitude of component B reaching the detector. If 
O is proportional* to H, then for small angles component 
B is proportional to H, and the RF voltage reaching the 
detector is a direct indication of the applied field, H. On 
reversing the direction of H, vector B also is reversed, 
effecting a 180-degree relative phase change in the RF 
wave reaching the detector. It is obvious that by means 

$ N. G. Sakiotis, A. J. Simmons, and H. N. Chait, "Microwave-
antenna ferrite applications," Electronics, vol. 25, pp. 156; June, 
1952. 

4 H. Suhl and L. R. Walker, "Faraday rotation of guided waves," 
Phys. Rev., vol. 86, pp. 122-123; April 1, 1952. 

of a suitable phase-sensing detector, the relative direc-
tion as well as the magnitude of the applied magnetic 
field, H, can be derived from B. 

MICROWAVE ASPECTS 

In application of the principle at microwave frequen-
cies, dominant-mode rectangular waveguides, aligned 
axially and with crossed electric planes, make effective 
polarizer and analyzer. The microwave Faraday rotator, 
which accomplishes direct intimate physical linkage be-
tween magnetic field and RF field, takes the form of a 
circular cylinder of ferrite material enclosed in a length 
of circular waveguide. This permits a closed microwave 
circuit with the waveguide polarizer and analyzer di-
rectly connected to the ends of the rotator waveguide. 
One effective rotator design5 consists of a pencil of 

ferrite imbedded in the center of a teflon-filled circular 
waveguide. This design provides good mechanical sup-
port for the ferrite rod, yet maintains reasonably good 
impedance match when in direct abutment with the 
rectangular waveguide. Variations of this design have 
been used in the magnetometer experiments. 

In using a rectangular waveguide for the analyzer, 
component C (Fig. 1) will be totally reflected back 
through the Faraday rotator to the signal source unless 
absorbed by some means. If the transmission loss of the 
Faraday rotator is not small, the reflected wave reaching 
the generator may be sufficiently attenuated as to be of 
no consequence. On the other hand, if the Faraday plate 
is low-loss, an absorbing septum placed between Fara-
day rotator and analyzer and in the plane of vector C 
will dissipate this residual component while allowing the 
desired component, B, to enter the analyzer. 

3 

Fig. 2—Microwave elements of basic magnetometer. 

The microwave carrier required in the magnetometer 
can be furnished by a klystron oscillator. The signal 
detector is some form of sensitive microwave receiver. 
Various possibilities suggest themselves. 
The waveguide elements of a basic microwave mag-

netometer are shown in Fig. 2 and consist simply of a 

6 Due to C. H. Luhrs and Co., Hackensack, N. J. 
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klystron signal source, a Faraday rotator (with solenoid 
used for applying a magnetic bias or bucking field), and 
a crystal detector. A complete magnetometer requires 
only the addition of a klystron power supply and an 
indicating amplifier. Such a magnetometer is sufficiently 
sensitive to detect field changes of a small fraction of an 
oersted. 

REGARDING SENSITIVITY 

If one assumes the magnetic induction, B., in the 
direction of propagation to be constant throughout the 
length of the ferrite rod, then for small rotations the 
angle through which the plane of polarization of the 
incident wave is rotated in passing through the Faraday 
plate can be expressed as 

O = RIB,. 

Here, 1 is the length of the ferrite rotator and R is a 
factor (corresponding to Verdet's constant) expressing 
the rotation per unit length per unit induction in the 
particular microwave rotator being considered. If no 
loss occurs in the ferrite, then the RF output voltage 
reaching the detector is 

E0 = Ei sin 0, 

where E. and E0 are magnitudes of input and output 
voltages, respectively, and correspond to vectors A and 
B of Fig. 1. Since we are dealing with small angles of 
rotation in the magnetometer application, 

sin O •••-• 0, and E0 = E10 = EiR1B,. 

Now, 

13: -re' PaHap 

where ma is the apparent permeability of the ferrite rod, 
and H. is the longitudinal component of the applied 
magnetic field, thus E0=EiRli.i.H.. 

If we define the sensitivity of the magnetometer as 

¿E0/H0, 

then 

,CLE0/All0 

where factors on the right-hand side of the expression are 
independent of H.. It is seen that with R constant, the 
sensitivity of the magnetometer can be increased by 
increasing the RF input voltage, E1, by increasing the 
length, 1, of the ferrite rotator, and by increasing the 
apparent permeability, ma, of the rotator. However, be-
cause of demagnetizing effects'," in the ferrite rod, 
itself is a function of the true permeability, go, and of 
the length of the ferrite cylinder. Curves, found in foot-
note reference 6 show that in general, as the length-to-

le R. M. Bozorth and D. M. Chapin and "Demagnetizing factors 
of rods," Jour. A ppl. Phys., vol. 13, p. 322; May, 1942. 

7 H. van Suchtelen, "Ferroxcube aerial rods," Elec. Appl. Bull., 
vol. 13, pp. 88-100; June, 1952. 

diameter ratio, lid, of the magnetic rod is increased, a 
proportionate increase occurs in the apparent permeabil-
ity, eia, until 1.4511.to. Beyond this the curves begin to 
flatten and approaches go asymptotically as lid ap-
proaches infinity. Further, the larger go, the larger the 
lid ratio which may be used to advantage. Thus if 
¡to = 20, an lid ratio of 15 is a practical maximum; how-
ever, if go = 1,000, an lid ratio of 100 or more may be 
used to advantage. As a consequence, if one selects a 
material having a high "true" permeability, the appar-
ent permeability, ma, increases as lid, and with constant 
rod diameter, sensitivity of the microwave magnetom-
eter increases approximately as the square of the length 
up to large ratios of lid for the ferrite rod. 

In expressing the sensitivity of the magnetometer the 
longitudinal component of induction, B., has been as-
sumed uniform throughout the length of the Faraday 
rotator. This is not strictly true in the case being con-
sidered, as the inductiori in a rod' diminishes toward the 
ends. An accurate expression for sensitivity thus in-
volves integration of the longitudinal component of in-
duction over the length of the cylinder. Also, in the 
foregoing expressions for sensitivity the Faraday plate 
has been assumed lossless. For long rotators, however, 
the insertion loss may become significant, resulting in a 
reduction of sensitivity by the factor e-ca where —al 
is the absorption in nepers of the rotator. Thus for long 
rotators, the use of a low-loss material is important. 

It appears that reducing the diameter of the ferrite 
rod also should increase sensitivity since this increases 
the rod induction. However, it is not known at what 
point one reaches diminishing returns since the de-
pendence of the rotation constant, R, on rod diameter is 
not known. 

For detecting small increments of magnetic field 
change in the presence of a relatively large residual field, 
a controllable fraction of the carrier generator power, 
properly phased, can be fed to the detector to essentially 
annul the residual RF signal to the order of the incre-
mental variation to be detected. This technique permits 
the available sensitivity of the detecting receiver to be 
used to best advantage. 
For still larger residual magnetic fields, an opposing 

magnetic bias can be applied to the rotator by means 
of a concentric solenoid. 

If the Faraday rotator introduces negligible loss, the 
sensitivity can be doubled by extracting component B 
after component A' has been totally reflected back 
through the rotator, doubling the total angle of rota-
tion, consequently doubling the amplitude of com-
ponent B. However, if the rotator introduces appreci-
able loss, this approach can actually result in a decrease 
in sensitivity, depending on the one-way absorption loss 
of the rotator. 
The answer to the question of what limits ultimate 

sensitivity remains moot. The limit of sensitivity in any 
practical case will be determined by the noise level of 
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the system. However, assuming a noise-free carrier 
source, any ultimate limitation appears to be whatever 
microwave noise is introduced to the system by the 
presence of the ferrite material in the waveguide. 

EXPERIMENTAL RESULTS 

A nonreversible curve, typical of the response of the 
magnetometer of Fig. 2, is shown in Fig. 3. Relative RF 
voltage across a matched detector is plotted against the 
applied magnetic field, beginning with a completely de-
magnetized Faraday rotator. While the upper portion of 
the curve is not reversible due to hysteretic effects in 
the ferrite, the lower portion is reversible for applied 
fields up to several oersteds. 

005 
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Fig. 3—Typical nonreversible response curve for basic microwave 
magnetometer of Fig. 2, operating at 9,300 mc. 

Using the arrangement shown in Fig. 4, reversible ex-
perimental curves were obtained for two different 
lengths of ferrite sample in the Faraday rotator. The 
applied magnetic field, H, was controlled by varying the 
current in a long solenoid surrounding the rotator. The 
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Fig. 4—Microwave test setup for measuring magnetic 
response of Faraday rotator. 

intercept of each curve with the vertical axis of Fig. 5 
indicates the minimum relative signal level at the detec-
tor which was obtained at zero applied magnetic field. 
The upper line shows the result of the first attempt to 
measure the properties of a rotator containing a Ferram-
ic "D" rod 41 inches long. The curvature and rela-
tively large output at zero magnetic field strength was 
found to be due to lack of perfect electrical symmetry 
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Fig. 5—Reversible response curves made at 9,300 mc for two Fara-
day rotators of different length, showing the effect of residual 
ellipticity in the rotator waveguide on the response of the longer 
rotator (L=11 inches, 3L=41 inches). 

in the circular waveguide rotator, resulting in slight 
ellipticity in the output. This was remedied by the use 
of special flanges as shown in Fig. 6, which allowed the 
circular waveguide to be rotated about its own axis, 
independent of the polarizer and analyzer waveguides. 

Fig. 6—Faraday rotator and special flanges which allow independent 
orientation of unit to reduce ellipticity in output. 

Orienting the imperfect circular waveguide section in 
this manner established electrical symmetry about the 
polarization plane of the wave being propagated, thus 
preventing the production of a cross-polarized com-
ponent in the output. On rotating the circular wave-
guide section independently, without applied magnetic 
field, the ellipticity ratio could be varied from about 
30 db to something over 80 db. The consequence of 
"eliminating" the ellipticity is seen in a second curve 
of Fig. 5, applying to the same rotator, which shows 
that the minimum transmission has been considerably 
reduced, and the lower portion of the curve has become 
linear. The third curve is for a shorter Ferramic "D" 
rod, 11 inches long. 
These curves indicate actual experimental sensitivi-

ties of the two different rotators if used as magnetom-
eter elements, and include the effect of insertion loss of 
the individual rotators. The sensitivity (slope) data are 
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compiled in Table I along with data for two other sim-
ilar length rotators using Ferramic "A" rods. The col-
umn of "corrected sensitivity" is the sensitivity obtained 
after correcting the experimental sensitivity for the 
transmission loss of the actual rotator, and represents 
the sensitivity one would obtain if the rotator were loss-
less. From the corrected sensitivity, the total rotation 
angle is found for an applied field of one oersted. With 
the longer Ferramic "D" rod, a rotation of nearly 16 
degrees was obtained, or a rotation of about 11 degrees 
per cm per oersted. It is seen that although the absorp-
tion loss of the Ferramic "D" rotator is greater than for 
the corresponding "A" rotator, the actual sensitivity of 
the "D" rotator is the higher. Magnetic increments of 
the order of one gamma (10-s gauss) have been detected 
with a relatively simple magnetometer in the laboratory. 
While agreement between experimental and expected 

sensitivity as a function of rotator length thus far has 
been poor, experimental sensitivities have been con-
sistently higher than those expected from the foregoing 
expressions. The principal source of error is believed 
to be in assuming both R and B. to be constant through-
out the length of the ferrite rod. 

CONCLUSION 

Numerous considerations regarding both theoretical 
and practical aspects of the microwave magnetometer 
remain to be investigated. Further development of fer-
rites for microwave applications should result in mate-
rials of lower loss at low inductions than those now in 
use, making feasible longer Faraday rotators. Such fac-
tors as mechanical and thermal stability, ratio of carrier 
power to receiver sensitivity, and maximum practical 
RF carrier level require further study. In fact, the prac-
tical limitation of sensitivity has yet to be deter-
mined. 
Two similar rotator units in a microwave bridge cir-

cuit may offer certain advantages in practical mag-
netometer applications. Incorporation of the principle 
in a three-co-ordinate version is suggested as a means of 
indicating magnitude and direction of the total field 
vector with a fixed magnetometer unit. 
The prospect of attaining the extreme sensitivity in-

herent in the microwave magnetometer principle sug-
gests the magnetic detection possibilities of a micro-
magnetometer. 

TABLE I 

EXPERIMENTAL DATA FOR FOUR DIFFERENT FERRITE FARADAY ROTATORS, OPERATING AT 9,300 Mc. 

Ferrite Rod Data 

"Ferramic" 
ferrite 
type 

Length, 1, Diam., d, 
(inches) (inches) 

lid 
Ratio 

Rotator 
transmission 

loss 
(db) 

e-al 
Experimental 
sensitivity 

(l/ E) 
• t'Eil al. 

Corrected 
sensitivity 
11/(Eie-a1)) 
• A.E0/AH. 

Rotation e 
(degrees per 
oersted) 

D 
D 
A 
A 

If 
41 
If 
41 

0.25 
0.25 
0.25 
0.25 

6.5 
19.5 
6.5 
19.5 

5.0 
16.5 
1.1 
3.6 

0.562 
0.147 
0.881 
0.661 

0.008 
0.040 
0.003 
0.025 

0.014 
0.272 
0.0034 
0.038 

0.8 
15.8 
0.195 
2.2 

A UHF and Microwave Matching Termination* 
ROBERT C. ELLENWOODt, AND 

Summary—Coaxial transmission line and waveguide termina-
tions are described which employ a double-slug transformer and a 
lossy dielectric load to provide an impedance match. Electromag-
netic waves reflected from the load are canceled out by adjusting the 
positions of the two dielectric transformer slugs relative to the load, 
by means of bakelite rods which extend axially through the end of 
the termination. The terminations can be matched over wide fre-
quency ranges; they are simple in operation and construction, hav-
ing no critical dimensions. 

• Decimal classification: R117.3 X R310. Original manuscript re-
ceived by the Institute, February 4, 1952; revised manuscript re-
ceived September 11, 1952. 
t Bureau of Ships, Navy Dept., Washington, D. C. Formerly with 

Central Radio Propagation Laboratory. 
Central Radio Propagation Laboratory, National Bureau of 

Standards, Washington, D. C. 

WILLIAM E. RYAN , ASSOCIATE, IRE 

JI  
I. INTRODUCTION 

N ULTRA-HIGH-FREQUENCY (uhf) and micro-
wave measurements, transmission-line termina-
tions are needed which can be adjusted to match 

the impedance of the line or to provide a given voltage-
standing-wave ratio (vswr) in the line. These loads are 
useful, for example, in the evaluation of discontinuities 
in transmission-line components, such as connectors or 
slotted-line standing-wave machines. Other applications 
of these adjustable terminations are power and attenua-
tion measurements and the calibration of probes under 
matched-load conditions. 
This paper describes a simple termination composed 

of two low-loss dielectric slugs and one lossy dielectric, 
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which are moved back and forth in a waveguide or 
coaxial line by means of bakelite rods parallel to the 
axis of the guide.' The two low-loss dielectrics operate 
together as a double-slug transformer to cancel out the 
multiple reflections, and the lossy dielectric which is 
backed by a brass short absorbs the electromagnetic 
energy. The termination (used with a fixed probe) is 
adjusted for an impedance match by varying the 
distances between the three dielectrics with the rods 
which extend out the end of the guide. A match is indi-

cated if no standing wave is observed as the three di-
electrics are slid back and forth together with the spac-
ing between them fixed. 
The dimensions of the components of the termination 

are not critical and most of them were chosen arbitrarily. 
The major requirement is that both transformer slugs 
be a quarter wavelength long at some suitable fre-
quency, as is explained later. 

II. COAXIAL TERMINATION 

This design was adopted especially for a 7/8-inch 
coaxial termination (Fig. 1) for use in the uhf range 
from 300 to 3,000 mc. The 7/8-inch coaxial model is 

Fig. 1—Cutaway view of finch coaxial-line termination. 

built of 4-foot conductors from ordinary machine brass 
stock, a type which has nominal tolerances of 0.003 to 
0.005 inch. To ensure free movement of the dielectric 
cylinders, about 0.008-inch clearance was allowed be-
tween them and the conductors. 
The brass short attached to the end of the lossy di-

electric has bronze fingers with a spring fit in order to 
prevent leakage, help to center the inner conductor, 
and maintain a fairly constant short circuit as the slugs 
are slid back and forth in the line. Three pairs of long 
rods of 0.113-inch diameter extending through 0.125-
inch holes in the short are used to position the three 
dielectric slugs as it was found that two rods were 
necessary for proper mechanical control of each slug. 
One pair of rods, made of brass, is screwed through the 
short into the lossy dielectric load in order to fasten 
them together, and is used to position not only the lossy 

1 R. E. Grantham, in "A rellectionless waveguide termination," 
Rev. Sci. Instr., vol. 22, pp. 828-834; November, 1951, describes an-
other matching termination of somewhat different design. 

dielectric load but also the complete termination after 
the transformer has been tuned. A brass slug beyond 
the end of the conductors (not shown in Fig. 1) with 
holes through which the rods may slide and screws 
tighten on the rods, was used to fix the relative position, 
of the slugs once the transformer was tuned. The other 
two pairs of rods, which must be dielectric (bakelite 
was chosen for mechanical strength), extend through 
holes in the load and screw into their respective trans-
former slugs. The pair of rods attached to the slug furth-
est from the load passes also through 0.125-inch di-
ameter holes in the other transformer slug. 

Because of the presence of these bakelite drive rods 
and the loose fit of the slugs in the transmission line, 
accurate calculations of the electrical properties of the 
load are impractical. It is simpler and more accurate to 
determine the vswr or reflection coefficient of the termi-
nation by direct measurement. The general approxima-
tion for the attenuation of a lossy dielectric in a coaxial 
transmission line is' 

a 
8.6867N/€ tan 

db per inch, 

where X is the wavelength in air in inches, e the real 
part of the complex dielectric constant relative to air, 
and tan 8 the loss tangent, or ratio of the imaginary to 
the real component of the complex dielectric constant. 
A plastic, Catalin (700 base), was chosen as the lossy 

dielectric because of its high loss-tangent and excellent 
machinability. Its loss tangent is 0.15 to 0.20 and its 
dielectric constant approximately 5. This results in an 
attenuation of about to 3 db per inch in the uhf range. 
After the measurement of the vswr of various lengths 
of Catalin loads, a 13-inch length was chosen as a suit-
able compromise for a load with a small reflection coeffi-
cient and a reasonably short length. VSWR of Catalin 
load is shown as a function of frequency in Fig. 2(a). 
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Fig. 2—(a) at the top. Measured vswr before matching of 13-inch 
length of Catalin in I-inch coaxial-line termination, together with 
curves showing theoretical matching capabilities of transformer 
slugs with dielectric constants of 2.5 and 3.0. (b) at the bottom. 
VSWR after matching using e= 2.5 transformer slugs. 

I T. Moreno, "Microwave Transmission Design Data," McGraw-
Hill Book Co., Inc., New York, N. Y. first ed., p. 65; 1948. 
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The vswr's can be matched to the transmission line 
by a double-slug transformer, a type which is effective 
over wide frequency ranges for fairly large vswr's. This 
transformer can match any impedance whose vswr does 
not exceed €2 for the dielectric of which the slugs are 
made. Though the transformer will match a vswr of this 
magnitude only at frequencies for which the slugs are 
an odd number of quarter-wavelengths long, it is suffi-
ciently "broad-band" to match any vswr approaching 
this values at other frequencies according to the follow-
ing equation,' 

vswr„,,. 

where 

b = [1/2 (€ 

1+—b--+ 0+-112, 
2 4 

— — cos zuo cos aolo 
E 

1 2 
-V-E (1 — sin 20./. sin fob]: 

E 

and 

gala = electrical length of each slug, 
130/0 = electrical distance between the slugs, 
e =dielectric constant of the slugs. 

The curves marked e = 2.5 and e = 3.0 in Fig. 2(a) are 
plots of the above equation for slugs a quarter-wave-
length long at 1,000 mc and indicate the maximum 
vswr's that can be matched at each frequency with 
slugs having these dielectric constants. It can be seen 
that, if the vswr's are not large, there is little increase in 
the matching band to be gained by using transformer 
slugs of large dielectric constant. Moreover, high di 
electric-constant slugs were found to be more difficult 
to adjust for match than low dielectric-constant slugs, 
such as polystyrene, whose dielectric-constant is about 
2.5. Transformer slugs of polystyrene are capable of 
matching the vswr of the Catalin termination over all 
but the lower end of the uhf range. The measured vswr 
of the 13-inch Catalin termination is also shown in 
Fig. 2(a). 
The experimental performance of the adjustable 

coaxial termination is shown in Fig. 2(b). With the 
polystyrene slugs =2.5) of Fig. 2(a) which were 1.87 
inches long it was possible to obtain a match over more 
than 80 per cent of the uhf range. It is seen that the fre-
quencies at which one could not obtain a match with 
this set of slugs (that is, where the vswr of the Catalin 
load exceeds the vswr matching capability of the trans-
former) are somewhat lower than the curves of Fig. 2(a) 
predict. This is probably caused by an effective increase 
in the dielectric constant of the transformer slugs due to 
the presence of the bakelite rods, so that the slugs were 
a quarter wavelength long at a frequency somewhat less 
than 1,000 mc. 

3 R. C. Ellenwood and E. C. Hurlburt, "The determination of 
impedance with a double-slug transformer," to be published in a 
forthcoming issue of the PROC. I.R.E. 

With this coaxial termination it is possible to obtain a 
vswr measured with a differential vacuum-tube volt-
meter less than 1.004 (reflection coefficient <0.002) 
without any difficulty. This small limitation in making 
a perfect match is apparently caused by a slight warp-
ing of the conductors so that, as the load moves along 
the line, the conductors go in and out of concentric posi-
tions, thus changing the characteristic impedance of the 
line. 
At the lower frequencies the lossy termination results 

in larger vswr's. In order to match a vswr of the order of 
6 to 10, it is necessary to use slugs of such material as 
bakelite or Dielectene, which have dielectric constants of 
3 or more. The more critical adjustment of these high 
dielectric-constant slugs is partially compensated for 
by the fact that in this case they are being employed at 
the longer wavelengths. Of course, some decrease in the 
vswr at low frequencies can be obtained by the use of 
longer pieces of Catalin. 
As the first set of polystyrene slugs could not match 

any appreciable vswr's near 2,000 mc, a second pair 
was made which was a quarter wavelength at 2,000 mc 
to cover that frequency range. Thus, with two or three 
pairs of transformer slugs the entire uhf band can be 
covered. With only one pair a match can be obtained 
over most of the range. In order that the sets may be 
easily changed, the slugs have threaded holes into 
which their respective drive rods may be screwed. 

III. WAVEGUIDE MODELS 

Though this termination was designed primarily for 
use with coaxial transmission lines, waveguide models 
were also built for the purpose of determining their 
performance at X-band (8,200-12,400 mc) and at 
K-band (18,000-26,500 mc). 

Fig. 3—Cutaway view of waveguide termination. 

The waveguide model which is shown in Fig. 3 uses 
2-inch lengths of Catalin for the lossy terminations in 
both the 0.900- by 0.400 inch X-band guide and the 
0.420- by 0.170-inch K-band guide. These lengths are 
sufficiently lossy to reduce the vswr in the waveguide 
to a value less than three. At these frequencies this 
vswr is due mostly to the impedance mismatch at the 
air-Catalin interface. The Catalin in the waveguide is 
fastened to a 1.5-inch sliding brass block which serves 
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as a short circuit and as a centering device. The slugs 
and two 0.113-inch diameter drive rods in both wave - 
guide models are made of polystyrene. In the X-band 
model the slugs are 0.675 inch long, three-quarters 
wavelength at 9,380 mc, and in the K-band model 
0.475 inch long, five-quarters wavelength at 23,000 
mc, in order to improve their rigidity and stability 
within the guide. The two thumb screws shown in Fig. 
3 are tightened on the drive rods to anchor the slugs in 
position once they have been properly adjusted. In the 
waveguides a single drive rod was sufficient for mechan-
ical control of each transformer slug. With each wave-
guide termination it was found that a match could be 
obtained to a vswr of 1.01 (reflection coefficient <0.005). 

IV. CONCLUSION 

This instrument is capable of covering wide frequency 
ranges. The coaxial termination will provide a match 

to a vswr of 1.004 with two pair of slugs over the entire 
uhf range. Similarly waveguide models will provide 
matches to 1.01 over their particular frequency ranges. 
Not only can these terminations provide a match, but 
they may also be adjusted to given values of vswr of the 
order of one to ten when for various reasons such a 
vswr is desired. 
The outstanding features of this termination are its 

simplicity of construction and ease of tuning. There are 
no critical dimensions and the essential requirements 
are three dielectric slugs (one lossy) to fit loosely within 
a transmission line and the rods by which they may be 
moved. It takes but a short time to reduce the vswr to 
less than 1.01. The vswr could be reduced still further if 
closer tolerances and more refined components were 
used, such as a gearing arrangement to adjust the posi-
tion of the slugs, with a sacrifice, of course, of some of the 
simplicity of construction. 

A UHF Surface-Wave Transmission Line* 
C. E. SHARPt, ASSOCIATE, IRE AND G. GOIJBAUt, ASSOCIATE, IRE 

Summary—A description is given of a surface-wave transmission-
line unit developed to meet a requirement for an efficient, easy to 
install and maintain antenna feed line. 

INTRODUCTION 

SINGLE-CONDUCTOR surface-wave transmission 
lines1.2 are particularly advantageous as antenna 
feeds in the uhf range. In this frequency range 

the loss of flexible coaxial lines is usually too high, and 
rigid coaxial lines and waveguides are costly and difficult 
to install. Although there is a certain radiation loss in-
herently connected with the launching of surface waves, 
this loss is very small, if the launchers are properly 
designed. The efficiency of a surface transmission line is 
much greater than that of a coaxial line, assuming the 
diameter of the surface-wave conductor is comparable 
to that of the center conductor of the coaxial line. A 
surface-wave line is easily installed since it can be 
stretched directly between the antenna and the trans-
mitter or receiver. 

Since the field is on the outside of the conductor, the 
performance of a surface-wave transmission line is, to 
a certain extent, affected by weather conditions. It has 
been found that rain causes an appreciable increase of 
the transmission loss at the higher frequencies of the 
uhf band, if many drops form along the conductor. In 
the case of an antenna feed where the line is inclined 

• Decimal classification: R320.41 X R117.1. Original manuscript 
received by the Institute, October 9, 1952. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 
I G. Goubau, "Surface waves and their application to transmission 

line," Jour. Appi. Phy., vol. 21, pp. 1119-1128; November, 1950. 
2 G. Goubau, "Single-conductor surface wave transmission lines," 

PRoc. I.R.E., vol. 39, pp. 619-624; June, 1951. 

from the ground, drops will not form and the effect of 
rain is negligible. Ice, if formed in thick layers, increases 
the transmission loss considerably, but the formation of 
ice can be prevented by heating the line electrically. 
The surface-wave line assembly to be described was 

developed for operation in the frequency range from 
1,700 to 2,400 mc. The electrical requirements were in-
sertion loss for 150-foot line length, less than 3 db, and 
a standing-wave ratio not exceeding 1.5. Other require-
ments were ruggedness, simple installation and main-
tenance, and electric heating to prevent ice formation on 
the line. 

DESCRIPTION 

The conductor used for the surface-wave line is a 
number 10 (0.102-inch diameter) soft-drawn copper 
wire covered with an extruded layer of pigmented 
polyethylene of 0.014-inch thickness. The theoretical 
loss of this conductor, assuming a power factor of 
5 X10-4 for the dielectric, ranges from 0.7 db/100 feet at 
1,700 mc to 0.95 db/100 feet at 2,400 mc. The phase 
velocity of the surface wave is about 1.2 per cent below 
the free-space velocity; the 90-per cent power radius 
of the field around the conductor at the center of the 
frequency range is about 4 inches. 

Fig. 1 shows a cross-section view of a line termination 
or "launcher." The coaxial end section, I, together with 
the horn section, II, can be considered a tapered coaxial 
line in which the coaxial-wave mode is gradually con-
verted into the surface-wave mode, or vice versa. The 
center conductor (1) is tapered down until it matches 
the diameter of the wire. The outer conductor (2) flares 
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out until it has little effect on the field as the surface 
wave is developed. The wire is connected to the center 
conductor by means of a specially designed wire fastener 
made of stainless steel. A cross-section drawing of this 
fastener is shown separately in Fig. 1. The connection is 
made in the following manner: The wire, after removing 
the insulation over a length of about 3 inches, is fed 
through the end (12) of this wire fastener at an angle of 
about 30 degrees to the axis of the fastener. Then the 
end of the wire is bent to form a hook and forced into the 
hole (13) and the slot (14). This method of fastening 
the wire has proven very satisfactory as it provides a 
smooth transition from the center conductor (1) to the 
wire. The holding strength of this connection is greater 
than the breaking strength of the wire. The collar (15) 
on the fastener compensates for the small electrical dis-
continuity at the junction (12) between wire and 
fastener. 
The feed into section I is located at a quarter-wave 

distance from the shorted end. The coupling is made by 
a quarter-wave coaxial-line section, the inner conductor 
(3) of which is threaded into the center conductor (1); 
the outer conductor (4) is also the inner conductor of 
the coaxial feed section, III, shown separately in Fig. 1, 
which terminates in a standard LN-type connector (5). 
This coupling arrangement provides for uniform cou-
pling over the frequency range and rejects low-frequency 
signals which may be received by the line acting as long 
wire antenna. 
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Fig. 1—Cross-section drawing of a launching unit. 

The feed section, III, is insulated from section I by 
a bakelite disk (6). In this manner the current required 
for de-icing the line is entirely isolated from the equip-
ment connected to the line assembly. Section I is sealed 
to prevent entry of water. The sealing is accomplished 
by two fiberglas disks (7) cemented in place. They are 
spaced about one quarter wavelength to compensate for 
reflection. 

The horn section, II, is joined to the end section I by 
means of a "fire-hose" type connector (8). This con-

nector has draining slots (9) on its circumference to 
avoid the collection of water in the horn. The opening of 
the horn is covered by a fiberglas cone (10) to prevent 
snow and insects from entering. The horn section con-
tains a heating wire (not shown in the figure) for melting 
the snow which might collect on the outside of the fiber-
las cone. One end of this heating wire is connected to 
the terminal (11), the other end to the metal horn. 

Fig. 2—View showing one launching unit 
of the test-model line assembly. 

The de-icing current enters at the terminal (11), 
passes through the heating wire, the metal horn, the 
outer and inner conductor of section I, the surface-wave 
line, and returns through the other line termination. 
Measurements in a cold chamber indicated that a heat-
ing power of 2 watts per foot of the line is more than 
adequate to prevent ice formation. 
The line assembly is supported at both ends by swivel 

fasteners and kept under a constant tension of about 100 
pounds by a spring assembly. Fig. 2 shows a launching 
unit of the installed line. 

PERFORMANCE DATA 

The insertion loss and the standing-wave ratio were 
measured for a line 130 feet in length. The results are 
shown in Fig. 3. Within the required operating range of 
1,700 to 2,400 mc, the insertion loss measured between 
2.1 and 2.4 db. The calculated loss, which takes into 
account the loss of the dielectric coated wire and the 
launching loss, is 0.5 db less than the measured value, 
but this discrepancy can be accounted for. It is known 
from measurement that the fiberglas cones contribute 
about 0.1 db each to the loss. There is also some addi-
tional loss in the launching units caused particularly by 
the two fiberglas disks and the wire fastener, which was 
not plated in the test model. 



1953 PROCEEDINGS OF THE I.R.E. 109 

d 

3 

2 

• 

t 

0 t 

6 

2 

n 

\ if'e lb. 
s'e/ .sce-'"'n...ce.  

_ — — -- - 
15 11 le 21 44 

Fig. 3—Upper curve shows insertion loss of a 130-foot line assembly. 
Lower curve is a plot of voltage standing-wave ratio maxima. 

The plot of the standing-wave ratio in Fig. 3 repr-
sents the maxima of this ratio with the line terminated 
in a 50-ohm load. Since some reflection occurs at the 
terminating launching unit, the standing-wave ratio has 
many maxima and minima within the frequency band. 
The standing-wave ratio is below 1.3 over the required 
band. 
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Gain of Electromagnetic Horns* 
E. H. BRAUNt 

Summary—Recent experimental evidence indicates that the 
measured gain of pyramidal electromagnetic horns may be con-
siderably in error if the measurements are carried out at short dis-
tances, and the aperture to aperture separation between horns is used 
in the gain formula G -(47T-R/X)VPR/Pr. 

Further experimental verification of this effect has been ob-
tained and a theory developed which is in good quantitative agree-
ment with present experimental data and demonstrates the physical 
reasons why the previous "far field" criterion of 2D2/X is invalid. 

Curves are presented from which the error in gain measured at 
any distance may be obtained and applied as a correction. 

INTRODUCTION 

R
ECENT EXPERIMENTS' have indicated that 
considerable error may be incurred in measuring 
the gain of electromagnetic horns at short dis-

tances if the aperture to aperture distance between the 
horns is used in the gain formula 

G= 
4rR 4/ PR 

X Pr 

Previously, an aperture to aperture separation (R) of 
about 2D2/X (D = larger horn dimension) was considered 
adequate, but the above experiments indicate that an 
error of the order of 1 db may occur at this distance, 
and that the true Fraunhofer gain may not be realized 
even at distances several times 2D2/X. 
The present work provides a theoretical explanation 

of the failure of the 2D2/X criterion, together with 
further experimental data in good quantitative agree-

(1) 

Decimal classification: R165 X R265.2. Original manuscript re-
ceived by the Institute September 29, 1952. 
f Naval Research Laboratory, Washington, D. C. 
1 W. C. Jakes, Jr., "Gain of electromagnetic horns," PROC. I.R.E., 

vol. 39, pp. 160-162; February, 1951. 

ment with the theory. The theory replaces the 2D2/X 
criterion with a new criterion, and in addition makes it 
possible to calculate the error incurred when this cri-
terion is not satisfied. 

THEORY 

Two assumptions are implicit in the gain formula: 
(a) The power arriving at the receiving aperture varies 
as 1/R'; (b) the wave striking the receiving horn is 
sensibly plane, so that the effective cross section of the 
receiving horn is (X2/47r)G., where G., is the true Fraun-
hofer gain. 

o 

Fig. 1—Physical dimensions for computing the phase errors. 

Actually, neither of these conditions is necessarily 
satisfied until the separation between the horn aper-
tures is considerably greater than 2/92/X. To show this 
qualitatively it should first be noted that the relative 
phases of contributions from different points in the 
aperture depend on the intrinsic phasing of the aperture 
and on the space phasing in exactly the same way; 
both are quadratic errors. Considering a sectoral horn 
for simplicity (Fig. 1), the intrinsic phase error can 
be shown' to be — k(x2/2/). The space phase error is 
— k(r — R) = — k (N/ R2 - x2 — — k (x2 / 2 R) . The effect 

S. A. Schelkunoff, "Electromagnetic Waves," D. Van Nostrand 
Book Co., New York, N. Y., p. 361, if.; 1943. 
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of phase error on gain can now be discussed, keeping in 
mind that the phase error may be due either to intrinsic 
phasing or to space phasing. 

Let us first make a qualitative comparison of the 
gains of transmitting apertures having maximum phase 
errors of 0, X/8, and X/4, respec tively. In the case of 
zero phase error contributions from the various points 
of the aperture add in phase as shown in Fig. 2(a). In 
going from zero phase error to a phase error of X/8 the 
vectors are all rotated through small angles less than 
40 degrees. The resultant would not be expected to dif-
fer materially from the in-phase case (Fig. 2(b)). 
Going from a phase error of X/8 to an error of X/4, 

each vector is again rotated through an angle of less 
than about 40 degrees, but in addition to this rotation, 
the upper vectors are all rotated by the lower ones. This 
means that many of the vectors are rotated through 
large angles, and the resultant for X/4 may differ con-
siderably from the resultant for X/8 (Fig. 2(c)). 
Hence in going from a zero phase error to a X/8 

phase error, the gain changes by a very small amount, 
whereas in going from X/8 to X/4 (again a change of 
X/8) the gain changes by a considerable amount. 

(a) (b) (c) 

Fig. 2—Qualitative illustration of the effect of phase 
error on gain. 

This may be seen more quantitatively from Schel-
kunolf's gain curves.2 For a fixed aperture size "a," the 
phase error depends only on the slant height "1." For 
example, for a/X=6, the slant height may be changed 
from 1= co (phase error = 0) to 1=30X (phase error 
=0.15X), which represents a change in phase error of 

being a function of the intrinsic phasing, as well as the 
space phasing. Hence the point at w hich the true 
Fraunhofer gain is realized cannot be specified by a 
simple expression involving the aperture dimensions 
alone, e.g., 2D2/X. 

Fig. 3—Physical dimensions for calculating the gain. 

To investigate the problem quantitatively, let us first 
calculate the amplitude of the field at any arbitrary 
point of the receiving aperture. The transmitting and 
receiving horn apertures are separated by a distance R, 
origins are chosen at the centers of the apertures, and 
points in the apertures are denoted by (x, y) and (E, n), 
respectively. The x and e axes are para llel to each other 
and to the E-vector, and the y and n axes are parallel to 
each other and to the H-vector. Pertinent dimensions 
are shown in Fig. 3. 
Assuming the field at the aperture of the transmitting 

horn is the same as though the horn were continued,2 
the aperture distribution is given by 

ry 
e(x, y) = E0 cos — eib(eivri-v2iur), 

a 

where be and /H are the E and H plane slant heights, 
respectively. 
From Fig. 3, 

r = YR2 (x + (y — n)2 

R   
2R 

Hence, in the Fresnel approximation, 

E0 
cos ___ a e—ik(z1121E-1-112121H)e—ikl(x—E)24-(v—)21l2Rd AR x y 

0.15X, with only about 2 per cent loss in gain, whereas 
in going from / = 30X (phase error =0.15X) to 1=15X 
(phase error = 0.30X), also a change in phase error of 
0.15X, the gain decreases by about 12 per cent. Thus 
the larger the initial phase error, the more sensitive the 
gain becomes to further variations in phase error. 

In the case of an electromagnetic horn, as one moves 
in from the Fraunhofer region to the Fresnel region, the 
space phasing effectively adds a quadratic phase error 
to the intrinsic quadratic error of the aperture, that is 
to say, it makes the wave front appear more curved. 
On the basis of the preceding argument, one would 
expect the measured gain to decrease, the decrease 

Denoting I E(, n)! by E(E, n), 

= 
E0 

2XR 

+a/2 

f—a/2 

[ei(rvia) e-j(rida) 

. e— i(r/2)[(2/b)(111H+11R)se—(411XR)vidy 

I 

+1)12 

X f e--1(*12)1(2/X)(1/1g+1/R)s2—(4e/bR)sIdx  

—b/2 

E0 +a/2 

2XR f—a/ 2 e—i(./2)(A1/2—BOdy 

f+a/2 
e— i(r/2) te!—COdy 

—a/2 
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where 

+6/2 

4E 
F= ----- • 

f-b/2 e-j(r12)(D.r2-Fx)dx 

B=2P -F-1), XR a! 

2/1 ( 1 1 
D = — — 

X ig R 

XR 

Completing the square in each exponent and factoring, 

n) = 

Write 

and 

where 

E0 

2XR 

+a12 
f e i(ri2)(13'14A) e-j(r12)(sfi y-1312) 1dy 

-6/2 

+012 
eict2)(c214A) 6.-j(r12)(V7 y-C12,/i,)tdy  

-0/2 

f  +6/2 
t ei(*12)(F214D) e-i(*12)(•/7) .-Filv-ii) dx 

-6/2 

— (B2/4A) = E -I- Q, 
2 

—2 (C2/4A) = e Q, 

TX  Mg  r 4,2 11 
e = 4 R 1H LX2R2 a2_1' 

Changing the variables, let 

a = N/ry - B/2N/71-, 

fi = Vriy - C/2-Vr, 

= vrix — 

717/ la 
Q  • 

a R + lll 

dy = da//i 

dy = deVÀF 

dx = def/N/IT. 

f  E(E, -   " e i(.12 di] 
2XRVAD ILJ 
a2 132 

•[ei° f e-i(ri 2)a2da + e-- iQ e-i(*12)lecli3] 
at 

where 

1 r a ./R-Fig N/X 2n  \ Rig 

al = N/-2 LNA IV Fig ++ a R\ /J /1/ RA-11J 

a 1 r a /R-Flg (-VX  2n  \ / Rig  1 

2= + 0 L'VîtiVRig ± a R\A 124-1Hi 

1 r a /R-F1H+ (N/K  2n  \ 1 

P INA 1/ Rig a RNA V R-FIHJ 

(2) 

e2 1 r a_ JR+/H (fit_ ./ Rig 

ViLNAV Rig a RNA V R+IHJ 

e ,p,_  1  r ./R-Fls ± 2E / 1R  1 

.v2xR L lE R-FiE_I 

4 1   [1 1/ R±IE 2e V 111 
,2= + 

-V2XR ig 

These can be converted to Fresnel integrals 

(.22 X2 • 

e-i(*12)=2dx = f e-i("12)x2dx - f e-iormxiclx 
Jzl 

= R7(x2) - C(xi)] j[S(a.2) ,S(xi)]. 

Equation (2) then reads 

&OBI,/  
Mt, n) -    Y(n)X(E), (3a) 

4-V(R + 1)(R + 

where 

Y(n) = ( {cos Q[C(a2)+C(02) - C(a1) - C(01)1 

+sin Q[S(a2)+S(01)-S(ai) - S(fl2)11 2 

± I COS Q[S(a2)+S(02)-S(a1)-S(01)1 

-sin Q[C(a2)-1-C(01)-C(ai)- C(a2)] } 2)1/2 

X(E) = [c(e2) -C(4/1) 2+ [S(4,2)—S(4,1)]2 11/2. (3b) 

To determine the average power per unit solid angle 
radiated by the transmitting horn in the direction of 
the receiving horn, the Poynting vector must be inte-
grated over the receiving aperture. The expression for 
I E(Z, n) 12 obtained from (3) is unfortunately too com-
plicated to integrate directly, but calculation of the 
aperture field for a number of different horns shows that 
It(n) and X(e) can be approximated by 

a a— )] cos112 
Y(n) = + [Y(0) - Y ( Eirri) 

2 a 

X() = X (--) + [X (0) - X (—)] cos' 12 (r), 
2 2 

where Y(0) and Y(a/2), and X(0) and X(b/2) are the 
values of Y(n) and X(e) at the center and edges of the 
aperture, respectively. The cosinusoidal term is quite 
small, so that deviations in this term from exact 
cos 112 x behavior are unimportant. Alternatively, (2) 
can be expanded in a Taylor series in e and n, thus ob-
taining an expression which can be averaged. The author 

has done this, but the present expressions are more sym-
metric and the numerical difference between the two 
methods is small. 

Using these expressions for Y(n) and X(e), the aver-
age value of E2 over the receiving aperture is 

E021E/H 
-  02,2, 

(RA-111)(R ± 1g) 
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where 

92 = 1 { y2(2-) + 1.526 [Y(0) — 
—4 2 2 2 

0.636 [Y(0) — Y (DTI 

(02 = • 1-;-.1 {X2 (--b2-) -I- 1.526 [X(0) — 

± 0.636 [X(0) — X (—)1} 
2 

Taking the ratio of the receiving cross section to trans-
mitting gain to be the same as that in the plane wave 
case, i.e., A (R)/G(R) =X2/4r, the power received is 

PR = 4-0/µ E„„2 (X2/47r)G(R). 

Substituting this in the gain formula, (1), we have 

G(R) — 
awe-Virg E.3,2 27r122-‘/€711 E„„2 

(1/4) \Aim abE02 PT 

87rR2E 2 

abE02 

The ratio of this gain measured at a distance R to the 
gain which would be measured at infinity is given from 
(3) and (4) by 

where 

(4) 

represent the reciprocals of the maximum phase errors 
across the aperture due to the space phasing, in the H 
and E planes, respectively. H and E represent the 
reciprocals of the maximum phase errors across the 
aperture due to intrinsic phasing, in the H and E 
planes, respectively. 

In terms of these new variables, the final result be-
comes 

G(R) CO2 

G(œ) (1 _E)K2(r) S2(r) 

02 

(1 + Hif-)1[C(u) — C(v)] 2 [S(u) — S(v)]21 

where 

VT/ 2 Vif 
r = u =  , v = 

4 Vii 4 VH 
2 

02 = —4 {Y2(1) 2 a a + 1.526 1 [Y(0) — 
2 ) 

+ 0.636 [Y(0) — 

co2 (x ,(_b) 
4 , 2 1.526 [X(0) — (-2b )1 X ( 

G(R) 87rIVE„„2/abE02 

G(eo) (87r1u1R/ab)[C2(r) S2(r)]{[C(14) — C(v)]2 [S(u) — S(v)]21 

G(R) 02 co2 

G( c0 ) - (1 + 1 / R)1[C(u) — C(v)]2 [5(u) — S(v)]2} (1 -I- 1E/ R)[C2(r) S2(r)]' 

u 1 iN/X/ff a \ 
r —  

V2X1H V2‘ a -▪ VW 

1 éVX/H a • \ 

e N/2 a OW • 

G(R)/G(00) is thus a function of five independent 
variables, a, b,IH,1B, and R, and each of the two factors 
is a function of three independent variables, R being 
common to both. This makes it very difficult to express 
the results graphically, so that a separate calculation 
would have to be made for each set of horns to be tested. 
Since the calculation is tedious, it is fortunate that this 
expression can be re-written in terms of four new 
variables, 

8XR 8X1H 8XR 8X13 
M = H= P E= 

a2 a2 b2 b2 

The first two depend on H plane dimensions only, and 
the second two on E plane dimensions only. M and P 

± 0 . 636 [X(0) — 

Y (a —2 = (1 cos Q[C(h) + C(1) — C(g) — C(k)] 
+ sin Q[S(h) S(k) — S(1) — S(g)]1 

+ {cos Q[S(h) -I- S(1) — S(g) — S(k)] 

— sin Q[C(h) C(k) — C(1) — C(g)]1 2)'I2 

Y(0) = { [C(f) — C(e)]2 [S(f) — S(e)121' 12 

(b , i) = 1[C(i) — C(p)12 [SW — S(p)p}112 

X(0) = [C2(m) S2(m)1" 

h = 24/H M 1 / HM 

HM 4 M 

2 A/ HM 

H 
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f = + 

g= 

/ = 2 AI/H  
V HM  + _2 HM  MV  H-1-M 
- 2 V  + M  HM 2 ./ HM  MV H +  
k = - 2 A/H M 

V HM 
± 2 4/ HM  M H + M 
2 A/H + M  
/1/ HM  
A/H + M 

e = — 2 
/1/ HM 

P = - 2 A IE P 
V  EP  
A/E + P t = + 2 
1/ EP 

m = + 2 ,VE P EP ir  H  Q = 2 // M 
2b2 

00 

E 

1 A/ HM  4 V // M 

1 / HM  
/1/ ii + M 

1 /  HM  4 II+ M 

1 HM  4. VD' 21// ' 

1 A/ HM  4 1/ 1/ + 

2 A/ E/P  
E P 

2 A/  E/P  E + P 

4b2 

8XR 8X/E 8XR 8X/E 
M = e II =  e P =  , E -   

a 2 a2 b2 b2 

(If all dimensions are given in wavelengths, set X =1 
wherever it appears.) 

Since the expression for G(R)IG(00) has the form of a 
product of two factors, one depending on M and II 
alone, and one depending on P and E alone, each factor 
can be plotted separately in db as a one parameter 
family of curves, and the, total correction to the gain 
will then be given by the sum of the corrections read off 
the two graphs (Figs. 4 and 5). 

Since essentially the same assumptions are made in 
calculating G(R) and G( co), it might reasonably be ex-
pected that the percentage error is nearly the same for 
each, and hence the percentage error in the ratio is quite 
small. That this is so has been verified experimentally in 
a number of cases. 

USE OF CURVES 

In measuring the gain of a particular set of horns, one 
first wants to know the minimum aperture separation 
between horns which will give the correct far-field gain 
figure. Calculating II (and E) from the horn dimensions 
selects the proper curves on the two graphs for the par-
ticular horn in question. To find the minimum aperture 
separation for which the true Fraunhofer gain will be 
measured, one simply follows each curve out to the zero 
correction line, and arrives at two values of R, one for 
each plane. The larger value is the minimum aperture 
separation required. 

In many cases this distance will be found to be pro-
hibitively large, either because adequate space is not 
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available in which to perform the measurements, or be-
cause serious reflections are encountered when the dis-
tance to neighboring objects becomes comparable with 
the aperture to aperture separation. At some wave-
lengths, errors clue to reflections may be appreciable 
even after considerable precautions have been taken to 
minimize them. 
The alternative in this case is to make the measure-

ments at shorter distances, and to then correct the 
measured values to obtain the true gain. This correction 
factor is obtained directly from the curves (by adding 
the corrections in db read off the two separate curves) 
for each distance at which measurements are carried out. 
To afford the convenience and accuracy of linear in-

terpolation, log M/8 = log XR/a2 and log P/8 = log XR/b2 
are plotted on the H and E plane graphs, respectively, 
instead of M and P themselves. 

For example, suppose one wishes to measure the gain 
of a horn having the following dimensions: a 4.69X, 
b = 3.78X, /1/ =6.5 2X, /E = 5.94X. A measurement is to be 
carried out at R = 2a2/X. What correction to the meas-
ured value is necessary to give the true gain? 

Calculating E, H, log XR/a2, and log XR/b2, the fol-
lowing results are obtained. 

8X/E (8)(5. 94) 
  = 3.326, 

b2 (3.78)2 

8X/g (8)(6.52) 
H = = = 2.371, 

a2 (4. 69)2 

XR 
log - = log 2 = 0.301, 

a 2 

XR 2a2 (2)(4.69)2 
log - = log - = log  - O. 488. 

1)2 (3. 78)2 

Looking at the H-plane curves for H=2.371 and 
log XR/a2 = 0.301 shows a correction of 0.47 db. Looking 
at the E-plane curves for E = 3.326 and log XR/b2 =0.488 
shows a correction of 0.49 db. Hence 0.96 db must be 
added to the "gain" measured at this distance to obtain 
the correct gain. 
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EXPERIMENTAL RESULTS 

Measurements have been carried out on a number of 
horns, and some of the results are given in Figs. 6 and 7. 
In each case the lower curve A is the uncorrected curve, 

and the upper curve B represents the average of the cor-
rected points. The corrected points are also shown. The 
arrow is a "check point" obtained by comparing the 
horn with a small gain standard which was actually 
calibrated in the Fraunhofer region, or by actually 
measuring the gain of the horn in the Fraunhofer region 
when this was possible. All of the corrected points lie 
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within about 0.1 db of their average, and this average 
lies within about 0.1 db of the check point in every case. 
The horns tested represent phase errors ranging from 
about 1/16 to 1/2 wavelength. It can be seen that any 
attempt to use the uncorrected points to compute the 
gain will in general lead to large errors. 

Considerable care was required in performing the ex-
perimental work, since the desired accuracy of measure-
ment .is very high. One of the principal difficulties was 
that encountered due to reflections from the walls of 
the room and from other objects. These were carefully 
minimized by the use of absorbing screens. Amplifiers 
and meters were calibrated, and each measurement was 
carried out at several different power levels. Bolometers 
were used as detectors. Whenever the ratio of PR/PT 
-became too low (at large horn separations), Pr was 
measured by use of a calibrated directional coupler. It 
was felt that the calibration of the directional coupler 
would be less liable to change than that of a variable or 
fixed attenuator. It was found that the measurements 
could be repeated to better than ±0.1 db on different 
days and using different pieces of equipment. 

It has been suggested 1 that the correct gain figure may 
be obtained from the experimental data by measuring 
the distance "R" in the gain formula (1) between points 
located behind the apertures rather than between the 
apertures themselves. These points are located by the 
requirement that the received power fall off as 1/r2 
when the separation "r" between the points, rather 
than between the apertures, is used. 
However, if one attempts to locate these points ex-

perimentally one finds that the log PR/PT versus log r 
curve never becomes exactly a straight line with slope 
— 2 for any location of the points, but that a set of 
curves is obtained, several of which approximate such 

a straight line over part of their length. Since one has 
no basis for choosing one curve above another, the 
location of these points, and hence the gain, remains in-
determinate. 
The author has also shown theoretically that such 

points are not fixed with respect to the horn apertures, 
but that their location is also a function of horn separa-
tion, and hence does not exist in the sense suggested 
above. This is the reason that experimental curves 
plotted with these points fixed are not straight lines. 
The value of this method in determining the correct 

gain is therefore open to question. 

CONCLUSIONS 

Further experimental verification of the observed 
variation in measured gain with aperture separation for 
electromagnetic horns has been obtained. A theory has 
been developed which is in good quantitative agree-
ment with the experimental data, and demonstrates 
the physical reasons why the previous "far field" cri-
terion of 2D2/X is invalid. The 2D2/X criterion has been 
replaced by a generic set of curves from which the error 
in gain measured at any distance may be determined 
directly, and applied as a correction. The minimum 
aperture separation for which zero correction is required 
marks the beginning of the true Fraunhofer region. 
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UHF Radio-Relay System Engineering* 
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Summary—UHF radio-relay transmission is affected by at-
mospheric conditions, obstructions, distance, antenna height, and 
path clearances. It is important that paths be engineered with ade-
quate clearance. A nomograph is presented for rapid determination 
of the required clearance from path parameters and operating fre-

quency. 
Various types of transmission paths with means of minimizing 

fading are discussed, and a method is derived for determining from 
the path profile the required spacing of receiving antennas for space 

diversity. 
A single-hop system is evaluated in terms of equipment parame-

ters and displayed on a level diagram. This is followed by a discussion 
of the system performance and reliability of a number of hops in 

tandem. 

* Decimal classification: R480. Original manuscript received 
by the Institute, October 8, 1952. 

t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 

I. INTRODUCTION 

UHF RADIO-RELAY SYSTEMS must be en-
gineered to provide as high a degree of reliability 
as other communications systems. This reliabil-

ity must be achieved at the expense of many relay sta-
tions in tandem. The frequencies used for these systems 
are so high that radio transmission in this spectrum 
behaves very much like light waves. The radio waves 
travel in approximately straight lines and can be re-
flected or refracted. Radio waves travelling along the 
ground are heavily attenuated. Waves travelling up-
ward are not reflected by the ionosphere as in the case of 
lower frequencies; however, these waves may be re-
flected by discontinuities in the lower atmosphere due 
to unusual conditions of temperature and humidity, 
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or they may be reflected when striking the surface of 
a body of water or a good conducting earth. In addition 
to reflection, the waves are bent or refracted in the at-
mosphere due to gradual changes in pressure and hu-
midity. Because of these factors, it is very important 
to locate radio-relay antennas where a good line-of-
sight path is available. The amount of clearance re-
quired and techniques for overcoming various propaga-
tion difficulties are included in the paper. 
A microwave radio-relay link, in order to operate 

satisfactorily, must have an over-all system gain which 
exceeds the system attenuations by an amount which 
accounts for the fading and results in the desired reli-
ability. The level diagram' is used to display the equip-
ment parameters and attenuations for a single-hop 
system. Nomograms and conversion charts are included 
which rapidly transform system characteristics into 
gains or losses in terms of decibels. Multiple-hop systems 
are evaluated and must take into account (a) the tan-
dem reliability of fading, which is the combined reliabil-
ity of each path taken separately, and (b) the degrada-
tion of the signal-to-noise ratio of the communication, 
unless this intelligence can be regenerated at the re-
peater points as in pulse-code modulation. 

I I. WAVE-PROPAGATION PHENOMENA 

UHF radio relay is in a frequency range which elim-
inates attenuation considerations due to oxygen, rain, 
fog, snow, and clouds. The medium of transmission is 
the troposphere which is the layer of atmosphere di-
rectly adjacent to the earth's surface and extends up-
ward approximately six miles. 

Propagation of radio waves in the troposphere is 
materially influenced by the distributions of tempera-
ture, pressure, and water vapor. The variation of these 
quantities with height is expressed conveniently by the 
index of refraction which decreases linearly with height 
in a so-called standard atmosphere. The condition most 
nearly approximated in the temperate zone has been 
accepted as the standard atmosphere. Since the index 
of refraction normally decreases with height, the upper 
portions relative to the earth of a wave front moves with 
higher velocity than the lower portion, and the wave 
path may be represented by rays curved slightly down-
ward toward the earth. As a result, the distance to the 
radio horizon is some 15 per cent greater than the geo-
metrical line-of-sight distance from the transmitter to 
the horizon. This curvature of the rays by the at-
mosphere is called "refraction." 
Over a line-of-sight path the radio waves arriving at 

the receiver are the vector sum of the radiations arriving 
by way of both the direct and reflected ray paths. The 
contribution from the reflected ray path depends pri-
marily on the manner in which the earth or sea acts as a 
reflecting body. Over water and salt flats, for instance, 

' R. Guenther, "Radio relay design data 60 to 600 mc," PROC. 
I.R.E., vol. 39, p. 1027; September, 1951. 

the reflection is essentially 100 per cent. Over land areas 
with gentle rolling country having some vegetation, 
the reflection is only approximately 10 per cent com-
plete. Since the angle of reflection to be taken into ac-
count in radio-relay siting is very small, consideration 
need not be given to polarization effects, that is, 
whether the antenna is horizontally or vertically polar-
ized. For the same reason the phase lag of the reflected 
wave with respect to the incident wave at the point of 
reflection is for all practical purposes 180 degrees. 
The mechanism by which radio waves curve around 

edges and penetrate into the shadow region behind an 
opaque obstacle is called "diffraction." This effect is of 
importance because it allows a limited extension of the 
line-of-sight path length. 
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Fig. 1—Height-gain curves. 

As the receiving antenna is elevated from ground level, 
the received signal strength due to diffraction rises 
rapidly until line-of-sight is reached. (See Fig. 1.) Above 
line-of-sight, the direct and reflected waves interfere 
and result in maxima and minima patterns called the 
"Fresnel pattern." The first maximum occurs when the 
difference in path length between the direct and re-
flected wave is one-half wave length, since the reflected 
signal undergoes a 180-degree phase reversal at the 
reflecting point. The succeeding maxima are odd mul-
tiples of half-wave lengths. The magnitude of the first 
maximum and minimum with relation to the free-space 
field is dependent on the magnitude of the reflection co-
efficient. The height required to obtain the first maxi-
mum clearance at uhf is much less than that required 
at "very high frequencies" since the wavelength at 
microwaves is measured in inches and at vhf in feet. It 
should be noted that in the diffraction region the signal 
strength for microwave frequencies falls more rapidly 
than for "very high frequencies." 

III. FADING 

The troposphere is continually undergoing changes in 
dielectric constant which affects the field strength of 
the received signal. The fading range ordinarily in-
creases with increase in distance since the effects of at-
mospheric refraction are more pronounced at greater 
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listances. Changes in atmospheric refraction appear to 
:hange the transmission path curvature. Drawn on 4/3 
..!arth profile paper, the earth may appear to bulge in a 
nore convex curve (equivalent earth radius factor K 
ess than 4/3) or may appear to be less convex (K 
greater than 4/3). In most localities the earth's radius 
"actor2 is rarely less than 0.8 or greater than 3. As an 
.xample of the effect of change in earth curvaturc, 
Table I has been prepared to show required antenna 
heights for various values of K and distances to the 
horizon. The signals received on twin antennas separated 
vertically (space diversity) under these conditions are 
affected alike. 

TABLE I 

REQUIRED ANTENNA HEIGHT IN FEET 

Earth radius 
factor K 

Horizon distance 

15 miles 30 miles 50 miles 

0.8 
1 

4/3 
2 
3 

180 
150 
120 
75 
50 

800 
620 
480 
300 
200 

2300 
1800 
1300 
950 
600 

Another common cause of fading, called "multiple 
path transmission," is one in which two, three, or more 
signal components are found to arrive at the receiving 
station at various angles in the vertical plane. The ex-
tent of this type of fading is dependent on the relative 
amplitudes and delays of each of the components. This 
fading, which is a fine structure, can be thought of as 
being superimposed on the fading described above. The 
signals received on two antennas separated vertically 
under these conditions are affected differently. 

TABLE II 

MIDPATH CLEARANCE VARIATION IN FEET NORMALIZED ON 
K = 4/3.f =2000 mc 

Midpath clearance in feet 

30 miles 60 miles 100 miles 

0.8 
1 

4/3 
2 
3 

20 
50 
80 
125 
150 

—206 
—26 
114 
294 
394 

—852 
—352 

148 
498 
848 

In Table I, the columns marked 15, 30, and 50 miles 
correspond to path lengths of 30, 60, and 100 miles. 
The variation in height around the 4/3 earth radius 
can be thought of as the variation of the clearance of an 
engineered path. Table II shows the free-space height 
required at mid path for a K factor of 4/3 at an operating 
frequency of 2,000 mc and the variation of this clearance 
over the range of K values which can normally be ex-
pected. The minus sign in this table indicates the extent 
to which the signal is in the shadow region. It will be 

2 K. Buffington, "Radio propagation at frequencies above 30 mega-
cycles," PROC. I.R.E., vol. 35, pp. 1122-1136; October, 1947. 

noted that the 30-mile path is clear over this entire 
range of K. A 60-mile path, on the other hand, may ap-
pear to be in the shadow region or may appear as a 
path which has excessive height. At 100 miles this vari-
ation is even more marked. 

During the time when the field strength appears to 
be in the shadow region, diversity is not useful since 
the signal strength on both of the diversity antennas 
fade simultaneously. 
These wide variations which occur on long path 

lengths are taken into account in radio-relay systems 
engineering by limiting the path lengths to approxi-
mately 30 miles. Longer path lengths, 40 to 50 miles, 
may be used in areas where the climate is dry and 
propagation fading is not influenced greatly by changes 
in humidity. Again path lengths longer than 30 miles 
may be engineered by increasing the fade margin (by 
use of larger antenna dishes and/or power amplifiers) 
or by accepting less system reliability. 

Sites engineered to path lengths of 30 miles, and 
provided with free-space clearance in the uhf range, 
should for most operation result in a propagation re-
liability in which the depth of fades which can be ex-
pected a certain percentage of the time with its cor-
responding percentage of reliability is approximated in 
Table III. This reliability, while a good rule of thumb, 

TABLE III 

Fade in db Per cent of the time Reliability 

10 
20 
30 
40 

10 
1 
0.1 
0.01 

90 
99 
99.9 
99.99 

is approximate for 3,000 to 4,000 mc. As the operating 
frequency is increased, a decrease in reliability can be 
expected, and likewise for lower operating frequencies 
the reliability will be increased. 

It is unusual for more than one path to experience 
the same depth of fade simultaneously. Therefore, the 
system reliability of a number of paths in tandem is the 
combined reliability of each path taken separately. 
This results in a system reliability which is less than 
that of the individual path. 
The correlation between received field strengths and 

meteorology conditions is as yet in its infancy. The 
statistical information which relates depth of fading to 
percentages of the time takes into account the fact 
that at various times throughout the day, month, and 
year the atmospheric conditions may be Zuch as to 
form low-level ducts, high-level ducts, substandard re-
fraction, super refraction, temperature inversions, and 
other meteorological effects. In locations where one or 
more of these meteorological effects are pronounced, 
the depth of fade for a given percentage of the time 
may be greatly affected. Restricted path lengths may be 
necessary in such locations, but apparently conditions 
of this type are the exception rather than the rule. 
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IV. SITING 

The free-space Fresnel clearance required for radio-
relay engineering is the clearance which at any point 
in the path results in a direct and reflected path differ-
ence of It wavelength. This can be expressed as an 
ellipse (Fig. 2) since the property of an ellipse is that 
TP-I-RP= 2a, where 2a is a constant. If the axis of the 
ellipse is taken at T so that path distances to an ob-
struction can be measured from one end of the path, 
the equation for the ellipse is 

(X — D/2) 2 y2 

  = 1, (1) a2 a▪  2 (ry 2 2) 

where for free space 2a=D-I-X/6. 

Fig. 2—Free-space clearance. 

Substituting this in (1) and eliminating factors very 
much smaller than (D/2)2, 

(X — D/2)2 y2 
 -I- = 1. (2) 

(D/2)2 DX 

12 

The free-space clearance (H0) required at midpath, when 
X = D/2, is 

H /DX 
H0   

IV 12 (3) 

all expressed in the same units. When Ho is expressed 
in feet, D in miles, and X as 1/f where f is in megacycles, 

Ho = 658V—er (4) 

To determine the free-space clearance required at any 
high elevation H on a profile, (2) may be written as 

(X — D/2)2 H2 
 -F 1, 

(D/2)2 Ho' = 

substituting the value of Ho as given in (4) and solving 
for the required clearance 

H -= 658-VD/f4/1 
(x — D/2)2 

(D/2)2 
(3) 

Reducing this expression by use of D=X+Z, H 
=1316., where H is in feet; D, X, Z are in 
miles and f in megacycles. This expression is shown in 
the form of a nomograph (Fig. 3). 

The selection of sites suitable for stations of a radio. 
relay system may be made from contour maps cm 
stereoscopic photographs. Recently commercial and goy-
ernment agencies concerned with geological surveys 
have been experimenting with electronic airborne pro-
file recorders which can produce an elevation profit 
record. The instrument is basically an altimeter which 
uses a radar beam projected downward from aircraft 
to measure the actual clearance between the aircraft and 
the ground. 

It is well to choose several alternate locations for each 
site, if possible, so that after profiling, factors other than 
path clearance which then become important may be 
taken into consideration. The choice of the most suit-
able sites may well be influenced by: (a) accessibility 
to the site from an installation, operational, and main-
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Fig. 3—Nomogram for determining free-space path clearance. 

tenance standpoint; and (b) proximity to roads, which 
frequently means that primary power from commercial 
sources is readily available. 
Contour maps generally lack information regarding 

trees, buildings, and other obstacles. Facilities such as 
power lines and smaller roads may not appear on the 
map. Also, the contour map may be in serious error. It is 
well, therefore, to make a preliminary survey of pro-
posed paths, noting the above information on the con-
tour maps. This survey can be made by air reconnais-
sance or vehicle. 

Contours may be plotted on linear paper and cor-
rected for 4/3 earth radius by means of the correction 
X2/2, where X is the distance in miles from the refer-
ence point and the correction is in feet. A preferable 
method which requires no correction of the profile for 
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le curvature of the earth is to plot the points selected 
-om the contour map directly on profile graph paper, 
Fig. 4) which self corrects for 4/3 earth curvature. 
Once the profile of the path is available, it must be 

tudied to determine the following points: 
1. Is the path including available tower heights clear 
objects? If not, another path perhaps of shorter 

mgth must be plotted. 
2. If the path is clear, by how many feet does the 
ne drawn between the sites clear high contours? The 
etermination of this clearance must include the height 
f trees and other objects. The clearance should also 
e maintained in all directions relative to the line 
rawn between the sites. The procedure in determining 
/hether a path has the required clearance and what the 
equired tower heights must be is as follows: 
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rig. 4—Plotting profiles on profile paper (4/3 earth profile paper) 

Assume equipment with a radio carrier frequency 
-= 2,000 mc and a path as in Fig. 4, in which the path 
listance is D=28 miles between proposed sites. The 
lie contour at point P is X=24 miles from A and is 
Z=4 miles from B. Referring to Fig. 3: 

a. Set a straight edge across the f and D scales and 
draw a line from f =2,000 mc to D = 28 miles. 

b. Set a straight edge across the X and Z scales and 
draw a line from X=24 miles and Z=4 miles. 

c. Set a straight edge across the A and B scales and 
draw a line from the points intersected on the A 
and B scales by the above two operations. 

d. Read the H scale. This reading, which is the re-
quired clearance above point P, is H=55 feet. 

This procedure is followed for other high contours, 
such as point S on Fig. 4. It will be noted that the line 
drawn between the f and D scales for a particular profile 
remains the same for all high contours under investiga-
tion. Point S is X =16 miles from A and is Z=12 miles 
from B and requires a clearance of 78.5 feet. Point T is 
X=6 miles from A and is Z=22 miles from B and re-
quires a clearance of 65 feet. The required clearance 
above the high contours are on Fig. 4 by large dots. 

3. Having determined the clearance above high con-
tours, it remains only to determine the tower heights 
required at the sites. 

a. In the event that a line drawn on the profile paper 
between the sites is below a required clearance 

point, as in Fig. 4, towers must be provided to 
clear this point. On Fig. 4 the required tower height 
is 40 feet. If the required tower height is excessive, 
new sites must be surveyed. 

b. In the event that the line just passes above re-
quired clearance, then a tower height of, for exam-
ple, 6 to 8 feet or one section of tower may be used 
at each site. If the site in the direction of trans-
mission is not clear of trees, tower heights which 
extend above the tree tops must be used. 

c. If the line between sites is well above required 
clearance, for example, two or more times the 
required midpath clearance, sites at tower ele-
vations usually more desirable should be chosen. 

4. The profiles of the proposed paths are now available 
and are ready for on-location checking. Aerial reconnais-
sance by helicopter, liaison plane, or vehicle along the 
propagation path should be made to determine the re-
liability of the information on the profile. During flight 
the propagation path should be viewed for obstructions 
such as trees, buildings, and other landmarks which 
were not shown on the profile. At the sites themselves it 
is well to observe whether the land is cleared and ac-
cessible by vehicle. In terrain where there is considerable 
visibility, visual exploration at one site may determine 
the line-of-sight properties to the other site. For night-
time observation of the line-of-sight properties of se-
lected sites, search lights may be used. Portable towers' 
with path-attenuation measuring facilities are another 
method of checking path reliability before costly site 
commitments are made. 

V. TRANSMISSION PATHS 

Irregular terrain, such as is encountered in rolling 
countryside, is generally suitable from a propagation 
standpoint. Smooth terrain, such as salt flats, should be 
avoided, if possible. If it becomes expedient to use such 
paths, however, a high-low type of siting (Fig. 5(a)) 
should be employed. This technique uses one site highly 
elevated so as to provide the required clearance and the 
other site located near ground level. Reflection point is 
essentially near the "low" site, so geometrically reduces 
variation between direct and reflected paths that would 
otherwise occur if reflection point were near midpath 
(Fig. 5(d)). 
Overwater paths should be avoided, if possible. In the 

event that such a path must be used, the high-low 
technique may again be applicable. Furthermore, one 
site is highly elevated and the other site located a few 
feet above ground level so that the reflection point 
occurs over land. This is shown in Fig. 5(b). This type 
of siting should, in many locations, provide the reliable 
communications required. Where fading difficulties are 
still experienced, space diversity will be required. 
Where the ovenvater path is such that this technique 
cannot be applied, but the profile is such as to provide 

3 Bell Lab. Rec., pp. 6; January, 1948. 
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screening, this technique should be used. This is shown 
in Fig. 5(c). The high contour which serves as the screen 
must have free-space clearance. Space diversity may 
still be required in the event of severe fading. Where the 
overwater paths are such that these techniques cannot 
be applied, diversity must be used. 
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NOT THIS 
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WATER er-S*Arerl):1--E-ARTH  

(d ) 

Fig. 5—Transmission paths. (a) High-low technique. (b) High-
low technique. (c) Screening technique. (d) Undesirable path. 

A highly elevated path, that is, one which has an 
Nth Fresnel clearance or excessive lobing, such as may 
be encountered in going from one mountain top to 
another, is generally to be avoided. Where the inter-
vening terrain has a small coefficient of reflection, the 
signal strength will fluctuate between the maxima and 
minima of the reflection pattern and provide reliable 
transmission. If the coefficient of reflection approaches 
unity, such as overwater paths and salt flats, the maxi-
ma and minima of the pattern is widely separated in 
amplitude. Diversity is not a cure-all for such paths, but 
it does reduce the per cent of the time deep fades 
occur. The reason diversity may still result in deep 
fades is that the atmosphere is not homogeneous. The 
lobes are therefore caused to move in random fashion 
in front of the antenna. These lobes are relatively close 
together at higher elevations since the spacing between 
successive maxima decrease with increasing height. For 
example, at 2,000 mc with a path difference of 30 miles, 
the spacing between the first and second maxima is ap-
proximately 200 feet and the spacing between the 21st 
and 22nd maxima is approximately 45 feet if the trans-
mitting antenna remains fixed and the receiving antenna 
is the variable. Excessive heights may also result in 
fading due to reflections caused by temperature inver-
sions which are generally present at around 3,000 to 
7,000 feet above the earth's surface. At lower heights 
with ranges of approximately 30 miles, the high inver-
sion is usually outside the beam width of the antenna. 
One method of avoiding this type of path is to provide 
a repeater station near midpath. Another method is 
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the high-low technique described above. Still anoth 
alternative is to select sites at lower elevations whi 
may still result in path lengths of approximately 
miles. In the event that these alternates are not possib 
these highly elevated paths may require diversity a 
tennas. 

Selected sites which contain partially overland at 
overwater paths are satisfactory if the reflection poil 
is on the land portion of the path. In the event that tl 
reflection point is overwater, it is advisable to move or 
of the sites. This is generally accomplished by movir 
one site a relatively short distance. 

VI. DIVERSITY SPACING FOR RECEIVING ANTENNAS 

Referring to the height-gain curve Fig. 1, the fir: 
maximum occurs when the difference in path length b. 
tween the direct and reflected waves is I wavelengt1 
The first minimum occurs when the difference in pat 
length is one wavelength. The path difference in way( 
lengths between the direct and reflected waves for sur 
cessive maximum and minimum fields is 

n + 1 
1/ 4i. ), '(mitt), 2(min), 3/2 (max) • ' ' 

2 2 

and for successive free-space field values 

1/6(m ..), 4/6(.1n), 10/6(rnin) 
3n — 2 3n + 1 

6 6 

The midpath clearance for the first free-space field (se• 
(3) ) is 

Ho =--

for the ne free-space field, 

1/(3n — 2)XD 
H„  — Ho /3n — 2, (6: 

12 

and for the (n+1) free-space field, 

H,V +1 (3n + 1)XD 
.  = HoN/3n 1. 

12 

/ _ — — —  — 2haS 
_L_ 

h Hen 

Fig. 6—Diversity spacing. 

The clearance difference at midpath (h) of any two 
successive Fresnel free-space fields, n and n+1, is 

h = H n+1 — 11„ and h = Ho(N/3n ± 1 — V3n — 2))• 

From simple geometry of Fig. 6 it can be seen that h 
must be doubled to obtain the diversity spacing S of 
the antennas or 
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S = 2h = 21/0(N/3n + 1 - N/3n - 2). (7) 

The clearance height required at midpath H,, for any 
ven height E along a path (see Fig. 9) is given by (5), 
ith the proper transposition of symbols as 

H„ - 
E 

= E/C. 
A/1(X - D/2)2 

1/ (D/2) 2 
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Fig. 7-Path-clearance determining factor. 
Fig. 8-Diversity antenna spacing factor. 

The radical reduces to 

2V -x (1 - -X ), 
D D 

ind values of C versus X/D are shown on the conversion 
;cale (Fig. 7). It will be noted from (6) that the relation 
Jetween the midpath height H„, of any path is related 
to the first free-space clearance Ho of a path of the same 
length by the expression 

H„   
- = -v/3n - 2, which can be solved for n. 
Ho 

This value of n can then be substituted in (7) to de-
termine the value of antenna diversity spacing S. 

This procedure can be simplified for field use by the 

conversion scale (Fig. 8) of 

H„   
- = N/3n - 2 
Ho 

versus 

N = 2(-../3n + 1 - Nan - 2). 

The vertical distance between receiving antennas is 
therefore determined as follows: 

All high points of a profile should be investigated to 
determine which one results in the smallest required 
midpath height. This high contour is therefore the path-
clearance determining point. Referring to Fig. 9, the 
line AB which connects the two sites is essentially the 
direct path between the transmitting antenna and the 
lower diversity receiving antenna. The height E= 1,040 
feet is the extent to which the direct path AB clears the 
high contour T. The required midpath clearance H„ is 
this clearance divided by the path-clearance determin-
ing factor C, which may be obtained from Fig. 7. The 
point T is X=17 miles; therefore, X1D =11/28 = 0.392, 
which from Fig. 7 corresponds to a C factor equal to 
0.97. The midpath clearance H„ is therefore EIC 
=1,040/0.97 =1,072 feet. A similar calculation for the 
high contour S will result in a midpath clearance which 
is larger than the one for T. Therefore, the point T is the 
path-clearance determining point. 

For convenience, the frequency and path length are 
assumed as being the same as in the example given 
under siting. Find the clearance Ho, at midpath from 
Fig. 3, using X=14, Z=14, D=28, and f=2,000. Ho 
will be found to be 79 feet. Then H,./Ho =1,072/79 = 13.6. 
Referring to Fig. 8, this corresponds to a diversity an-
tenna spacing factor N=0.21. The required vertical 
spacing between antennas is NXHo= 0.21 X79 =17 feet. 
Where the spacing is larger than a reasonable tower 

height required by transmission without diversity, the 
second antenna should be located close to the base of 
the tower provided clearance above nearby trees and 
other obstructions is obtained. 
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VII. SYSTEM EVALUATION 

The elements which contribute to the over-all system 
gain of a radio-relay link are the transmitter power, 
transmitting antenna gain, the receiving antenna gain, 
and the wide-band gain. Elements that contribute to 
the over-all system attenuation are antenna line loss, 
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and free-space path attenuation for the given distance 
between stations and the frequency used. The system 
evaluation extends from the audio or broad-band ter-
minals of the modulator in the transmitter to the audio 
or broad-band terminals of the demodulator in the re-
ceiver. 

+60 

+40 

TNUISIOTTER 

+20 ! 

POWER 
REQUIRED 

96214. FOR INOULATION 
-20 INPUT OF T RANSNT TER 

-40 

-60 

-80 

-l00 

-ISO 

-140 

el 

ANTENNA 
LINE LOSS 

Fig. 10—One-hop system—level diagram. 
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The various factors for system evaluation may be dis-
played on a level diagram as in Fig. 10. The level dia-
gram shows a one-hop system from the transmitter 
audio-frequency signal level input to the audio-fre-
quency signal level output of the receiver. The level 
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Fig. 11—(a) Conversion of power to dbm. (b) Conversion of 
bandwidth to thermal noise level. 

diagram for all practical purposes starts with the trans-
mitter output power if it is assumed that the trans-
mitter modulation does not introduce noise. 

1. The transmitter output ordinarily given in watts 
is converted to decibels above 1 mw (dbm) by means of 
the conversion scale of Fig. 11(a). 

- 3000 

2. The loss in the antenna transmission line expresse 
in decibels (db) will depend upon the type and lengt 
of line used and, on the level diagram, causes the levt 
of power transmitted to go down. 

3. In a microwave radio-relay link the energ 
radiated from a transmitting antenna is wasted unies 
it is directed toward the receiving antenna. To obtai 
this directivity a paraboloidal reflector or dish is ordi 
narily used to focus the radio waves. The gain of 
paraboloidal reflector referred to a dipole antenna ex 
pressed in decibels (db) may be determined from Fig 
12. The antenna gain raises the level on the diagram t 
a point known as the "effective radiated power." 
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Fig. 12—Parabolic antenna gain referred to a dipole. 

4. The path attenuation is the free-space attenua-
tion (Fig. 13) because the path has been engineered to 
provide this clearance. 

5. As in 3 above, the receiver antenna gain raises the 
level on the diagram by an amount equal to the gain 
in decibels of the antenna over a dipole. 

6. The transmission-line loss between antenna and, 
receiver lowers the level of the diagram by an amount 
equal to the line loss. The resulting level is the receiver 
signal input. 
To determine the fade margin available for operation, 

the receiver signal input must be compared with the 
noise which is present at the receiver input. 

(1) External noise is extremely low in the microwave 
region and the noise level of the receiver may thus be 
determined from the thermal noise generated in the 
antenna plus the fluctuation noise produced by the re-
ceiver. The thermal noise generated in the antenna is 
dependent on the bandwidth of the receiver. The noise 
level in dbm for a given receiver bandwidth may be ob-
tained from the conversion chart of Fig. 11(b). The level 
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s shown on the diagram by a dashed line below the re-
:eiver signal input level. 

D
I
S
T
A
N
C
E
-
K
I
L
O
M
E
T
E
R
S
 

r200 
250 150 

- 100 
150 90 
125 80 

- 70 
100 so 

75 

50 

25 

50 

- 40 
- 35 
- 30 
-25 

(r) 
- zo W 

- 5 

5-L3 

-4 
-3.5 

-2.5 

- 2 

ADB 33 + 20 LOG () Nit 20 LOG fmc/sEc 

P
A
T
H
 
A
T
T
E
N
U
A
T
I
O
N
-
 D
B
 

A 
- 160 

- 155 

r ISO 

-145 

-140 

-135 

- 130 

r 125 

n 120 

i00 

95 

-90 

-• 85 

-• 80 

• 75 

f 
CM MC/SEC 

3 -10000 
- 9000 
-8000 
- 7000 

5- 6000 
-5000 

(/) 
pr 20 ----;1500 ti.1 I 
I— - >-

> 30 - 1000 Z 
I. - 900 Li) 
Z - 800 D 
1£1 - 700 0 
CD 30 - 600 ILI CC i U_ i - 500 
F— 
CD - 400 
Z 
LL.1 
__I 100 - 300 
Li.1 f > CM MC/SEC 

e 

-4000 
-3500 

10 3000 
E-2500 

2000 
o 

Fig. 13—Path attenuation between dipole antennas for 
free-space propagation. 

(2) The fluctuation noise produced by a receiver is 
usually given in terms of noise figure. The noise figure 
indicates the amount of deterioration of signal-to-noise 
ratio which occurs while signal and noise pass through 
the equipment. This noise figure expressed in decibels is 
added to the thermal noise level and the resulting level 
is the receiver noise level. 

(3) The difference between the receiver signal input 
level and receiver noise level is the signal-to-noise ratio 
at the input to the receiver. Since the gain in the linear 
portion of the IF of the receiver holds for the signal as 
well as the noise, the levels of both rise as shown in the 
level diagram. This rise will depend upon the gain of the 
equipment only and does not affect the system evalua-
tion with respect to the signal-to-noise ratio. Thus the 
signal-to-noise ratio at the input to the receiver is the 
same as the signal-to-noise at the input to the de-
modulator. 

(4) In conventional amplitude-modulation (AM) sys-
tems with 100-per cent modulation, the signal-to-noise 
ratio at the input to the demodulator will also be the 
signal-to-noise ratio in the audio output of the receiver. 
If wide-band modulation is applied, such as frequency 
modulation, pulse modulation, and so forth, the AF 
signal-to-noise ratio will be improved in comparison to 
the IF signal-to-noise ratio. The amount of improve-
ment is called "wide-band gain," which is realized only 
if the signal remains at a level above the noise level 

by an amount depending on the type of modulation. 
This level is called the "threshold" level of the receiver, 
and for FM is about 10 to 13 db above the noise level. 
(See level diagram, Fig. 10.) If the signal fades below 
the threshold level, the transmission fails completely. 
Thus the wide-band signal-to-noise ratio at the audio-
frequency output is greater than the signal-to-noise ratio 
at the receiver input when above threshold. The excep-
tion to this is in conventional AM systems in which the 
modulation is less than 100 per cent and the wide-band 
gain is negative (loss). 

For convenience a step-by-step process in accordance 
with the flow of the level diagram from transmitter to 
receiver, as in the preceding paragraphs, is shown in 
Table IV. The equipment data is assumed for purposes 
of illustration. 

It will be noted from Table IV that with a fade 
margin of 32 db the reliability will be in excess of 99.9 
per cent. It must be remembered however that during a 
30-db fade the AF wide-band signal-to-noise ratio will 
be reduced from 65 to 35 db. A fade greater than 32 db 
will result in a breakdown of the system. 

TABLE IV 

SIGNAL LEVEL ASSUMED DATA 
LEVEL OR 
S/N RATIO 

Transmitter power. Converting 
10 watts by use of Fig. 11(a) 
Transmitter antenna line loss 
Transmitter antenna gain at 
2000 mc, 4 ft dia dish from 
Fig. 12 
Path attenuation for D=.28 
miles and f=2000 mc/s from 
Fig. 13 
Receiving antenna gain (same 
as trans ant gain) 
Receiving antenna line loss 

Assume a nominal gain for IF of 
Assume a nominal gain for AF of 

RECEIVER NOISE LEVEL 
Thermal noise for a bandwidth 
of 10 mc from Fig. 11(a) 
Noise figure 

RF AND IF SIGNAL TO NOISE RATIO 
Receiver signal input level (-42 
dbm) minus receive noise level 
(-87 dbm) 

AF SIGNAL-TO-NOISE RATIO WHEN ABOVE THRESHOLD 
RF signal to noise ratio (45 db) 20 db 65 db S/N 
plus wide-band gain 

FADE MARGIN 
Receiver signal input level ( -42 -74 dbm 
dbm) minus threshold level 

THRESHOLD SIGNAL-TO-NOISE RATIO 
RF signal-to-noise ratio (45 db) 
minus fade margin (32 db) 

10 watts 

3 db 
26 db 

128 db 

26 db 

3 db 

42 db 
10 db 

10 mc 

17 db 

+40 dbm (trans. 
output power) 

+37 dbm 
+63 dbm (effective 

radiated power) 

-65 dbm 

-39 dbm 

-42 dbm (receiver 
signal input) 
O dbm 

+10 dbm 

-104 dbm 

AF SIGNAL-TO-NOISE RATIO BREAKPOINT 
AF signal-to-noise ratio above 
threshold (65 db) minus fade 
margin (32 db) 

-87 dbm (receiver 
noise level) 

45 db SIN 

32 db (margin) 

13 db S/N 

33 db S/N 

VIII. MULTIPLE-HOP SYSTEM EVALUATION 

The discussion above is limited to single-hop systems. 
In evaluating a multiple-hop system additional factors 
must be taken into consideration. The audio noise level 
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of a multiple-hop system is higher than for a single-hop 
system; therefore, the AF system signal-to-noise ratio 
will be smaller. Also, in a multiple-hop system the re-
liability from a propagation viewpoint is reduced. 

Consider a multiple-hop system in which, for con-
venience, the path distance for each hop is approxi-
mately 30 miles and the paths are provided with free-
space clearance. Assume first, that no propagation 
fading is taking place. The single-hop RF and AF signal-
to-noise can then be calculated as in preceding para-
graphs. 

1. The RF and audio signal level, receiver noise level, 
and threshold level will remain the same at each repeater 
receiver and at the terminal receiver. 

2. The audio noise level will rise in each successive 
receiver, starting at the receiver nearest the terminal 
transmitter, and will be a maximum level at the termi-
nal receiver. The amount of increase in noise level is 
dependent on the number of jumps. The conversion 
scale (Fig. 14(a)) shows the increase in audio noise level 
for a system of a given number of hops. 
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Fig. 14-(a) Noise-level increase for multiple hops. 
(b) Fading reliability. 

In the preceding illustrative example the audio 
signal-to-noise ratio is 65 db S/N. If a multiple-hop sys-
tem of 8 jumps, for example, is assumed, then from Fig. 
14(a) a rise in noise level of 9 db will result in an AF 
signal-to-noise ratio of 56 db. It will be noted that the 
RF and IF signal-to-noise ratio remains the same for 
each jump. The fade margin in each hop, therefore, re-
mains the same, that is, 32 db. The AF signal-to-noise 
break point for the 8-hop system is the AF signal-to 

noise ratio of 56 db minus the fade margin of 32 db. Th. 
AF break point is therefore 24 db S/N. 
The other factor which must be taken into account ii 

system evaluation is the system reliability from a wave 
propagation standpoint. The multiple-hop reliabilip 
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compared to single-hop reliability is lower and the sys-
tem reliability of a number of paths in tandem is the 
combined reliability of each path taken separately. The 
nomograph of Fig. 15 shows how the system reliability 
due to propagation is affected by multiple-hop radio 
relay. This chart assumes all paths approximately 30 
miles long and provided with free-space clearance. Thus, 
continuing the illustrative example, a fade of 32 db oc-
curs approximately 0.1 per cent of the time, or from 
Fig. 14(b), a path with a fade margin of 32 db has a re-
liability of 99.93 per cent. For an 8-jump system using 
the nomograph of Fig. 15, draw a line between R=99.93 
and n = 8. Read the value where the line crosses the S 
scale or S=99.4. This is the system reliability due to 
propagation. Another way of evaluating the system is 
to state the system reliability for a given number of 
jumps, and then determine the single-hop fade and 
reliability required. Thus if an 8-hop system with a 
reliability of 99.4 per cent is desired, draw a line be-
tween the n and S scales at n = 8 hops and S= 99.4 per 
cent. Read the percentage of reliability for one hop, 
99.93 per cent on the R scale. 
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An FM Microwave Radio Relay* 
R. E. LACYt, SENIOR MEMBER, IRE, AND 

Summary—The design features of an experimental 8,000 - 
8,500-mc radio relay are reviewed. The technical innovations men-

tioned are the result of research and engineering accomplished for 

the design of a military radio-relay system. 
A duplexing antenna system comprised of a waveguide hybrid 

tee, a waveguide mast structure, an off-center fed parabolic re-

flector antenna assembly, and a waveguide cavity preselector for the 

receiver is described. 
A mechanically and electronically tuned cw communications 

magnetron, which provides a carrier power in excess of 50 watts, is 

included and is capable of being frequency modulated. A unique fre-
quency stabilization circuit maintains the carrier center frequency, 

improves the linearity of the modulation, and reduces the carrier-
noise frequency variations. 

INTRODUCTION 

IN THE DESIGN of microwave radio-relay equip-ment for transportable military radio communica-
tion systems, there are many factors that must be 

considered. Compromises are usually necessary in the 
interest of obtaining the utmost simplicity in design and 
maximum performance with a minimum of weight and 
complexity. Some of the novel features and components 
devised in an attempt to attain these desired character-
istics in one type of radio-relay equipment design, with 
a brief description of their functioning, are presented. 
A stable but tunable FM equipment was desired to 
transmit and receive a 20-kc intelligence band via any 
pair of approximately fifty radio-frequency channels in 
the super high-frequency range. 
The antenna and feed systems are described initially, 

followed by a résumé of the modulation and frequency-
control means, along with an indication of the results 
of tunable FM magnetron research. 

ANTENNA DUPLEXING 

Duplexing an antenna system to accomplish both the 
transmitting and receiving functions provides a method 
of reducing equipment weight and installation time by 
one-half, since only one antenna per relay terminal 
would be necessary. This was accomplished by applica-
tion of a balanced waveguide hybrid junction,' generally 
known as the "Magic T." The "Magic T" is most simply 
described as a symmetrical combination of a waveguide 
E-plane T and an H-plane T, having a shunt and a 
series arm, a balance arm, and an output arm, and it 
may be considered as analogous to the familiar hybrid 
coil of telephone practice. 

Fig. 1 illustrates the arrangement of the antenna du-
plexing T. As shown, the shunt and series arms of the 

" Decimal classification: R480 X R561. Original manuscript re-
ceived by the Institute, September 15, 1952. Presented, IRE National 
Convention, New York, N. Y., March 6, 1952. 
t Signal Corps Engineering Laboratories, Fort Monmouth, N. J. 
1 L. D. Smullin and C. G. Montgomery, "Microwave Duplexers," 

Radiation Laboratory Series 14, McGraw-Hill Book Co., Inc., New 
York, N. Y., pp. 350-372; 1948. 
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hybrid are connected to the transmitter and the re-
ceiver, respectively. One end of the balance arm of the 
T is terminated by a matched load, capable of dissipat-
ing at least one-half the transmitter power output; the 

TO ANTENNA. 

MATCHED LOAD 

Fig. 1—Arrangement of the antenna duplexing T shown 
connected to the RF assemblies. 

other end of the balance arm is connected to the wave-
guide sections assembled within a forty-eight foot sec-
tional tubular mast, which is terminated at the top by 
the radiating assembly. 
The RF energy from the transmitter is divided 

equally between the matched load and the antenna, 
with the result that approximately one-half of the avail-
able power from the magnetron is dissipated while the 
other half is delivered to the antenna. The received 
energy at the antenna passes down the waveguide mast 
to the hybrid T where it is divided equally between the 
series and shunt arms, with one-half the available re-
ceived energy being lost in the transmitter magnetron. 
A well-balanced waveguide hybrid T will provide about 
30 db of isolation between the transmitter and receiver. 

TUNABLE PRESELECTOR 

The isolation provided by the hybrid was not suffi-
cient between the receiver input and the transmitter 
output to permit the channel spacing required within 
the frequency band; therefore, a preselector was in-
cluded in the receiver to reduce the possibility of inter-
ference to the desired signal due to spurious responses 
which might otherwise be generated within the receiver. 
The preselector, as constructed, is a very compact, 
band-pass two-cavity waveguide filter. This filter is con-
tinuously tunable over the frequency band by a single 
control knob, enabling selection of the desired signal and 
effectively rejecting the local transmitter frequency 
which may be only 50 mc removed. 
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RADIATING ASSEMBLY 

The radiating assembly atop the waveguide mast, 
consists of a section of a paraboloidal reflector, illumi-
nated by a horn feed. Fig. 2 illustrates the manner in 

D 

Fig. 2—Derivation of the antenna section. 

which this section is derived. A and B of this sketch 
show two views of the conventional paraboloidal reflec-
tor. C shows the portion of the reflector which is cut 
out for use in this type of antenna. In D it may be seen 
from the ray diagram that, although the horn is placed 
at approximately the original focal point, it is now di-
rected at a point near the center of the new reflector 
section. This type of antenna design represents an im-
provement over the conventional type since it greatly 
reduces the screening effect of a horn assembly placed 
in the center of the field of radiation. Gain of the an-
tenna is thereby increased as there is a reduction of the 
side lobes. Also the standing-wave ratio in the wave-
guide is improved, as less energy is reflected back into 
the horn. 

Fig. 3 is a view of the antenna assembly mounted 
directly on the hybrid T, without the mast sections in-
serted. As was illustrated by the ray diagram in Fig. 
2(d), the reflector is in its normal position for a horizon-
tal beam. The gain of the antenna is 34 db above that 
of a dipole; the half-power beam-width is 4 degrees in 
both the E and H planes. 

RF POWER AND FM MAGNETRON 

To determine the amount of radio-frequency power 
required from the transmitter, the usual considerations 
and calculations of the principal transmission factors, 
comprising the "power-balance" equation for one radio-
relay link over a 50-mile path, show that the minimum 
required transmitter power output is in the order of 30 
watts. 
A cw oscillator capable of being both frequency 

modulated and continuously tunable over the 8,000- to 
8,500-mc band, and having this power-output require-
ment, was not available at the initiation of the equip-

ment development. However, based principally on a 
design by Raytheon Manufacturing Company of an FM 
magnetron for the 4,000-mc frequency range, new model; 
were developed for 8,000 mc capable of being mechan-
ically tuned and electronically frequency modulated 
and stabilized. These magnetrons operate at an anodE 
voltage around 1,500 volts and have a power output of 
about 50 watts, with anode efficiencies of approximately 
40 per cent. Frequency modulation of this magnetron 
oscillator is made possible by the introduction of an 
additional heater and cathode known as a "halo" be-
cause of its shape. The space charge, and consequently 
the resonant frequency of the magnetron cavities, can 
be varied by changing the voltage on the "halo" cathode, 
permitting frequency modulation of the magnetron up 
to 20 kc with modulator power of less than 1 watt. 
Mechanical tuning is accomplished by means of a 
diaphragm-tuned external cavity closely coupled to one 
of the magnetron cavities. 

Fig. 3—Antenna assembly shown mounted directly on the 
hybrid T and RF equipment support. 

FREQUENCY STABILIZATION 

Since the inherent frequency stability of a magnetron 
oscillator is inadequate for a communication system, 
many methods were tried in order to achieve the re-
quired stability via a system which was tunable yet rela-
tively simple in operation. Finally, a unique method of 
frequency control or stabilization2 meeting these re-
quirements was developed. 

2 George G. Bruck, "Stabilizing frequency of reflex oscillators," 
Electronics, pp. 170-176; February, 1948. 
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This stabilization method as developed is all elec-
tronic and has less critical circuit-components than the 
previously devised methods. This frequency stabilizer, 
based on a duplex heterodyne principle, incorporates 
as the frequency reference, a high Q tunable cavity 
resonator of high thermal stability. This frequency 
reference cavity is in a servocontrol circuit, which in 
event of magnetron oscillator frequency drift applies a 
frequency correcting voltage to the electronic tuning 
element of the magnetron. 

OPERATION OF FREQUENCY-CONTROL CIRCUIT 

The operation of this frequency-control circuit may 
best be explained by reference to Fig. 4. 

MIXER ..er 

COMPONENTS 

F„, 
F. 
F. • F. 
F., -F. (CAVITY TUNED TO f„, ) 

MIXER 
COMPONENTS 

F„, 
F., -F. 

F. -(6,, -F.)•Fo 

Fig. 4—Block diagram of the frequency stabilization circuit. Arrows 
indicate direction of the principal frequency components. 

A small amount of the RF power output from the FM 
magnetron (a few milliwatts) is coupled to the crystal 
mixers designated "A" and "B." With the frequency 
control cavity "C" resonated, for example, 40 mc lower 
than the magnetron frequency, the 40-mc amplifier 
oscillates due to an external feedback path provided 
through mixer "A," cavity "C," and mixer "B." 

Oscillation occurs in the following manner: At mixer 
"A," the magnetron output frequency (F.) is mixed 
with the 40-mc amplifier output frequency (F„) and the 
difference frequency (F.— Fi,) is transmitted through 
the control cavity "C" to mixer "B." This difference 
frequency from the cavity mixes again with the mag-
netron output frequency, and the resultant difference 
frequency (F„), the original 40 mc, becomes the ampli-
fier input. The positive feedback loop thus formed will 
cause oscillation at 40 mc, as long as the net phase shift 
around the loop is zero. If, however, the magnetron fre-
quency should start to drift, for any reason, the cavity 
will no longer be excited at its resonant frequency and 
there will be a phase shift. The frequency of oscillation 
of the amplifier loop will then change to the frequency 
at which the net loop phase-shift is again zero. Since this 
frequency will not be 40-mc there will be a dc output 
from the 40-mc discriminator. This dc, after amplifica-
tion by the dc amplifier, will change the voltage on the 
magnetron electronic tuning element in the proper 
polarity to shift the magnetron frequency back toward 

the point from which it drifted. As the magnetron is 
shifted back toward its original frequency, the magni-
tude of the correcting voltage will be decreased, until a 
condition of equilibrium is reached. 

Fig. 5 shows a practical arrangement of the reference 
cavity and crystal mixers assembled on the waveguide. 
The crystal mixers "A" and "B" mounted on opposite 
sides of the waveguide are coupled to the guide through 
small holes. The open top ends of the mixers are covered 
by the bottom of the cylindrical resonant cavity. The 
bottom of this cavity is solid except for one small round 
glass-covered hole or iris centered over each low-Q mixer 
cavity. These holes provide the input and output path 
through the cavity. 

FROM 40 MC AMP OUTPUT 

TO 40 MC AMR INPUT 

RESONANT CAV ITY 
TUNED TO fin -F0 

Fig. 5—Arrangement of the tunable frequency reference 
cavity and crystal mixers. 

PERFORMANCE OF FREQUENCY STABILIZER 

The frequency stabilization circuit performs two other 
important functions besides stabilizing the frequency of 
the magnetron anywhere within its tuning range. It also 
reduces the effects of modulation distortion arising from 
any nonlinearity of the halo-cathode frequency-voltage 
characteristic. Furthermore, it reduces the internally 
generated magnetron noise-frequency variations, cor-
respondingly improving the carrier-to-noise ratio by 
virtue of the large amount of inverse feedback intro-
duced. 
The transmitter carrier-to-noise improvement ratio 

due to the effectiveness of the frequency stabilizer was 
observed by open circuiting the inverse feedback loop 
and then measuring the increased carrier noise level at 
the receiver. By closing the loop and again measuring 
this noise level, the improvement ratio was obtained. 
The amount of improvement observed, in general, 
varied from about 40 db with a newly installed magne-
tron down to about 20 db for a magnetron with several 
hundred hours of service. 

RF EQUIPMENT ASSEMBLIES 

Figs. 6 and 7 show the engineering models of the 
transmitter and receiver radio-frequency assemblies. 
The compact construction and comparative simplicity 
for a microwave equipment of both units is apparent. 
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The transmitter assembly (Fig. 6) contains the FM 
magnetron, frequency reference cavity, and stabilizing 
circuits. Adjustment to a desired frequency channel is 
simply accomplished by first setting the precalibrated 
dial on the reference cavity, then, with the aid of the 
panel meters in the stabilizing circuit, by precisely adjust-

Fig. 6—Transmitter RF assembly. 

ing the magnetron mechanical tuning to correspond. 
The receiver assembly (Fig. 7) includes a balanced 
mixer, intermediate amplifier and audio circuits, reflex 
klystron oscillator, and associated frequency reference 
cavity and stabilization circuit. Tuning of the receiver 
is similar to that of the transmitter, except that, in addi-
tion, the precalibrated preselector dial is also set to the 
desired frequency channel. 

RESULTS AND CONCLUSIONS 

The results of operational tests conducted with the 
equipment have shown the antenna system to be effi-
cient and satisfactory, especially in regard to its ease of 
installation and operation which is especially important 
for transportable military equipment. 

The fact that 50 watts of power at 8,000 mc is readil 
obtainable from a tube with an anode efficiency of 4 
per cent shows attractive possibilities for tunable FI1 
magnetrons for SHF microwave communications equir 
ments. 
The operational tests have also demonstrated that b 

utilizing a selected magnetron and by careful transmit 

Fig. 7—Receiver RF assembly. 

ter adjustments over-all one-jump system signal-to 
noise ratios as high as 50 db could be realized. However 
noise reduction, comparatively short life, and linearip 
of modulation still remain as important problems to b 
solved before FM magnetrons are entirely satisfacton 
for communications equipment. 
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A Microwave Correlator* 
R. M. PAGEL FELLOW, IRE, A. BRODZINSKYt, AND R. R. ZIRMt, ASSOCIATE, IRE 

Summary—A method is presented for the measurement of auto-
or cross-correlation functions of wide-band uhf signals. A novel 
method of frequency translation is used to obtain a transformation 
of the spectrum into a more convenient form for computation. This 
method involves the generation of a line spectrum of local oscillator 
frequencies throughout the bandwidth of the signal, and subsequent 
summing of the frequency differences into a narrower band of video 
signals containing all the correlative characteristics of the original 
signal. A theoretical analysis of the operation is presented along 
with experimental results obtained with this correlator on a 200-mc 
bandwidth noise signal centered at 1.1 kmc. 

IN THE ANALYSIS of experimental data it has be-come popular in recent years to supplement the 
classical techniques of Fourier analysis by counter-

part techniques in the time domain, derived from the 
concepts of statistical mechanics, and dealing with the 
statistical properties of the data. In this realm of ideas 

the autocorrelation function of a sample of data is the 
counterpart of the power spectrum in Fourier analysis. 
A number of devices for computing the correlation 
functions of arbitrary data have been developed.'.2.8 In 
general these devices are adequate to fulfill their in-
tended purposes, where frequency and bandwidth re-
quirements are not severe. It is sometimes desirable, 
however, to measure these functions at microwave fre-
quencies and at video or greater than video bandwidths. 

• Decimal classification: 621.375.2. Original manuscript received 
by the Institute, October 8, 1952. 
t Naval Research Laboratory, Washington 25, D. C. 
1 H. E. Singleton, "A digital electronic correlator," PROC. I.R.E., 

vol. 38, pp. 1422-1428; December, 1950. 
2 A. E. Hastings, and J. E. Meade, "A device for computing corre-

lation functions," Rev. Sci. Inge., vol. 23; July, 1952. 
3 A. H. Schooley, "A Simple Instrument for Evaluating Correla-

tion Functions," Natl. Elec. Conference, Cleveland, Ohio; Septem-
ber 10, 1952. 
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n such regions existing techniques offer somewhat less 
han desired performance. 
The essential functions performed by a correlator are 

lelay, multiplication, and integration. These functions 
nust be performed in the order stated. The delay com-
)onent must be linear and must operate at data fre-
mency, i.e., bandwidth must equal or exceed the data 
ignal bandwidth, and its frequency of operation must 
nclude the spectrum of the data signal, or one to which 
he data signal may be shifted by heterodyne methods. 
7or sufficiently great bandwidths a suitable length of 
-adio-frequency cable or waveguide makes a satisfac-
,ory delay device. The integrator is a relatively low 
)andwidth device and presents no problem of great 
lifficulty. The more difficult problem of immediate in-
erest is the multiplier. 
It is doubtless possible to design a multiplier that 

nrill operate satisfactorily at ultra-high frequencies with 
very great bandwidth. In some cases, however, it may 
3e simpler to first transform the data signal to a nar-
Sower bandwidth, and then perform the multiplication 
3rocess in the more convenient narrow bandwidth 
form. This may be accomplished without loss of in-
formation, providing that phase significance is pre-
served in the bandwidth transformation. A process that 
meets this condition will now be described. 

I'PUT POSER 
SPUTTER 

RIVER 

pal 
OSCILLATOR 

DELAY H VIlER 

VIDEO 
AMPLIFIER 

MULTIPLIER 

VIDEO 
AMPLIFIER 

Fig. 1—Basic correlator block diagram. 

LL FI  

A signal of a given bandwidth in one part of the radio-
frequency spectrum may be transformed to a similar 
signal of the same bandwidth in another part of the 
spectrum by heterodyning with a reference oscillator and 
filtering to retain one sideband of the heterodyned signal. 
This is the well-known principle of the familiar super-
heterodyne receiver. In the process, phase significance 
is preserved in the signal. Two signals occupying the 
same frequency band may be similarly translated to a 
different frequency band by separately heterodyning 
the two signals with a common reference oscillator. Fre-
quency and phase relationships between the two signals 
will not be disturbed in the process. Specifically, the 
cross-correlation function of the two signals measured 
at output will be identical with that measured at input, 
providing the delay necessary to correlation measure-
ment is made on input signal, before heterodyning. This 
is true even when the frequency of the heterodyning 
oscillator lies within the same frequency band that is 
occupied by the signals. By placing the heterodyning 
oscillator at the center frequency of the signal, the out-
put bandwidth is reduced to one half the original signal 
bandwidth, with one limit at zero frequency. Such a 
system is shown in block diagram form in Fig. 1. 

Bandwidth may be further reduced before multi-
plication by using a second heterodyne oscillator whose 
frequency is one third the bandwidth of the original 
signal, or two thirds the cutoff frequency of the low-
pass filter appropriate to the output of the first hetero-
dyne. The output of this second heterodyne will contain 
all the phase and frequency information of the original 
signals necessary to the correlation process in one sixth 
the bandwidth of the original signal, and may be fol-
lowed by a low-pass filter with cutoff frequency at one 
half the heterodyne oscillator frequency. The process 
may be repeated as many times as desired before multi-
plication. Each added heterodyne will further reduce 
the bandwidth by a factor of three. 

"(f) 

OUTPUT 
SIGNAL 
REGION 

1-.--INPUT SIGNAL REGION—.1 
LOCAL OSCILLATORS 

\ 

1 

0 or 

Fig. 2—Mixer input and output spectra. 

A somewhat similar result may be obtained in a single 
step of bandwidth transformation if the original signal 
is heterodyned with a reference signal composed not of 
one frequency but of a series of frequencies uniformly 
spaced and distributed throughout the spectrum of the 
signal. The heterodyne process is then followed by a 
low-pass filter with cutoff frequency equal to half the 
frequency separation of the heterodyne frequencies. 
Fig. 1 also illustrates this method when the local oscil-
lator frequency is multivalued as necessary to the 
process. The local oscillator spectrum is shown in its 
relation to the input and output signal spectra in Fig. 2. 

Fig. 3—UHF correlator functional diagram. 

There is no theoretical limit to the local oscillator fre-
quency spacing, and therefore no limit thus imposed on 
the degree of bandwidth narrowing possible. The limit 
on bandwidth reduction is determined by the bandwidth 
requirement in the output, which is set by the time 
allocated to a reading. 
A more detailed functional diagram of an experi-

mental uhf correlator is shown in Fig. 3. The signal of 
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interest occupies the 200-mc band from 1 to 1.2 kmc. 
Hybrid rings are found to give adequate channel sep-
aration over this band. A combination of fixed and 
variable length transmission lines is used to obtain delay 
times extending from 0 to 50 mi.r sec. The line spectrum 
local signal is generated with 10-mc frequency spacing 
by operating a narrow pulse generator at a 10-mc rate* 
and mixing this in a balanced converter with a 1.1-kmc 
single-frequency signal. By operating the balanced 
converter slightly off balance, the carrier component 
at 1.1 kmc is made equal to the amplitude of the side-
band components. This local oscillator signal is then 
fed through a hybrid-ring power splitter to each of two 
balanced crystal mixers. 

Fig. 4—Experimental 1.1-kmc 20-per cent bandwidth correlator. 

The output of each mixer is amplified and filtered 
by a 5-mc bandwidth video amplifier. The balanced 
outputs of the two video amplifiers feed the product 
detector which, in turn, multiplies the two channel 
signals together. A galvanometer at the output pro-
vides adequate integration of the product signal and, 
at the same time, an output indication. A photograph 
of the correlator is shown in Fig. 4. 
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Fig. 5—Calculated autocorrelation function. 

The calculated autocorrelation curve of a perfect1 
square band of noise 200 mc wide and centered at 1. 
kmc is shown in Fig. 5. The autocorrelation curve of a 
approximately square band of noise approximately 20 
mc wide and centered at 1.1 kmc is shown in Fig. 6, a 
measured with the microwave correlator. Considerin 
that the experimental signal spectrum was neithe 
ideally flat nor ideally band-limited, the agreement i 
sufficiently good to illustrate the validity of the method 

A MICROWAVE CORRELATOR 

Mathematical Appendix6 

Given a function of time whose power spectrum i 
distributed over a finite bandwidth, it is desired to shov 
that the autocorrelation function may be correctly de 
termined when the delay operation is followed with 
heterodyne operation in which both delayed and unde 
layed ensembles are identically reduced in both fre 
quency and bandwidth before multiplication. Let th, 
given function have a power spectrum p(ce) whose valu( 
is unity between the bandwidth limits col and co2, anc 
zero outside these limits. The autocorrelation functior 
cb(r) is the Fourier cosine transform of the powei 
spectrum; so 

+.0 
cb(r) = 2 p(co) cos cordw. 

o 

Under the stated conditions, this integrates directly tc 

«r) = 2(sin co2r — sin coir)/7-. 

This equation represents a sine wave of angular fre-
quency (wi-4,2)/2, with the modulation envelope of 
the form 

R
E
L
A
T
I
V
E
 
O
U
T
P
U
T
 

w 400 

,§ 300 
200 

100 

o 

100 

200 

300 

z 400 
0 5 

sin 4(w, - coi)r 

-1(w2 — wOr 

10 15 20 

7 (SECONDS x 10-9) 

25 30 

Fig. 6—Measured autocorrelation function. 

4 M. G. Morgan, "A modulator producing pulses of 10-7 sec 1 "Threshold Signals," Rad. Lab. Series No. 24, McGraw-Hill 
duration," PROC. I.R.E., vol. 38; May, 1950. Book Co., Inc., New York, N. Y.; 1950. 
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which is the well-known autocorrelation function of 
ideally band-limited white noise. 
As shown by Rice, • ideally band-limited white noise 

may be represented as a function of time by the relation 

Ni 

V(i) = E C. cos (nAcoi 4),,) 
n•N1 

in the limit as n---> co and Aca—+0; C„ and On are ampli-
tude and phase variables, either or both of which may 
vary randomly with time, and Ace is an arbitrary fre-
quency increment, so that 

cot = N1&, W2 = Nisà4.). 

The mean-square signal power in each incremental fre-
quency component ,C,co is then 

[V (1)12„.1,,,, W„2.àco 

p(w)cho. 

The signal represented by V(t) is now to be mixed 
with a heterodyning signal whose spectrum consists 
of a series of k discrete frequencies of equal amplitude 
Vo, equally spaced throughout the spectrum of V(s), 
which is coo—col-13. The angular frequency of the pe 
heterodyning signal is given by 

(p — 1/2). 

The total heterodyning signal is therefore given as 

V H = V0>2 cos Wpi. 

2•1 

The following operations are now to be performed: 

1. V(t) is to be heterodyned with VH under the con-
dition Vo>>C„ so that products of the components of 
V(t) alone will be negligible relative to products of the 
components of y(s) and VH. 

2. DC terms in the output are to be eliminated by 
ac coupling. 

3. All output frequencies greater than 0/2k are to be 
eliminated by filtering. 
By these processes the only terms that remain are 

product terms between each component of V(t) and 
the nearest single component of Vg. These may be 
written directly as 

VI = 2Vo E [(cos ,,t) 

whence 

n-•Nt+ (P-1)0Ik 

k NI-F-801k 

Vi = 170E 

el 1+ pa 1 k 

E cn COS (//àWt —  On)] 

E c. cos (nAcol — copl On) 
(p-1)81k 

8 S. O. Rice, "Mathematical analysis of random noise," Bell Sys. 
Tech. Jour., vol. 23, p. 282; 1944; vol. 25, p. 46; 1945. 

V2 = V 0E 

since the frequencies corresponding to nAco-Ece,, are re-
jected by the low-pass filter. 

In order to determine the autocorrelation function of 
V(t), the original V(t) must be delayed by the delay 
parameter r and then multiplied by its corresponding 
undelayed value. If the delayed value is represented by 
V(s), then the undelayed value will be represented by 
V(t+r), and may be written 

Ni 

V(t = E c. cos [frtAco(1 + on]. 

If identical operations are performed on V(t+r) as 
were performed on V(t), one may by analogy write 
directly 

k NI+ (r k)0 

E Cm cos [Inàw(t r) — cort + „,]. 
r-1 (r-1/k)$ 

The next operation is to multiply V1 by V2 and filter 
out all ac terms, retaining only dc terms, to obtain 
the autocorrelation function. If samples are of sufficient 
length to be considered stationary, the product VITT: 
may be averaged over the random variables Co, C., 
On, Om instead of integrated in time, to obtain the same 
result. Thus 

cI)(r) = VIV2". 

However, when nOm, the functions V1 and V2 are sta-
tistically independent and their average product is zero. 
Also, when n=m, p= r by definition. Thus, 

k NI+(Plk)0   

ci(r) = V02 E E ic.„2 [ cos (talcor) 
n—N (p-1)0/k 

+ cos (2nAcot nAcor — 2 el ± 

Since the average of a sinusoid over all phases is zero, 
the term containing On drops out. Then since 

there remains 

k Ni+(plk)0 Ni 

E E = E 
(p-1)0/k n—N. 

Ni 

cl,(r) = V02 E Ic.2 cos (màcor). 
n..N1 

This summation may be converted to an integram by 
passing to the limit as n--> 00 and ,Ca.o—>C1, with the rela-
tion co=ntIco and with the substitution c„2=p(co)c/ca; 
the function then becomes 

1 11 

w2 

(Kr) = V02 p(co) cos cordco. 

As before, this integrates directly to 

c1(r) = 1702(sin wor — sin wo-)/T• 

Since the function may be normalized to any amplitude, 
the desired proof is demonstrated. 
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Radio Transmission Beyond the Horizon 
in the 40- to 4,000-MC Band* 

KENNETH BULLINGTONt, ASSOCIATE, IRE 

Summary—Reliable signals have been received at distances of 

several hundred miles at frequencies of 500 and 3,700 mc. The 

median signal levels are 50 to 90 db below the free-space field, but 
are hundreds of db (in one case 700 db) stronger than the value pre-

dicted by the classical theory based on a smooth spherical earth 
with a standard atmosphere. Antenna gains and beam widths are 

maintained to a first approximation and no long delayed echoes have 

been found. The experimental results are compared with other avail-

able data, and it appears that roughly the same median signal levels 
are obtained for frequencies from 40 to 3,700 mc. 

INTRODUCTION 

IT IS WELL KNOWN that radio frequencies below about 30 mc are useful for transmission over 
hundreds and thousands of miles because these 

signals are returned to the earth by the ionosphere. Fre-
quencies higher than about 40 to 50 mc are ordinarily 
not returned by the ionosphere, and as a first ap-
proximation, these waves are frequently assumed to be 
limited to almost line-of-sight paths. 
Although this first approximation is based on com-

mon experience with visible light, it is a rather crude 
one. It has long been recognized that some energy is 
bent around the curvature of the earth by both refrac-
tion and diffraction, but the magnitude of the received 
signals has generally been assumed to be too weak and 
too variable to be useful very far beyond the horizon. 

During 1950 and 1951 the Bell Telephone Labora-
tories conducted a series of experiments at about 500 
and 3,700 mc which show that reliable signals can be 
obtained at distances up to 200 or 300 miles. The signals 
vary from instant to instant, but the rate of fading is 
within the compensating capabilities of modern equip-
ment design. The median signal levels are 50 to 90 db 
below the free-space field, but are hundreds of decibels 
in excess of the computed value based on the classical 
theory of smooth spherical earth with a standard 
atmosphere. The median values are reasonably steady 
from day to day and no long delayed echoes such as 
those that distort long-distance ionospheric transmis-
sion have been found. 

3,700-MC TEST 

The 3,700-mc test used an experimental transmitter 
at Whippany, N. J. which generates 1.5-µsec pulses 
with a peak power of about 300 kw. This energy was 
fed through 250 feet of waveguide to a 10-foot parab-
oloid antenna mounted on top of a 150-foot tower. 

Decimal classification: R355.914.31. Original manuscript re-
ceived by the Institute, March 17, 1952; revised manuscript received 
August 11, 1952. Presented at the IRE National Convention, March, 
1952. 
t Bell Telephone Laboratories, Inc., 463 West St., New York, 

N. Y. 

The receiving antenna was a 57-inch "dish" mounted, 
on top of the truck that carried the receiving and re-
cording apparatus. The measurements consisted of 
recording the received signal for several days to a week 
at each of several locations from 22 to 285 miles north-
east of the transmitter. These sites were on high 
ground relative to the local terrain, but were all beyond. 
the optical line-of-sight. The most distant site was at 
Mt. Washington, N. H., where the optical line-of-sight 
from the transmitter was nearly 8 miles above the re-
ceiving antenna, in spite of the material elevation. The 
principal transmission paths are shown by the long 
dash lines on the map in Fig. 1. 
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Fig. 1—Paths used in radio tests beyond the horizon. 

- 3100-MC TRANSMITTER AT 
WHIPPANY OR MURRAY HILL, N 

- SJS • MC TRANSMITTER AT 
BRIOGEPORT, CONN. 
460 MC TRANSMITTER AT 
HOLMDEL, N.J. 

The median signals obtained at the various locations 
are shown by the crosses on Fig. 2 in terms of the 
decibels below the intensity that would have been ex-
pected in free space with the same power and an-
tenna gains. At Mt. Washington, for example, the 
median received signal was about 82 db below free 
space during the tests in May, 1950 and about 75 db 
below free space on a return trip the following August. 
On the basis of the smooth spherical earth theory, the 
expected signal would have been more than 700 db 
below free space. Attempts were made in both May 
and August to pick up a signal near Bar Harbor, Me., 
a distance of 400 miles, but the sensitivity of the receiver 
was only about 90 db below free space at this distance 
and no recognizable signals were found. 
The signal fluctuations as seen on an oscilloscope indi-

cated a fading rate of several cycles per second, and on 
one or two occasions a substantial change was noted 
between two successive frames of motion pictures 
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taken at a speed of 64 frames per second. The signal as 
recorded on an Esterline Angus Recorder did not vary 
more than + 2 db from minute to minute, but the actual 
fluctuations were smoothed by means of a 2-second 
time constant associated with the recording apparatus. 

In addition to the rapid fading, a slow variation in 
the average signal occurred over a period of hours and 
from day to day. These changes rarely exceeded ±15 db, 
and no drop-outs occurred during any of the tests. At 
locations far beyond the line-of-sight, there was no 
obvious correlation of the fading with the time of day 
or with weather conditions. On shorter paths, however, 
where the receiver was only moderately below the line-
of-sight, an increase of signal level of 20 to 30 db was 
noted at night and during the passage of cold fronts. 
The received pulse was not appreciably widened, 

and, with one exception, no separate delayed echoes 
were found. This result indicates that the delays were 
ordinarily not more than 0.1 or 0.2 µsec, which in 
turn indicates that bandwidths of several megacycles 
may be possible. The one exception occurred at Gay 
Head on Martha's Vineyard, Mass, during very un-
usual weather conditions. A small hurricane was off 
the Atlantic coast and ionospheric and magnetic dis-
turbances were observed in Washington, D. C. During 
a period of about 8 hours the signal level was 35 to 40 
db stronger than normal, and it was found that signals 
were received over an azimuthal angle of about 30° 
instead of the usual 5°. As the antenna steered counter-
clockwise in azimuth starting with a northerly point 
where no signals were received, a pulse appeared which 
grew in amplitude. As this pulse approached full ampli-
tude, a second pulse appeared approximately 1.5 µsec 
after the first. As the antenna continued to scan counter-
clockwise, the second pulse grew to full amplitude and 
the area between the two began to fill in. This con-
dition represented the "on bearing" pointing toward 
the transmitter. Further counterclockwise scanning 
caused the first pulse to diminish in strength and 
disappear. Then finally the delayed pulse decreased in 
strength and disappeared. The picture described was 
not constant with time, and when the antenna was left 
fixed, the display would change markedly in a few 
minutes. This phenomenon was followed by a period 
during which the signal was 10 to 15 db below normal 
for a period of several hours. All transitions were 
gradual and the signal finally returned to what was 
considered its normal value. 

Except for the above instance, the antenna beam 
widths were not widened more than 2 or 3 degrees in 
either azimuth or elevation. These values are only 
approximate since antenna patterns are particularly 
difficult to measure with rapidly varying signals. As a 
further check on some of the recent theories, measure-
ments were made on the antenna gain that is obtained 
at locations far beyond the horizon. An open-ended 
waveguide was substituted for the 57-inch receiving 
antenna and the received signal decreased by 26 ± 1 db, 

as would be expected in free space. The substitution of 
a 19-db horn or an open-ended waveguide for the 39-db 
transmitting antenna decreased the received signal 
beyond the horizon by approximately the same amount 
observed on a line-of-sight control path. 

Tests were made on top of Mt. Greylock, Mass. (145 
miles) and at three sites located about 800, 1,200, and 
1,500 feet below the summit in the direction of Pitts-
field. The differences in median signal varied from 2 to 
8 db in an irregular manner with changes in elevation, 
and it was not clear whether these differences were, the 
result of the change in effective antenna height or 
normal variations during the time required to change 
locations. 
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Fig. 2—Median signal levels measured at 460, 535, and 3,700 mc. 

The polarization of the received signal was checked at 
the 100-mile point by substituting a 19-db horn for 
the receiving antenna and then rotating the horn. The 
transmitted signal was vertically polarized, and as the 
horn was rotated, the signal decreased, as expected, 
until it was lost in the noise. 
Although the received pulses were not widened ap-

preciably, the shape varied rapidly, and at times the 
pulse seemed to break into two or more separate pulses 
of much shorter duration. However, the frequency of the 
transmitter changed more than a megacycle during the 
time of each pulse, and it is believed that the unwanted 
frequency modulation coupled with multipath trans-
mission is the principal reason for the distortion of the 
received pulses. 

535 MC TEST 

A second series of tests made use of the 534.75-mc 
sound channel of an experimental television transmitter 
operated by National Broadcasting Company at Bridge-
port, Conn. These measurements lasted for several hours 
to several days on each of the transmission paths shown 
by the solid lines on Fig. 1. The receiving antenna was 
a corner reflector with a gain of about 10 db above a 
half-wave dipole and was mounted on top of a truck. 
The median signal obtained for various distances 

from Bridgeport are shown by the solid dots on Fig. 2. 

200 300 SOO 
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The longest path was about 325 miles to a point near 
Bar Harbor, Me., and was half over land and half over 
water. The 225-mile path was entirely over land to Mt. 
Washington, N. H., and the 125-mile path was almost 
entirely over sea water to Gay Head on Martha's 
Vineyard. 
The average rate of fading around the median value 

was about 1 cycle every 5- to 10-seconds with a maxi-
mum rate of about 10 cps. By automatically sampling 
the field intensity every second, it was established 
that the received signal during a 5- to 10-minute interval 
follows the Rayleigh distribution. For periods of time 
measured in terms of hours or days, the received signal 
measured in decibels follows the normal, or Gaussian 
probability law. 
The quality of the received sound appeared to be 

limited only by noise, which indicated that no trouble-
some echoes were present. In addition, no significant 
changes in the effective antenna gain and beam width 
were found. These results are not as conclusive as the 
3,700-mc test in which pulse transmission provided 
greater accuracy in measuring delays and narrow beam 
antennas provided sharper angular discrimination. 

460 MC TEST 

As a result of the tests in New England on 535 and 
3,700 flic, a 1-kw transmitter operating at 459.05 mc 
was set up at Holmdel, N. J. The transmitting antenna 
gain was about 20 db above a half-wave dipole. The 
receiving antenna had a gain of about 15 db above a 
half-wave dipole and was mounted on top of a truck. 
Two principal receiving sites were selected along the 
New York-Chicago microwave relay route, one near 
Chambersburg, Pa. (183 miles) and the other in Pitts-
burgh. These paths are shown by the short dashed 
lines on Fig. 1. Approximately two weeks of data were 
obtained near Chambersburg and several days records 
were taken at Pittsburgh. The median values are shown 
by the circles on Fig. 2. The 20- to 30-db difference 
between these data and the 535-mc data for the same 
distance may be due in part to the different type of 
terrain, and in part to seasonal effects. The New Eng-
land tests were conducted in the summer of 1950 while 
the Pennsylvania tests were made in early spring of 
1951. Several attempts were made to pick up the signal 
at distances of 400 miles and beyond, but no recog-
nizable signal was found. 
A series of tests on antenna beam widths and gain 

were conducted on the 183-mile path to the site near 
Chambersburg. These tests indicated that the signals 
were coming from the horizon along the great circle 
route and that the antenna beam widths were not 
widened by more than 1 or 2 degrees in either azimuth 
or elevation. The substitution at either terminal of 
half-wave dipoles for the gain antennas resulted in a 
loss of signal equal to the difference in free-space an-
tenna gain. 

Frequency-modulated speech transmission over the 
183-mile path showed high quality during periods of 
relatively strong signal and marginal intelligibility 
during periods of relatively low signal. The loss in in-
telligibility seemed to result entirely from low signal 
level, and no evidence of delay distortion was found. 
The receiving antenna was located on a mountain 

with a sharp drop of about 1,500 feet in the direction 
of the transmitter. A later test at the base of the moun-
tain, where the effective antenna height was only 50 to 
100 feet above the immediate foreground, indicated 
less than 6-db decrease in median signal level. 

SUMMARY OF PREVIOUSLY AVAILABLE DATA 

The principal data that have been published pre-
viously on transmission beyond the horizon are sum-
marized in Fig. 3. The crosses show 3,300-mc data over 
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Fig. 3—Median signal levels at uhf and shf (from 
previously published material. 
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sea water as reported by Megaw.' The circles also 
show 3,300-mc data over sea water as given by Katzin, 
Bauchman, and Binnian of the Naval Research Labora-
tory.' The dots represent median values over land in 
the 400- to 550-mc range which have been obtained 
from several sources and summarized by the Federal 
Communications Commission.' 
The data shown in Figs. 2 and 3 for the 300- to 

4,000-mc band are combined in Fig. 4 in which the 
crosses and dots represent frequency ranges rather 
than the source of the data. Considering the differences 
in frequency, terrain, antenna heights, and duration 

1 E. C. S. Megaw, "Scattering of electromagnetic waves by atmos-
pheric turbulence," Nature, vol. 166, p. 1100; December, 1950. 

M. Katzin, R. W. Bauchman, and W. Binnian, "3- and 9-Centi-
meter propagation in low ocean ducts," PROC. I.R.E., vol. 35, pp. 
891-905; September, 1947. 

3 H. Fine and F. V. Higgins, "Long Distance Tropospheric Propa-
gation in the Ultra High Frequency Band 288-700," Federal Com-
munications Commission T.R.R. Report No. 2.4.10; October 13, 
1950. 
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Fig. 4—Median signal levels in 300- to 4,000-mc band. 

1000 

of tests, the spread in experimental results is not as 
large as might have been expected. The data in each 
frequency range are within about + 15 db and are ap-
proximately equally distributed about an empirical 
line which indicates a median signal of 55 db below free 
space at 100 miles and 85 db below free space at 300 
miles. 

Similar long, distance propagation at frequencies 
below about 300 mc have been known for several years. 
Most of the data are in the 40- to 50-mc range, and on 
many paths experimental data are available for six 
months to a year or more. The median signal levels 
shown on Fig. 5 have been obtained from the sum-
maries published by the FCC." In most cases, the 
transmitting antenna height was several hundred feet 
above the immediate foreground, while the receiving 
antenna height was only 30 to 50 feet above the ground. 
The effect of antenna height is most pronounced at and 
within the optical horizon and becomes less important 
as the distance beyond the horizon increases. 
A comparison of Figs. 4 and 5 shows that the short-

term median signal levels in the 300- to 4,000-mc range 
decrease with distance in approximately the same 
manner as the long term data in the 40- to 300-mc range. 

CONCLUSIONS 

The most significant conclusion to be obtained from 
the available data is that the received power at points 
far beyond the horizon is relatively independent of fre-
quency, antenna height, and weather effects. These 

4 E. W. Allen, W. C. Boese, and H. Fine, "Summary of Tropo-
spheric Propagation Measurements and the Development of Em-
pirical VHF Propagation Curves (Revised)," Federal Communica-
tion Commission T.I.D. Report No. 2.4.6; May 26, 1949. 

G. V. Waldo, "Summary of Recent VHF Tropospheric Propa-
gation Measurements over Southern and Mid-Western Paths," Fed-
eral Communications Commission T.R.R. Report No. 2.4.8; October 
16, 1950. 
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parameters have an important effect at or near the 
horizon, but their importance decreases gradually with 
increasing distance. The decrease in signal level in 
going from within the horizon to slightly beyond is 
greater at shf than at vhf, but once this loss is ac-
cepted, the signal decreases much more slowly with 
increasing distance than the exponential decrease pre-
dicted by the classical smooth-earth theory. 
The median signal levels far beyond the horizon 

seem to decrease approximately 18 db for doubling the 
distance in addition to the 6-db extra free-space loss. 
The median values are relatively independent of diurnal 
effects and day-to-day variations, which means that 
the over-all reliability is much greater than would be 
expected from the duct theory. 
The experimental result that the free-space antenna 

gains and beam widths are realized beyond the horizon 
is inconsistent with the initial predictions of the scatter-
ing theory. It seems difficult to modify the parameters in 
the scattering theory to account for both this result and 
the relatively high observed signal levels. 
Although the signal levels are much higher than was 

commonly expected, high transmitter power and large 
antennas are needed to obtain reliable voice channels 
over distances of 200 miles or more. The high-gain an-
tennas needed at both transmitter and receiver indicate 
that the most likely application of long-path transmis-
sion will be for point-to-point service over difficult 
terrain. 
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Prediction of the Nocturnal Duct and Its 
Effect on UHF* 

L. J. ANDERSONt AND E. E. GOSSARDt 

Summary—A method is described for predicting diurnal varia-
tion in uhf field strengths, which is based on the micrometeorology 

governing the nighttime refractive-index profiles. Using surface 

meteorological data from past years, predictions are made of the 

probability distribution of the diurnal field variations to be expected 
on 100 and 1,000 mc over CRPL links in Colorado. The predictions 
are compared with field-strength observations taken in 1952, and 

the agreement is encouraging. 

NONOPTICAL PROPAGATION of uhf radio 
energy over land is generally characterized by a 
diurnal change in received signal strength. Al-

though this effect is superimposed upon other trends, 
it is often the dominant feature of signal distributions, 
particularly in regions of low humidity. 
The purpose of this paper is to describe a convenient 

method of predicting, from surface meteorological data, 
nocturnal duct formation and associated effects upon 
uhf propagation. The method has been used to predict 
propagation conditions on 100 and 1,000 mc in eastern 
Colorado, and these predictions have been compared 
with observations. 

PATH PROPILE 

Fig. 1—Path profile for CRPL Cheyenne Mountain links. 

OISTANCe INUCSI 

The link is operated by the Central Radio Propaga-
tion Laboratory, Boulder, Colo., to whom we are in-
debted for the data on observed fields as well as the 
path profile (Fig. 1). Observations to date have been 
made for February through July of 1952. The transmitter 
is located on Cheyenne Mountain, some 4,400 feet 
above the general terrain at the receiver. The heights of 
the receiver antennas are 43 feet for 1,000 mc and 18 
feet for 100 mc. Path distance is 98 miles. It may be 
seen from Fig. 1 that the path is somewhat beyond the 
optical region under standard propagation conditions. 

Predictions of the monthly distributions of the diurnal 
range in signal were made on a statistical basis from 

• Decimal classification: R113.616. Original manuscript received 
by the Institute, October 1, 1952. 

t United States Navy Electronics Laboratory, San Diego, Calif. 

three and a half years of surface meteorological data 
taken at Dodge City, Kan. No attempt has been made 
to predict signal behavior on a day-to-day basis from 
current data, since the complex time and space varia-
tion of refractive index profiles make it difficult to pre-
dict representative detailed meteorological conditions. 
However, on a statistical basis, the results show good 
agreement with observation. 

The meteorological processes underlying diurnal 
propagation effects are nocturnal radiation and heat 
conduction, since the nighttime temperature profile is a 
result of the interaction of these processes. Associated 
refractive-index profiles are such that a radio duct be-
gins forming about sunset. It develops rapidly in the 
early evening hours, more slowly in early morning, and 
dissipates rapidly after sunrise. The trend is occasionally 
modified when condensation takes place early in the 
evening. 

It is shown later in this paper that nocturnal modifica-
tion may be considered to be largely confined to a layer 
between the surface and a height 8(1), which can be 
computed from surface meteorological observations. 
The extreme stability often present in nocturnal in-
versions makes it necessary to use a modification of the 
usual boundary-layer approach in making such compu-
tations. 

In the region between & and the usual height at which 
surface meteorological data are taken, the profile of 
refractive index, modified to 4/3 earth, is virtually 
logarithmic and may be described in terms of ô and the 
diurnal variation of refractive index at the surface. 
Thus, the profile may be expressed in terms of the 
parameter: 

Bi — B, 
—  

log — 

where s is the height of the instrument shelter in which 
the surface meteorological data are taken, and B is re-
fractive index modified to 4/3 earth. 

PROPAGATION PREDICTION 

We may now consider the effect of the nocturnal duct 
upon the diurnal variation in field strength observed for 
certain links on the Cheyenne Mountain Path. We as-
sume that the B profile is vertical (7 =-- 0) near sunset, 
and that the surface duct development proceeds from 
then through the night until early morning. At that 
time, the duct, as described by the parameter y, is fully 
developed and remains so until sunrise, when it rapidly 
deteriorates and the B profile again becomes essentially 
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vertical until the following sunset. The diurnal signal 
variation is thus the difference caused by 7 changing 
from 0 to its maximum value on any given night. 

It has been adequately established that, within a 
given duct, beyond the optical horizon, the signal de-
creases more or less exponentially with distance; hence, 
the field expressed in db decreases linearly at a rate 
less than the standard diffracted field. The problem is 
to establish this attenuation rate as a function of 7 
over the observed range. Analysis of data taken on a 
100-mile path at 100 mc in Texas shows that for a given 
distance the attenuation is a linear function of 7. 
The remaining problem is to determine the slope of 

the line—the diurnal signal change (A db) versus 7— 
for the particular link under consideration. When A db 
is determined at one 7 value, the prediction of diurnal 
field-strength variations is complete. 

Examination of the path profile (Fig. 1) shows that a 
direct ray from transmitter to horizon enters the region 
of appreciable diurnal effect (approximately 300 feet 
above the surface), about 50 miles from the transmitter. 
If one can assume negligible diurnal variation over this 
first portion of the path, then the diurnal variation at 
the horizon ridge should be very similar to that ob-
served on Arizona desert paths' (transmitter, 200 feet; 
receiver, 0-200 feet; distance, 26 miles). Similarly, the 
path from ridge to receiver is well approximated by the 
same link. Thus, the diurnal variation at the receiver 
should be the sum of, (1) variations observed in Arizona 
with a 200-foot transmitter and a low receiver plus (2) 
similar variations with a low transmitter and with the 
receiver height corresponding to that used in Colorado. 
For ? =. 5, these variations are 7 db for 100 mc and 20 db 
for 1,000 mc. 

It would be academically more satisfying if one could 
derive these figures on a theoretical basis, but to date no 
theoretical treatment of the duct has been found to 
agree satisfactorily with observations over the wide 
range of meteorological conditions considered. There-
fore, we are forced to make use of the empirical ap-
proach in these predictions. In this instance, data were 
available which enabled close simulation of the path 
under consideration. Since such data exist for a wide 
variety of paths, this approach can be applied in many 
cases. 

VERIFICATION 

There are various ways of defining diurnal signal 
change. For example, it may be considered as the 
difference between signals at two specific times, such 
as afternoon and early morning; or it may be considered 
as the variation between late afternoon and the maxi-
mum occurring any time during the night. The latter 
concept is perhaps more useful for our analysis, since 
several factors may cause the highest signal to occur at 
a time other than the early morning hours. Such factors 
include: 

1. The occurrence of a change in air mass. 
2. A significant increase in average wind speed some 

time during the night. 
3. The occurrence of precipitation during the night. 
4. The temperature falling to the dew point thus pre-

venting a further increase in B, during the night. 
The observational data obtained over the Cheyenne 

Mountain links were analyzed in terms of the maximum 
signal occurring during the night, and the correspond-
ing theoretical prediction therefore has been based on 
the same concept. Since our purpose was to examine the 
diurnal signal change, those cases in which a significant 
air-mass change occurred simultaneously with the 
diurnal signal change were neglected when analyzing 
the meteorological observations. However, the curves 
of observed signal include all times, regardless of 
whether steady-state meteorological conditions were 
realized. 
For the forecast, hourly surface observational 

weather data for three and a half years of the period 
from 1948 to 1951, taken at Dodge City, Kan., were 
analyzed in terms of the diurnal change in refractive 
index at instrument-shelter height, and of the mean-
wind velocity from sunset to the time at which the 
maximum refractive index occurred. The frequency 
distribution of the parameter 7 was computed for each 
month and the diurnal range in db obtained as indicated 
previously. 
The predictions, plotted on probability paper, are 

compared with observation in Figs. 2, 3, 4, and 5. Of 
the six months of observational data available (Febru-
ary to July, 1952), the months of February and June, 
in which the greatest number of hours of data were 
obtained, were selected to show the seasonal trends. 
The dashed portion of the observed curves indicates 
the minimum existing variation, since in this portion 
the nighttime signal often went off scale. However, the 
median-diurnal change for each month should usually 
be unaffected by the "off-scale" periods, and Fig. 6 
indicates the predicted seasonal change in the median-
diurnal variation as compared with the observed. 

In view of the fact that the predictions are based on 
an average year, and that the extent to which the year 
1952 departs from the average would cause departure of 
observation from prediction, it is felt that the agree-
ment shown is very encouraging. Analysis of Dodge City 
data for June, of 1949, 1950, and 1951, shows that the 
departure of observation from prediction in 1952 is 
within the normal year-to-year variation to be ex-
pected. 

METEOROLOGY 

In order to derive expressions for refractive-index 
profiles when the atmosphere is quite stable, we use 
the work of Deacon,2 based on detailed wind and tem-
perature observations taken at Porton, England. 

1 J. P. Day and L. G. Trolese, "Propagation of short radio waves 
over desert terrain," PROC. I.R.E., vol. 38, P. 165; February, 1950 

I E. L. Deacon, "Vertical diffusion in the lowest layers of the 
atmosphere," Quart. Jour. R. Met. Soc., vol. 75, no. 323, pp. 89-103; 
1949. 
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Fig. 3—Predicted frequency distribution of diurnal change in June. 

Deacon concludes from these data that the eddy dif-
fusivity is given by: 

K = koU* zot-szo, (1) 

where U*, the friction velocity, is given by 

ko(1 — )3) 
U* — (z (2) 

r 1  

where 
ko 

Zo 

Zo 

is 0.40 (Von Karman's constant), 
is a surface roughness parameter, which may be 
obtained from wind-profile measurements, 
from tables such as that given by Deacon,' 

z is height, 
is wind speed at height z and, 
is a profile index, assumed to be a function of 
atmospheric stability (as defined by Richardson's 
Number). 

Taking the conventional expression for heat flux, we 
may write 

u. 

where 
p is 
c, is 
o is 

86, ae 
F = pc,K —az = pc,koU* zol-ozo 

az 

or 

(3) 

density of air, 
specific heat of air at constant pressure, and 
potential temperature. 
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Now, if we make the approximation that flux is inde-
pendent of height over the height range in which we 
are interested, and integrate (3) between limits of zo 
and 8, we obtain: 

tO 
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E. L. Deacon, "Vertical profiles of mean wind velocity in the 
surface layers," Gt. Brit. Porton, Technical Paper, no. 39; 1948. 

Fig. 6—Observed versus predicted median-diurnal change 
(January to July). 
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This defines a height 8(1) which may be considered 
an effective depth of modification of the lower atmos-
phere under nocturnal radiation conditions. Further-
more, if we assume like Frost' that flux at the surface is 
constant through the night, and note that pc, is essen-
tially constant through our height range, we have 

Et) 

--- pc, f (0, - 0.)dz. (5) 

Taking the height distribution of temperature to 
follow the Deacon distribution, we have 

"- 1 
00 - 0, (--) zo 

00 — 08 /ô'' 
— — 
Zo 

Substituting, and integrating (5), we have an expression 
from which the flux may be eliminated by using (4). 
If we then note that in general 

(5 (2 - 1 - )2-0 )1-0 >> 13) - 1, 
Zo Zo 

we arrive finally at the expression for 8 

U* if 
—o = 

/ (2-0) 
(k0(2 - fi) — 

so Zo 

Thus, knowing wind at some anemometer height 

(6) 

(and therefore knowing U5) and having so (computed 
from wind profiles or obtained from tables), we need 
only choose a time t and determine f3 in order to solve 
for 8. 
The above technique is somewhat parallel to the 

Karman-Polyhausen method for dealing with boundary-
layer problems in aerodynamics, and the corresponding 
approximations are of about the same order. The height 
8 is, of course, a fictitious height, and the discontinuity 
in the height derivative of temperature at this point is 
in reality smoothed. From a mathematical standpoint, it 
is a very convenient concept, and the functional de-
pendence of the temperature profile on wind speed and 
time is quite reliable. 

In the Deacon relationship, fi is assumed to be a func-
tion only of stability as defined by the Richardson's 
Number 

J-
o 

dO 

gdz 

dur 

\--dz) 

at a given height. 
Deacon' further points out that if the ratio of the 

wind velocities at two fixed heights is uniquely related 

4 R. Frost, "Calculation of night minimum temperatures," Gt. 
Brit. Met. Off. Professional Notes, no. 95, pp. 1-6; 1948. 

to Richardson's Number, then it must also be uniquely 
related to O, - 05/( U,)', where the subscripts 2 and 1 
indicate heights. Thus, if this latter parameter can be 
related to fi, we can obtain e from simple surface ob-
servations. Such a relationship was obtained empirically 
by Deacons for his particular instrument heights and 
surface roughness. His curve may also be translated 
to other conditions of roughness and instrument 
heights. It is to be noted that at great stabilities (low 
winds and large positive temperature gradients) 13 ap-
pears to approach a constant value of about 0.75. At 
high winds and small temperature differences, a ap-
proaches 1.00, which means the profile is logarithmic. 
The fact that conditions are very stable in nocturnal 
inversions makes the Deacon modification of the con-
ventional logarithmic profile quite important when 
computing 8. It is also true, however, that even for the 
case of a quite stable lapse rate (say 0=0.75), the profile 
above a few feet from the surface would appear essen-
tially logarithmic within the accuracy of most observa-
tions. Therefore let us, for simplicity, take the distribu-
tion of potential temperature and potential vapor 
pressure to be approximately logarithmic from instru-
ment shelter height s (about 5 feet), up to the height 8. 
Now, it can be shown that the distribution of refractive 
index (expressed in terms of B)5 closely approximates 
the same functional height variation as that of poten-
tial temperature and potential vapor pressure. We then 
finally have 

Bs - B. z 
B - B, =  log — • 

log — 

(7) 

But the value of Bi is assumed to be nearly constant 
throughout the night and equal to the late afternoon 
value of B.. Late in the afternoon B is virtually con-
stant with height, and since for a given set of conditions 
8 is only a function of wind and /3 at any particular 
time, in (7), we have expressed the distribution of re-
fractive index aloft in terms of surface measurements. 

If we define the profile constant on the right-hand 
side of (7) as 7, we have 

'Y = 
B. - B. 

8log — 

which is the critical meteorological parameter used in 
the propagation predictions earlier in this paper. It is 
a parameter which may be conveniently determined 
from standard data taken by all Weather Bureau 
stations. 
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Field Strength of KC2XAK, 534.75 MC 
Recorded at Riverhead, N. Y.  

G. S. WI CKYZERL SENIOR MEMBER) I.R.E. 

Summary—Field strength was recorded for 22 months over a 
nonoptical path, at a distance of 33 miles. Over-all variation was 
approximately 12 db in winter and 33 db in summer, with relatively 
small variation in the median level. On this transmission path, fading 
10 db or more below the median occurred during the summer months 
and was about evenly divided between daylight and darkness for 
the normal hours of operation. 

THE EXPANSION of television broadcasting into 
the uhf spectrum has brought new problems of 
many kinds to the design engineer. In addition to 

changes in equipment techniques, there remains the 
question of propagation and field-strength behavior at 
the higher frequencies. With the object of extending the 
scope of available data on this subject, the RCA Labo-
ratories Division has recorded the field strength of an 
experimental uhf television transmitter in Bridgeport, 
Connecticut for a period of nearly two years. 
The audio channel, being frequency modulated, main-

tained a constant power output with varying modula-
tion, and was thus better adapted to field-strength re-
cording than the video channel. The audio transmitter 
of KC2XAK operated on a frequency of 534.75 mc, with 
effective radiated power of 6,800 watts, horizontally 
polarized. 
The transmission path, from southern Connecticut, 

across Long Island Sound to eastern Long Island, is 
shown on the map of Fig. 1. The profile of Fig. 2 reveals 
a more complex situation than the map indicates since 
the optical portion of the path was over water while the 
path beyond the optical horizon was over land. 

Fig. 1—Map showing transmission path. 

• Decimal classification: R271.3. Original manuscript received 
by the Institute, October 9, 1952. 
t RCA Laboratories Division, Radio Reception Laboratory, 

Riverhead, L. 1., N. Y. 

The receiving site was located on level ground at the 
southern edge of the village of Riverhead, with the area 
in front of the antenna clear of trees, wires, or other 
objects for a distance of about 300 feet. Beyond this 
distance, the transmission path traversed a small resi-
dential area with trees estimated to be 25 to 40 feet in 
height. The remainder of the distance over land passed 
through another small residential section and about five 
miles of farm land, with open fields and wooded areas. 

KC2XAK 
BRIDGEPORT, CONN. 

RIVERHEAD, 
L.I.,N.Y. 

0 5 10 15 20 

DISTANCE - MILES 
25 SO 

Fig. 2—Profile from KC2XAK, Bridgeport, Conn. to Riverhead, 
N. Y. 4/3 earth's radius. 

The receiving antenna was a parabolic dish 76 inches 
in diameter, mounted with its center 30 feet above 
ground. The gain of the antenna, as calculated from 
its directive pattern , was 17.5 db over a half-wave dipole. 
The antenna was connected to the receiving equipment 
by 33 feet of RG-14/U coaxial cable, having an esti-
mated attenuation of 2 db. The net gain of the antenna 
and transmission line was thus 15.5 db relative to a 
half-wave dipole. 
The receiver was a superheterodyne employing 

double conversion, and equipped with automatic fre-
quency and gain controls. A record of receiver output 
was obtained from a Bristol moving-pen recorder con-
nected in the receiver diode-load circuit. Analysis of 
the field-strength record was simplified by the use of a 
totalizer unit' which operated from the amplified agc 
voltage in the receiver. The totalizer contained twelve 
adjustable levels which were set at intervals of 4 db 
from 25.5 to 69.5 db above 1 µv/m. 
The normal operating schedule of the transmitter was 

approximately 9 a.m. to 11 p.m., Tuesday through Satur-
day. This permitted the receiver calibration to be 
checked before each day's operation, with the exception 
of Saturday. The totalizer readings and the deflection of 
the recorder at the various totalizer levels were recorded 
manually as a part of the calibration procedure. This 
permitted the daily totalizer figures to be corrected for 

1 R. W. George, "Signal strength analyzer," Electronics, vol. 24, 
pp. 75-77; January, 1951. 
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each day's operation to agree with the true signal per-
formance as interpreted from the recorder chart. In this 
way, each day's results were corrected as a unit and the 
monthly results were a summation of these units. 
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Fig. 3—Typical field-strength distribution for summer months. 
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Fig. 4—Typical field-strength distribution for winter months. 

Typical examples of the monthly field-strength per-
formance curves are found in Figs. 3 and 4. Relatively 
little variation occurred during the winter months, 
while the performance in summer was characterized by 
occasional deep fading, with slower and somewhat small-
er excursions to higher values. The seasonal nature of 
field-strength variation on this path becomes more 
apparent when the monthly curves are combined in 
summary form, as in Fig. 5. Although the maximum and 
minimum levels exhibit relatively large variations, the 
median value shows an over-all variation of only 2.3 db. 
Dotted portions of the curves indicate extrapolated 
points on the monthly time analyses. 

Field strength at the obstruction shown in the profile 
of Fig. 2 was calculated to be 1.5 db above the free-
space value (E0). This figure was confirmed by measure-
ments made in the same general area. However, calcula-
tion of the field strength at the receiving site, based on 
simple diffraction theory, was found to be 9 to 16 db 
above the measured median value. This discrepancy is 

not surprising, as previous measurements2 have in-
dicated appreciable attenuation at these frequencies 
when passing through wooded areas. As indicated in 
Fig. 5, the median field strength at the receiving site was 

25 to 26 db below Lo. 
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Fig. 5—Summary, field-strength analysis for 
entire recording period. 

The refraction effects which are troublesome from a 
service viewpoint are deep fades, which occurred on this 
path during the summer months. These fades were 
usually of short duration, but might be as much as 20 or 
30 db below the median value. In general, the deeper the 
fade, the shorter its duration, suggesting the combina-
tion of two paths of equal amplitude and opposite 
phase. This condition is possible when strong refraction 
exists above the elevation of the normal direct-ray path. 
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Fig. 6—Summary of fading 10 db or more below median field 
strength. (A) Number of days with fading. (B) Number of indi-

vidual fades. 

B. Trevor, "Ultra-high-frequency propagation through woods 
and underbrush," RCA Rev., vol. V, pp. 97-100; July, 1940. 
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Since the normal field intensity was roughly 25 db below 
E0, the interfering ray would only have to attain this 
strength to cause cancellation when the phase differ-
ence was 180 degrees. Maximum fields were about 14 db 
above the median, which indicates that at times the 
energy refracted around the obstruction was the domi-
nant factor in determining field strength at the receiver. 
The distribution of fades, which dropped 10 or more 

db below the median, have been plotted for 1950 in 
Fig. 6. As would be expected from Fig. 5, the severe 
fading was restricted to the summer months, especially 
July and August, in 1950. 

Further analysis of the fading data indicated that 
slightly more fades took place in the daylight hours than 

at night. A large proportion of the daylight fading may 
be attributed to refraction on the over-water portion of 
the transmission path. This large body of water served 
both as a source of water-vapor and as a stabilizing in-
fluence on the lower layers of the atmosphere during the 
daylight hours. 
The particular transmission path over which 

ICC2XAK was recorded is not sufficiently representa-
tive of general conditions to permit drawing any broad 
conclusions. It can be stated however that field-strength 
variation was much less in the winter, and that attenua-
tion beyond the optical horizon may depend consider-
ably on local conditions such as terrain, vegetation, or 
other obstacles. 

Toward a Theory of Reflection by a Rough Surface* 
W. S. AMENTt 

Summary—A rough, perfectly reflecting surface is first specified 
by the statistics of noise theory. If illuminated by a plane electro-
magnetic wave, such a surface would reflect statistically predictable 
fields. An attempt is made to formulate the problem of predicting 
the fields in terms of the statistics of the surface. The result is a 
series of integral expressions in which averages of the currents in-

duced in the surface appear as unknown functions. Owing to mathe-
matical complexities, these expressions are not solved for the average 
currents; however, a qualitative discussion is given of a known 
formula for the specular reflection coefficient of a gently rolling 
surface. 

INTRODUCTION 

iN TRYING to predict theoretically the effect of oceanic swell and chop on the propagation of micro-
waves, we are interested primarily in average ef-

fects, such as the average power scattered per unit area 
of sea surface, or the average specular reflection co-
efficient. This paper will be concerned with a possible 
method of mathematically combining the statistics of a 
model sea-surface with Maxwell's equations so that, in 
principle, such averages can be deduced. 
As the paper deals with methods rather than pre-

dictions, it is best to start with a descriptive outline of 
the problem and the physics behind the attempted 
mathematical formulation. We consider a surface ob-
tained when an infinite, horizontal, perfectly conducting 
plane is randomly corrugated. The "randomness" is 
specified statistically, so that many somewhat similar 
specific surfaces have to be considered in taking an 
"average." When a plane wave (with electric vector 
parallel to the corrugations) is incident from above on 
one such surface, currents are induced in the surface 
These currents radiate fields and the total field (inci-
dent plane wave plus fields reradiated by all currents) 
must vanish on the surface. For a single surface, this 

• Decimal classification: R113.307. Original manuscript re-
ceived by the Institute, October 17, 1952. 

t Naval Research Laboratory, Washington 25, D. C. 

fact can be formulated mathematically as an integral 
equation, which can be solved in principle for the in-
duced currents. For the statistically specified surface, 
we have to consider many somewhat similar specific in-
tegral equations. Thus we should first solve a large 
number of integral equations for the currents, and then 
somehow average the fields scattered by these currents 
over all possible surfaces. Instead, we consider all of the 
integral equations at once, and try to take the average 
before solving any one of them. This leads to a set of 
integral relations in which averages of the induced 
currents are the unknown functions, and in which ap-
pears the statistical description of the randomly cor-
rugated horizontal surface. 

Since these integral relations are complicated, we 
reduce the complication by restricting the generality of 
the unknown average currents. In the final formulation 
the average current is considered to be basically a func-
tion only of altitude above the horizontal mean-plane. 
With this approximation, all portions of the surface at 
a single altitude are considered to have the same induced 
current density, regardless of whether or not a portion 
is shadowed by another, higher, part of the surface. 
Even with this approximation, the resulting integrals 
still are not readily evaluated. However, by using a 
heuristically justifiable approximate current density of 
this restricted type, we deduce a reasonable expression 
for the average specular reflection coefficient of the 
rough surface, and are able to discuss qualitatively the 
validity of the expression. 

MATHEMATICAL FORMULATION 

We first prescribe a perfectly conducting, continuous 
surface (x, h(x)) in some statistical way, so that the 
general behavior of the surface height h is about the 
same at all points of the x axis. For this purpose we con-
sider h(x) to depend on x in the same way that a filtered 
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noise voltage depends on time. For the statistical prop-
erties of the surface, we then can use results from noise 
theory.' In particular, we require a first probability 
density W(h), a conditional probability P(h; h', A), and 
a second probability density 

W(h, h', A) = W(h')P(h; h', à). (1) 

W(h) may be defined with reference to Fig. 1: 

W(h)dh = lim E Ax, (xN - x_N). 

(<0) 

dh 

h 

it • 

If F(h) is 
the range 

X 

Fig. I 

an arbitrary function of h, integrable over 
— <h< co , then 

1  r 

lhn -I F1h(x)1dx •—• f F(h)W(h)dh. 
2T -T —co 

The noise-theoretic formula for W(h) is 

W(h) = (2 7rh2)-1/2e42/(21.1), (2) 

where h2 is the mean-square value of h, the mean value 
of h being taken as zero. P(h; h', A)dh may be described 
as the probability that h(x) lies between h and h+dh 
when h(x-1-à)—h': 

P(h; = (2 71.fi2)-112[1 _ p2()]_h12 

• exp 1 — [h — p(à)[2/ [2k211 — p2(à)} fl . (3) 

where the autocorrelation function p(à) can be calculated 
through 

1 
it2p(A) = him — f h(x)h(x à)dx 

2T 

hh'117(h, h', à)dhdh'. (4) 

Through p(A) and re the statistical behavior of the 
surface is completely specified. 
Now let us assume a playn>e> ve>incident on this 

surface from above (from ino), the electric 
vector of this wave being parallel to the z-axis of the 
rectangular co-ordinate system. Then there are currents 
induced in the surface, and these currents reradiate 
fields in such a way that the total field (incident field 
plus fields reradiated from all parts of the surface) 
vanishes on the perfectly conducting surface. We also 
know that the total field vanishes below the surface. 
Let us express these statements mathematically for a 

Lawson and Uhlenbeck, "Threshold Signals," Radiation Labora-
tory Series, M.I.T., Cambridge, Mass., vol. 24, chap. 3; 1950. 

particular h(x), and then try to introduce the statistics 
of the surface. First we may assume that the incident 
wave is expressed by 

1,1/0 = exp (ikx cose — iky sin I 01 ) 

and satisfies the wave equation 

± 'Poe, k24/0 = O. 

(The time-factor exp( —icot) is suppressed.) The field 
radiated from a unit current at (x', y') =p' to a point 

P=(x, y) is 

11 0 (1)[k x ir (y y')2 1/21 

4 

(5) 

= G(x, y; x', y') = G(x', y'; x, y). 

Now let the current in the surface per unit length along 
the x axis be given by j(x)exp(ikx cos0). Then we must 
have for all x, 

h(x) 

fj(x')eikz'c°39G[x', h(x'); x, h(x)[dx' = 0, 

and 

4'0(x, y) + f .i(x1)eiw c°3°G[x', h(x'); x, Adz' 

(6) 

y > h(x) 
(7) 

0, y < h(x). 

The integral (6) in principle completely determines j(x), 
and (7) (in the case y<h(x)) must follow from (6) 
as a mathematical identity, or else j(x) would in general 
have to satisfy two contradictory requirements. 
As h(x) is known only statistically, we are driven to 

the use of average values of the currents j(x) rather than 
exact values. For instance, with the aid of Fig. 1, we 
can define an average current J(h) as 

J(h) = him 
N N 

E Axii(xi) E AXi. 
i--N i--N 

Thus if F(h) is the previous integrable function, 

TF(h(x))j(x)dx = 

(8) 

Similarly, one can loosely define a more complicated 
J(h; h', à) as the average value of j(x) when h(x)=h 
and when h(x+à)= h'. (For further generality and 
complication, one could define a probability density for 
j(x): W(j, h)dj is the probability that j(x) lies between 
j and j+dj when h(x) = h, and so forth.) For consistency 
we must have, for all A, 

I.00 
J(h) = f J(h; h', ¿)P(h'; h, —,à)dh'. (9) 

To introduce statistics into (6), we first rewrite it by 
using (5) and factoring out exp(ikx cos 0): 
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e—ikh(x)sinlel 

fj(x c1)eik4cc'seG[A, h(x); 0, h(x A)1(13, =- 0. 

Now this must hold whenever h(x) = h, i.e., at each point 
xi of Fig. 1. Thus 

f . 0 = (2N + 1)e-i -I- khsinl°1 eikile.dc/A• 

N 

• E i(xs + A)G[A, h; 0, h(xi 3 ')]. 

Dividing by (2N+1) and letting N—>, we get 

CO OD 

0 = e_" 11 fd f dh esk 
- CO -00 

• P(h'; h, —A)J(h'; h, —A)G[A, h; 0, h']. (10) 

This relation does not suffice to determine J(h; h,'x), a 
function of three independent variables. Thus addi-
tional relations in J(h; h', x) are required, and are found 
from (7). 
But before expressing (7) statistically, we should 

first list some properties of the average scattered 
field. In the first place, it is rather obvious that the 
average reradiated field above the surface is of the 
form R exp(ikx cos0+iky sin! 01), and below the sur-
face, of the form Texp(ikx cos 0 — iky sin O!), where 
T= —1 to satisfy (7). For we may first consider that 
portion of the field reradiated by currents lying between 
the horizontal dotted lines of Fig. 1. We can calculate 
this field at some point (x, y) far above the surface by 
Fresnel zone methods, and by further increasing y, we 
can make the Nth Fresnel zone arbitrarily long, so long, 
in fact, that the effective current-density in the zone 
approaches J(h)W(h)dh arbitrarily closely. The result 
of the Fresnel zone calculation is then 

w(h)dhj(h) e—ikhainiel e ik(rcos9-1-yeinle1) . 

2k sin101 

Adding the fields from all similar horizontal strips, we 
get 

R  = J(h)W(h)dh (11) 
2ksin101 f, 

Similarly, for large negative y we get 

T = 
2k sin 01 

J(z)W(h)dh = — 1. (12) 
1  

The latter equation obviously does not contain sufficient 
additional information to determine either J(h) or, 
when combined with (9) and (10), to determine the more 
general J(h; h', x). 

For further information we use the fact that, below 
the surface, no power flows in any direction. To calcu-

late the power flux per unit angle, traveling in a direc-
tion yf,, per unit length of surface, we first write, in 
terms of j(x), the flux P scattered from a length 2T of 
surface. 

f--T 
Pdo = de i( x )e ikxcosee—ikh(s)singe—ikxcosOdx  

i*(xt)e—ilex'coiseeikh(e)einOeikecosçyx ,. 

Here C is a proportionality constant, e represents the 
complex conjugate of j, the asymptotic expansion of 
G has been used, and k is considered real. Now we di-
vide both sides by 2T and let T—> co , thus obtaining 
average power flux at angle per unit angle per unit 
length equals 

cJ f f J(h; h', A)J*(h'; h, —A)W(h, h', A)dhdh'dà 
.eiLl(cos.---cos(He ik(le—h)sin#. (13) 

This is an approximation, not an equality, as the 
average of a product is not necessarily equal to the 
product of the averages of the factors. The reason we 
are forced to this approximation is that we wish further 
specification of J(h; h', x) and do not wish to consider 
more complicated averages involving j(x). When 
0 <0 < —101 and when —101 <ct, < (13) must van-
ish, or, on the average, energy is transmitted through 
the continuous, perfectly conducting surface. This is the 
further restriction on J(h; h', x). (The case 0-0 has 
already been considered in (12).) 

In the opinion of the writer, the system of integral 
expressions (9), (10), (12), and (13) (equated to zero for 
negative 000) can be solved for J(h; h', x) uniquely, 
in principle. The aim so far has been to show the possi-
bility of mathematically formulating the problem of 
finding a statistical description of the fields reflected by 
a statistically described surface (i.e., of statistically de-
termining the currents induced in the surface). The 
resulting mathematical problem seems formidable, and 
we now resort to formidable approximations to reach a 
solution in a particular case. We replace J(h; h', x) by 
J(h) and write down the resulting equations in order of 
decreasing exactitude. 

2k sin 101 f_„3 J(h)W(h)dh = —1. (14) 

(Equation (12) was exact.) 

O = e-ikhaiam fœ f dàdh' P(h'; h, —A)• 

•J(h')G[A, h; 0, h']. (15) 

(Equation (10) was exact.) 

P(0) = Cf '3f f'dhdh'Sà.1(h)J*(h')W(h, h', ei)• 
-. 
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.e ikti(coscP—cos6)eik(h'— h)sin‘te —1. Thus from (11) and (2), 

rota' < < 7r (16) 
0, — < < 0; cle 0 O. 

(Equation (13) was approximate.) 
In the integrals of (15) and (16), it is effectively as-

sumed that the current density in a surface element at 
height h is always J(h), regardless of whether the ele-
ment is illuminated or shadowed by other portions of 
the surface. Thus we have made a major physical con-
cession in order to simplify the mathematical expres-
sions. In this regard, it is again the opinion of the writer 
that (14) and (16) can be solved for J(h). But now (15) 
is an integral equation completely specifying J(h); the 
consistency of these equations is still an open question. 
To dodge this question, we use a slight modification 

of Schwinger's variational principle.2 Let us multiply 
both terms of (15) by J(h)W(h) and integrate with 
respect to h over ( — 0, 00). Thus, from (1) and (11) 

we have 

— i2k sin I OI R f el edhdh'J(h)J(h')• 

• f W(h, h', A)G[A, h; 0, h'idà = 0, (17) 

or 

R f f *'clhdh'J(h)J(h')• 

• f W(h, h', A)G[àà, h; 0, h1clek• 

—i  I l'c'e j(h)W(h)e—iklesinleldh}2. 
2k sinI01 1J.„ 

(18) 

The last equation may seem a trivial consequence of 
(17) and (11), but it provides an excellent formula for 
calculating an approximate R from an approximate J. 
Furthermore, since J appears quadratically on both 
sides, we get the same R from, for example, 7J as from 
J. This means that (14) can be satisfied automatically 
merely by multiplying, by a suitable constant, what-
ever J is used to calculate R. Finally, (16) may not be 
satisfied for negative but can perhaps be used as a 
criterion of accuracy. 
We now try to apply some of the foregoing mathe-

matical apparatus to a surface for which h(x) varies so 
slowly with x that, in the neighborhood of each x, the 
surface is approximately a plane parallel to the x axis. 
Then to a first approximation, the induced current j(x) 
is Joexp( —ikh(x) sin I 01) = Ji [h(x)1, where Jo is the 
current that would have been induced in the perfectly 
reflecting x-axis, for which the reflection coefficient is 

-1 = 

or 

f—..e—"kh'inleIW(h)dh 
j,W(h)dh 

R1 = — exp [-2k2Ii3 sin2 0]. (19) 

(This result was derived by Pekeris and, independently, 
by MacFarlane during World War II.) Now Ji satisfies 
(14) since Jo satisfied the corresponding equation for 
the plane surface. If J1 is substituted into (16), the 
integrand is an even function of 4, times the phase-
factor exp [ik(h'—h)(sin 4, ± sin I 01)1; here the phase 
changes more rapidly with (h'—h) when, for example, 
(1)=A >0 than when 4:,=- —A. Through this fact, it is 
apparent that P(A)<P(—A). This means that, by 
using J1, one predicts that more power flows through 
the surface at nonspecular angles than the surface re-
flects at nonspecular angles. Thus we have used (16) 
qualitatively to show that Ji is a poor approximation to 

j(x). 
Although p(x) does not appear in (19), there are still 

things to be said in favor of this formula. We know that, 
regardless of the form of p(x), the surface becomes per-
fectly reflecting both at extreme grazing incidence 
(0-rA10) and when the mean-square surface height, meas-
ured in wave-lengths, becomes small compared with 
unity (kw«1). R1 satisfies both requirements. 
To use (16) quantitatively, we need a specific ex-

pression for p(x). Here the most convenient forms 
seem to be p(x) = east, appropriate to white noise fil-
tered by a conventional narrow-band filter, or p(x) 
=e-6131, which is more appropriate to the velocity of a 
particle in Brownian motion.3 The writer is unable to 
perform the is-integration of (16), using either of these 
forms. In trying to get an improved estimate of R by 
substituting Ji into (18), one finds similar difficulties 
with the integral on the left. 
Now we discuss the validity of the R1 of (19) as an 

approximation to the specular reflection coefficient of 
the rough surface. The same expression is obtained if 
the incident plane wave is considered as a bundle of 
rays, if all such rays bounce off the surface in the 
specular direction, and if all reflected rays are added in 
the phase appropriate to the heights above the x-axis 
of their points of reflection. This ray-picture applies 
when the surface height varies extremely slowly, i.e., 
when p.(x)'-'1 for very large x. As the integrals (16) 
and (18) have eluded approximate evaluation, there is 
presently no specification of "extremely slowly" or 
"very large." 

2 N. Marcuvitz, »Waveguide Handbook," Radiation Laboratory S. Chandrasekhar, "Stochastic problems in physics and astron-
Series, M.I.T., Cambridge, Mass., vol. 10, p. 143, 1951. omy," Rev. Mod. Phys., vol. 15, no. I, pp. 1-89; January, 1943. 
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CONCLUDING REMARKS 

We have approached the two-dimensional problem 
of finding the specular reflection coefficient R of a per-
fectly conducting surface which is specified statistically 
through a mean-square height re and an autocorrelation 
function p(x). Through a series of approximations, we 
have obtained an expression of R through the varia-

tional formula (18). This formula will be useful for 
calculating R from approximate average current densi-
ties J when methods of evaluating the integral on the 
left are found. In the absence of such methods, we are 
unable to estimate the error made in using the ap-
proximation (19) for R, in which p(x) does not appear 
at all. 

Transmission Loss in Radio Propagation* 
KENNETH A. NORTONt, FELLOW, IRE 

Summary—The utility of the concept of transmission loss in radio-
propagation analysis is explored. The transmission loss of a radio 
system is defined to be the ratio of the power radiated from the trans-
mitting antenna to the resulting signal power available from a loss-
free receiving antenna. After discussing some methods of measuring 
transmission loss, its calculation for representative systems is dis-
cussed. It is shown that a measure of transmission loss often adopted, 
namely the attenuation relative to the free-space value, sometimes 
leads to errors and confusion in the presentation of the results of 
measurements and in applications to radio systems; the use of the 
over-all transmission loss of a system avoids these pitfalls. 
A discussion is given of the expected variation with time (fading) 

of the transmission loss expected for radio systems involving iono-
spheric or tropospheric propagation. This discussion involves the 
theory of the Rayleigh distribution and its limitations in such applica-
tions. 
A definition is then derived for the effective noise figure of a 

radio system which includes the external noise picked up on the 
receiving antenna. This definition is used to explain the method of 
determining the maximum range of a radio system. 

Finally a discussion is given of the maximum range of a radio 
system as limited by interference from other radio signals plus noise 
rather than from noise alone. 

1. INTRODUCTION 

HE PURPOSE of this paper is to point out the 
advantages of the use of the concept of transmis-
sion loss in studies of radio wave propagation and 

in the application of the results of these studies to the 
engineering of successful radio communication, naviga-
tion, and control systems. 

It is convenient to define the "transmission loss" in a 
radio system involving propagation between antennas 
to be the ratio of the power radiated from the trans-
mitting antenna divided by the resulting signal power 
available from an equivalent loss-free receiving an-
tenna. 

Transmission loss 

power radiated from the transmitting 

antenna 
  =(Pr/P«). (1) 
resulting signal power available from the 

loss-free receiving antenna 

Decimal classification: R112 X R247. Original manuscript re-
ceived by the Institute, November 11, 1952. 

National Bureau of Standards, Boulder, Col. 

We see that the transmission loss of a system is a 
dimensionless number greater than unity and that it 
will often be convenient to express this in decibels, i.e., 
ten times the logarithm to the base 10 of the ratio given 
by (1). The transmission loss, L,' expressed in decibels, 
is thus always positive: 

L = 10 logis p, — 10 log., pa — Pa. (1(a)) 

This particular choice of definition excludes from 
"transmission loss" the transmitting- and receiving-
antenna circuit losses2 and any loss which occurs in 
any transmission lines which may be used between the 
transmitter and the transmitting antenna or between 
the receiving antenna and the receiver. This exclusion 
appreciably increases the difficulty in measuring the 
transmission loss, particularly at the lower frequencies, 
but has the advantage that it results in a measure of 
loss which is attributable solely to the transmission 
medium including the effective gains of the transmitting 
and receiving antennas. We will see in what follows that 
the greatest advantage in the use of this concept of 
transmission loss arises simply from the fact that it does 
lump together the gains and losses arising from these 
three components of the system: the transmitting an-
tenna, the transmission medium, and the receiving an-
tenna. Much complication and confusion in measuring 
and expressing the results of radio-propagation studies 
often arises from an attempt to separate the effects of 
these three system components. It will be shown that 
this separation is often practically impossible although, 
whenever feasible, it does have considerable advantage 
over the above lumped concept of transmission loss. 
Although apparently dependent upon the transmitter 

power, the "transmission loss" is actually independent 
of the power used since this transmitter power is con-
tained as a factor in the received power. (See Section 3.) 

Before discussing some of the advantages of this con-
cept of transmission loss in more detail, it will be ad-

Throughout this paper capital letters will be used to denote the 
ratios, expressed in decibels, of the corresponding quantities desig-
nated with lower-case type. 

Antenna circuit loss includes the ground losses arising from the 
induction field of the antenna, but excludes those due to the radiation 
field. 
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vantageous to describe the methods of measuring it and 
of calculating its expected value in various representa-
tive systems. 

2. M EASUREMENT OF TRANSMISSION Loss 

One of the principal advantages of the use of trans-
mission loss as a measure of the characteristics of a 
radio system is the comparative ease and precision 
with which it may be measured. Thus, it is only neces-
sary to measure separately the numerator and de-
nominator of (1) and then determine their ratio. 
The power radiated from the transmitting antenna 

is simply equal to 

= (2) 

where pr is expressed in watts, i in amperes, and ro in 
ohms; i is the transmitting antenna current and r . its 
radiation resistance, both determined at the same point, 
ordinarily at the input terminals. When (2) is used for 
determining pr, it will be necessary to calculate, rather 
than measure, the value of ra unless the antenna cir-
cuit losses may be considered to be negligibly small. In 
some cases it will be more convenient to measure the 
power input, pi, by replacing the transmitting antenna 
with a calorimeter (water-cooled dummy load) of the 
same impedance as that of the input terminals of the 
transmitting antenna and then measuring the radio fre-
quency power absorbed by the calorimeter; the radiated 
power, p„ is then determined by subtracting the thermal 
power lost in the antenna circuit from pi. In practice 
it may be more convenient to place the calorimeter near 
the transmitter and separately measure or calculate the 
power lost in the transmission line. Summarizing the 
above, if we let Pt denote the actual transmitter power 
expressed in decibels above one watt and measured at 
the input terminals of the transmitting antenna trans-
mission line, and if we let Li, expressed in decibels, de-
note the transmitting-antenna circuit losses together 
with the transmitting-antenna transmission-line losses, 
then 

Pr = Pi — Li. (3) 

The signal power available from an equivalent loss-
free receiving antenna will usually be measured differ-
ently in those cases (usually at frequencies above, for 
example, 2 mc) where the antenna is not grounded and 
the antenna circuit losses are negligibly small, and in 
those cases (usually vertical polarization at frequencies 
below 2 mc) where the antenna is grounded and thus 
subject to appreciable circuit loss. 
The high-frequency case is simplest; the signal power 

available from the receiving antenna is usually meas-
ured by (1) tuning out the receiving-antenna reactance, 
(2) matching the receiving-antenna radiation resistance 
to the signal-generator output resistance, and (3) using 
a radio-frequency voltmeter to compare the signal volt-
age from the receiving antenna with that from the signal 
generator. When these two voltages are made equal, the 

signal power available from the receiving antenna is 
given by 

vo2 
Pa = — 

4r a 
(4) 

(applicable when antenna circuit losses are negligible), 
where prr is expressed in watts, vo in volts, and r, in 
ohms; r, is the resistance of the signal generator output, 
and vo is its open-circuit voltage.s Equation (4) is 
strictly applicable, of course, only when the receiving-
antenna circuit losses are negligible; but this is a valid 
assumption for a wide range of applications. These 
circuit losses include, of course, those associated with 
the transformer used to match the receiving-antenna 
radiation resistance to that of the signal generator. 
At the lower frequencies, particularly when grounded 

receiving antennas are used, the signal power available 
from a loss-free antenna will usually be considerably 
greater than that available at the input to the receiver, 
and various methods are available for making the meas-
urements in this case. A good discussion of this problem 
is contained in a recent report prepared by Crichlow.' 
At these lower frequencies it has been common practice 
to express the results of measurements of the signal 
power available from an equivalent loss-free receiving 
antenna in terms of microvolts per meter. The intimate 
relation between these two essentially equivalent quanti-
ties is discussed in Section 3, and advantages of the 
available received-signal-power concept explained. 
The radio-frequency voltmeter used in comparing the 

received and the signal-generator voltages is ordinarily 
simply a receiver with its output circuits so arranged 
that it is possible to compare input signals with levels 
varying throughout the range expected with the system 
under test. When the received signal power is varying in 
intensity (fading), it is often convenient to record the re-
ceiver output, and thus the transmission loss, on a meter 
which may be calibrated directly, by means of the signal 
generator, in terms of the signal power available from 
the receiving antenna. In fact, since the transmitter 
power is usually constant, the calibration may often be 
conveniently expressed simply in terms of transmission 
loss. It should be noted that it is not necessary to 
match the receiver to the antenna. In fact, if the re-
ceiver has a good noise figure, and adequate gain, it 
will usually be desirable at frequencies greater than 100 
mc to over-couple the receiver to the antenna since this 
will improve its ability to measure weak signals.“ 
At frequencies below about 100 mc, atmospheric and 

cosmic noise will be mixed with the signal of the trans-
mission system for which the loss is being measured, 

Some signal generators read directly in open-circuit voltage, 
while the scale on others gives the value of v0/2. 
' W. Q. Crichlow, "The Effects of Antenna Circuit Loss, Receiver 

Noise and External Noise on Radio Reception in the Frequency 
Band from 50 to 5000 Kilocycles," National Bureau of Standards, 
Central Radio Propagation Laboratory Report 4-4; May 3, 1948. 

le H. T. Friis, "Noise figures of radio receivers," PROC. I.R.E., vol 
32, pp. 419-422; July, 1944. 
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and this noise power must be subtracted from the re-
corded signal-plus-external noise-power output from the 
receiving antenna. This external noise power may be 
measured with the transmitter off the air. This correc-
tion will, of course, only be of consequence when the 
received signal power is of the same order of magnitude, 
or less than, the received external noise power. An 
alternate procedure for eliminating the effects of this 
external noise is to introduce the calibrating signal from 
the signal generator in parallel with the receiving an-
tenna and with the transmitter off the air. With this 
method of measurement the signal generator is left in 
the circuit and simply turned off when the transmitter 
is turned on for a transmission-loss measurement. Under 
these circumstances (4) directly represents the proper 
calibration for the signal power alone which is available 
from the receiving antenna rather than the signal-plus-
external noise power. The signal-plus-external noise 
power available to the comparison voltmeter will be 
3 db less with this latter method of calibrating; but this 
loss in resolving power of the receiver will often be un-
important since the external rather than the receiver 
noise will be the limiting factor under many circum-
stances for which this method of calibration would be 
indicated. This loss in resolving power may be avoided 
by a variation of this method in which the signal gen-
erator is loosely coupled across the antenna for a calibra-
tion in the presence of the noise with the transmitter off 
the air; the absolute values from the loosely coupled 
signal generator are then established by a calibration 
in which the antenna is replaced by the signalenerator. 
The above methods of measurement are valid only under 
the assumption that the external noise power during 
the time the transmitter is off the air is the same as it 
is during the time of reception of the desired signal. In 
those cases for which it is inconvenient to turn the 
transmitter off for an external noise measurement, it 
may be practicable to tune the receiver to an adjacent 
signal-free channel for a measurement of the external 
noise level. 
Examples of the application of the transmission-loss 

concept to analyses of experimental data are given by 
Chambers, Herbstreit, and Norton ° and by Norton.7 

3. EXPECTED TRANSMISSION Loss FOR 
REPRESENTATIVE SYSTEMS 

An idealized, perfectly conducting, isotropic trans-
mitting antenna in free space produces a field intensity 
of p,./471-d2 watts per square meter at a distance d, ex-
pressed in meters. The absorbing area of a perfectly 
conducting, isotropic receiving antenna in free space is 
equal to X2/471- square meters, where X is the free-space 

G. R. Chambers, J. W. Herbstreit, and K. A. Norton, "Prelim-
inary Report on Propagation Measurements from 92-1046 Mc at 
Cheyenne Mountain, Colorado," National Bureau of Standards 
Report No. 1826; July 23, 1952. 

7 K. A. Norton, "Transmission Loss of Space Waves, Propagated 
Over Irregular Terrain," Trans. IRE Professional Group on Antennas 
and Propagation, No. PGAP-3, August, 1952; Also published as 
National Bureau of Standards report No. 1737; June 16, 1952. 

wavelength expressed in meters or X = 299.79/4„, with 
f,,,,, equal to the radio frequency expressed in mc per 
second. The signal power available from such a receiving 
antenna is thus P,X2/(4rd)2 and the transmission lose 
for this basic system is 

transmission loss for perfectly con-

ducting, isotropic transmitting and 
= (4rd/X)2. (5(a)) 

receiving antennas separated a dis-

tance, d, in free space 

The above equation is applicable at distances d>>X.8 
If we let Lb denote the transmission loss of this basic 

system, we may write 

Lb = 20 logio d + 20 logio - 27.552, (5(b)) 

or 

Lb = 20 logo D + 20 logio fnic 4- 36.581, (5(c)) 

where D is the distance expressed in miles. 
For a system in which the transmitting and receiving 

antenna effective gains are Gg and G,. db relative to a 
perfectly conducting isotropic antenna and for which 
the propagation path attenuation is A db relative to the 
free-space value, the expected system transmission loss 
will be 

L = Lb Ge — G, + A. (6) 

It is of interest to see how the above simple concept 
of transmission loss is related to the more complex 
procedures sometimes adopted in radio-propagation 
studies. Usually, a determination is first made of the 
"effective radiated power" of the transmitter; ex-
pressed in db above one watt this is simply equal to 
(Pr+Ge)m (Pe— Le+Ge). Similarly, at the receiver a 
measurement is usually made of w, the field intensity 
in watts per square meter, i.e., the square of the field 
strength in volts per meter divided by the impedance, s, 
of free space; expressed in db above one watt per square 
meter, this is simply equal to 

W P6+ 10 log io (47r/X2) — Gr. (7) 

The attenuation factor, A, for the propagation path 
under consideration relative to free-space transmission 
may now be determined by subtracting the field in-
tensity, W,9 and the free-space attenuation loss 
10 logio (47rd2) from the "effective radiated power," 

A = P + Ge — W — 10 logio (47rd2), (8(a)) 

= Pr Gt — P.+ Gr — 10 logio (47r/X2) 

8 At very short distances (d«X), the induction field exceeds the 
radiation field, for which (5(a)) is computed, by the factor (X/2ird)1, 
and thus in this region the transmission loss should be equal to 
4(2ird/X)4. Note, however, that this implies a negative transmission 
loss, i.e., a gain, at distances ex <2TV2, and we conclude that our 
formula will be inapplicable at such short distances, presumably be-
cause of interaction between the transmitting and receiving antennas. 

9 If we let E denote the field strength expressed in db above 1 
per meter, then WE— 120 —10 log io z = E —145.760; thus we 

see the intimate relation between the field intensity in watts per 
square meter and the field strength in microvolts per meter. 
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— 10 log io (4rd2), (8(b)) 

= L Gi Gr — Lb. (8(c)) 

Upon comparison, we see that (6) and (8(c)) are 

ientical. 
Thus, in those cases where it is feasible to determine 

he effective values of the transmitting- and receiving-
ntenna gains," Gt and Gr, (8) may be used for the 
etermination of A, the path attenuation relative to 
ree space. However, it becomes impossible to separate 
'he transmitting- and receiving-antenna gains from the 
ransmission loss under some operating conditions, such 
s when the transmission takes place by scattering in 
he troposphere or when multipath signals are present in 
he case of ionospheric propagation. Under these cir-
umstances it will be shown below that the only values 
,Thich can be measured are the values of P,. and P.; 
hus neither Lb nor A can be determined separately, 
Lnd we must be satisfied simply with a value for the 
•ffective transmission loss, L. 
A good discussion of the impropriety of expressing 

he results of the received scattered signal power in 
erms of field intensities and effective radiated powers 
las been given by Schott." 
Consider as an example the signal power available 

rom the receiving antenna for a transmission system 
nvolving different transmission paths through the 
onosphere. Let di denote the distance and a; the 
ioltage-attenuation factor corresponding to the jth 
onospheric path, and let gei and gri denote the power 
-rains of the transmitting and receiving antennas for 
his path. The effects of ground reflection at each term-
nal are most conveniently included in ggi and gri. 
kssuming a variable relative phase relation for the 
signals received on the various paths, the average signal 
power available from the receiving antenna in this case 

will be equal to 

P . = prx2 E a i2gtigril(4rdi)2. (9) 
J—.' 

The above is simply a generalization of the anti-
logarithmic form of (6), and is obtained by adding the 
signal powers available from the m separate paths. The 
average transmission loss for this case is thus equal to 

L. = — 10 logio [X2 E ai2gtig,i/(47rd,)2]. (10) 
J-1 

It is important to notice that the distance as well as the 
transmitting- and receiving-antenna gains are in-
extricably combined under the summation sign, and it is 
thus impossible to separate out either an inverse dis-

1° These antenna gains are the free-space, plane wave front, 
values. They may be calculated values or may be measured by de-
termining the transmission loss at short distances where A may be 
calculated, or by comparing the transmission loss over an appropri-
ately chosen path with that from a standard antenna such as a half-
wave dipole. 

11 F. W. Schott, "On the response of a directive antenna to in-
coherent radiation," PROC. I.R.E., vol. 39, pp. 677-680; June, 1951. 

tance factor or the values of the "effective radiated 
power" and of the received field intensity. Under some 
circumstances it may, of course, be possible to resolve 
the separate modes of propagation by means of pulses 
and, in this case, the free space and path attenuations 
may, in principle, be determined separately for each 
mode. Usually, however, this cannot be done very satis-
factorily with pulses, and it is, of course, impossible 
with continuous wave transmissions. Consequently, 
comparison between theory and observation may be 
made in this continuous wave case only between the 
calculated and measured values of the instantaneous 
and of the average transmission losses. 
As another example, consider the formula for the 

average transmission loss for propagation via scattering 
in a turbulent atmosphere. 

g g̀re  L. = — 10 logio [X2 f dv], (11) 
(47rro)2r2 

where the integration is to be taken over the volume of 
that part of the turbulent atmosphere which is both 
illuminated by the transmitting antenna and is within 
line of sight of the receiving antenna; ro and r are the 
distances of the volume element dv from the transmitting 
and receiving antennas, respectively, and o- represents 
the scattered power per unit solid angle, per unit inci-
dent power density, and per unit element of volume. A 
discussion of the derivation of (11) has been given by 
Booker and Gordon;" an amplification and clarifica-
tion of this derivation have been given by Staras." 
The application of this theory to the explanation of 
tropospheric fields at large distances is developed in a 
paper by Herbstreit, Norton, Rice, and Schafer." Here 
again it will be observed that the antenna gains and the 
distance are inextricably combined under the integral 
sign. Thus, only the over-all instantaneous or average 
transmission losses can be measured and compared 
with the results to be expected from theory. 

4. EXPECTED VARIATIONS OF TRANSMISSION 
Loss WITH TIME 

The instantaneous signal power available on long 
circuits involving transmission through the ionosphere 
or troposphere will vary with time (i.e., fade) due, in part, 
to phase interference between the components arriving 
along the various transmission paths. Over short periods 
of time, during which transmission conditions may be 
regarded as constant, the instantaneous power of a radio 
signal may, in some cases, be regarded as distributed in 

12 H. G. Booker and W. E. Gordon, "A theory of radio scattering 
in the troposphere," PROC. I.R.E., vol. 38, pp. 401-412; April, 1950. 

13 H. Staras, "Scattering of Electromagnetic Energy in a Ran-
domly Inhomogeneous Atmosphere," National Bureau of Standards 
Report No. 1662; May 12, 1952; Jour. App. Phy., vol. 23, pp. 1152-
1156; October, 1952. 

14 J. W. Herbstreit, K. A. Norton, P. L. Rice, and G. E. Schafer, 
"Radio wave scattering in tropospheric propagation," submitted for 
later possible publication in PRoc. I.R.E.. 
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a Rayleigh distribution," to a good approximation. 
This gives 

Q(p„,> y) = 100 exp (—y/po), (12) 

where pa is the instantaneous power, P. is the average 
power, and Q is the percentage of time that the in-
stantaneous power exceeds some given value y. 
The above short-time distribution is applicable only 

in those cases for which the signal power available from 
no one of the transmission paths is comparable to, or 
large in comparison to, the sum of the powers from the 
other components. In particular, then, it will not be 
applicable in that range of distances where one of the 
received-signal components consists of a comparatively 
strong ground wave. Appropriate distribution curves 
for this latter case are given in a recent paper by the 
author and applied to the case of tropospheric propaga-
tion." Such modified distribution curves have also been 
used by Vandivere" for an explanation of the variations 
in the transmission loss of a combined ground wave 
and ionospheric wave and by Norton'8 in the case of 
the ground-reflected wave in air-to-air propagation 
over rough terrain; in this latter case the large com-
ponent was identified with a wave specularly reflected 
from the ground, and it was found that this com-
ponent increased with respect to the remaining scat-
tered components as the transmission path approached 
grazing incidence. 

It should be noted that the above probability dis-
tributions are to be expected only over those short 
periods of time for which the average power, p., is 
constant and the fading is thus due only to phase inter-
ference. It has been found experimentally that fa 
usually varies relatively slowly and, as a consequence, 
it is customary in the analysis of either ionospheric or 
tropospheric field intensities to determine the hourly 
median values of P. which we may designate by pa. 

In those cases for which the Rayleigh distribution is 
applicable to the instantaneous distribution within the 
hour, i.e., for which the average received power is rela-
tively constant during the hour and for which there is 
no single strong component, we may determine the 
relation between ph and pa by setting Q=50 and y =ph 
in (12) and solving for the ratio (ph/p.). Thus we find 
for this case that ph= (log. 2)p.= 0.69315 pa, that is, 

u Lord Rayleigh, "On the resultant of a large number of vibrations 
of the same pitch and of arbitrary phase," Phil. Meg., vol. 10, pp. 
73-78; August, 1880; and vol. 27, pp. 460-469; June, 1889. See also, 
"Theory of Sound," 2nd ed., paragraph 42a; 1894; Scientific Papers, 
"On the problem of random vibrations and of random flights in 1, 2 
or 3 dimensions," vol. 1, p. 491. Lord Rayleigh, Phil. Meg., vol. 37, 
pp. 321-347; April, 1919. 

16 K. A. Norton, "Propagation in the FM Broadcast Band," "Ad-
vances in Electronics," Academic Press, Inc., New York, N. Y., 
vol. I, pp. 406-408; 1948. 

17 E. F. Vandivere, "Some Notes on Probability Functions and 
Distributions," Appendix to the report of Federal Communications 
Commission Committee III in preparation for the Clear Channel 
Hearing, Docket 6741. 

18 K. A. Norton, "Propagation Over Rough Terrain," Report of 
Symposium on Tropospheric Wave Propagation, U. S. Navy Elec-
tronics Laboratory, San Diego, Cal., pp. 101-105; July 1949. 

the average power in a Rayleigh distributed received 
field will be 1.5915 db greater than the median power 
or, alternatively, that the average transmission loss will 
be 1.5915 db less than the median transmission loss. 

It has been determined experimentally that the hourly 
median ionospheric or tropospheric fields, ph, for a given 
time of day and a given season of the year are log. 
normally distributed.'" For example, if we study the 
distribution of the 30 daily values of ph determined 
for 8 to 9 p.m. in June, it is found that these values will 
appear to be samples from a log-normal population of 
such values. It follows directly from this that the 
median transmission loss, LA, expressed in db, is 
normally distributed for such samples; thus a complete 
description of the expected distribution of the hourly 
median (or average) transmission loss for a specified 
time of day and season of the year can be given in terms 
of the two parameters, the median (of the hourly medi-
ans from day to day) and the standard deviation (of 
these hourly medians), both expressed in db. 

5. APPLICATIONS OF THE TRANSMISSION-LOSS CONCEPT 
TO THE SOLUTION OF SYSTEMS PROBLEMS 

One of the principal applications of tranmission-loss 
data or theory is for the determination of the maximum 
effective range of a radio system. This maximum range 
is determined when the desired signal becomes so weak 
that it becomes obscured by the presence of noise or of 
other types of interference. 

Consider first the effect of noise. This is most readily 
developed by means of a generalizationn of Friis" defini-
tion of the noise figure of a radio receiver. Consider the 
network of Fig. 1. It will be convenient to compare the 
desired signal power with the noise power in network 
(a), i.e., in the loss-free receiving antenna. We write p„ 
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Fig. 1—Network for definition off, the effective receiver noise figure. 

16 N. Smith and M. B. Harrington, "The Variability of Sky-Wave 
Field Intensities at Medium and High-Frequencies," National 
Bureau of Standards Report CRPL-1-6; April 15, 1948. 

6° Report of the Ad Hoc Committee for the Evaluation of the 
Radio Propagation Factors Concerning the Television and Fre-
quency-Modulation Broadcasting Services in the Frequency Range 
Between 50 and 250 Mc, Federal Communications Commission 
Mimeo Nos. 36728; May 26, 1949; 36830; May 31, 1949; and 54382; 
July 7, 1950. 

21 K. A. Norton and A. C. Omberg, "The maximum range of a 
radar set," PROC. I.R.E., vol. 35, pp. 4-24; January, 1947. 
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or the average external noise power" in such an antenna 
Ind set 

p. feektb (watts), (13) 

erhere k is Boltzmann's constant and is equal to 
4.38 X 10-u, t is the absolute temperature in degrees 
K, and b is the effective bandwidth in cycles per 
-second as defined by Friis.5 Thus (13) effectively de-
fines the noise figure, f., of network (a). Network (c) 
has a noise figure, fc, where fe, is a number greater than 
1 which is simply the loss factor of the antenna circuit. 
Similarly, the transmission-line loss is equivalent to a 
noise figure, fe, which is also a number greater than 1. 
Finally, we may denote the noise figure of the receiver 
itself by fr. Using Friis' method for combining the noise 
.figures of several networks in tandem, we obtain for the 
effective noise figure at the input to the loss-less receiv-
ing antenna, 

f fa«. = f« — 1 + fcfgfr. (14) 

Finally, if we write r for the minimum signal-to-noise 
power ratio which will provide a satisfactory reception, 
then the minimum signal power available at the 
terminals of the receiving antenna which will provide 
satisfactory reception may be expressed, 

pm = ?flab watts. (15) 

Expressed in db, (15) becomes 

R F B — 204, (16) 

where R10 logo r, F=10 logo f, B=10 logo b, and t 
is taken as 288.48° K (60° F)." 
The transmitter power, Pe, required for satisfactory 

reception with a given transmission loss, L, may now 
be expressed; 

Pi = L Li+ = L Le+ F B — 204. (17) 

For the basic free-space system we may substitute Lb, 
as given by (5c), for L, and we obtain 

Pt = 20 logo D ± 20 logo f. 

± Le+ R F B — 167.419. (18) 

The above equation demonstrates several basic char-
acteristics of the power required for communication 
between isotropic antennas in free space, i.e., its de-
pendence on distance, radio frequency, effective noise 
figure, and effective receiver bandwidth. Equation (18) 
may easily be generalized, in those cases for which this is 
appropriate, to actual antennas and a propagation 

22 At frequencies less than about 20 mc, this external noise will 
arise either from man-made sources or , more probably, from thunder-
storms; in the range from 20- to 20d-mc cosmic and solar sources, 
rather than thunderstorms, constitute the principal source of noise 
picked up by the antenna. At still higher frequencies the effects of 
external noise are usually negligible, the noise picked up by the an-
tenna being a measure of the temperature of the atmosphere and the 
ground in the vicinity of the antenna. 
u Friis suggested t = 290, for which kt =4 X10-2' watts per cycle 

bandwidth, whereas we have chosen t =288.48° so that —10 logo kt 
..204 db relative to 1 watt per cycle bandwidth. 

path with attenuation, A, relative to the free-space 
value, by subtracting Ge and G, and adding A (see (6)). 

For a proper evaluation of F, it is necessary to know 
the value of fo; this has been given by Crichlow4 (in his 
notation f.= EN) for atmospheric noise as a function 
of radio frequency in the range 50 to 5,000 kc and for 
several geographical locations and seasons of the year. 
Using the results in a recent paper by Cottony and 
Johler,24 values of fu may also readily be determined for 
cosmic noise from their values of equivalent black-body 
temperatures of the cosmic noise; thus our f0 is simply 
their measured value of t divided by 288.48. It should 
be noted that f° will usually be somewhat dependent 
upon the receiving antenna directivity, the published 
values of f0 quoted above corresponding to a vertical 
electric antenna for atmospheric noise, and a horizontal 
electric dipole for cosmic noise. It is interesting to note 
that fa does not depend upon the receiving antenna gain 
in the case where the noise may be assumed to reach the 
antenna uniformly from all directions. 

Consider next the problem of the limitation of service 
range due to interference from other radio signals. Let 
pu be the available signal power from the loss-less 
receiving antenna arising from a transmission system 
other than the desired system. If we write ru for the 
minimum signal-to-interference power ratio at the 
terminals of the loss-less receiving antenna which will 
provide satisfactory reception, then pa = r.P. at the 
maximum range of the system. It follows from this that 
the following relation must hold at the maximum range 
of the system: 

Ld = Lu —  Ru+ Prd PTIP (19) 

In the above R,.sslogio ru and the subscripts d and u 
refer to the desired and undesired systems, respectively. 
The above equation defines a service area within which 
satisfactory reception of the desired system may be ex-
pected provided noise is not a limiting factor, that is, 
provided pa»pm throughout this service area. It is im-
portant to notice, provided pa>>pm, that the interfer-
ence-limited service area is independent of the absolute 
power used by either system, being dependent only on 
the ratio of the powers radiated from the transmitting 
antennas of the desired and undesired systems. 
When m undesired signals of comparable magnitude 

are present and noise is also present in objectionable 
degree, an approximate determination of the minimum 
signal power, pu,', which will provide satisfactory recep-
tion may be determined from 

sn 

Pm = rfktb E rupu, (20) 
.-1 

where r, and the several values of ru, are to be measured 

" H. V. Cottony and J. R. Johler, "Cosmic radio noise intensities 
in the VHF band," PROC. I.R.E., vol. 40, pp. 1053-1060; September, 
1952. Also published in somewhat greater detail as National Bureau 
of Standards Report No. 1098, August 3, 1951; For the present ap-
plication, see Figs. 4, 6, 7, and 8 in the IRE paper or Figs. 7, 8, 9, 
11, and 13 in the NBS report. 
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with these individual sources of interference present 
alone." It should be noted that r and r5 have been so de-
fined that they are independent of the transmission 
loss and depend only on the method of modulation and 
the characteristics of the receiving system, e.g., its selec-
tivity and noise or interference suppression character-
istics. Using this definition of we may write 

Peel Ld + Ltd + (21) 

where P.,'= 10 logo p,,,' and the subscript d refers to 
the desired system. 
For most radio systems it is satisfactory to determine 

an approximate effective service area as the region 
within which none of the sources of interference cause 
unsatisfactory reception when acting alone; such an 
approximate effective service area may be determined 

26 Since interference of different types may affect the observer in 
different ways, (20) represents merely a convenient formal method of 
adding these effects. An example of a joint interference not even 
approximately represented by (20) would be two tone-modulated 
interfering transmissions, with the same carrier frequency, for which 
neither tone by itself appears in the pass band of the receiver but for 
which the beat note between the tones is very objectionable. It should 
be noted, however, that this is a very special case and that (20) will, 
for the more usual case of random types of interference, usually give 
results within, say, 1 db of the correct answer. In fact, in the limiting 
case where the several interfering sources are completely random in 
character and thus representable by white noise, (20) becomes exact. 

by separately solving (17) and then (19) for each un 
desired system. However, in the case of some system: 
involving a large number of interfering sources, thi, 
approximation may not be very satisfactory. An ex 
ample illustrating the method of solution by means o 
the more complex (21) was developed in vol. II of the 
FCC Ad Hoc Committee2° and a digest of this methoe 
was presented in a paper by Norton, Staras, and Blum.2 

Discussions of some of the factors entering into the 
determination of values of R and of R. appropriate foi 
various types of radio systems are presented in the docu 
ments of the VIth Plenary Assembly of the CCIR.27 
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Calibrating Ammeters above 100 MC* 
H. R. MEAHLt, SENIOR MEMBER, IRE AND C. C. ALLENt, ASSOCIATE, IRE 

Summary— A survey is made of the progress to date in measur-
ing current above 100 mc. The types of vacuum thermocouples 
available for ultra-high frequency current measurement are discussed 
and the several methods of calibration are reviewed. A calorimeter 
method and a thermistor bridge method are presented. The advan-
tages and limitations of the calibrating methods are brought out. 
The electrodynamic method is particularly suited to large currents, 
the calorimeter method to medium currents, and the thermistor 
bridge method to small currents. The importance of obtaining agree-
ment between methods that do not depend on the same principles is 
emphasized. 

I. INTRODUCTION 

rrHE ACCURATE MEASUREMENT of current 
at frequencies above 100 mc per second is made 
difficult by the fact that an appreciable discon-

tinuity is generally introduced into an uhf circuit by an 
instrument that would have a negligible effect on that 
circuit when operated at lower frequencies. In addition, 
the instrument itself may behave as a complex network 
because of increased inductive and decreased capacitive 
reactances in the instrument. The first difficulty must 
be overcome by careful attention to the placement and 
manner of connection of the instrument in the circuit. 
The second difficulty requires that the instrument be 

' Decimal classification: R242. Original manuscript received by 
the Institute, October I, 1952. 
f General Engineering Laboratory, General Electric Co., Sche-

nectady, N. Y. 

accurately calibrated to determine its usable frequency 
range. 

This paper is concerned with methods of calibration 
for both large and small currents. It is possible to use 
large current instruments, which have been properly 
calibrated, directly in the power circuits of commercial 
equipment. The calibration for small currents has 
greater application in the use of measuring instruments, 
such as field-strength meters which are often calibrated 
by means of a known current. The commercial expan-
sion in the region from 100 to 1,000 mc has increased 
the need for uhf measuring instruments and calibra-
tion equipment. 
The principles of the oscillating ring electrodynamic 

ammeter are reviewed, and techniques for its use are 
described. Other calibrating methods which have been 
used in the past are appraised, and precautions con-
cerning their use are given. A calorimeter method and a 
thermistor bridge method, which were developed for 
the calibration of low-current vacuum thermocouples, 
are presented. 

II. A PRIMARY STANDARD 

A. Oscillating Ring Electrodynamic Ammeter 

The form of electrodynamic ammeter in which the 
short-circuited ring is allowed to oscillate freely 
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Fig. 1) is an absolute standard of current at high 
requencies: its characteristics are calculable from 
neasurements of length, mass, and time.l." The period 
if mechanical oscillation of the short-circuited ring is a 
unction of the strength of the electromagnetic field in 
rhich it is immersed and hence of the current associated 
trith that field. The correction resulting from skin effect 
n the ring decreases as the frequency increases because 
kin effect is an asymptotic function. The correction for 
he suspension becomes negligible at high currents be-
ause the torque increases with current. It is therefore 

Fig. 1—Electrodynamic ammeter with thermocouple 
ammeter mounted for calibration. 

best at high current and high frequency, the area in 
which it previously has been so difficult to work. The 
lower current limit depends upon the fineness of the 
ring suspension and upon the effects of air currents on 
the oscillation of the ring. In practice, this has been 
found to be approximately 1 ampere with a ring in air 
and 1/10 ampere with the ring in a vacuum. The lower 
frequency limit depends upon the reactance-to-re-
sistance ratio of the ring. The practical limit is approxi-
mately 1 mc per second. The upper frequency limit has 
not been determined closely. Tests at the General Elec-
tric Company on a scaled-up model actually operated 
at approximately 300 mc indicated that satisfactory 
operation at 3,000 mc is probable. Gundlack,4 at a later 
date, reported work at 2,100 mc. Nor has the upper cur-
rent limit been determined. It appears to be limited 
only by the ability of a source to maintain the current 
at a fixed value long enough that a satisfactory observa-
tion of the period of mechanical oscillation may be 
made. The oscillating-ring type electrodynamic am-
meter is not likely to be used much except in the labora-
tory for calibrating other types of ammeters which are 
direct reading. However, it should be noted that an 

1 H. M. Turner and P. C. Michel, "An electrodynamic ammeter," 
PROC. I.R.E., vol. 25, p. 1367; 1937. 

2 H. R. Meahl, "A bearing type high frequency electrodynamic 
ammeter," PROC. I.R.E., vol. 26, pp. 734-744; June, 1938. 

3 M. Solow, "Theoretical study of an electrodynamic ammeter 
for very high frequencies," CRPL Preprint 50-15, U. S. Dept. of 
Commerce, National Bureau of Standards; January 12, 1950. 
' F. W. Gundlack, "Electrodynamic ammeter," Hochfreq. und 

EkchIroak., vol. 55, p. 169; 1940. 

engineer who knows the principles upon which this 
ammeter operates could make a more accurate measure-
ment of 200 amperes at 200 mc with a loop of antenna 
wire, a silk thread, and a stop watch than could an 
engineer, without such knowledge, with commercially 
available current measuring equipment. 
The oscillating ring electrodynamic ammeter is espe-

cially well adapted to calibrating ammeters at fre-
quencies greater than 100 mc per second, First, because 
it can always be adjusted to cause negligible reaction 
on the current being measured and second, because it 
causes negligible diversion of current around the am-
meter being calibrated. The first results from the fact 
that the ring oscillates about a position of minimum 
coupling and that it is easy to make accurate determina-
tions of the mechanical period of oscillation of the ring 
using low amplitudes, 3 degrees or less. The second is the 
result of the small size of the ring. Calibrations accurate 
within 1 per cent have been obtained for currents from 
3 to 10 amperes over the frequency range 1 to 350 mc. 

B. Techniques 

One ammeter calibrating circuit which has been used 
over the frequency range of 1 to 350 mc is shown in 
Fig. 1. It may be seen from Fig. 1 that the ammeter 
being calibrated is located at the end of a short section 
of coaxial transmission line and that provision has been 
made for moving the oscillating ring along the line. 
This was done in order that it might be used at fre-
quencies for which the coaxial line is an appreciable 
part of a wavelength and hence has a standing wave on 
it. One technique is to calculate the expected current 
distribution on the line knowing the impedance of the 
ammeter used as a termination, then to measure the 
current at from three to five positions along the line and 
compare the two current distribution curves. Good 
agreement between calculated and measured values 
allows a correction for position on the line to be applied. 
This technique was not needed at frequencies less than 
300 mc because the current 3.0 cm from the end of the 
line was the same as that 1.5 cm from the end, and 
therefore the same as that in the terminating ammeter. 
Another technique which could be used is that of making 
the coaxial line at least one-half wave length long and 
then locating the oscillating ring one-half length from 
the terminating ammeter. A correction can be made for 
line loss when necessary. 

In the electrodynamic ammeter of Fig. 1 the period 
of mechanical oscillation of the ring was determined by 
means of a light beam which was reflected from a mirror 
attached to the ring and operated one pen of a chrono-
graph electronically. A standard second and also 60 
cycles per second from a quartz-crystal-controlled fre-
quency standard were used to operate the other pen of 
the two-pen chronograph. This resulted in measure-
ments of the period of mechanical oscillation accurate 
within one part in five thousand. 
A two-plate variable capacitor was built into the in-

put end of the coaxial line and was used to resonate the 
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line with the ammeter attached in order that relatively 
low-power oscillators (20 watts) could be used to ob-
tain currents as high as 8 amperes. Usually, satisfactory 
operation could be obtained by inductively coupling 
the oscillator coil directly to the coaxial line through 
the slot shown in Fig. 1, but at some frequencies an 
additional series resonant coupling link was used which 
had a loop at each end and a variable capacitor in 
series with one lead at the center. This gave greater 
purity of waveform in the coaxial line and hence in the 
ammeter being calibrated. 

In this electrodynamic ammeter the ring was mounted 
on a fine fused quartz filament which was protected by 
means of a glass tube fastened to the movable carriage 
at the top so as to move with it. Further protection 
from air currents was obtained by covering the slot in 
the coaxial line with cylindrical segments of plastic. 
The fine quartz filament was made by melting a rod 

of fused quartz in a flame, then suddenly pulling the 
two ends of the rod apart and putting the molten part 
in a jet of air simultaneously. The resulting cloud of 
filaments was caught on a piece of black velvet cloth 
hung up in line with the blast. The final grading of the 
filaments was done by suspending a ring on each in turn 
and measuring the natural period of mechanical oscilla-
tion. The one with the longest period of natural oscilla-
tion is, of course, the finest. One having a period of 29 
seconds was obtained after trying five others. The use of 
adjustable strong oblique lighting was needed to make 
it visible against black velvet. Great care was required 
in handling since it would float away on a slight draft 
of air. The ends were fastened by means of small drops 
of glyptal cement. 
The ring was adjusted to a known position with 

respect to the center conductor of the coaxial line by 
means of a fine adjusting screw on the movable carriage. 
The technique used was to lower the ring until it just 
touched the center conductor, then to raise it a specified 
number of turns of the screw. The point of touching was 
observable by eye and by touch when no ammeter was 
at the end of the line, and it was found that it could be 
set precisely by touch. Use of a dial gage following verti-
cal motion of the head showed that reset of the ring to 
a chosen height within one ten-thousandth of an inch 
was feasible with care. The position of the center con-
ductor with respect to the outer conductor was main-
tained by means of triangular spacers made of plastic. 
Most of the dielectric was removed by drilling holes so 
as to cause a minimum disturbance in the electric field 
and yet give firm mechanical support. Teflon is the best 
material available for such purposes. The spacers were 
arranged with a point down so that the ring could be 
moved past them without interference. 
The oscillating ring electrodynamic ammeter may be 

used as an absolute standard of current in any circuit 
for which it is possible to calculate the coupling between 
the ring and the rest of the circuit. It may also be used 
as a transfer standard if desired by calibrating at a low 

frequency by means of a thermocouple or other typi 
ammeter whose low-frequency characteristics are known 
Then it may be used at high frequencies by using a cal 
culated correction for the effect of increasing the fre 
quency. 

III. OTHER STANDARDS 

A. Hot-Wire Air Thermometer 

The hot-wire air thermometer has been called 
standard of current at frequencies greater than 100 mc. 
It is a transfer standard and may be used as long as th( 
assumption that currents having equal heating powes 
are equal, independent of frequency, is true. It is obvious 
that if the frequency is increased far enough a standing 
wave will exist on the high-frequency half of the hot. 
wire air thermometer and a measurable part of thE 
high-frequency power will be radiated, which causes thE 
equality to be lost. In one form of this device, two hot-
wires are used, one in the radio-frequency circuit and. 
the other in a direct-current circuit. The relation of the 
heating effects is indicated by a colored drop in a hori-
zontal capillary connecting the two columns of air 
heated by the two hot-wires so that equality may be 
determined easily. 

In spite of the difficulties caused by thermal inertia 
and the continuous comparison technique, this is still 
one of the best means for calibrating ammeters in the 
range of 10 to 500 ma at frequencies greater than 100 
mc because of the simplicity of the heating wire and its 
consequent small disturbance of the high-frequency 
circuit. 

B. Photoammeter 

Another form of hot-wire ammeter which has been 
widely used is the photoammeter.6 A photocell and 
galvanometer are used to indicate the high-frequency 
current in an incandescent wire. In practice, this also 
is a transfer standard being calibrated with direct cur-
rent and used on high frequencies, assuming that equal 
light output results from equal currents independent of 
frequency. The errors encountered at the higher fre-
quencies because of standing waves on the heater are 
generally appreciable here since the heater is usually of 
finely coiled tungsten wire. Precision is obtainable by 
means of the photoammeter because the galvanometer 
current is approximately the sixth power of the radio-
frequency current, and the close agreement which has 
been obtained between photoammeters and conven-
tional thermocouple ammeters has led some to claim 
high accuracy for it. It should be noted that the photo-
ammeter and the thermocouple ammeter operate on the 
same basic principle, and are therefore subject to the 
same errors. This has resulted in good agreement be-
tween them over a wide frequency range because the 

6 A. Shiebe, "Jahrbuch der Drahtlosen Telegraphie und Tele-
phonie," Hochfreq. und Electroak., vol. 25, p. 12; 1925. 

6 H. Schwarz, op. oit., vol. 39, p. 160; 1932. 
7 J. H. Miller, "Thermocouple ammeters for ultra-high fre-

quencies," PROC. I.R.E., vol. 24, p. 1567; December, 1936. 
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rrors were so nearly alike. The photoammeter uses 
more power from the circuit than the other hot-wire 
types because it takes more power to make a wire emit 
iight. It seems likely that future use of this device will 
Je limited to precise indication of constancy of high-
frequency currents in the range of 0.1 to 1 ampere, i.e., 
in application in which its precision is used and its lack 
)f accuracy is not detrimental. Errors as large as 60 per 
:ent have been found at 5 amperes and 200 mc. 

IV. CALORIMETER AND THERMISTOR BRIDGE M ETHODS 

Calorimeter and thermistor bridge methods of call-
)rating vacuum thermocouples have been developed at 
Worcester Polytechnic Institutes and an extensive 
measurements study is now in progress. Both of these 
methods were developed for use with coaxial transmis-
ion line equipment to calibrate vacuum thermocouples 
wer the 100- to 1000-mc region. 

In certain applications, it is desirable to use a vacuum 
-thermocouple connected to a separate millivoltmeter 
rather than a self-contained thermocouple ammeter. In 
such cases, the errors in current measurement at ultra-

Fig. 2—Vacuum thermocouple mounted for calibration. 

high frequencies are caused primarily by the inductance, 
capacitance, and skin effect of the vacuum-thermocouple 
heater circuit provided that adequate precautions are 
taken to isolate the thermal junction leads from the 
heater circuit. 
The American-made vacuum thermocouple best 

suited for measurements at these frequencies is con-
structed with the thermal junction leads brought out at 
the opposite end of the glass envelope from the heater 
leads as shown in Fig. 2. The planes of the heater circuit 
and the thermal junction are at right angles to further 

8 C. C. Allen, "A Coaxial Calibration Standard for Ultra-High-
Frequency Current," Master of Science Thesis, Worcester Poly-
technic Institute, Worcester, Mass.; June, 1950. 

minimize coupling. The heater and the thermal junction 
are thermally connected but electrically insulated by a 
small ceramic bead. In a typical vacuum thermocouple 
of this construction the lumped values of heater circuit 
inductance and capacitance are approximately 0.024gh 
and 0.39 pd. If the parallel combination of these values 
is taken as an approximation to the actual distributed 
constants of the heater circuit, the heater circuit would 
be parallel resonant at 1,650 megacycles per second. At 
1000 mc, the actual heater current would be 62 per cent 
higher than that supplied to the leads, while at 100 mc, 
the heater current would be 0.4 per cent too great. 
The error caused by the heater circuit inductance and 

capacitance can be greatly reduced by the use of a 
vacuum thermocouple having a straight-through type 
of heater circuit as shown in Fig. 3. Vacuum thermo-

Fig. 3—Vacuum thermocouple with straight heater 
mounted for calibration. 

couples having this collinear type of heater and lead 
construction are now available from a manufacturer in 
England. The electrically insulated thermal junction in 
a plane perpendicular to the heater is also featured. 
These vacuum thermocouples have been used in the 
measurements at Worcester Polytechnic Institute. 

A. Calorimeter Method 

The calorimeter constructed at Worcester Polytech-
nic Institute is shown in Fig. 4. This consists of a small 
cylinder of Teflon in which a special resistor is con-
centrically located. The principles of this calorimeter 
method are illustrated in Fig. 5. A current, I, passed 
through the resistor, R, will generate heat at the rate 
of PR. When the temperature of the cylinder has been 
increased sufficiently to make the rate of heat flow away 
from the cylinder by way of the resistor leads and the 
surrounding air equal to PR, an equilibrium condition 
of temperature and heat flow will be reached. The major 
heat-flow terms are proportional to the temperature 
rise; hence, the temperature rise is essentially propor-
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Fig. 4—Calorimeter interior with Teflon 
heat insulation. 

tional to the current squared. The temperature rise is 
indicated by measuring the voltage difference between 
a thermal junction imbedded in the cylinder and a sec-
ond junction kept at normal temperature. Because of 
its low value, this voltage should be measured with a 
potentiometer. 
The best resistor for use in the calorimeter is made by 

metalizing the surface of a glass or ceramic rod. Such a 
resistor, when properly designed and aged, has essen-
tially the same resistance to both ultra-high-frequency 
and direct current. The diameter of the resistor is made 
the same as the center conductor of the coaxial line with 
which the calorimeter is used, and the end connections 
are made as smooth as possible. The distributed induct-
ance and capacitance of the line is thereby not altered 
at the calorimeter. The resistor is short and has a resist-
ance which is small compared with the characteristic 
impedance of the line. The net effect, therefore, is the 
insertion of a small resistance in the line. This sets up a 
small standing wave for which a correction can easily be 
made. 

After equilibrium has been obtained with uhf cur-
rent, direct current is then passed through the calorim-
eter and adjusted to give the same equilibrium temper-
ature-rise indication. The calibration is then made 
directly in terms of the accurately measured direct cur-
rent. If a resistor having unequal uhf and dc resistances 
is used in the calorimeter, the ratio of uhf current to 
direct current for equal equilibrium temperature-rise 
indications is obtained from the square root of the dc 
to uhf resistance ratio. 
The calorimeter method as originally developed calls 

for insertion of the calorimeter in series with the center 
conductor of a coaxial line terminated in its character-
istic impedance. The thermal junction leads are brought 
out through the hollow center conductor of a one quar-
ter wavelength-long isolation stub with suitable by-
pass condensers. 

TEFLON 

Fig. 5—Principle of calorimeter method. Saine indication: 
uhê Ruh( = Ido2Rde. 

. The present calorimeter employs a 30-ohm resisto 
and is used with a coaxial line having a characteristif 
impedance of 149 ohms. This design is suitable for cur 
rents from about 50 to 200 ma when used as discussec 
above. Another arrangement suitable for measurint-
currents from about 20 to 100 ma is described in the 
following. 
The alternate arrangement for employing the calorim 

eter method consists of using the calorimeter as the ter 
mination for the coaxial line together with matchini-
stubs to terminate the line in its characteristic imped 
ance, Zo. Under these conditions, since Zo is essential') 
a pure resistance at ultra-high frequencies, the uhi 
power supplied to the calorimeter by a given line cur. 
rent, LW, is 1-uht2Z0, neglecting any loss in the matching 
stubs. This is then equated to the measured dc power 
required to give the same equilibrium temperature-rist 
indication. Since Zo can be accurately determined from 
the dimensions of the line, the value of uhf line current, 
'um, is readily obtained. 

B. Thermistor Bridge Method 

The thermistor bridge method is similar in application 
to the alternate calorimeter method just described. Since 
a thermistor is a semiconductor having a negative tern-

TH Q 

COAX 
INE 

VvVv-I 1111 

Fig. 6—Principle 6—Principle of thermistor bridge method. For 
balance: IubilZotil5d., in TH. 

perature coefficient of resistance, a balanced direct-
current bridge having two thermistors in series in one 
arm will be unbalanced by the change in resistance if 
the power supplied to the thermistors is changed. By 
mounting the thermistors as a capacitively coupled 
termination for a coaxial line as shown in Fig. 6, they 
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will be in parallel for the uhf current; hence, the uhf-
voltage drop will balance out in the bridge arm. The 
only effect of applying uhf current will then be to heat 
up the thermistors and decrease their resistance. 

If the thermistors are made to properly terminate the 
coaxial line in its essentially resistive characteristic im-
pedance, Zo, by suitable stub matching with some direct 
current supplied from the bridge, uhf power absorbed 
by the thermistors will be Libf2Zo where Lib( is the uhf 
line current. If the dc bridge is balanced under this con-
dition and the uhf power is then shut off, the increase in 
dc power that must be supplied to the thermistor arm to 
rebalance the bridge for direct current can be measured 
and equated to ./..hf2Zo. Since Zo can be accurately deter-
mined from the line dimensions, the value of 'uhf is 
readily obtained. 
The thermistor bridge method is suitable for measur-

ing small currents from about 5 to 15 ma when used 
with a coaxial line having a characteristic impedance 
of 149 ohms. The use of wire barretters would permit 
somewhat greater currents to be measured. 

C. Techniques 

The calorimeter and thermistor bridge methods of 
measuring uhf current were developed primarily for the 
calibration of vacuum thermocouples, and are intended 
for usewith coaxial transmission-line equipment designed 
for that purpose. If the calibration is to be practical, it 
must not be limited to the particular coaxial line and 
connections used for the calibration, but must be read-
ily adaptable to all types of circuit connections. This 
requires that the vacuum-thermocouple heater circuit 
act essentially as a series impedance inserted in the 
center conductor of the line, the ends of the center con-
ductor should add negligible shunt capacity across the 
heater circuit, and the heater circuit should add negligi-
ble shunt admittance across the line. If these conditions 
are fulfilled and the effective series impedance of the 
vacuum-thermocouple heater circuit is determined at 
the time it is calibrated, the calibration may then be 
converted for any circuit connections, provided that the 
shunt capacity which the connections place across the 
heater circuit can be determined or estimated. 
A small center conductor which minimizes the shunt 

capacity across the heater circuit is also desired so that 
the calorimeter resistor can be made to have the same 
diameter as the center conductor and be of reasonable 
size. This is important if the resistor is to act essentially 
as a pure resistance inserted in the line. The outer con-
ductor should have a large inner diameter to permit 
mounting the vacuum thermocouples within the line and 
to minimize the increment of shunt admittance across 
the line due to vacuum-thermocouple heater eccentric-
ity. A large outer conductor also makes the increment 
of shunt admittance of the calorimeter have negligible 
effect. 
The equipment which has been constructed at 

Worcester Polytechnic Institute for use with these 
methods employs a 1.500-inch inner diameter outer con-

ductor having a 0.200-inch wall and a 0.1250-inch diam-
eter center conductor. These values give a characteristic 
impedance, Zo, of 148.9 ohms. The only disadvantage 
of this high characteristic impedance is the greater input 
power required to supply a given value of current. 
The over-all assembly for calibrating vacuum thermo-

couples is shown in Figs. 7 and 8, and consists of a 
suitable source of uhf power with an appropriate input 
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Fig. 7—Diagram of vacuum-thermocouple 
calibrating equipment. 

matching system and dc blocking capacitors, a 12-foot 
slotted section for measuring voltage standing-wave 
ratios, a section for mounting the vacuum thermo-
couples, a calorimeter section, and a termination as-
sembly with matching stubs that will terminate the 
line in its characteristic impedance with either a resist-
ance or a thermistor termination. By proper design of 
the resistance termination the matching stubs are kept 
less than one quarter wavelength long, which is impor-

Fig. 8—Vacuum-thermocouple calibrating equipment. 

tant when working down to 100 mc per second. The dc 
blocking is provided to permit direct current to be sup-
plied rapidly to the vacuum thermocouple and the 
calorimeter without removing those sections. The vac-
uum thermocouple and calorimeter sections are pro-
vided with isolation stubs having center conductors of 
tubing through which the thermal junction leads can be 
brought out and by-passed. Matching stub 1 in the 
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termination assembly is made collinear with the line to 
provide complete shielding. 
When calibrating by the calorimeter method, the 

termination assembly using the resistance termination 
is first connected to the slotted section and adjusted for 
unity voltage standing-wave ratio, vswr. The calorim-
eter section is then inserted and its vswr is measured 
with the isolation stub adjusted to give the minimum 
vswr. A study of the conditions involved shows that the 
calorimeter is at a voltage maximum when its vswr is a 
minimum; hence, the measured vswr of the calorimeter 
is used to apply a correction to the current, Ie, at the 
calorimeter to obtain the actual current, /IA, at the 
vacuum thermocouple location. The correction equa-
tion is 

27r x 2rx 
Igh = lc (cos — jvswroai sin 

X X 

where x is the distance between the vacuum thermo-
couple and the calorimeter and X is the wavelength. The 
magnitude of the parenthetic multiplier term is about 
1.007 at 100 mc and 1.200 at 750 mc for the equipment 
described. After the calorimeter vswr has been meas-
ured, the vacuum-thermocouple section is inserted be-
tween the calorimeter and the slotted section. The 
vacuum-thermocouple isolation stub is adjusted for 
minimum vswr. When the calorimeter has reached equi-
librium, the calorimeter output voltage is read with a 
potentiometer and the vacuum-thermocouple output 
voltage is read on a millivoltmeter. 
The uhf current is then shut off and batteries are con-

nected to the dc input jack with a means of controlling 
the current and with an accurate meter to measure it. 
The current is adjusted to give the same equilibrium 
calorimeter output voltage as was obtained with the 
uhf current and the dc input is read. This value of 
direct current is converted to the equivalent uhf cur-
rent by multiplying it by the square root of the ratio of 
dc to uhf calorimeter resistance if the resistances are not 
the same. The calorimeter vswr correction is then ap-
plied to the equivalent uhf current to obtain the actual 
uhf current that was supplied to the vacuum-thermo-
couple heater circuit. Several values of actual uhf cur-
rent at a particular frequency may be plotted versus 
the corresponding millivoltmeter readings to obtain a 
direct uhf calibration. 

After the calibration has been completed, the calo-
rimeter section is removed and the uhf current is re-
applied. The effective series impedance of the vacuum-
thermocouple heater circuit is then determined by 
measuring the vswr and noting the position of the volt-
age minimum. 
The alternate method of using the calorimeter may 

be employed to calibrate vacuum thermocouples having 
smaller current ratings. For this method, the calorime-
ter is used as the termination and the matching stubs 
are adjusted for unity vswr on the slotted line before 
inserting the vacuum-thermocouple section. A dc block-

ing capacitor must be used to connect the calorimeter 
to matching stub 1 which has a tubing center conductor 
through which the dc lead from the calorimeter may be 
brought out. The output voltage of the vacuum thermo-
couple is read on a millivoltmeter and the calorimeter 
output voltage is measured with a potentiometer with 
uhf current applied. The uhf current is then shut off and 
direct current applied to the calorimeter and adjusted to 
obtain the same calorimeter output voltage as with uhf 
current. The dc power thus supplied to the calorimeter 
is determined and equated to /ohr2Zo, from which the 
uhf current, /um, that was supplied to the vacuum 
thermocouple is determined. A direct calibration for a 
particular ultra-high frequency is obtained by plotting 
several values of uhf current against the corresponding 
millivoltmeter readings. The vacuum-thermocouple 
vswr and voltage minimum position for determining the 
heater circuit series impedance can be obtained at the 
same time as the uhf current readings. 
To calibrate vacuum thermocouples by the thermistor 

bridge method, the resistance termination in the termi-
nation assembly is replaced by the thermistor mount. 
The termination assembly is connected to the slotted 
section and the thermistors are connected to a suitable 
dc bridge. With reduced direct-current input to the 
thermistors from the bridge, the matching stubs are 
adjusted to obtain unity vswr on the line. This adjust-
ment is not simple since the resistance of the thermistors 
changes as the stub adjustments change the amount of 
uhf current supplied to the thermistors. The adjustment 
is further complicated by the requirement that the 
bridge be balanced for direct current with the uhf cur-
rent supplied and unity vswr on the line. This adjust-
ment is best made by setting a reasonable coupling for 
uhf current into the line and then balancing the bridge 
for each adjustment of the stubs until unity vswr is ob-
tained. If the desired condition is outside the range of 
dc input adjustment, the coupling of uhf current into 
the line should be reset and the process repeated. 
Once the termination assembly has been adjusted to 

give unity vswr with the bridge balanced, the vacuum-
thermocouple section is inserted in the line. This will 
change the uhf current which reaches the termination 
assembly, and thus cause the bridge to be unbalanced 
and the line to be improperly terminated. To restore the 
desired condition, the bridge adjustments should be left 
unchanged, but the coupling of uhf current into the line 
should be adjusted until the bridge is returned to a 
balanced condition. The uhf current supplied to the 
termination system from the vacuum-thermocouple lo-
cation will then be the same as when the adjustment for 
unity vswr was made. The uhf power supplied to the 
termination system is /uhr2Z0 since with unity vswr the 
line is terminated in its essentially resistive character-
istic impedance, Zo. This power is all absorbed by the 
thermistors if the stubs are lossless. A correction can be 
applied for stub loss when necessary. The vacuum-
thermocouple output voltage is read on a millivoltmeter, 
and the uhf current source is then shut off. 
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The increase in dc power that must be supplied to the 
thermistor arm of the bridge to rebalance it can be 
measured on the rebalancing type of bridge, or is deter-
mined by the amount of bridge unbalance on the cali-
brated type of bridge. In either case, this dc power is 
equal to the uhf power that was previously supplied to 
the thermistors. The uhf current with correction for stub 
loss is then given by 

VPdo ± stub loss 

= 
zo 

As with the previous methods, a direct calibration for a 
particular ultra-high frequency is obtained by plotting 
several values of uhf current against the corresponding 
millivoltmeter readings. 
The measurement of the vswr and voltage minimum 

position for determining the heater circuit series imped-
ance can be made right after the millivoltmeter reading 
for uhf current is taken. The line is properly terminated 
at that time; hence, the standing wave is due only to 
the heater circuit impedance. 
The lower power rating of thermistors, or other forms 

of barretters, places a limitation on the value of current 
for which this method may be used. Since the uhf power 
is a rather large increment of the total thermistor power, 
it is best to use a rebalancing type of bridge. 
An alternate method of presenting the results of the 

calibration is in terms of a correction to de calibration 
rather than as stated uhf calibration. For this, the value 
of direct current necessary to obtain the same vacuum-
thermocouple output voltage (millivoltmeter reading) 
as was obtained using uhf current is measured. The 
difference between the direct current and the uhf cur-
rent is the amount by which the dc calibration is too 
high at the particular ultra-high frequency. This error 
may be expressed as a percentage of the direct current 
and will apply at other current levels of the same fre-
quency since the heater circuit is essentially linear. With 
a negative sign, this error becomes a percentage correc-
tion to be applied to the dc calibration. When the error 
has been determined for several frequencies, a curve of 
correction versus frequency may be plotted for the 
particular vacuum thermocouple. 
The coaxial calibrating equipment which has been 

constructed for use with the calorimeter and thermistor 
bridge methods lends itself well to the air milliammeter 
method which has been used by Gainsborough9 with 
other equipment. It is expected that an air milliammeter 
unit will be built at Worcester Polytechnic Institute to 
serve as a check on the calorimeter and thermistor bridge 
methods. The air milliammeter has the advantage that 
no leads must be brought out from it as is required 
with the calorimeter. The resistors will be of the metal-
ized glass-rod type having the same diameter as the 
coaxial-line center conductor used in the calorimeter. 

G. L. Gainsborough, "Experiments with thermocouple milli-
ammeters at very high radio frequencies," Jour. IEE (London), 
vol. 91, pt. 3, p. 156; September, 1944. 

V. GENERAL PRECAUTIONS 

An examination of the equivalent circuit together 
with the knowledge that a thermocouple ammeter gives 
a reading proportional to the total heating effect of a 
current should cause one to be critical of the purity of 
waveform of the energy used in making a calibration 
and to take steps to insure the total harmonic content be-
ing low enough not to affect the accuracy of the calibra-
tion. The waveform may be improved by judicious use 
of link-coupled resonant circuits and Faraday screens 
between the energy source and calibrating circuit. 
An essential for any calibrating work is stability of 

amplitude so that there is no doubt that the standard 
and the ammeter being calibrated are indicating the 
same current. Since resonance effects are always present 
in practical circuits at frequencies greater than 100 mc, 
good frequency stability in the energy source is one es-
sential to good amplitude stability in the calibrating 
circuit. Other contributors to such stability are an 
electronically regulated power supply for the RF source, 
proper shielding and freedom from interfering sources 
of RF energy (high-power broadcasting stations, radar 
transmitters, electronic heaters, arc welders, and the like 
can cause great difficulties, particularly when the effects 
are intermittent and the cause unsuspected), sturdy 
construction of the whole equipment, freedom from 
mechanical vibration and shock, protection from rapid 
changes in temperature, and protection from drafts. 

Another difficulty likely to be encountered in cali-
brating ammeters at frequencies greater than 100 mc is 
that caused by lack of appreciation for the difference 
between accuracy and precision. An ammeter may have 
excellent precision and yet be quite inaccurate, but it 
cannot be accurate without having precision equal to 
or better than the order specified in naming its accu-
racy. This is because precision is self-consistency, ability 
to give the same indication within close limits each time 
it is subjected to the same current, and accuracy con-
notes comparison with an absolute standard. 

VI. CONCLUSIONS 

It has been found that the basic orderliness of the 
universe is present in high-frequency circuits; i.e., the 
same current occurs each time the same circuit is sub-
jected to the same set of conditions. 

It is imperative that at least two instruments depend-
ing upon different principles agree to establish a value 
of current. It is desirable that this agreement be ob-
tained over a wide frequency range to eliminate agree-
ment resulting from compensating errors. 
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Correspondence 

Electronic Sleep-Teaching* (4475) 

Sleep-teaching may be defined as the art 
of producing knowledge in a brain by re-
peated stimuli without any conscious mental 
effort on the part of the student patient. 
This art, bordering on the fields of extra-
sensory perception, hetero-suggestion, and 
hypnotism, including the state of semi-
wakefulness, is beginning to gain commer-
cial applications. It is becoming apparent 
that the associated techniques provide a tool 
in the psychotherapy field, perhaps a tool for 
unlearning of habits, ignoring the patient's 
feeling in the matter. Twenty years ago, 
phonograph records for sleep-teaching and 
"suggestive attitude" listening were sold in 
the market; today the activities are con-
centrated more usefully on the teaching of 
languages. 

In the language field, the pioneer work 
of Max Sherover, President of the Lingua-
phone Institute, is well-known through mag-
azine articles and otherwise. His Lingua-
phone technique, with the Dormiphone 
apparatus, represents a milestone in the 
history of sleep-teaching, and his early re-
search brought medical experts into the 
field and established a basis of sound scien-
tific approach. 

The present scientific study of sleep in 
the neurophysiological field has revealed 
characteristics such as the significance of 
various sleep levels and sleep-level transfers. 
Via encephalographic and other investiga-
tions, this study has shed light on the ques-
tion of retention percentage of repeated 
stimuli (in the form of signals reaching the 
cerebral cortex via a sensory receptor, such 
as the ear). 

In 1947, while experimenting with brain 
waves, the author discovered that many 
hours of sleep-teaching, using a patient in 
"steady" sleep, sometimes gave less en-
couraging results than just a few minutes of 
sleep-teaching when the patient transferred 
between different sleep levels. The equip-
ment used was very crude (see Fig. 1), and 
the conclusion drawn should not be given 
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patient closed his hand, thus reducing the 
sound intensity by closing the contact S, 
and again fell asleep. 
A partly developed, improved apparatus 

is shown in Fig. 2. It makes use of the brain 
potentials derived from the frontal and oc-
cipital areas of the scalp, overlying one 
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compensation action maintaining an equi-
librium. This also means that the system 
will make up for some of its own weak-
nesses; therefore, if a tube in either ampli-
fier should go bad, the loss in gain will limit 
itself in an effort to compensate. Again, the 
complexity of the cortical activities implies 
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hemisphere. While the effect of sleep-level 
transfers on these cortical potentials is 
rather complex, a certain simplicity is 
achieved if either the frequency changes of 
one particular output in the frequency do-
main is selected, or if the amplitude changes 
of the entire frequency spectrum is selected. 
For these two alternatives, a switch S with 
two positions, a and b, has been arranged, 
following the electrode leads amplifier. 
Switch position a connects to a frequency 
discriminator and rectifier, together provid-
ing an FM detector, so that a deviation in 
frequency yields an output voltage of cer-
tain polarity. Switch position b connects to 
a rectifier, followed by an integrator, so that 
the output voltage level becomes a direct 
function of the integrated brain potentials. 
Thus, in either switch position, the deepen-
ing of sleep, or transfer into a different level 
of sleep, can be made to vary a direct volt-
age, utilized as bias voltage on a relay tube, 
turning on more or less loudspeaker out-
put of recorded text to be learned. 

With such equipment as described above, 
medical research begins. Much investigation 
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Fig. 1 

too much significance. The equipment con-
sisted of a wire recorder with the text to be 
learned, a loudspeaker, and a time-delayed 
on-off switch, in which open contacts cor-
responded to maximum loudness. The pa-
tient's hand, operating the switch S, opened 
up when the condition of sleep was entered 
into, causing a gradual increase in loud-
speaker output. Sufficiently awake to be-
come "disturbed" by the loudspeaker, the 

'Received by the Institute, October 6, 1951. 

is needed for proper recording of the reten-
tion percentage of repeated stimuli under 
various conditions. Still more investigation 
is needed to find out the beneficial effect, if 
any, of simultaneously applied drugs. It is 
seen from Fig. 2 that a feedback loop exists 
via the sensory receiver, the nervous system, 
and the cortical activities. The sign of the 
feedback should be negative so that if the 
patient tends to change from one sleep level 
to another in the direction toward wakeful-
ness the loudspeaker output is reduced, the 

variational conditions, which symbolically 
may be expressed as a eit of the nervous 
system, vulnerable to sudden 180-degree 
phase shifts. Positive feedback would not 
only enhance the poor qualities of the sys-
tem but might also most abruptly wake up 
the patient, and if repeated, lead to compli-
cations of a psychiatric nature. In view of 
these difficulties, one should not hook up 
the circuit indicated in Fig. 2 and expect 
immediate gratifying results, maintaining, 
by chance, the patient in a desired condition 
of high receptivity and retention percentage 
to such stimuli as a voice reading off the 
multiplication table or a sequence of mathe-
matical formulas. 

The above has been written merely to 
call attention to the fact that sleep-teaching 
results in a definite and measurable gain in 
learning, and that electronic sleep-teaching 
control is possible, and perhaps even promis-
ing; however, a considerable amount of work 
has to be done before it becomes practical. 

HARRY STOCKMAN 
Stockman Electronics Research Company 

543 Lexington Street 
Waltham 54, Massachusetts 

Engineering Unity* (4476) 

Those who have been working for some 
years in one or more of the attempts to find 
a basis for unity in the engineering profes-
sion will read Dean Evans' letter' with a 
great deal of sympathy and understanding. 

The difficulties inherent in obtaining the 
opinions of the members have caused the 
publicly proposed plans to be small in num-
ber. This is particularly true of the work of 
the Exploratory Group and its Planning 
Committee. All now must be aware, how-
ever, that in proposing the adoption of Plan 
A as a first step, most of the members of the 
Exploratory Group were seeking to find a 
way to provide a better forum for discussion 
of future modifications and of final plans. 

• Received by the Institute. July 30, 1952. 
See Correspondence section. PROC. IRE., De-

cember 1952. 
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Very few believe that Plan A is a permanent 
answer. 

It would be most unfortunate at this 
time to take a binding vote of the members 
which would determine whether Plan A is 
or is not to be adopted. Let us rather look 
on Plan A as merely a move to improve the 
facilities of EJC for the study of the ques-
tion and to enable it to lay before the engi-
neers of the country the various suggestions 
and to obtain from them proposals for plans 
better and more detailed than any that have 
yet been prepared. 

Dean Evans refers to Plan E of the Flor-
ida Section of the ASCE. This plan in a great 
many respects is similar to Plan C of the 
Exploratory Group. It has, however, certain 
characteristics which may not be favored by 
the membership of organizations such as the 
IRE. Among these are: 

(a) limitation to founders soceties 
which, in turn, would become only 
technical divisions of the Unity 
Organization; 

(b) apparent lack of provision in the 
organization for societies such as the 
IRE; 

(c) provision that all officers (national, 
state or local) as well as officers of 
the technical divisions should be 
registered engineers. The idea that 
only registered engineers represent 
the profession is not pleasing to those 
of us who have come into engineering 
through the sciences. Only a small 
proportion of the IRE membership is 
composed of registered engineers. 

Plan E, therefore, in so far as it differs 
from Plan C, would seem to make it unavail-
able to organizations such as IRE. 

It is most helpful to have Dean Evans' 
letter and also to have his proposals in refer-
ence to the Florida Plan. Members may be 
of assistance by sending their ideas to the 
Editor or to the Secretary of the Institute. 

B. E. SHACKELFORD 
IRE Member on the Exploratory Group 

Radio Corporation of America 
RCA Building 

30 Rockefeller Plaza 
New York 20, N. Y. 

Tests Concerning the Inverse Cur-

rent in Selenium-Iron Rectifiers* 

(4477) 

About 14 years ago I made a number of 
tests on selenium-iron rectifiers. In view of 
the present-day interest in the subject, I re-
port a summary of this work. The tests were 
made with a magnetic oscillograph, the re-
sults being recorded on photographic film. 

The inverse current which flows in a 
selenium-iron rectifier is a function of the 
past history of the device. If such a rectifier 

• Received by the Institute. June 30, 1952; re-
vised manuscript received July 11, 1952. 

has been idle for a long period of time 
(months), the application of a dc inverse 
voltage will cause a dc inverse current to 
flow which begins at a comparatively large 
value and gradually decreases to a steady 
state. This process usually takes several 
hours. 
A peculiar phenomenon is noted, how-

ever, if the circuit is interrupted for a few 
milliseconds. Upon reclosure, the inverse 
current shows a transient pulse lasting a few 
microseconds. This pulse is of greater mag-
nitude than the current flowing at the origi-
nal circuit closure. After the transient pulse, 
the inverse current falls to a very low value 
and then gradually builds up to the steady-
state value. This build-up also involves sev-
eral hours. The inverse current behavior is 
about the same if the circuit is interrupted 
for several hours, rather than for several 
milliseconds. 

DOUGLAS E. MODE 
Electrical Engineering Dept. 

Lehigh University 
Bethlehem, Pa. 

Auroral Effects on Television* (4478) 

In the Ithaca fringe area an odd inter-
ference in television reception has been 
noticed and has been correlated with the 
aurora borealis. The effect seems to be simi-
lar to the auroral propagation discovered in 
this frequency range by the radio amateurs,' 
and it is also similar to the radar echoes from 
the aurora which have been reported.m 

This television interference appears in-
termittently on the screen as horizontal, 
indistinct, black bands not only over the 
synchronized picture but also on channels 
which have no stations normally received in 
this area. The width of these bands is ap-
proximately equal to their spacing, and the 
number observed depends on the channel to 
which the set is tuned (see Fig. 1-3). On the 

Fig. 1—Channel 2. No station. July 3, 
1951. Ithaca, New York. 

* Received by the Institute. August 3. 1951. 
R. K. Moore. "A VHF propagation phenomenon 

associated with aurora,' Jour. Geophys. Res., vol. 56. 
p. 47; March, 1951. 

2 A. Aspinall and G. S. Hawkins. Radio echo re-
flections from the Aurora borealis." Jour. BM. Aaron. 
Assoc., vol. 60, p. 130; April, 1950. 

P. A. Forsyth, W. Petrie, F. Vawter, and B. W. 
Currie, 'Radio reflections from Auroras, Nature (Lon-
don), vol. 165, p. 561; April, 1950. 

Fig. 2—Channel 4. Station WBEN-TV. 
July 3, 1951. Ithaca, New York. 

Fig. 3—Channel 6. Station WHAM-TV. 
July 3, 1951. Ithaca, New York. 

lowest frequency channel No. 2 (54-60 mc) 
only two or three bands appear and, on 
successively higher channels, correspond-
ingly more bands come in, up through chan-
nel No. 6 (82-88 mc). As yet, we have not 
observed this phenomenon on the high fre-
quency channels No. 7-13 (174-216 mc). 

This disturbance was first noticed in 
March, 1951 by Prof. W. C. Ballard of the 
Electrical Engineering School, Cornell Uni-
versity, and it was suggested by him that the 
aurora might be the cause. Since then there 
have been several correlations of this effect 
with the observation of visible auroras. 

Even further evidence was gained by dis-
covering the directional characteristic of 
this interference. The two strongest, low 
channel stations received here are located 
north of Ithaca; WSYR-TV, channel 5 in 
Syracuse, is 50 miles NNE, and WHAM-TV, 
channel 6 in Rochester, is 80 miles NW. The 
black bands come in very strong from the 
north at disturbed times, but when the an-
tenna is rotated to the south side of the peak 
signal by an equal angle, the black bands 
are completely absent (reception is normal). 

Thus, we are led to believe that there is 
some type of radio scattering from the 
ionized portions of the aurora structure 
which makes possible such unusual propaga-
tion. More widespread data on these phe-
nomena would be interesting. 

ROGER E. THAYER 
School of Electrical Engineering 

Cornell University 
Ithaca, New York 
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P. J. ALLEN 

Contributors to Proceedings of the I.R.E. 
Charles C. Allen (S'47—A'5I) was born 

in New York City on March 1, 1921. He 
received the B.S. degree in electrical en-

gineering "with high 
distinction" from 
Worcester Polytech-
nic Institute in 1949, 
and his M.S. degree 
in electrical engineer-
ing in 1950, during 
which time he held a 
Gerard Swope Fel-
lowship for his re-
search on uhf current 
measurement. 

In 1950 Mr. Allen 
joined the General 

Electric Company as a development en-
gineer in the electronic systems and meas-
urements division of the General Engineer-
ing Laboratory, where he is presently 
engaged in development of microwave com-
ponents and antennas. 

Mr. Allen is a member of Tau Beta Pi, 
and an associate member of Sigma Xi and 
the A.I.E.E. 

C. C. ALLEN 

P. J. Allen was born in Whitinsville, 
Mass., on December 30, 1919. After two 
years of sub-professional employment with 

General Radio Com-
pany, he entered 
Pennsylvania State 
College, and in 1944, 
received the B.S. de-
gree in physics. 

Since 1944, Mr. 
Allen has been asso-
ciated with Radio 
Division III at the 
Naval Research Lab-
oratory, Washington, 
D. C., where he has 
been engaged in de-

veloping microwave components and an-
tenna feeds, and in the development of auto-
matic tracking radar systems. 

Since 1951 Mr. Allen has been Section 
Head of the New Techniques Section of 
Radar I Branch. 

William Sterling Ament was born in 
Pomona, Calif. on September 13, 1918. He 
was graduated with honors in physics from 

Pomona College in 
1939, where he was 
graduate assistant in 
physics until 1940. 

After two years 
as graduate student 
in mathematics at 
Brown University, 
Mr. Ament was em-
ployed by the Naval 
Research Laboratory 
in 1942. His work 
there has been in the 
field of radio wave 

propagation and radar. He serves on two 

L. J. ANDERSON 

radio subpanels of the Research and Devel-
opment Board, and is a member of RESA. 

L. J. Anderson was born in Salt Lake 
City, Utah, in 1917. He graduated from the 
University of California at Los Angeles in 

1939 and received the 
M.A. degree in 1942. 
He then joined the 
U. S. Navy Elec-
tronics Laboratory in 
San Diego, where he 
has been since. 

While at N.E.L., 
his main fields of in-
terest have been in 
tropospheric propa-
gation and in the 
meteorological effects 
upon vhf and higher 

frequencies. Mr. Anderson has also been 
engaged in the development of special instru-
mentation for measuring meteorological 
parameters affecting electromagnetic propa-
gation. 

Mr. Anderson is at present head of the 
radio-meteorology section whose function is 
the prediction of propagation conditions 
from meteorological information. 

William J. Armstrong was born January 
18, 1918, near Dubuque, Ia. He received his 
B.A. degree in 1947, majoring in chemistry 

and mathematics. 
He worked as a 

research assistant at 
Collins Radio Com-
pany in 1946 and 
1947. In 1947 and 
1948 Mr. Armstrong 
was a graduate as-
sistant at the Uni-
versity of Iowa. He 
was in U.S.A.A.F. 
communications 

W. J. ARMSTRONG from 1941 to 1945. 
Mr. Armstrong 

rejoined Collins Radio as a development en-
gineer in 1947 to work on a cyclotron project. 
He has since joined the resnatron develop-
ment division and been instrumental in de-
veloping 200 mc, 400 mc, 600 mc, and 1,200 
mc resnatrons. 

R. W. Beatty (S'43—A'45—M'50) was 
born in York, Pa. on May 31, 1917. He re-
ceived the B.S. degree in electrical engineer-
ing in 1939 from the George Washington Uni-
versity and the S.M. degree in electrical com-
munication from the Massachusetts Institute 
of Technology in 1943. From 1940 until 1942 
he was associated with the Naval Research 
Laboratory and served as an officer in the 
U. S. Naval Reserve from 1943 until 1946. 

E. H. BRAUN 

A. BRODZINSKY 

R. W. BEATTY 

Mr. Beatty has 
had several years' 
experience in the 
field of consulting 
radio engineering. At 
the present time he is 
in charge of the uhf 
group of the Micro-
wave Standards Sec-
tion at the National 
Bureau of Standards 
in Washington, D. C. 

Wilfred P. Bennett (S'43—A'46—M'51) 
was born in Milford, Mich., on October 9, 
1922. He received the B.S. degree in electri-

cal engineering from 
Michigan State Col-
lege in 1944. 

Upon graduation, 
Mr. Bennett was en-
gaged by the Radio 
Corporation of Amer-
ica at Lancaster, 
Penn. where he is 
at present in the 
power tube engineer-

W . P. BENNETT ing group working on 
the design and development of tubes for 
uhf television and pulse applications. 

Mr. Bennett is a member of Tau Beta Pi. 

Edward H. Braun was born in New 
York, N. Y., on March 27, 1925. He majored 
in physics at Columbia University, receiv-

ing his bachelor's de-
gree in 1948 and 
master's degree in 
1950. Previous to 
this he served in the 
U. S. Army for two 
and a half years. 

Mr. Braun is cur-
rently engaged in re-
research and de-
velopment work on 
microwave antennas 
and related com-
ponents as a member 

of the Antenna Research Branch at the 
Naval Research Laboratory in Washington. 

Albert Brodzinsky was born in Buffalo, 
N. Y. on July 7, 1920. He received the 
B.E.E. degree from Cornell University in 

1942 and the M.S. 
degree from the Uni-
versity of Maryland 
in 1951. 

After working 
briefly for the Buffalo 
Niagara Electric Cor-
poration, Mr. Brod-
zinsky joined the 
Naval Research Lab-
oratory staff in 1942 
working on pulse cir-
cuitry and electronic 
navigation systems. 
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Except for a brief period of active duty in 
the U. S. Naval Reserve, he has worked at 
N.R.L. on air navigation systems and is, at 
present, head of the Avigation Branch. 

Kenneth Bullington (A'45) was born in 
Guthrie, Okla., on January 11, 1913. He re-
ceived the B.S. degree in electrical engineer-

ing in 1936 from the 
University of New 
Mexico, and the M.S. 
degree in 1937 from 
the Masachusetts 
Institute of Technol-
ogy. Since his gradu-
ation he has been a 
member of the tech-
nical staff of the Bell 
Telephone Labora-
tories, where he is en-
gaged in wire and 
radio transmission 
problems. 

Herman N. Chait was born in Boston, 
Mass., on February 15, 1924. He attended 
Northeastern University, and transferred to 

Tufts College, ob-
taining a B.S. degree 
in electrical engineer-
ing in 1945. He has 
since done graduate 
work at the Univer-
sity of Maryland. 

After three years 
service as an Elec-
tronics Technician in 
in the U. S. Navy, 
Mr. Chait joined the 
Naval Research Lab-
oratory, doing re-

search and development work in the 
microwave region. He has done research 
on the design of signal generators and test 
equipment. At present he is a member of 
the Antenna Research Branch at NRL 
doing research on antennas and microwave 
applications of ferrites. 

•:• 

H. W. A. Chalberg (J'36—S'40—A'43— 
M'51—SM'51) was born in Evanston, Ill., 
on September 30, 1916. He received the 

B.S.E.E. degree in 
1941 from Purdue 
University. 

Except for one 
year Mr. Chalberg 
has been with the 
General Electric 
Company since 1941. 
He is a graduate of 
the Creative Engi-
neering Program and 
from 1945 to 1947 was 
assigned to the me-
chanical design en-

gineering group of the industrial control 

H. W. A. CHALBERG 

CHARLES E. DEAN 

division, Electronics Section. In 1948 he 
transferred to the Electromedical Section 
of the General Electric X-Ray Corp. In 
1950 he became section leader of the ad-
vanced circuit laboratory of the Receiving 
Tube Division in Owensboro, Ky. At present 
he is located in Chicago as commercial en-
gineer for the Electronics Department. 

Mr. Chalberg is an associate member 
of Sigma Xi and the A.I.E.E. He is past 
chairman of the Evansville-Owensboro sec-
tion of the I.R.E. 

Marvin Chodorow (A'43—SM'47) was 
born on July 16, 1913, in Buffalo, N. Y. He 
received the B.A. degree in physics from the 

University of Buffalo 
in 1934, and the 
Ph.D. degree from 
the Massachusetts 
Institute of Technol-
ogy in 1939. 

During 1940 he 
was a research associ-
ate at Pennsylvania 
State College. Dr. 
Chodorow was an in-
structor of physics 
at the College of the 
City of New York 

from 1941 to 1943, when he became associ-
ated with the Sperry Gyroscope Company 
as a senior project engineer. He remained at 
Sperry until 1947, when he joined the phys-
ics department of Stanford University, 
where he is now associate professor. 

Dr. Chodorow is a member of the Amer-
ican Physical Society, and of Sigma Xi. 

M. CIIODOROW 

Charles E. Dean (A'29—M'36—SM'43) 
was born in South Carolina in 1898. He 
attended Harvard, obtaining the A.B. de-

gree in 1921. Follow-
ing graduation he 
joined the engineer-
ing department of 
the Western Electric 
Company (which later 
became the Bell Tele-
phone Laboratories). 
During this time he 
received the M.A. 
degree in physics at 
Columbia. In 1927 
he received a doctor-
ate in physics at 

Johns Hopkins, and joined the American 
Telephone and Telegraph Company. 

Dr. Dean became a member of the Hazel-
tine Corporation staff in 1929 and has re-
mained with this group. Here he has engaged 
in legal engineering work, editorial activity, 
and the direction of a staff of instruction-
book writers At present he is assembling 
material for a book on color television. 

SIN-PHI FAN 

J. J. EGLI 

John J. Egli (A'47) was born on October 
22, 1911, in Teaneck, N. J. He received the 
B.S. degree in electrical engineering from 

Cooper Union in 
1933, the E.E. degree 
from New York Uni-
versity in 1940, and 
graduate credit from 
Rutgers University 
in 1948. From 1929 
to 1936, Mr. Egli was 
in the engineering de-
partment of the 
Mackay Radio and 
Telegraph Company, 
concerned with radio-
telegraph equipment 

design and installation. From 1936 to 1941, 
with the Commercial Products Department 
of the Bell Telephone Laboratories, he par-
ticipated in the design of radio-broadcast 
equipment, magnetic tape recorders, and 
voder equipment. 

Since 1941, Mr. Egli has been associated 
with the Signal Corps Engineering Labora-
tories as chief of the design and construc-
tion section, of the Communication En-
gineering Branch; chief of the radio-relay 
and microwave section, of the Radio Com-
munication Branch; and at present is a 
consultant on matters pertaining to wave 
propagation and radio-systems engineering. 

Mr. Egli is a member of the Panel on 
Antennas and Propagation of the Research 
and Development Board, International Ra-
dio Consultative Committee, and of Eta 
Kappa Nu. 

For a photograph and biography of 
ROBERT C. ELLEN WOOD, see page 1729 of the 
December, 1952 issue of the PROCEEDINGS 
OF THE I.R.E. 

Sin-pih Fan was born in Changsha, Hu-
nan, China, on October 10, 1921. He gradu-
ated from the Yuyeng High School, Chang-

sha, Hunan, in 1939. 
In 1944 he received 
the B.S. degree in 
electrical engineering 
from the National 
Central University, 
Chunking, China. 

From 1944 to 1947 
Dr. Fan was a teach-
ing assistant in the 
aforementioned uni-
versity. He then en-
tered Stanford Uni-
versity, where he re-

ceived the M.S. degree in 1949 and the Ph.D. 
degree in 1951, both in electrical engineering. 
During 1949 through 1951 he was a graduate 
research assistant in the Microwave Labora-
tory, Stanford University. 

In 1952, Dr. Fan joined the tube labora-
tory of the research division of Burroughs 
Adding Machine Co., Philadelphia, where he 
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is doing research on special tubes used in 
electronic computers. 

Dr. Fan is a member of Sigma Xi. 

Max Garbuny was born on November 22, 
1912 in Koenigsberg, Germany. He studied 
physics at the Technische Hochschule, Ber-

lin, graduating with 
the Dipl. Ing. 1936 
and the Dr. Ing. in 
1938. His thesis work 
concerned the appli-
cation of spectros-
copy to atomic and 
nuclear physics prob-
lems. 

Dr. Garbuny was 
associated with the 
Allen-Bradley Com-
pany, Milwaukee, 
Wisconsin, from 1939 

to 1943 doing research and development 
work on arc discharges and timing devices. 
He then joined the physics department of 
Princeton University, teaching until 1944. 

Since 1944 Dr. Garbuny has been with 
the Westinghouse Electric Corporation, con-
nected at first with development work on 
ignitrons and engaged, after 1946, as a senior 
physicist at the Westinghouse Research 
Laboratories. He worked for several years 
on particle accelerators instrumental to 
nuclear-physics problems. Later his responsi-
bilities concerned the theory and practice 
of resnatrons and general consulting in the 
field of microwave tubes. He is at present 
manager of the optical physics section at the 
Laboratories. 

M. GARBUNY 

For a photograph and biography of L. J. 
GlAcot.Err°, see page 1607 of the Novem-
ber 1952 issue of the PROCEEDINGS OF THE 
I.R.E. 

os 

E. E. Gossard was born in Eureka, Calif., 
on January 8, 1923. He received the A.B. 
degree in meteorology in 1948 and the M.S. 

degree in physical 
oceanography in 1951, 
both from the Uni-
versity of California 
at Los Angeles. 

In 1948 Mr. Gos-
sard joined the U. S. 
Navy Electronics lab-
oratory as a meteor-
ologist, and has since 
been engaged in re-
search in the meteor-
ology and micro-
meteorology of the 

troposphere and its effect on microwave 
propagation for the purpose of achieving 
more accurate operational predictions of 
radio and radar performance. 

ALWIN HAHNEL 

For a photograph and biography of 
GEORG GOUBAU see page 871 of the July, 
1952 issue of the PROCEEDINGS OF THE I.R.E. 

Alwin Hahnel was born in Karlsruhe, 
Germany, on September 9, 1912. He re-
ceived his Dipl. Ing. degree in 1941 and 

the Dr. Ing. degree 
in 1942, both from 
the Karlsruhe Tech-
nical University. 
From 1943 to 1945 
he was employed in 
research. He estab-
lished the Radio Re-
search Station Salz-
burg, Austria, and 
was in charge of it. 

From 1945 to 
1947 Dr. Hahnel was 
technical and person-

nel director of the decimeter communication 
network of the American and British occu-
pation zones of Germany and simultane-
ously director of the Decimeter Labora-
tories of Mannheim, Germany. Since 1948, 
Dr. Hahnel has been a consultant at the 
Signal Corps Engineering Laboratories in 
Fort Monmouth, N. J. 

• 

Clifford E. Horton (A'45-M'47) was 
born in Worcester, Mass., October 19, 1922. 
He received the B.S. degree in electri-

cal engineering from 
Purdue University in 
1943. 

From 1943 to 
1946 Mr. Horton was 
employed by the 
RCA Victor Division 
of RCA in the power 
tubedevelopmentsec-
tion, Lancaster, Pa. 

Mr. Horton joined 
the General Electric 
Company in 1946, 
and was assigned cir-

cuit development work in the General Engi-
neering Laboratory. From 1946 to 1949 he 
took General Electric's Advanced Course, 
transferring in 1947 from the Laboratory to 
rotating engineering assignments, which are 
a part of the Advanced Engineering Pro-
gram. In 1949 Mr. Horton became a member 
of the advanced development section in 
General Electric's receiving-tube engineer-
ing organization at Owensboro, Ky. 

C. E. HORTON 
A. E. HYLAS 

H. Hsu 

Hsiung Hsu (S'46-A'51) was born in 
Nantung, Kiangsu, China, on January 24, 
1920. He received his B.S. degree in elec-

trical engineering 
from the National 
WuHan University, 
China, in 1941. From 
1941 to 1945, he was 
employed as an engi-
neer with the Inter-
national Broadcast-
ing Station (XGOY) 
in Chungking, China. 
He came to this 
country in 1945 and 
attended the Moore 
School of Electrical 

Engineering, University of Pennsylvania. 
His graduate studies were continued at Har-
vard University where he obtained a M.S. 
degree in communication engineering in 1946 
and a Ph.D. degree in engineering sciences 
and applied physics in 1950. While at Har-
vard, he received a Gordon McKay scholar-
ship and a Teaching Fellowship. 

During the summer of 1949, Dr. Hsu was 
employed by the RCA Laboratories Division 
of the Radio Corporation of America in 
Princeton, N. J. After graduation he worked 
in the Cyclotron Laboratory at Harvard Uni-
versity. Since 1950 he has been with the 
advanced development section of the Gen-
eral Electric Company in Owensboro, Ky. 
His work has been concerned primarily with 
the development of uhf receiving tubes. 

Dr. Hsu is a member of Sigma Xi and the 
American Institute of Physics. 

Albert E. Hylas was born in New York, 
N. Y., on February 1, 1920. After graduating 
from the R.C.A. Institutes in 1939, he was 

employed at the 
R.C.A. Frequency 
Bureau. During 
World War II he 
served as Captain in 
charge of group radar 
in the Air Force Anti-
submarine Command 
and Heavy Bomber 
Command. In 1947 
he obtained the S.B. 
degree in electrical 
engineering from the 
Massachusetts Insti-

tute of Technology. 
Mr. Hylas then joined the Federal Tele-

phone and Telegraph Laboratories in Nut-
ley, N. J. where he engaged in studies of 
deposited carbon resistors and antenna sys-
tems. In 1948 he joined the research divi-
sion of the Allen B. Du Mont Laboratories, 
where he has been engaged in studies of de-
lay lines, transients in television transmit-
ters, uhf and vhf television receivers and uhf 
tuners and converters. 
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Robert L. Jepsen was born on June 16, 

1920 in Valley, Wash. He received his B.S. 
degree in electrical engineering at Washing-

ton State College in 
1944 and his Ph.D. 
degree in physics at 
Columbia University 
in 1951. 

He was employed 
by the Radio Cor-
poration of America 
between 1944 and 
1946 in the special 
development division 
(magnetrons). Be-
tween 1946 and 1951 
he was a research 

associate at the Columbia Radiation Lab-
oratory. Dr. Jepsen has published several 
papers on magnetron cathodes and other 
aspects of electron tube improvement, and 
holds patents in this field. He joined Varian 
Associates as a research engineer in 1951 and 
is at present director of research there. 

Dr. Jepsen is a member of Tau Beta Pi, 
Sigma Xi and the A.P.S. 

Harwick Johnson (SM'45) received his 
B.S. degree in electrical engineering from the 
Michigan College of Mining and Technology 

in 1934 and the M.S. 
and Ph.D. degrees 
from the University 
of Wisconsin in 1940 
and 1944, respec-
tively. 

From 1939 to 
1942 he was a re-
search fellow and 
teaching assistant in 
the Department of 
Electrical Engineer-
ing at the University 
of Wisconsin. Since 

1942 he has been associated with the RCA 
Laboratories Division at Princeton, N. J. 

Dr. Johnson is a member of Tau Beta Pi, 
Gamma Alpha, and Sigma Xi. 

r-111 arm 
H. JOHNSON 

Henry F. Kazanowski (S'46—A'48—M'51) 
was born in Terryville, Conn., on May 11, 
1923. From 1943 through 1946 he served with 

the U. S. Army Sig-
nal Corps in the Eu-
ropean Theater, where 
he worked on the in-
stallation and opera-
tion of telephone 
carrier repeater equip-
ment. He received 
the B.S. degree in 
electrical engineering 
in 1948 from North-
eastern University. 

Following gradu-
ation, Mr. Kazanow-

R. E. LACY 

ski was employed by the RCA Victor Di-
vision and entered their specialized training 
program. In 1949 he was assigned to the 
power tube group at Lancaster, Penn. 
where he worked on the design and develop-
ment of tubes for uhf television. 

Mr. Kazanowski has been an active 
amateur radio operator since 1939, having 
held the call letters W1NCV, W2YM X 
and, currently, W3PSK. 

L. L. Koros 
July 4, 1903 in 
1925 from the 

e 

L. L. KOROS 

(A'43—SM'46) was born on 
Hungary. He graduated in 
Royal Joseph Engineering 

University of Buda-
pest. He then joined 
a European subsidi-
ary of the Interna-
tional Telephone and 
Telegraph Company 
of New York. 

In order to ex-
ploit his patents in 
the electronic voltage 
control field, the 
Stabilovolt Com-
panies of Holland 
and Germany were 

founded and in 1932 he became the manag-
ing director. After the outbreak of World 
War II Mr. Koros went to Argentina and 
worked for the Fabrica Argentina de Trans-
misores Guntsche, in Buenos Aires. 

In 1943 he joined RCA Victor Argentina, 
S.A. and became chief design engineer of the 
engineering products department, in charge 
of engineering and manufacturing. Since 
1948 he has been working in the RCA Victor 
Division, Camden, N. J. on advanced de-
velopment projects. 

Raymond E. Lacy (SM'46) was born on 
March 17, 1916 at Camden, N. J. He ob-
tained the B.S. and M.S. degrees, both in 

electrical engineer-
ing, from Drexel In-
stitute of Technology 
in 1938 and New 
York University in 
1940, respectively. 
From 1940 to 1948 
he took additional 
technical graduate 
studies at the Poly-
technic Institute of 
Brooklyn and from 
1950-1951, person-
nel administration 

and management courses in the Graduate 
Division of Public Service, N.Y.U. 

During 1933-1938 Mr. Lacy worked in 
various design engineering jobs with the 
Potomac Electric Power Co., Washington, 
D. C., and with Philco Corporation and 
Chubbuck and Patrick, consulting engineers, 
Philadelphia, Pa. He was a member of the 

R. L. MCCREARY 

R. J. LINDEMAN 

electrical engineering faculty of N.Y.U. from 
1938 to 1940, when he joined the Signal 
Corps Laboratories at Fort Monmouth, 
N.J. as a radio engineer. He has been associ-
ated directly in research and development 
for all types of radio communication sys-
tems. At present he is chief of communica-
tion research. 

Mr. Lacy is a member of Tau Beta Pi 
and Eta Kappa Nu. 

Richard J. Lindeman (A'52) was born in 
Grand Rapids, Mich., on December 14, 1924. 
He attended Grand Rapids Junior College 

in 1942, and then 
spent the following 
three years in the 
U. S. Navy. At the 
end of World War II 
Mr. Lindeman en-
tered the University 
of Michigan, where 
he received the B.S. 
degree in electrical 
engineering in 1949. 

Since graduation, 
Mr. Lindeman has 
been employed as a 

member of the Engineering Development 
and Licensee Group of Hazeltine Corpora-
tion. His work has been concerned with the 
design and development of uhf television 
tuners and converters and with the design 
modification of vhf television tuners 

Mr. Lindeman is a member of both the 
Tau Beta Pi and Eta Kappa Nu societies. 

R. L. McCreary (SM'50) was born in 
Morning Sun, Ohio, on December 23, 1916. 
He received the B.S. degree from Miami 

University of Ohio 
in 1938 and the 
Ph.D. in physics 
from the University 
Rochester in 1942. 

Dr. McCreary 
then joined the Ra-
diation Laboratory 
at Massachusetts In-
stitute of Technology 
and worked on experi-
mental radar systems 
with the overseas 
field service group. 

In 1945 he joined the physics department 
of National Research Corporation and 
worked on vacuum research. In 1946 Dr. 
McCreary became research associate in the 
physics department at the University of 
Rochester, where he assisted in development 
of the 130-inch synchrocyclotron. In 1949 
he joined the research division of Collins 
Radio Company and is now head of Re-
search and Engineering Dept. I. 

Dr. McCreary is a fellow of the American 
Physical Society and a member of Sigma Xi. 
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Sterling G. McNees (M'47) was born 

in Harrisburg, Pa., November 14, 1921. He 
received his B.S. degree in physics from 

Allegheny College in 
1943. 

From 1943 to 
1945 Mr. McNees 
was employed as a 
special research asso-
ciate at the Radio 
Research Laboratory 
at Harvard Univer-
sity, except for sev-
eral periods with 
the American-British 
Laboratory in Great 
Malvern, England. 

From 1945 to 1946 he was employed at the 
Woods Hole Oceanographic Institute at 
Woods Hole, Mass. 

Since 1946 Mr. McNees has been with 
Collins Radio Company of Cedar Rapids, 
Ia., as a project engineer, mostly concen-
trating on development of the resnatron. 

e• 

H. R. Meahl (A'28-M'45-SM'46) was 
born on March 16, 1905 in Jamesport, Mo. 
He graduated from the State College of 

Washington in 1927 
with the B.S. degree 
in electrical engineer-
ing. There he was 
elected to Tau Beta 
Pi and Phi Kappa 
Phi. 

In 1927 Mr. 
Meahl joined the 
General Electric 
Company, where he 
was concerned first 
with 100-kw vacuum 
tubes. Before attain-

ing his present position of section engineer 
in the Electronic Systems and Measure-
ments Division in the General Engineering 
Laboratory he was a development engineer 
in radio transmitter work. 

For the last sixteen years Mr. Meahl has 
been associated with the development of 
standards of frequency, current, voltage, 
resistance, inductance, and capacitance. He 
is presently interested in an electronic mois-
ture monitor for the paper industry, an 
application of high-frequency measuring 
techniques to industry. 

Mr. Meahl is a member of A.I.E.E. In 
1948 he received the Coffin Award for his 
outstanding work in developing precision 
wavemeter equipment of an accuracy and 
usefulness never before obtained. 

e 

Theodore Moreno (S'41-A'44) was born 
in Palo Alto, Calif. on September 2, 1920. 
He received his A.B. degree in electrical 
engineering with great distinction from 
Stanford University in 1941 and his M.A. 

C. E. MURDOCK 

T. MORENO 

there in the same field in 1942. In 1949 he 
received the Sc.D. degree in electrical en-
gineering from the Massachusetts Institute 

of Technology. From 
1942 to 1946 he was 
employed as a proj-
ect engineer on re-
search and develop-
ment of microwave 
components and 
measuring equip-
ment at Sperry Gyro-
scope Company. 
From 1946 to 1949 
he was a research as-
sociate at M.I.T., 
and from 1949 to 

1951 he was a research physicist in the 
guided missiles division of Hughes Aircraft 
Company. He joined Varian Associates in 
1951 and is presently manager of the depart-
ment for design and development of electron 
tubes. 

Dr. Moreno is the author of "Microwave 
Transmission Design Data" and of nu-
merous papers on technical journals and 
handbooks, and holds several patents in the 
field of microwaves. He is a member of 
Phi Beta Kappa, Tau Beta Pi and Sigma Xi. 

4. 

Clayton E. Murdock (A'S!) was born in 
Westminster, Calif., in 1908. He gradu-
ated from San Diego State College in 1932 

with the A.B. de-
gree. He received the 
General Secondary 
Teaching Credential 
at the University of 
California in 1934. 
From 1933 through 

1941 Mr. Murdock 
was an instructor in 
the Oakland, Calif., 
public schools. Since 
1941 he has been 
with Eitel-McCul-
lough, Inc., working 

on the research and development of radar 
and high-powered vacuum tubes. 

e• 

For a photograph and biography of K. 
A. NORTON see page 491 of the April, 1952 
issue of the PROCEEDINGS OF THE I.R.E. 

e• 

I. D. Olin (S'49-A'50) was born on 
June 24, 1928, in Brooklyn, N. Y. He re-
ceived the B.S. degree in electrical engineer-
ing in 1949 from the Newark College of 
Engineering, and the M.S. degree in 1951 
from Rutgers University. 

I. D. OLIN 

While working for the M.S. degree, Mr. 
Olin was a research assistant for two years 
in the electrical engineering department 

at Rutgers Univer-
sity. 

Since 1951 Mr. 
Olin has been em-
ployed by the Naval 
Research Laboratory 
in Washington, D. C. 
where he is presently 
engaged in radar re-
search with Radio 
Division III. 

e• 
R. M. Page (SM'45-F'47) was born in 

St. Paul, Minn. on June 2, 1903. He re-
ceived the B.S. degree in physics from Ham-

line University, St. 
Paul, Minn. in 1927; 
the M.S. degree in 
physics from George 
Washington Univer-
sity, Washington, 
D. C. in 1932, and 
the Hon. D.Sc. de-
gree from Hamline 
University in 1943. 

From 1927 to the 
present Dr. Page has 
been at the Naval 
Research Labora-

tory, where his work has been precision in-
strumentation in the field of electronics. In 
1934 he completed the first pulse radar in 
the world for detection of aircraft, for which 
he has received the U. S. Navy Distin-
guished Civilian Service Award, the Presi-
dential Certificate of Merit, and an IRE 
Fellowship. He is now Superintendent of 
Radio Division III and Associate Director 
of Research for Electronics at the Naval Re-
search Laboratory. 

R. M. PAGE 

.,.:. 

Donald H. Preist (M'44) was born in 
Tunbridge Wells, England, on January 18, 
1916. He received the B.Sc. degree from 

King's College, Lon-
don University, in 
1936, and subse-
quently entered the 
British Government 
Service as a member 
of the first radar 
team in England un-
der Sir Robert Wat-
son-Watt. Until 1946 
he was associated 
with various aspects 
of radar develop-
ment; in particular, 

early experiments on detection of ships, and 
development of high-power ground radar 
transmitters and the M KV IF and beacon 
system. From 1943 to 1945 he was with the 
combined research group at the Naval Re-
search Laboratory in Washington, D. C. 

D. H. PREIST 
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Contributors to Proceedings of the I.R.E. 
During 1946 he served in the British Min-
istry of Supply, London, on the application 
of radio and radar to civil aviation, and rep-
resented the ministry at PICAO inter-
national conferences as a scientific advisor. 

Mr. Preist served as a flight lieutenant in 
the Royal Air Force in connection with the 
establishment of radar in France, and later 
with Combined Operations Headquarters. 

In 1946, Mr. Preist joined the research 
laboratory staff of Eitel-McCullough, Inc., 
San Bruno, Calif., where he is engaged as 
projected engineer on problems of high-
power vacuum tube and circuit develop-
ment. 

Mr. Preist is an associate member of the 
Institution of Electrical Engineers, London. 

Frank Reggia was born in Northumber-
land, Pa. on October 30, 1921. He attended 
George Washington University, and is a 

graduate of Radio 
Materiél School at 
the Naval Research 
Laboratory in Wash-
ington, D. C. While 
a member of the 
Armed Forces, he 
served as an elec-
tronic specialist in 
both the United 
States and in the Pa-
cific Theatre. Follow-
ing separation in 
1945, he joined the 

staff of the Microwave Standards Section of 
the National Bureau of Standards, where 
he has since been engaged in research and 
development in a uhf standards program 

FRANK REGGIA 

William E. Ryan (S'43-A'45) was born 
in Springfield, Mass., on February 6, 1920. 
He received a B.S. degree in electrical en-

gineering and mathe-
matics from the Uni-
versity of Michigan 
in 1943. Since 1946 
he has been attend-
ing evening classes 
in the physics de-
partment of George 
Washington Univer-
sity Graduate School. 

From 1943 to 
1944 he was em-
ployed by the Naval 
Research Laboratory 

as a radio engineer assisting in tests of anti-
aircraft gun directors. Since 1944 Mr. Ryan 
has been employed by the National Bureau 
of Standards in Washington, D. C., assisting 
in the development of field intensity stand-
ards. At present he is associated with the 
Ultra-High Frequency Standards Group of 
the Microwave Standards Section. 

Mr. Ryan is a member of Eta Kappa Nu 
and Sigma Pi Sigma. 

W ILLIAM E. RYAN 

W. V. TYMINSKI 

N. G. SAKIOTIS 

Nicholas G. Sakiotis (S'48-A'50) was 
born in Lakeland, Fla., on March 5, 1928. 
He received the B.E.E. degree at the College 

of the City of New 
York in 1950. 

After working 
with the Glenn L. 
Martin Company 
and the Marine Ra-
dar Design Branch 
of the Bureau of 
Ships, Mr. Sakiotis 
joined the Antenna 
Research Branch of 
the Naval Research 
Laboratory in 1951. 
While with the Lab-

oratory, he has investigated figure-of-revo-
lution scanners and is at present engaged in 
a study of the microwave properties of the 
ferrite materials. 

Chester E. Sharp (A'51) was born on 
June 2, 1906 at Long Branch, N. J. In 1940 
he joined the Field Radio Section of the 

Signal Corps Lab-
oratories, where he 
was concerned with 
the design of the first 
portable frequency-
modulated military 
field radio equip-
ment. In 1942 Mr. 
Sharp was assigned 
to investigation work 
on microwave receiv-
er designs and com-
ponents. As project 
engineer with the 

Radio Relay and Microwave Section on 
microwave transceiver designs in 1944, he 
developed the first man pack radio-relay 
equipment. His present assignment is with 
the Radio Communication Research Sec-
tion, Coles Signal Laboratory, Fort Mon-
mouth, N. J. 

C. E. SHARP 

Walter V. Tyminski was born on July 
19, 1924 in Cliffside, N. J. He received the 
B.S. degree in electrical engineering from 

Newark College of 
Engineering in 1948, 
and the M.S. degree 
in engineering sci-
ences and applied 
physics from Har-
vard University in 
1949. 

Upon graduation 
he joined the Spencer 
Kennedy Labora-
tories of Cambridge, 
Mass., where he was 
engaged in the de-

velopment of distributed amplifiers. During 
1950, Mr. Tyminski was associated with In-

J. J. W OERNER 

dustrial Television, Inc. of Clifton, N. J., 
and in 1951 joined the research division of 
the Allen B. Du Mont Laboratories, Inc., 
Passaic, N. J. At Du Mont he has been en-
gaged in studies of age systems, vhf and uhf 
television receivers and uhf tuners and con-
verters. 

Mr. Tyminski is a member of Tau Beta 
Pi. 

For a photograph and biography of G. S. 
W ICKIZER, see page 1731 of the December, 
1952 issue of the PROCEEDINGS OF THE 
I.R.E. 

John J. Woerner was born in Oakland, 
Calif., on September 26, 1914. He attended 
the University of California at Berkeley 

from 1933 to 1936, 
majoring in mechan-
ical engineering. 

Mr. Woerner 
joined the engineer-
ing staff of Eitel-Mc-
Cullough, Inc., in 
1940, working mainly 
on vacuum tubes and 
vacuum-tube test 
equipment design, in-
cluding work on a 
number of h igh-
power hard-tube 

modulators. Since 1950 he has been project 
engineer in charge of the development of 
high power uhf klystrons. 

Mr. Woerner is a registered professional 
engineer in the State of California and a 
licensed radio amateur. 

Rudolph R. Zirm (A'51) was born in 
Jersey City, N. J. on August 3, 1923. He 
received the B.S. degree in electrical en-

gineering from the 
Newark College of 
Engineering in 1944. 
Since then he has 
been associated with 
the U. S. Naval Re-
search Laboratory as 
an electronic scien-
tist, and is at present 
head of the Com-
mand Guidance Sec-
tion of the Avigation 
Branch of Radio Di-
vision III. He has 

been engaged principally in experimental 
research on electronic guidance systems, 
data transmission, and applications of com-
munication theory. 

Mr. Zirm is an associate member of the 
A.I.E.E., and a registered professional en-
gineer in the District of Columbia. 

R. R. ZIRM 
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Calendar of 

COMING EVENTS 

IRE-MEE Meeting on High-Fre-
quency Measurements, Washing-
ton, D. C., January 14-16 

IAS-IRE-RTCA-ION Symposium on 
Electronics in Aviation, New York, 
N. Y., January 26-30 

IRE-AIEE Western Computer Con-
ference, Hotel Statler, Los An-
geles, Calif., February 4-6 

IRE Southwestern Conference and 
Electronics Show, Plaza Hotel, 
San Antonio, Tex., February 5-7 

IEE Symposium on Insulating Mate-
rials, London, Eng., March 16-18 

1953 IRE National Convention, Wal-
dorf-Astoria Hotel and Grand 
Central Palace, New York, N. Y., 
March 23-26 

IRE New England Radio Engineering 
Meeting, Storrs, Conn., April 11 

9th Joint Conference of RTMA of 
United States and Canada, Am-
bassador Hotel, Los Angeles, 
Calif., April 16-17 

IRE Seventh Annual Spring Techni-
cal Conference, Cincinnati, Ohio, 
April 18 

SMPTE Convention, Statler Hotel, 
Los Angeles, Calif., April 26-30 

NARTB Convention, Biltmore Hotel, 
Los Angeles, Calif., April 28-
May 1 

1953 IRE National Conference on Air-
borne Electronics, Dayton, Ohio, 
May 11-14 

1953 Electronics Parts Show, Conrad 
Hilton Hotel, Chicago, Ill., May 
18-21 

1953 IRE-RTMA Radio Fall Meeting, 
Toronto, Ont., October 26-28 

IRE FOUNDERS AWARD 
ESTABLISHED 

The Institute's Board of Directors re-
cently established an IRE Founders 
Award to be given on special occasions in 
recognition of an outstanding leader in the 
radio industry. The award commemorates 
the three radio pioneers who founded the 
Institute of Radio Engineers forty years 
ago—Alfred N. Goldsmith, Editor of the 
Institute and consulting engineer; John 
V. L. Hogan, president of Hogan Labora-
tories, New York, N. Y.; and Robert H. 
Marriott, deceased. 

Brigadier General David Sarnoff, Chair-
man of the Board of the Radio Corporation 

of America, is the first recipient of the new 
award which will be presented at the IRE 
Annual Banquet, Hotel Waldorf Astoria, 
New York, N. Y., March 25, during the 
IRE National Convention. General Sarnoff 
is to be given the award "for outstanding 
contributions to the radio engineering pro-
fession through wise and courageous leader-
ship in the planning and administration of 
technical developments which have greatly 
increased the impact of electronics on the 
public welfare." 

IRE OFFICERS FOR 1953 
ANNOUNCED 

At its meeting on November 6,1952, the 
Board of Directors announced the results 
of the elections for officers and directors of 
the Institute as follows: 

President, 1953: James W. McRae, Bell 
Telephone Laboratories, Inc., New 
York, N. Y. 

Vice President, 1953: S. R. Kantebet, 
Government of India Overseas Com-
munications Service, Bombay, India. 

Directors-Elected-at-Large, 1953-1955: 
Stuart L. Bailey, Jansky and Bailey, 
Washington, D. C.; B. E. Shackelford, 
License Department, RCA Interna-
tional Division, New York, N. Y. 

Regional Directors, 1953-1954: Region 2, 
John R. Ragazzini, Columbia Uni-
versity, New York, N. Y.; Region 4, 
Conan A. Priest, General Electric 
Company, Syracuse, N. Y.; Region 6, 
Archie W. Straiton, University of 
Texas, Austin, Tex.; Region 8, John T. 
Henderson, National Research Coun-
cil, Ottawa, Ont., Canada. 

TECHNICAL COMMITTEE NOTES 

The Standards Committee convened on 
October 9. M. W. Baldwin took the chair in 
the absence of A. G. Jensen. A. F. Pomeroy, 
representing A. G. Clavier, Chairman of the 
Symbols Committee commented on the dis-
tribution of the ASA Y32/2 Standard on 
Graphical Symbols. Mr. Baldwin then asked 
the Committee to consider a proposed list 
of personnel which was to be published with 
the Receiver Standard (52 IRE 17.51). The 
Commiteee then gave consideration to the 
Modulation Definitions. Reviewing com-
pleted, these definitions will be collated with 
the first half of the Modulation Definitions 
which were approved in September. After 
L. G. Cumming presented the Color Televi-
sion Terms (52 IRE 22. PS1), he then sum-
marized the background work done by the 
Television Subcommittee in its preparation 
of the 43 definitions. It was decided that no 
action should be taken during this meeting, 
and Chairman Baldwin was asked to revise 
the introduction for presentation at the 
next Committee meeting, which met on 
November 13, under the Chairmanship of 
A. G. Jensen. During this meeting, the 
Committee devoted most of the discussion 
to two tentative standards; the Proposed 
Standards on Television: Definitions of 
Color Terms (52 IRE 22. PSI), and the 
Standards on Sound Recording and Repro-

ducing: Methods of Measurement of Noise 
in Sound Recording and Reproducing Sys-
tems (51 IRE 19. PS1). The Committee 
adopted both documents, to be presented 
to the Executive Committee at an early 
date. A motion was passed for the Stand-
ards Committee to adopt for the IRE the 
proposed ASA Y32/2 Standard on Graphical 
Symbols, with the proviso that the Symbols 
Committee prepare a suitable preface to 
the effect that the standard represents the 
joint effort of several organizations to whom 
due credit is to be given. The Standards 
Committee is to be acquainted also with 
any editorial changes made on the draft. 

On November 7, the Electron Devices 
Committee met, under the Chairmanship 
of G. D. O'Neill. The Annual Review ma-
terial on klystrons, traveling-wave tubes, and 
magnetrons was submitted by G. A. Esper-
sen, and copies were distributed for possible 
additions to the bibliographies. T. J. Henry 
reported that he was in the final stages of 
assembling and adding to the material 
already collected on receiving tubes, by 
E. M. Boone and R. W. Slinkman, for the 
Subcommittee on SSHVT. W. H. Hall is 
co-ordinating the material on semiconductor 
devices. It was moved that the Klystron, 
Magnetron, and Traveling-Wave Tube 
Definitions, which were appended to the 
July 11, 1952 minutes, be approved except 
for the two Klystron Definitions, Electronic 
Efficiency and Circuit Efficiency which are 
to be rewritten. No specific action was 
taken on the Storage Tube Definitions, 
Appendix B, minutes of the September 12 
meeting, in the absence of Subcommittee 
Chairman R. B. Janes. A report on the 
deliberations of the October 17 meeting of 
the Ad Hoc Committee on Reorganization 
was submitted by L. S. Nergaard in the 
absence of M. E. Hines. An extensive and 
detailed estimate had been made of the kind 
and amount of work facing the Electron 
Devices Committee in preparing revised 
standards in all categories, for a hypothetical 
deadline in 1958. 

The Information Theory and Modulation 
Systems Committee met on September 15, 
under the Chairmanship of W. G. Tuller. 
Considerable discussion was held on the 
information theory terms, message, in-
formation, and information content. 

On October 31, the Navigation Aids 
Committee met under the Chairmanship 
of P. C. Sandretto. Winslow Palmer pre-
sented comments on the terms "A and R 
Scope," and discussion ensued on the use 
of "scope" versus "display." A motion was 
passed that all definitions referring to vari-
ous types of scopes should be changed to 
ready various types of displays. The Com-
mittee then completed the first half of the 
list of terms submitted by Harry Davis. 

The Receivers Committee convened at 
Syracuse, N. Y., on October 22, under the 
Chairmanship of Jack Avins. Chairman 
Avins announced the resignation of the fol-
lowing Committee members: S. C. Spielman, 
C. R. Miner, and W. F. Sands. Members 
who have joined the Committee since its 

(Continued on following page) 
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A. A. Collins delivers the keynote and 
welcoming address. 

(Technical Committee Notes coned) 

last meeting are: L. E. Closson (Philco), 
D. E. Harnett (GE), and I. J. Melman 
(CBS). The scope of the Committee was 
reviewed. Due to the absence of K. W. 
Jarvis, no report was available on the activ-
ities of Subcommittee 17.3 (Single Sideband 
Receivers). R. F. Shea, Chairman of Sub-
committee 17.4 on Spurious Radiation, re-
ported that the Supplement to 51 IRE 17. SI 
had been passed by the Standards Commit-
tee. Additional work remains on the stand-
ardization of uhf radiation measurements 
specification of standard antenna for range 
between 88-174 mc and 216-470 mc. Prog-
ress in standardization of test methods for 
sweep radiation was to be reported following 
the subcommittee meeting held in October. 
Chairman Avins commented on the ex-
cellent work done by the Spurious Radiation 
Subcommittee, since its formation, and its 
great value to the industry. The Annual 
Review report was discussed by L. M. 
Harris, and several items for inclusion were 
suggested which will be circulated among 
Committee members for their comments. 
The Chairman reported that the Definitions 
on Receivers were in galley form and would 
be published in the December, 1952 issue 
of the PROCEEDINGS. Subcommittee 17.6, 
therefore, is deactivated with a vote of 
thanks to its personnel. R. DeCola's group 
(IEC Task Group), reviewing the proposed 
International Electrotechnical Commission 
Standards for Testing AM Receivers, has 
completed its work, a report having been 
submitted August, 1952. As a byproduct 
of this group's work, data are now available 
on the differences between the IEC and IRE 
standards, which should be useful in future 
revisions of the IRE standard. W. O. Swin-
yard has accepted the chairmanship of the 
Subcommittee on the Revisions of Methods 
of Testing (Monochrome) TV Receivers, 
due to the past resignation of W. F. Sands. 
In connection with the manuscript on 
Methods of Testing AFC (local oscillatc,r 
frequency stabilization) prepared by F. B. 
Uphoff, it was decided to defer action on 
this until a standard broader in scope might 
be prepared. This action is desirable, in 
view of the present status of the committee 
scope and the wide use of AFC in other 
than home entertainment receivers. 

The banquet session during the Conference. 

FCC Asks JTAC to Study 
Radiation Interference 

The Joint Technical Advisory Commit-
tee was requested by the FCC in a letter 
dated December 3, 1952 from Chairman 
P. A. Walker to supplement its volume, 
"Radio Spectrum Conservation," with a 
study of the problems relating to spurious 
radiations from transmitters, receiver emis-
sions, and noncommunication services. The 
FCC suggested that the study be considered 
in the following topics: 
(a) The limits that should be established for 

radiations, which are incidental to the 
operation of equipment and which do 
not fall within allocated frequency 
bands, to assure safe and reasonable 
protection from interference to radio 
broadcasting, communication, and nav-
igation services. 

(b) Review the technical problem of reduc-
ing spurious radiation from various de-
vices to determine the feasibility of the 
suppression measures necessary to ac-
complish the radiation limitations de-
termined under Item 1. 

(c) Review the problem of instrumentation 
necessary to effectuate a national pro-
gram of the control of spurious radia-
tion. The study should consider the 
practical problems of quality control 
measurements for the factory and sim-
ple tests that may be applied in the field 
to completed installations. 

(d) Study the procedures and organizations 
activity in this field to determine 
whether additional effort is required to 
coordinate interference reduction ef-
forts. 
Determine any needed action to co-ordi-
nate the external performance of receiv-
ers with the engineering of service and 
station allocations. 
As a result of meetings held on December 

9 and December 18, Chairman Ralph Bown 
informed the FCC that the JTAC would ac-
cept the task. 

SOUTHWESTERN CONFERENCE 
PROMISES HUGE SUCCESS 

Over 1,200 IRE members, friends, and 
associates are expected for the Southwestern 

(e) 

L. V. Berkner (center) is greeted by A. W. Graf. 
At left is Jim Hollis, Chairman of Section. 

IRE Conference and Electronics Show 
February 5-6, 1953, at the Plaza Hotel, San 
Antonio, Tex. 

The 3 days of double technical sessions 
will cover a wide variety of subjects in-
cluding reports on new fields such as space 
travel and guided missiles. The Electronics 
Show will fill 46 exhibit booths and a seven-
room "audio center." Over 95 per cent of 
the available space has been sold for ex-
hibits and demonstrations of the latest 
equipment in the industry. 

Highlighting the speakers will be a key-
note address by A. T. Waterman, director 
of the National Science Foundation, and 
IRE President J. W. McRae, is scheduled 
tentatively to address a technical session or 
banquet meeting. 

Among the social events will be the 
annual banquet, an informal party, and 
tours. Arrangements are being made for a 
ladies' program which will include special 
visits to many of the historical landmarks 
and points of interest in and near San 
Antonio. 

For further information concerning the 
conference write to: A. W. Straiton, Electri-
cal Engineering Department, University of 
Texas, San Antonio, Tex. 

NOTICE! 

PGQC-1 TRANSACTIONS 

A limited supply of the Tas-
ACTIONS of the Professional Group on 
Quality Control, containing papers 
of the Radio Fall Meeting in Toronto, 
Ont., October, 1951, and the Quality 
Control papers presented at the 1952 
IRE National Convention, are still 
available. 

Copies may be obtained for $1.20 
for members of the Group, $1.80 for 
IRE members, and $3.60 for non-
members by writing to: The Insti-
tute of Radio Engineers, 1 East 79 
Street, New York 21, N. Y. 
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G. EDWARD HAMILTON 

ALFRED JENKINS 

C. ROBERT PAITLSON 

The Second Annual Professional Group 
Broadcast Symposium 

An enthusiastic audience, of several hun-
dred, representing broadcasters and mem-
bers of industry from all parts of the coun-
try, convened during the Second Annual 
Broadcast Symposium of the IRE Profee' 
sional Group on Broadcast Transmission 
Systems, at Franklin Hall on October 27, 
and heard a striking report on broadcasting. 

The meeting was highlighted by a series 
of operational exhibits which supplemented 
many of the papers. On view, and in some 
instances in operation, were complete rear-
screen projection equipment, special-effect 
devices, tape recorders, a uhf klystron, audio 
switching units, high-power uhf tubes, fly-
ing-spot scanner mechanisms, and the 35 
foot Telemobile which was used by NBC dur-
ing the recent political conventions in Chi-
cago. Surveyed at the sessions, held during 
the morning, afternoon, and evening, were 
special effects and their relation to camera 
design and pickup, the characteristics and 
applications of film scanners, audio tech-
niques, ultra-high tubes and station facilities, 
and special-event practices. 
A series of papers was offered on camera 

special-effect systems: Alfred Jenkins, 
Trans-Lux Corp., covered rear-screen pro-
jection; C. Robert Paulson, Audio-Video 
Products, discussed TV broadcasting produc-
tion techniques; and G. Edward Hamilton, 
ABC, analyzed gray-scale considerations of 
a TV system. These talks were followed by 
four discussions on flying-spot scanners: 
Jesse Haines, Allen B. DuMont Labs, pre-
sented a paper on flying-spot scanner optics; 
R. E. Graham, Bell Labs., probed flying-
spot scanner design; and J. W. Wentworth, 
RCA, discussed flying-spot scanner gamma-
correction circuits. Through the courtesy of 
BBC, London, Arthur S. R. Toby, of the 
New York office, presented a recorded talk 
by R. H. Hammans on flying-spot telecine 
equipment and its use at BBC. 

In a session on the ultrahighs, F. J. Bias, 
G.E., covered a high-power uhf broadcast-
ing system, and Robert Manfredi, also of 
G.E., reviewed the subject of power tubes 
for uhf TV service. John S. McCullough, 
Eitel-McCullough, Inc., presented a paper 
on the operational characteristics of the 
klystron amplifier. 

(Continued on page 171) 
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Professional Group News 

COMPUTERS PROCEEDINGS 
AVAILABLE 

The "Review of Electronic Digital 
Computers," proceedings of the joint 
AI EE- I RE Computer Conference, 
held in Philadelphia, December, 1951, 
is still available in bound-volume 
form for $3.50. 

Orders may be placed by writing 
to: The Institute of Radio Engineers, 
1 East 79 Street, New York 21, N. Y. 

ANTENNAS AND PROPAGATION 
A meeting of the Chicago Chapter of the 

Professional Group on Antennas and Propa-
gation was held recently at the Western 
Society of Engineers Building, Chicago, 
Ill. J. S. Brown presided. 

During the meeting, Edward Dyke, 
Motorola Inc., presented a paper on "An-
tenna Design for Microwave Relays," in 
which he discussed various phases in the 
design of antennas for microwave relays, 
including choice of frequency, type of an-
tenna, type of feed, and so forth. 
A set of slides illustrated such phases as a 

series of calculations of antenna performance 
with respect to impedance and bandwidth, 
and showed typical installations. 

AUDIO 

A petition for the formation of an Albu-
querque Audio Group Chapter has been 
approved by the Executive Committee. 
D. V. Couden, Sandia Corporation, is or-
ganizer of the Chapter. 

CIRCUIT THEORY 

The Los Angeles Group Chapter on 
Circuit Theory held their November meet-
ing at the Institute for Numerical Analysis, 
UCLA. Louis Weinberg, Hughes Aircraft 
Co., Chairman of the Group, spoke on, 
"Network Synthesis—What It Means." 

COMMUNICATIONS 

A symposium on Military Communica-
tions was sponsored by Professional Group 
on Communications, recently, at Coles Sig-
nal Laboratory, Fort Monmouth, N. J. 

The latest developments in Signal Corps, 
Air Force, and Navy communications were 
discussed, as well as varied contributions of 
electronic manufacturers to the military. 

Speakers and their subjects were: John 
Hessell, Coles Signal Laboratory, who spoke 
on tactical military radio communications 
systems; W. C. Lent, Andrews Air Force 
Base, who spoke on global communications 
systems planning; J. A. Krcek, Navy Bureau 
Ships, who spoke on aspects of naval com-
munications systems; and J. E. Smith, 
Raytheon Manufacturers Co., who dis-
cussed the manufacturer's contributions to 
military communications. 

ELECTRON DEVICES 

R. W. Slinkman, Sylvania Electric Prod-
ucts Inc., is Chairman of the newly organ-
ized Group Chapter on Electron Devices 
in Emporium, Pa. 

ENGINEERING MANAGEMENT 

The Professional Group on Engineering 
Management has announced the official ap-
proval of a chapter in Washington, D. C. 

PROFESSIONAL GROUP CHAPTERS 

Forty-one chapters of the IRE Profes-
sional Groups now are operating officially, 
14 in the West, 18 in the mid West, and 9 in 
the East. Petitions are being circulated for 
an additional 6 to be established. 

MICROWAVE THEORY AND TECHNIQUES 

A Symposium on Microwave Circuits, 
sponsored by the Professional Group on 
Microwave Theory and Techniques, was 
held November 7, Western Union Auditori-
um, New York, N. Y. Representatives from 
many parts of the country were among the 
more than 200 members and guests. 

Ben Warriner, Chairman of the Group, 
opened the meeting with a brief discussion 
on the Group's current state and its future 
plans. It was pointed out that new members 
are needed for the Executive Committee and 
can be nominated by petition from Group 
members who are in good standing. 

The technical sessions were led by A. G. 
Clavier and G. C. Southworth, who were 
the chairmen of the morning and afternoon 
sessions. Outstanding papers were presented 
in the fields of microstrip, transmission 
lines, multimode waveguides, ferrites, and 
microwave components. Some of the papers 
presented may be published in a forthcom-
ing TRANSACTIONS of the Professional Group 
on Microwave Theory and Techniques. 

Officers for the symposium included 
R. E. Henning, Chairman of the Publicity 
Committee; A. L. Witten, Chairman of 
the Arrangements Committee; and A. C. 
Beck, Chairman of the Papers Committee. 

(Professional Broadcast Symposium, coned) 
A comprehensive review of the audio in-

stallation at the ABC center in New York 
City was offered by A. C. Angus, G.E., and 
E. P. Vincent and John Bourcier, ABC, with 
Vincent presenting the paper. 

The inside story of radio-TV special-
event coverage at the Chicago political con-
ventions was told by representatives of the 
networks. Orville Sather, CBS, discussed the 
TV industry pool; Rodney Chipp, DuMont 
TV Network, analyzed the pool master con-
trol setup; F. A. Wankel, NBC, reviewed 
network coverage, and William Trevarthen, 
ABC, discussed AM facilities, and the 
human side of special-event coverage. 

George Lewis of WCAU, Clifford C. 
Harris of WIP and Louis E. Littlejohn of 
WFIL, moderated the three sessions. Scott 
Holt of Allen B. DuMont, Clure Owen of 
ABC, and Lewis Winner, Chairman of the 
group, arranged the program. Chairman 
Winner also served as session commentator. 

Preprints of most of the papers were 
available at the meeting. All of the papers 
will be included in a special TRANSACTION 
issue for mailing to paid group members who 
were unable to attend. Those who have not 
paid their assessment can obtain copies of 
the TRANSACTIONS upon payment of the 
$2.00 assessment fee. 

TRANSACTIONS OF IRE PROFESSIONAL GROUPS 

The following issues of Transactions have recently been published by 
IRE Professional Groups and additional copies are available from the in-
stitute of Radio Engineers, Inc., 1 East 79 Street, New York 21, N. Y., at the 
prices listed below. 

Group IRE Non-
Sponsoring Publication Mem- Mem- mem-

Group bers bers bers* 

Airborne 
Electronics 

Antennas and 
Propagation 

Audio 

Circuit Theory 

Electron 
Devices 

PGAE-5; "A Dynamic Aircraft 
Simulator for Study of Human 
Response Characteristics" (8 
pages) 
PGAE-6; "Ground-to-Air Co- 
channel Interference at 2,900 
MC" (29 pages) 
PGAP-4; IRE Western Con- 
vention, August, 1952 (136 
pages) 
PGA-10; November-December 
Issue (28 pages) 
PGCT-1; IRE Western Con- 
vention, August, 1952 (100 
Pages) 
PGED-1; Papers from IRE 
Conference on Electron Tube 
Research and IRE-AIEE Con-
ference on Semiconductor 
Research, June, 1952 (32 
Pages) 

$0.30 

0.30 

2.20 

0.70 

1.60 

0.80 

$0.45 

0.45 

3.30 

1.05 

2.40 

1.20 

$0.90 

0.90 

6.60 

2.10 

4.80 

2.40 

* Public libraries and colleges can purchase copies at IRE Member rates. 
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1953 IRE National Convention News 

M ORE THAN 30,000 radio engineers 
and scientists from all parts of the 
world will convene on March 23 

through 26, at the Waldorf-Astoria Hotel 
and Grand Central Palace in New York City 
for the most important technical event of the 
year—the 1953 IRE National Convention. 
Plans for the convention, now nearing com-
pletion, indicate that the convention theme, 
"Radio-Electronics, A Preview of Prog-
ress," will be faithfully carried out by an 
outstanding program of technical papers and 
exhibits, affording members the unique op-
portunity to "preview" the major develop-
ments in all branches of the radio engineer-
ing field. 

ANNUAL MEETING 

Of particular interest to members will 
be the innovations which are planned for 
the Annual Meeting of the Institute on the 
first day, March 23. This opening meeting of 
. the Convention, to be held at 10:30 A.M. in 
the Grand Ballroom of the Waldorf-Astoria, 
will feature William R. Hewlett, Vice Presi-
dent of Hewlett Packard Co., as principal 
speaker, and will include reports of IRE 
officers on the status and operations of the 
Institute. Among the added features of the 
meeting will be the presentation of the 
gavel of office to IRE President J. W. Mc-
Rae by his predecessor, D. B. Sinclair, and 
the awarding of special pins to nine Charter 
Members of the IRE, commemorating the 
three founders of the Institute, Alfred N. 
Goldsmith, John V. L. Hogan, and Robert 
H. Marriott. Messrs. Goldsmith and Hogan, 
and the family of R. H. Marriott will be 
present during the ceremonies. 

TECHNICAL PROGRAM 

Under the chairmanship of Lloyd De-
Vore, the Technical Program Committee in 
co-operation with IRE Professional Groups, 
is planning a papers program of particular 

interest and significance this year, consisting 
of some 43 sessions and about 220 papers. 
Particularly noteworthy is the role that the 
Professional Groups are playing in or-
ganizing the program. At last count, nine 
Professional Groups are planning eleven spe-
cial symposia on subjects of particular and 
timely interest in their respective fields. In 
addition, all Groups are assisting the Tech-
nical Program Committee in scheduling reg-
ular technical sessions comprising voluntar-
ily contributed papers in their special fields. 

Technical Sessions will be held in the 
Grand Ballroom, the Jade Room, and Astor 
Gallery on the third floor of the Waldorf-
Astoria Hotel; in the Gold and Blue Halls 
on the third floor of the Grand Central 
Palace, a convenient two blocks from the 
Hotel; and in the Moderne Room of the 
Belmont Plaza. 

•:• 

EXHIBITS 

The Grand Central Palace will be the 
scene of what has become the most compre-
hensive technical display of radio-elec-
tronic apparatus and their applications in 
the world. Exhibits Manager William C. 
Copp reports that this year's Radio Engi-
neering Show will be larger than ever with 
about 400 exhibitors completely filling four 
floors of the Grand Central Palace. The 
exhibits will run the entire gauntlet of prod-
ucts from subminiature circuits to complete 
communications systems, affording engi-
neers an unparalleled opportunity for visual 
examination of the latest products in every 
field and consultation with the manufac-
turers' representatives. 

For the convenience of those interested 
in specialized fields, many of the exhibits 
located on the third and fourth floors of the 
Palace will be grouped according to such 
subjects as audio, nuclear, components, in-
struments, mobile equipment, military radio, 
airborne equipment, and computers. Sev-
eral theaters will be provided for the demon-
stration of audio and television equipment. 

As noted above, both lecture halls will be 
located on the third floor this year. 

SOCIAL EVENTS 

A "get-together" Cocktail Party will be 
held on the first evening of the convention, 
March 23, in the Waldorf Astoria's Grand 
Ballroom. In these spacious surroundings, 
members and guests will have an excellent 
opportunity to renew old acquaintances 
and make new ones. 

The Annual IRE Banquet will be held in 
the Grand Ballroom of the Waldorf on 
Wednesday evening, March 25, at which 
time the Institute awards for 1953 will be 
presented by President McRae. The major 
address will be delivered by General David 
Sarnoff, the first recipient of the IRE Found-
ers Award. His speech promises to be of 
great interest, not only to professional engi-
neers, but to the entire electronics industry. 

WOMEN'S ACTIVITIES 

Mrs. Raymond F. Guy, Chairman of the 
Women's Activities Committee, reports 
that an attractive program has been ar-
ranged for the wives of members and guests. 
Activities will include fashion shows, tours 
of points of interest, luncheons, and matinee 
performances of leading Broadway shows. 

FURTHER DETAILS 

As convention plans progress they will be 
reported in these pages in subsequent issues, 
and the Convention (March) issue of the 
PROCEEDINGS Will contain a complete pro-
gram of events, together with 100-word 
abstracts of all papers to be delivered at 
the convention. 

IRE/AIEE Meeting on High-Frequency 
Measurements 

HOTEL STATLER, WASFIINGTON, D. C., JANUARY 14-16, 1953 

Wednesday, 9:30 A.M., January 14 

Registration 

Wednesday, 1:30 P.M., January 14 
MEASUREMENT OF FREQUENCY, 

WAVELENGTH AND TIME 
Chairman, Harold Lyons, National 

Bureau of Standards 

"Welcome and Introductory Remarks," 
A. V. Astin, National Bureau of Stand-
ards 

"Precision Measurements of the Velocity 

of Electromagnetic Waves and the Re-
fractive Indices of Gases at Microwave 
Frequencies," L. Essen, National Physi-
cal Laboratory 

"Precision Microwave Measurement of 
Propagation Velocity of Electromagnetic 
Waves," W. W. Hansen,* W. J. Barclay, t 
K. Bol, Stanford University 

"The Measurement of Resonant Cavity 
Characteristics," G. L. Hall and B. Par-
zen, Federal Telecommunications Lab-
oratories, Inc. 
* Deceased 1948, f now at Oregon State College. 

now at Sperry Gyroscope Company. 

"Current Microwave Frequency Calibra-
tion Procedures at the National Bureau 
of Standards," A. E. Wilson, National 
Bureau of Standards 

"New Techniques with Frequency and Time 
Counters," A. S. Bagley, Hewlett-
Packard Co. 

"Performance and Reliability Considera-
tions of Underground Quartz-Crystal 
Resonators," T. A. Pendleton, National 
Bureau of Standards 

(Continued on following page) 
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(High-Frequency Measurements Meeting 
coned) 

"Electronic Chronograph," W. E. Leavitt, 
Naval Research Laboratory 

Thursday, 9:30 A.M., January 15 

MEASUREMENT OF POWER AND 
ATTENUATION 

Chairman, E. W. Houghton, Bell 
Telephone Laboratories, Inc. 

"Measurement of High Power Breakdown 
in Transmission Line Components," M. S. 
Tanenbaum, Sperry Gyroscope Co. 

"Water Calorimeters in Pressurized Rec-
tangular Wave Guides," H. H. Grimm, 
General Electric Co. 

"40-4,000 Microwatt Power Meter," R. W. 
Lange, Bell Telephone Laboratories, Inc. 

"A Microwave Double Detection Measuring 
System with a Single Oscillator," D. H. 
Ring, Bell Telephone Laboratories, Inc. 

"A Rectangular-Waveguide Below-Cutoff 
Attenuator as a Standard of Microwave 
Attenuation," R. W. Hedberg, National 
Bureau of Standards 

"A Broad-Band Precision Waveguide At-
tenuator," B. P. Hand, Hewlett-Packard 
Co. 

Thursday, 12:15 P.M., January 15 

Luncheon, Hotel Statler 
Chairman, E. P. Felch, Chairman, 
Joint AIEE-IRE Committee on 
High Frequency Measurements 

Thursday, 2:00 P.M., January 15 

Inspection Trips, Chartered Buses 
Leave from Hotel Statler 

Thursday, 8:15 P.M., January 15 

Demonstration Lectures, Interior Depart-
ment Auditorium, Annual Joint Meeting 

of the Washington Sections of AIEE 
and IRE. 

Chairman, F. Hamburger, Jr., Chairman 
AIEE Group, Joint AIEE-I RE Com-

mittee on High Frequency 
Measurements 

"Microwave Propagation on Dielectric 
Rods and in Ferromagnetic Media," A. G. 
Fox, Bell Telephone Laboratories, Inc. 

"A New Transistor for High Frequency 
Use," R. L. Wallace, Jr., Bell Telephone 
Laboratories, Inc. 

Friday, 9:30 A.M., January 16 

MEASUREMENT OF TRANSMISSION AND 
RECEPTION 

Chairman, J. W. Kearney, Airborne 
Instruments Laboratory 

"Frequency Considerations in the Trans-
continental Radio Relay System," H. E. 
Curtis and J. B. Maggio, Bell Telephone 
Laboratories, Inc. 

"A Waveguide Cavity for an Externally 
Tuned Reflex Oscillator at 9 KMC," 
N. A. Spencer and David Dettinger, 
Wheeler Laboratories 

"Recent Developments on a New Type of 
Wide Range Electronically Tunable Os-
cillator," S. F. Kaisel, Electronics Re-
search Laboratory, Stanford University 

"Millimeter Waves from Harmonic Gen-
erator," W. Johnson, Radiation Labora-
tory, The Johns Hopkins University 

"A Microwave Correlator," R. M. Page, A. 

Brodzynsky, Naval Research Laboratory 
"A Note on the Stability of Microwave 
Noise Generators," W. W. Mumford, 
Bell Telephone Laboratories, Inc. • 

"Signal Generator Terminations for Re-
ceiver Measurements," Emerick Toth and 
L. S. Bearce, Naval Research Laboratory 

Friday, 2:00 P.M., January 16 

MEASUREMENT OF IMPEDANCE 
Chairman, F. J. Gaffney, Polytechnic 

Research and Development Co. 

"Swept \Vide-Range SWR Indicators for 
100 through 1,350 Megacycles," W. P. 
Peyser, Airborne Instruments Laboratory 

"Balance Measurements on Balun Trans-
formers," O. M. Woodward, Jr., RCA 
Laboratories Division 

"Measurement of Crystal Mixer Dynamic 
IF Admittance," W. T. Doolittle, Jr. and 
A. Ackerman, Sperry Gyroscope Co. 

"Design, Performance, and Application of a 
New Hybrid Junction," M. D. Adcock, 
Hughes Aircraft Co. 

"The Design and Construction of a Rela-
tively Inexpensive Long Slotted Line," 
C. F. Miller, The Johns Hopkins Uni-
versity 

"Accurate Comparison of High SWR-Ap-
plication to the Attenuation Constant of 
a Waveguide," Georges Deschamps, Fed-
eral Telecommunication Laboratories, 
Inc. 

"Precision Measurements of Dielectric 
Constants and Attenuation Constants at 
Microwave Frequencies," H. M. Alt-
schuler and A. A. Oliner, Microwave Re-
search Institute 

IRE People  
John Ruze (S'39-A'40-M'46), has been 

appointed director of research of the Gabriel 
Company Laboratories. 

Dr. Ruze was 
born in New York, 
N. Y. in 1916, and 
received the B.S. de-
gree in electrical en-
gineering from the 
College of the City 
of New York in 1938. 
He received the M.S. 
degree from Colum-
bia University and 
the D.Sc. degree from 
the Massachusetts I n-
stituteof Technology. 

During World War II, Dr. Ruze became 
associated with the Signal Corps Engineer-
ing Laboratories, and from 1942-1946, he 
headed the antenna design section at the 
Evans Laboratory. In 1946, he joined the 
Air Force Cambridge Electronic Research 
Laboratory, where he served as assistant 
chief of the antenna laboratory until 1948. 
He later worked at the radar laboratory of 
that organization. 

Dr. Ruze is a member of the American 
Physical Society, Epsilon Chi, Tau Beta Pi, 
and Eta Kappa Nu. 

JOHN RUZE 

Robert E. Samuelson (SM'45) has been 
appointed chief engineer of the Motorola, 
Inc. research laboratories, Phoenix, Ariz. He 

has been head of the 
communications re-
search section for the 
company. 
A native of Min-

nesota, Mr. Samuel-
son received the B.S. 
degree from the Uni-
versity of Minnesota 
in 1933. From 1934-
1938 he was a radio 
engineer for the Col-
lins Radio Company 
in Cedar Rapids, 

Iowa, where he worked on the design and de-
velopment of portable and aircraft radio 
equipment. He then joined the Hallicrafter 
Company in Chicago, Ill., in charge of all 
transmitters and audio amplifiers and later 
became the chief engineer. 

After serving as president of the Voice 
and Vision Company in Chicago, Mr. 
Samuelson joined Motorola, Inc., in 1950. 

Mr. Samuelson has been active on panel 
14 of RTPB and several committees of 
RMA. He is a member of the Radio Engi-
neers Club of Chicago. 

R. E. SAMUELSON E. J. RUDISUHLE 

Edwin J. Rudisuhle (A'50) has been ap-
pointed to the sales engineering department 
of Lenkurt Electric Company, San Carlos, 

Calif. Previously Mr. 
Rudisuhle was chief 
of the ninth region 
Civil Aeronautics 
Administration. 

Mr. Rudisuhle 
was born in Minne-
sota, and received 
the B.E.E. degree 
from the University 
of Minnesota in 1940. 
From 1941-1943, he 
was a radio engineer 
for the Federal Com-

munications Commission working with high-
frequency direction finding and monitoring. 
During World War II, he served with the 
communications operation division of the 
United States Coast Guard, traveling 
widely in his work with direction finding in-
stallations. 

After the war, Mr. Rudisuhle joined the 
Civil Aeronautics Administration to handle 
engineering problems for the foreign section 
and later directed the engineering of air 
navigation and communications facilities in 
the Pacific Area. 
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IRE People 
a 
J. H. Dellinger (F'23) has been elected 

president of honor of the International Sci-
entific Radio Union. He is a past chairman 

of the United States 
National Committee 
and retiring vice 
president of URSI. 

Dr. Dellinger was 
born on July 3,1886, 
in Cleveland, Ohio, 
where he attended 
Western Reserve Uni-
versity. He received 
the B.A. degree in 
1908 from George 

J. H DELLINGER Washington Univer-
sity,. and the Ph.D. 

degree from Princeton University in 1913. 
In 1932, he was awarded the D.Sc. degree 
from George Washington University. 

During 1907-1948, Dr. Dellinger held 
successive posts at the National Bureau of 
Standards of physicist, chief of the radio 
section, and chief of the Central Radio 
Propagation Laboratory. During 1928-1929, 
he was chief engineer of the Federal Radio 
Commission and from 1922-1948, served as 
a representative of the United States De-
partment of Commerce on the Interdepart-
ment Radio Advisory Committee. He has 
been associated with numerous international 
radio conferences and commissions through-
out his career. 

Dr. Dellinger was IRE President in 1925, 
and an IRE Director from 1924-1927. He 
received the IRE Medal of Honor in 1936, 
and was Chairman of the Washington Sec-
tion during 1932-1933. He also has been 
active on various committees of the Institute 
and has acted as its Representative at meet-
ings of the American Documentation Insti-
tute and American Standards Committee. 

W. C. Fisher (A'42-M'45-SM'49) has 
become a member of the sales engineering 
service section of the Lenkurt Electric Com-

pany, San Carlos, 
Calif. Previous to 
joining Lenkurt, Mr. 
Fisher was vice presi-
dent of Norwesto 
Communications 
Ltd., Kenora, Ont. 

Mr. Fisher, a na-
tive of Canada, re-
ceived the B.S. and 
M.S. degrees in 1935 
and 1938, from the 
University of Sas-
katchewan, and did 

post-graduate work at Purdue University. 
During 1938-1939, Mr. Fisher was a 

mechanical radio inspector for Rogers-
Majestic Ltd., in Toronto, and a sound 
engineer for Dominion Sound Equipments 
Ltd., in Montreal. From 1939-1940, he was 
an engineer in the receiver development 
laboratories for RCA Victor Ltd., Montreal. 
He served as a Wing Commander in the 
signals branch of the Royal Canadian Air 
Force from 1940-1945, and returnétl to 
RCA Victor as a senior engineer of the engi-
neering products department until 1946. Mr. 

W. C. FISHER 

Fisher was also a sales engineer for this 
company in Winnipeg. 

Mr. Fisher has been Chairman of the 
Winnipeg IRE Subsection, and is a member 
of the Association of Professional Engineers 
of the Province of Manitoba and a member 
of the Engineering Institute of Canada. 

Charles B. Aiken (A'25-M'35-
SM'43), vice president and director 
of research of Electro-Mechanical Re-
search, Inc., Ridgefield Conn., died 
this past year, it was learned re-
cently by the Institute. 

Dr. Aiken was a native of Lousi-
ana where he received the B.S. de-
gree from Tulane University in 1923. 
He received the M.S. degree in 1924, 
the M.A. degree in 1925, and the 
Ph.D. degree in 1933, from Harvard 
University. 

Dr. Aiken's professional positions 
included his work as a research en-
gineer at Mason, Slichter, and Hay, 
a technical staff member of Bell Tele-
phone Laboratories, Inc., a lecturer 
in electrical engineering at Columbia 
University, associate professor at 
Purdue University, and consulting 
engineer of McCutchen and Aiken. 

Dr. Aiken was a member of the 
American Institute of Electrical En-
gineers. 

Robert M. Page (SM'45-F'47), superin-
tendent of Radio III Division and con-
sultant in electronics to the director of re-

search at the Naval 
Research Labora-
tory, has been hon-
ored by Hamline 
University, St. Paul, 
Minn., in a dedi-
cation of their 
new laboratory. The 
Robert M. Page Lab-
oratory of Electron-

/1k ics was dedicated 
"in tribute to the 

R. M. PAGE profound role (he 
has) played in the 

development of radar." 
A native of St. Paul, Dr. Page received 

his B.S. degree from Hamline University 
in 1927, and the M.A. degree from George 
Washington University in 1932. He re-
ceived the doctorate from Hamline in 1943. 

Dr. Page has served with the Naval Re-
search Laboratory since 1927 in various 
positions and recently returned from a 
three-month survey of electronics develop-
ments in Germany for the State Depart-
ment. He is the holder of several awards in-
cluding the United States Navy Civilian 
Service Award, The Certificate of Award 
from the Office of Scientific Research and 
Development, and the President of the 
United States Certificate of Merit. Dr. 
Page has contributed numerous technical 
articles to scientific publications and has 

been issued approximately 20 patents. He 
has been a member of the IRE Board of 
Editors since 1946. 

M. Glenn Jarrett (A'38-VA'39-
SM'49), transmission engineer of the 
Bell Telephone Company, Pittsburgh, 
Pa., died recently at the age of 47. 

Mr. Jarrett, a native of Pennsyl-
vania, received the B.S. degree in 
electrical engineering from the Uni-
versity of Pennsylvania in 1927. From 
that time, he worked with Bell Tele-
phone in their transmission depart-
ment. During World War II he was a 
member of the Bell Telephone lab-
oratories, assigned to the staff of the 
school for training military personnel 
on fire-control radar equipment. In 
1946, he was made responsible for 
engineering of radiotelephone sys-
tems to meet current transmission 
objectives. 

Mr. Jarrett was Secretary-Treas-
urer of the IRE Pittsburgh Section, 
1940-1942; Vice Chairman, 1948-
1949; Chairman, 1949-1950. 

Axel G. Jensen (A'23-M'26-F'42), direc-
tor of television research of the Bell Tele-
phone Laboratories has been presented the 

1952 David Sarnoff 
Gold Medal Award 
by the Society of 
Motion Picture and 
Television Engineers. 
The medal is given in 
recognition of recent 
technical contribu-
tions to the art of 
television. 

Mr. Jensen also 
has been awarded a 
certificate of service 
by the American 

Standards Association in recognition of his 
work in the development of American 
Standards. Mr. Jensen is a member of the 
ASA Standards Council representing the 
IRE, and is especially active on ASA Com-
mittees on Radio (C-16), and on Definitions 
of Electrical Terms (C42). 

Earlier this year Mr. Jensen was pre-
sented the G. A. Hageman Gold Medal 
Award by the Royal Technical College in 
Copenhagen, Denmark, where he received 
the E. E. degree in 1920, and was an instruc-
tor before coming to the United States. He 
has been a member of the Bell Telephone 
staff since 1922, when he finished post-
graduate work at Columbia University as a 
fellow of the American Scandinavian Foun-
dation. In 1926 Mr. Jensen went to London 
to initiate short-wave radio reception from 
the United States and returned in 1930 to 
work on the development of the coaxial 
system. He has been engaged in television 
research for Bell Telephone since 1938. 

Mr. Jensen has been active on numerous 
IRE committees and has been an IRE 
Representative for various technical organ-
izations and committees. 

A. G. JENSEN 
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Books  
Pulse Techniques by Sidney Moskowitz 
and Joseph Recker (4479) 

Published (1951) by Prentice-Hall. Inc., 70 Fifth 
Ave.. New York 11. N. Y. 259 pages +6-page index 
+35-page appendix +viii pages. 202 figures. 6 X81. 
86.65 

Sidney Moskowitz is on the staff of the Federal 
Telecommunications Laboratories. Inc.. Nutley. 
N. J. Joseph Backer is microwave link consultant of 
the Joseph Hacker Co., New York. N. Y. 

Quoting from the book, "The primary 
objective of this text is to enable indi-
viduals with electrical engineering back-
ground to analyze and design circuits for 
transmission and utilization of pulses." 

The book is divided into nine chapters 
and a mathematical appendix as follows: (1) 
Characteristics of Pulses; (2) Transient 
Response of Linear Networks; (3) Design of 
Pulse Networks; (4) Linear Pulse Ampli-
fiers; (5) Pulse-Shaping and Clamp Cir-
cuits; (6) Pulse Generation; (7) Pulse 
Measurements and Instruments; (8) Pulse 
Communication Systems; (9) Aerial Navi-
gation Aids; Appendices, Review of Com-
plex-Variable Theory, Pulse Response of 
Cascaded Wave Filters, and Pulse Response 
of Transmission Lines. 

The authors assume that the reader has 
had previous exposure to complex-variable 
theory. In Chapter 2, we are given a clear 
exposition of Fourier and Laplace trans-
form theory with illustrative examples. 
However, numerous misprints and the use 
of undefined nonstandard symbols may tend 
to make the book confusing for the student. 
The authors seem to have purposely ex-
cluded the variable of integration under an 
integral sign. For example, in the mathe-
matical appendix, page 263 contains two 
misprints, an undefined integral, the use of 
both j and i for V-1, and two undefined 
symbols whose meaning was very puzzling to 
the reviewer. 
A few other inclusions may have been 

desirable in the material. For instance, no 
mention is made of RF pulses, and the im-
portant problem of providing selectivity 
for such signals is omitted. The treatment 
of delay lines in chapter 3 does not include 
the modern development of delay lines. 

The best part of the book is chapter 5 on 
pulse shaping and clamp circuits in which 
the authors get together with the subject 
and pulses are treated as waveforms. How-
ever, even here, coincidence detectors are 
overlooked and "pulse-moding" (arranging 
pulses in a predetermined pattern for multi-
plexing) is dismissed after a short description 
of its use to provide synchronization in ppm. 

The reader who may wish to supplement 
the book's information with further inves-
tigation is referred to the Radiation Labora-
tory Series, Volume 19, on "Waveforms." 

CHARLES J. HIRSCH 
Hazeltine Corporation 

Little Neck, N. Y. 

Most Often Needed 1952 Radio Diagrams 
and Servicing Information Compiled by 
M. N. Beitman( 4480) 

Published (1952) by Supreme Publications, 3727 
West 13 St.. Chicago 23, III. 168 pages including 
index, models, and diagrams. 101 X81. $2.50. 

This book contains a collection of manu-
facturers circuit diagrams and service notes 
for "1952" radio receivers. It is the twelfth 

volume of a series that starts with receivers 
of the year "1926." Also included is servicing 
information on the automatic record 
changers connected with some of these re-
ceivers. The book does not present informa-
tion on every receiver manufactured, but as 
the title implies, it presents representative 
designs. In this respect it is successful in 
covering nearly all variations of AM and 
FM receiver designs for "1952." 

Most of the schematic diagrams and 
service notes presented are reproductions of 
the manufacturers service notes, which has 
led to some minor inconsistencies and omis-
sions. For example, fairly complete align-
ment instructions are given for some models 
while no information other than the 
schematic diagram is given for others. How-
ever, this may be an omission of the manu-
facturer's rather than the compiler's. 

The volume, intended primarily for serv-
icemen, seems quite adequate for the one 
experienced in this field. It also might pro-
vide a handy reference for the engineer 
interested in keeping abreast of design 
trends in the broadcast receiver field. 

With practically no exceptions the cir-
cuit diagrams are clearly reproduced and 
component values are read easily. The index 
is clear and concise and, in general, the book 
is a worthwhile contribution in its field. 

DAVID SILLMAN 
Hazeltine Corporation 

Little Neck, N. Y. 

Radio Antenna Engineering by Edmund A. 
Laport (4481) 

Published (1952) by McGraw-Hill Book Company 
Inc.. 330 West 42 St., New York 18, N. Y. 526 pages 
+11-page index +27-page appendix +rii pages. 496 
figures. 6 X9. $9.00. 

Edmund A. Laport is chief engineer of RCA Inter-
national Division, New York, N. Y. 

This new 563-page book presents the 
electrical and mechanical design aspects of 
radio antennas for communication and 
broadcast frequencies below about 30 mc. 
Because of its comprehensive coverage of 
the subject this book should be of great 
value to the engineer starting a career in 
this field. It should provide also much useful 
reference material for the practicing en-
gineer in the field of radio antenna design. 

In general, the book discusses the propa-
gation characteristics, circuitry, and me-
chanical configurations of antennas con-
structed of wires, masts, and towers for all 
of the important antenna types in the so-
called low-, medium-, and high-frequency 
bands. Much of the "hard-to-find" informa-
tion which the engineer normally gathers 
only through long experience in the antenna 
field is presented in lucid fashion. 

The first chapter discusses low-frequency 
antenna types such as the multiple-tuned 
antenna, the wave or beverage antenna, the 
adcoc.k antenna used for low-frequency 
four-course radio ranges, and various flat-
top designs. This is followed by a chapter 
discussing medium-frequency broadcast 
tower radiators and directional broadcast 
tower arrays with their associated feeder 
systems. Sample computations included are 
very helpful. Photographs illustrate struc-
tural details of broadcast antennas. 

Following, is a chapter which occupies 
approximately one-third of the book, and is 

devoted to the high-frequency antenna 
types. It delves into the propagation charac-
teristics of high-frequency electromagnetic 
waves and describes the many ramifications 
of high-frequency directional antenna ar-
rays. Foster's stereographic projection meth-
od of analyzing the more complicated an-
tenna radiation patterns, such as those of 
rhombic antennas, is included. 
A chapter on transmission lines and an-

other on impedance matching are presented; 
both subjects being closely associated with 
antenna design and both treated, for en-
gineering purposes, largely from the time 
saving graphical view-point. A final chap-
ter deals with the logarithmic-potential 
theory, a highly practical tool for the anten-
na engineer. 

The book, carefully written and orderly 
arranged, includes bibliographies at the end 
of each chapter as well as a general bibli-
ography at the end of the book, enabling the 
reader to pursue in greater detail any partic-
ular phase of the subject on which he may 
require further information. 

PHILLIP H. SMITH 
Bell Telephone Labs.. Inc. 

Whippany, N. J. 

Measurements at Centimeter Wavelength 
by Donald D. King (4482) 

Published (1952) by D. Van Nostrand Company, 
Inc., 250 Fourth Ave., New York 3, N. Y. 309 pages 
+8-page index +7-page glossary +vii pages. 220 fig-
ures plus tables. 6 X9. $5.50. 

Donald D. King is the assistant director. Radia-
tion Laboratory, The John Hopkins University, Bal-
timore, Md. 

The author presents a systematic exposi-
tion of wave phenomena as related to cen-
timeter measurements in the wavelength 
range of three meters to ten millimeters. The 
manner of writing is aimed toward pre-
senting "practical formulas and facts" based 
upon impedance, standing-wave ratio, and 
reflection coefficient concepts. Most of the 
topics are well referenced. 

Following an introduction which briefly 
evaluates the effects of increasing frequency 
on lumped and distributed constant circuits, 
the author qualifies the use of impedance, 
power, and frequency as fundamental meas-
urable quantities. In proceeding chapters, 
the subject matters discussed include trans-
mission line equations and various alternate 
forms, surface-wave transmission, instru-
ments for measuring power and frequency, 
characteristics of several classes of genera-
tors, methods for measuring impedance, 
vswr, attenuation with requirements on 
range and accuracy, and measurements re-
lating to antenna field patterns. Full use is 
made of transmission line charts, summary 
tables, and block diagrams. An attempt is 
also made to describe the structural design 
of line components and required perform-
ance. The tangent method for determining 
the circuit parameters of four-terminal net-
works is introduced. 

The text is valuable as a handbook of 
methods with brief regard of techniques. Al-
though the topics are not sufficiently treated 
to stimulate the experimenter, the book 
with its broad coverage should be of great 
interest to experienced microwave engineers. 

ANTHONY B. GIOFtDANO 
Polytechnic Institute of Brooklyn 

Brooklyn, N. Y. 
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ACOUSTICS AND AUDIO FREQUENCIES 

016:534 3298 
References to Contemporary Papers on 

Acoustics—R. T. Beyer. (Jour. Acous. Soc. 
Amer., vol. 24, pp. 421-426; July, 1952.) 
Continuation of 2675 of November. 

534.2 3299 
Sound Scattering by Thin Elastic Shells— 

M. C. Junger. (Jour. Acous. Soc. Amer., vol. 
24, pp. 366-373; July, 1952.) Theory previously 
developed by Faran (2611 of 1951) for scatter-
ing by solid cylinders and spheres is extended 
to take account of the modification of the scat-
tering pattern due to the forced vibrations 
excited in the elastic shell by the incident wave. 
The influence of the ambient medium is dis-
cussed. 

534.231:621.3.018.78t 3300 
Two Applications of the Concept of Spatial 

Distortion—J. Bernhart. (Onde t lea., vol. 32, 
pp. 334-343; July, 1952.) Spatial distortion is 
regarded as including all defects of reproduc-
tion which detract from the directional effect, 
whether they originate in the pickup of a 
sound or in its transmission or reproduction. 
Two cases are considered: (a) the distortion 
introduced at the origin of a transmission chain 
by classical methods of sound pickup, stereo-
phonic reproduction being treated as a par-
ticular case, (b) the spatial distortion in the 
reproduction of sound. A detailed study is 
presented of the Elipson "radiation trans-
former"; its use for directing the maximum 
amount of sound energy toward an audience is 
explained. See also 2108 of September (Fores-
tier). 

534.232+621.395.612.4 3301 
The Radiation Impedance of Ribbon-Type 

Sound Radiators, and the Vibro-motive Force 
on Them—T. Nimura and K. Shibayama. 
(Sci. Rep. Res. Inst. Tohoku Univ. Ser. B. 

The Annual Index to these Abstracts and References, covering those published 
in the PROC. I.R.E. from February, 1951, through January, 1952, may be obtained 
for 2s.8d. postage included from the Wireless Engineer, Dorset House, Stamford 
St., London S.E., England. This index includes a list of the journals abstracted 
together with the addresses of their publishers. 

vol. 3, pp. 77-85; September, 1951.) Mathieu 
functions are used to derive formulas for the 
acoustic radiation from a ribbon with a baffle 
of finite width, and for the acoustic scattering 
by a rigid ribbon. The analysis is applicable to 
ribbon microphones. 

534.232 3302 
Calculation of the Directivity Index for 

Various Types of Radiators—H. Stenzel. 
(Jour. Acous. Soc. Amer., vol. 24, pp. 417-418; 
July, 1952.) Discussion on 3289 of 1948 (Mol-
loy). 

534.232 3303 
Observations on Edge-Tones—M. Mokh-

tar and H. Youssef. (Acustica, vol. 2, no. 3, 
pp. 135-139; 1952.) The mechanism of edge-
tone production is studied from the following 
aspects, (a) distribution of wind velocity be-
tween slit and edge, (b) paths of the vortices, 
(c) velocity/frequency relation. Particular at-
tention is paid to the frequency-jump stage. 

534.232:537.228.1 3304 
On the Characteristics of Miscellaneous 

Piezoelectric Vibrators in Stiffness Control— 
S. Honda. (Sci. Rep. Res. Inst. Tohoku Univ., 
Ser. B, vol. 3, pp. 95-114; March, 1952.) 
Investigation of the characteristics of electro-
mechanical transducers of the longitudinal-
and shear-vibration types and of twin-plate 
flexure and torsion types. Formulas for the 
electrical and mechanical constants of the dif-
ferent types are tabulated. 

534.232:1537.228.2+538.652 3305 
On the Effective Attenuation of Some 

Electroacoustic Transducers at their Conju-
gate Electrical Matching—Y. Kikuchi and 
H. Shimizu. (Sci. Rep. Res. Inst. Tohoku Univ., 
Ser B, vol. 3, pp. 13-18; September, 1951.) 

534.232:538.652 3306 
On the Effective Attenuation of Ring-Type 

Magnetostriction Transducers—Y. Kikuchi 
and H. Shimizu. (Sci. Rep. Res. Inst. Tohoku 
Univ., Ser. B, vol. 3, pp. 1-5; September, 
1951.) 

534.24 3307 
The Reflection of a Transient [sound] 

Pulse by a Parabolic Cylinder and a Paraboloid 
of Revolution—W. Chester. (Quart. Jour. 
Mech. Ape. Math., vol. 5, pp. 196-205; June, 
1952.) An adaptation of Lamb's analysis for 
the case of an incident harmonic wave train is 
used to derive the corresponding transient 
solutions. 

534.321.9 3308 
Linear Magnetostrictive Ultrasonic-Wave 

Generation using Crossed Magnetic Fields— 
H. H. Rust and E. Bailitis. (Acustica, vol. 2, 
pp. 132-135; 1952. In German.) With linear 
magnetostrictive generators the actual maxi-

mum elongation is given by the difference of 
the elongations in the remanence and the 
saturation states. If the vibrating body, a cube 
of ferromagnetic material, is enclosed in two 
pairs of coils at right angles to each other, one 
of each pair providing a permanent magnetic 
field, the other carrying alternating current, an 
alternation of maximum elongation and con-
traction will take place in the direction of the 
wave vector. At these maxima the Weiss vectors 
will be normal to each other, and remanence 
will temporarily vanish. The expected increase 
in elongation with the above arrangement is 
‘••,45.10-6 for Ni, and it should thus be possible 
to use less costly materials, e.g., Fe-Ni alloy 
with 4 per cent Ni content, as magnetostrictive 
elements. 

534.321.9 3309 
Considerations and Suggestions on the 

Concentration of Ultrasonic Energy—A. Bar-
one. (Ricerca sci., vol. 22, pp. 679-684; April, 
1952.) Reflection types of concentrator, two 
of which are described, are preferable to 
acoustic lenses. One equipment uses a para-
bolic reflector to obtain a converging beam; 
the other makes use of reflections at the sur-
faces of two conical holes bored in the ends of 
a metal cylinder arranged in front of the ultra-
sonic generator. By suitable design of cone 
lengths and angles, and the internal diameter 
where the holes meet, the energy can be con-
centrated, within certain limits, over a pre-
scribed area. 

534.321.9: 534.22 : [546.264 + 547.313.2 3310 
Propagation of Ultrasonic Waves in Va-

pours near the Critical Point—H. D. Parbrook 
and E. G. Richardson. (Proc. Phys. Soc. 
(London), vol. 65, pp. 437-444; June 1, 1952.) 
An experimental study of the velocity and 
absorption of ultrasonic waves at frequencies 
of 0.5, 1 and 2 mc in CO2 and C2114 at pressures 
up to 100 atm, using a variable-path acoustic 
interferometer. 

534.414 3311 
Multiple Helmholtz Resonators—C. S. 

McGinnis and V. F. Albert. (Jour. Acous. Soc. 
Amer., vol. 24, pp. 374-379; July, 1952.) The 
equations of motion for the fluid in any reso-
nator network are obtained by application of 
Lagrange's method. The number of resonances 
found is equal to the number of distinct cavi-
ties. Calculated values of resonance frequency 
agree with values found experimentally. The 
work is relevant to investigations of the 
mechanism of voice production. 

534.612.4 3312 
A Simplified Technique for the Pressure 

Calibration of Condenser Microphones by the 
Reciprocity Method—A. K. Nielsen. (Acustica, 
vol. 2, pp. 112-118; 1952.) Calibration tech-
nique is much simplified if the •ransfer im-
pedance is determined, the open-circuit voltage 
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of the receiver microphone and the current 
through the source microphone being measured 
directly. A suitable method and precautions 
necessary are explained. Discussion shows that 
the noise level of the cathode-follower pre-
amplifier used can be reduced to a tolerable 
value of suitable circuit design. 

534.613:534.321.9 3313 
Absolute Method of Measurement of 

Acoustic Power in an Ultrasonic Beam in a 
Liquid, based on the Radiation Pressure ex-
erted on a Liquid/Gas Interface—C. Florisson. 
(Comp!. Rend. Acad. Sci. (Paris), vol. 235, 
pp. 27-28; July 7, 1952.) 

534.78: 519.271 3314 
An Experimental Study of Speech-Wave 

Probability Distributions—W. B. Davenport, 
Jr. (Jour. Acous. Soc. Amer., vol. 24, pp. 390-
399; July, 1952.) 

534.833.4-13/-14 3315 
General Theory of the Absorption of Sound 

in Gases and Liquids taking Account of Trans-
port Phenomena—J. Meixner. (Acustica, vol. 
2, pp. 101-109; 1952. In German.) 

534.84 3316 
Recent Progress in Architectural Acoustics 

—A. C. Raes. (Onde élect., vol. 32, pp. 321-
330; July, 1952.) Review of methods of de-
termining the acoustic properties of rooms or 
halls, and of test methods for sound-absorbent 
materials. 

534.84:621.396.619.13 3317 
Frequency Modulation in Architectural 

Acoustics—J. Pujolle and R. Lamoral. (Onde 
Rect., vol. 32, pp. 331-333; July, 1952.) An 
investigation of the optimum values of fre-
quency and frequency swing of a warble-tone 
generator for room-acoustics measurements. 

534.84:621.396.712.3 3318 
New Studios of Radiodiffusion Française— 

J. Pujolle. (Ann. Télécommun., vol. 7, pp. 
305-309; July/August, 1952.) Description of 
studios at Nancy, Lille and Nice, and at the 
Center Bourdan, Paris, with particular refer-
ence to the acoustic treatment of walls, ceil-
ings, etc. 

534.843 3319 
The Acoustic Significance of the Ampli-

tude and Phase of Harmonics Present in a 
Source of Sound in a Room—J. G. Robbins. 
(Jour. Acous. Soc. Amer., vol. 24, pp. 380-383; 
July, 1952.) Report of a study of the acoustic 
properties of a rectangular room, using both 
subjective listener-response tests and objective 
measurements of the modulation of the sound-
decay curve. The sound source covered the 
fundamental frequency range 50-3000 cps, the 
amplitude and phase of the first four harmonics 
being adjustable. A large majority of listeners 
cannot distinguish between two steady-state 
sounds differing only in the relative phase of a 
harmonic. 

534.844.1/.2 3320 
The Reverberation Times of Ten British 

Concert Halls—P. H. Parkin, W. E. Scholes, 
and A. G. Derbyshire. (Acustica, vol. 2, pp. 
97-100; 1952.) Measurements at frequencies of 
125, 500, 2000 and 4000 cps are tabulated and 
are discussed with reference to the opinions 
of 42 professional musicians regarding the 
acoustic quality of the halls. In general, the 
reverberation times of the "good" halls lie on 
or near the Knudsen optimum line. 

534.844.2 3321 
Reverberation Times in Baroque Churches 

—W. Lottermoser. (Acustica, vol. 2, no. 3, pp. 
109-111; 1952. In German.) Measurements for 
five churches in Upper Swabia and one in 
Alsace are reported. The many bays in the 
side-walls and the stucco 'ornamentation com-
bine to «mix" the sound waves thoroughly, so 
that good intelligibility of speech and music 

results. A significant feature is the maximum 
reverberation time occurring between 500 and 
1000 cps. 

534.861:534.322.1 3322 
Quadratic and Cubic Distortion in the 

Transmission of Music—G. Haar. (Frequenz, 
vol. 6, pp. 199-206; July, 1952.) Report of tests 
to find how much distortion can be introduced 
in a transmission system before listeners notice 
a deterioration of musical quality. Results are 
shown graphically. Cubic distortion has a 
greater effect than quadratic distortion. 

534.861:534.843.2 3323 
The Effect of the Direct and the Reflected 

Sound on the Sound Pattern—J. Grunert. 
(Tech. Hausmitt. NorduiDtsch. Rdfunks, vol. 4, 
pp. 138-141; July/August, 1952.) Discussion 
of the characteristics of the sound picked up by 
a single microphone in a studio, as affected by 
reflection from the interior, and of problems of 
balance when two microphones are used, as in 
the case of a soloist and orchestra. 

534.861:621.396.8 3324 
Use of Electronic Sound Sources of Broad-

casting—W. Meyer-Eppler. (Tech. Hausmill. 
NordwDisch. Rdfunks, vol. 4, pp. 130-135; 
July/August, 1952.) Discussion of the tech-
nical possibilities of sound film, electronic or-
gans, and similar devices. 

534.861:782/785 3325 
The Musical Work of Art in Electrical 

Transmission—H. Husmann. (Tech. Hour-
mitt. NordwDlsch. Rdfunks, vol. 4, pp. 135-
137; July/August, 1952.) General discussion 
of technical and physiological problems con-
nected with the faithful transmission of music. 

621.395.623.7 3326 
Studies on Cone-Type Loudspeakers: 

Part 1—On the Extensional Vibration of a 
Conical Shell—T. Nimura and K. Shibayama. 
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, 
vol. 3, pp. 56-75; September, 1951.) Theoreti-
cal and experimental investigations are re-
ported. 

621.395.623.73 3327 
Studies on Cone-Type Loudspeakers: 

Part 2—On the Inextensional Vibration of a 
Conical Shell—T. Nimura and K. Shibayama. 
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, 
vol. 3, pp. 189-198; March, 1952.) Resonance 
modes of vibration of conical diaphragms in 
which bending is chiefly involved are analyzed. 
Theoretical and experimental results are in 
good agreement with those of Bordoni (1976 
of 1947) and McLachlan. Part No. 1: 3326 
above. 

621.395.623.73 3328 
Studies on Cone-Type Loudspeakers: 

Part 3—The Upper Frequency Limit of Cone-
Type Loudspeakers—T. Nimura and E. Mat-
sui. (Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, 
vol. 3, pp. 199-213; March, 1952.) Discussion 
of effects depending on cone edge conditions 
and derivation of a formula for the upper limit-
ing frequency. Part 2: 3327 above. 

621.395.623.74:537.58 3329 
The Ionophone—S. Klein. (Onde ¿lec!., 

vol. 32, pp. 314-320; July, 1952.) An account 
of the principles of operation of the ionophone, 
its construction and associated receiver cir-
cuits, with results of performance tests as a 
microphone and as an ultrasonic transmitter 
See also 896, 897 and 898 (Bonhomme) of 
May. 

621.395.625 3330 
Comparison of Sound-Recording Methods 

—H. Schiesser. (Elektrotech. Z., vol. 73, pp. 
366-371; June 1, 1952.) Review of the develop-
ment and application of photoelectric, mechan-
ical and magnetic recording techniques. Fea-
tures of modern equipment are noted. 

621.395.625.2 3331 
Disk Recording and Reproduction—P. 

Gilotaux. (Onde ¿lec!., vol. 32, pp. 289-294; 
July, 1952.) Further discussion of modern 
techniques. See also 2970 of 1950. 

621.395.625.3 3332 
Progress and Trends in High-Fidelity 

Magnetic Recording—F. Gallet. (Onde élect., 
vol. 32, pp. 295-301; July, 1952.) Discussion of 
harmonic distortion, background noise, tape 
characteristics, etc., with a view to the choice 
of optimum recorder adjustments. 

621.395.625.3:539.23:538.221 3333 
Experiments on the Anisotropy of the Mag-

netization of Magnetic-Recorder Tapes 
J. Greiner. ( Nachr Tech., vol. 2, pp.197-201; 
July, 1952.) Investigation of the influence of 
particle material, shape and arrangement on 
the properties of magnetic tapes. A consider-
able increase in remanence was obtained by 
applying, prior to drying, a de field of 500 
oersted to a tape coated with a mixture of ferro-
magnetic particles and insulating material. 

621.395.625.3:539.23:538.221 3334 
Crystalline Structure and Electroacoustic 

Properties of Magnetic Tapes—A. Lovichi and 
J. P. Deriaud. (Onde Ilea., vol. 32, pp. 275-
288; July, 1952.) A comparison is made be-
tween the properties of high-speed and low-
speed tapes. The differences are attributed to 
differences of crystalline structure of the iron 
oxides used for the tape coatings. From rela-
tions established for the magnetic properties of 
these oxides predictions of the electroacoustic 
characteristics of the two types of tape can be 
made. 

621.395.92(083.74) 3335 
The Problem of the Standardization of 

Hearing Aids and Their Test Methods— 
P. Chavasse and R. Lehmann. (Onde Elect., 
vol. 32, pp. 302-313; July, 1952.) A review of 
the special problems of bone-conduction and 
air-conduction types of hearing aid, and of 
standard equipment and test methods adopted 
in various countries, together with a proposed 
scheme of standard methods for testing com-
plete hearing-aid apparatus of the air-conduc-
tion type. 34 references. See also Acustica, 
vol. 2, pp. 119-131; 1952. 

ANTENNAS AND TRANSMISSION 
LINES 

621.3.018.78t:621.315.212 3336 
Distortion of a Signal Transmitted by a 

Perfectly Uniform Coaxial Line—R. Cazenave. 
(Cdbles ele Trans. (Paris), vol. 6, p. 264; July, 
1952.) Corrections to paper abstracted in 1194 
of June. 

621.315.212.2:621.315.687.1 3337 
Reflectionless Joints for Coaxial Pairs— 

R. J. Turner. (P.O. Elec. Eng. Jour., vol. 
45, pp. 72-76; July, 1952.) Design theory is 
given for joints producing no reflection of sig-
nals transmitted along a cable, with practical 
details for a 0.375-inch coaxial-pair cable with 
polythene-disk spacers. 

621.392.09 3338 
Surface-Wave Transmission Lines—A. C. 

Grace and J. A. Lane. (Wireless Eng., vol. 29, 
pp. 230-231; September, 1952.) An account is 
given of experiments at frequencies of 3.3 and 
9.4 kmc, using single-conductor lines of 18 swg 
copper wire bare, tinned or enamelled, with 
launching and receiving horns of email flare 
angle. Oscillator output power and received 
power were measured by a bolometer bridge 
method. The results are in good agreement with 
values calculated from Goubau's theory (812 
and 2636 of 1951). The effect of bending the 
line was investigated. 

621.392.09 3339 
Propagation of Electromagnetic Waves 

along a Conducting Wire with Thin Dielectric 
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Covering—A. Fromageot and B. Louis. (Bull. 
Soc. franç. Elect., vol. 2, pp. 349-353; June, 
1952.) Discussion of paper abstracted in 317 
of March. 

621.392.09 : 621.396.611.31 3340 
Interaction between Surface-Wave Trans-

mission Lines—A. A. Meyerhoff. (Puoc. 
I.R.E., vol. 40, pp. 1061-1065; September, 
1952.) Interaction may occur between two 
surface-wave transmission lines or between one 
line and a near-by conductor. Analysis is pre-
sented for the case of two parallel lossless lines 
whose separation is large compared with the 
diameters. Interaction is found to be a maxi-
mum when the two lines are identical, the 
complete power transfer from one line to the 
other is possible under suitable conditions. 
Numerical examples are discussed. 

621.392.21 3341 
An Approach to the Standard Equations for 

a Uniform Transmission Line—H. R. Har-
bottle. (P.O. Elec. Eng. Jour., vol. 45, pp. 30-
34 and 80-82; April and July, 1952.) The 
standard equations for a uniform line are de-
rived without the use of the differential cal-
culus. The propagation of voltage and current 
through a chain of similar symmetrical re-
sistance sections is first considered. The results 
obtained are applied to the general case of 
propagation through a chain of impedance sec-
tions simulating a uniform transmission line. 

621.392.26 3342 
Waveguide Systems with Negative Phase 

Velocities—L. B. Mullett and B. G. Loach. 
(Nature, (London), vol. 169, p. 1011; June 14, 
1952.) A fundamental wave with genuinely 
negative phase velocity is possible in the case 
of the helix and folded-strip transmission line. 
A diagram shows how the propagation constant 
of a rectangular waveguide loaded on one 
broad face with a reactive sheet changes with 
the loading reactance; to obtain a slow wave 
with negative phase velocity the reactive 
sheet must be capacitive. The abnormal be-
havior below cut-off for the Hoi mode is con-
firmed in two experimental arrangements. 

621.392.26 3343 
Theory of Waveguide-Fed Slots Radiating 

into Parallel-Plate Regions—H. Gruenberg. 
(Jour. Appi. Phys., vol. 23, pp. 733-737; 
July, 1952.) A formula is derived for the con-
ductance of a longitudinal slot in a rectangular 
waveguide when the slot is radiating into a 
space bounded by parallel plates. The influence 
of plate spacing and slot position is discussed. 
Theoretical and experimental results are in 
good agreement. 

621.392.26 3344 
The Principle of Limiting Absorption in a 

Waveguide—A. G. Svenshnikov. (Comp. 
Rend. Acad. Sci. (URSS), vol. 80, pp. 345-347; 
September 21, 1951. In Russian.) 

621.392.26 3345 
Notes on Methods of Transmitting the 

Circular Electric Wave around Bends—S. E. 
Miller. (Pitoc. I.R.E., vol. 40, pp. 1104-1113; 
September, 1952.) Theory and results con-
cerning the propagation of TE0 waves in 
round guides, published by various authors, 
are reviewed and three alternative solutions of 
the problem of transmitting these waves round 
bends in the guide are discussed in detail. 

621.392.26 3346 
Study of Obstacles in Rectangular Wave-

guides and of Waveguide Filters—J. Dockès. 
(Câbles Er» Trans. (Paris), vol. 6, pp. 221-242; 
July, 1952.) A method is described for deter-
mining the susceptance of a waveguide dia-
phragm from measurements of the reflection 
or the transmission coefficient, and a theoretical 
and experimental study is presented of reso-
nant cavities enclosed between diaphragms in 
rectangular waveguides. Band-pass filters 

constituted by a series of such resonant cavities 
coupled by Xg/4 (or 3Xg/4) lines are discussed 
and design formulas derived. Application is 
made to the design of (a) a 3-cavity filter with 
a pass band of 52 mc centered on 3.92 kmc, 
(b) a 5-cavity filter with a similar pass band 
centered on 3.69 kmc. 

621.392.26 3347 
Completeness Relations for Loss-Free 

Microwave Junctions—T. Teichmann. (Jour. 
Appl. Phys., vol. 23, pp. 701-710; July, 1952.) 
Using a method which is the electromagnetic 
analogue of the scattering-matrix formalism in 
the theory of nuclear reactions, two "sum 
rules" are derived for the frequency-independ-
ent coefficients occurring in the admittance 
matrix relating the currents and voltages in a 
loss-free microwave junction. The results are 
used to estimate the effect on the admittance 
matrix of the higher modes, both of the guides, 
and of the junction proper. 

621.392.26 3348 
A Compact Broad-Band Microwave Quar-

ter-Wave Plate—A. J. Simmons. (Puoc. I.R.E., 
vol. 40, pp. 1089-1090; September, 1952.) 
Theory is presented for a device using three 
capactivie pins in a round waveguide to obtain 
a 90° phase difference between two orthogonal 
TEI1 waves. With an experimental X-band 
unit only 1 inch long, a voltage ellipticity ratio 
<1.1 and a voltage swr <1.2 is maintained 
over a 12 per cent frequency band. 

621.392.5 3349 
Cable Operating Parameters in the Trans-

mission of Energy in the Decimeter and 
Metre Wavebands—H. Ebert. (Fernmelde-
tech. Z., vol. 5, pp. 239-240; May, 1952. 
Quadripole theory is applied to determine the 
equivalent circuit of a lossy transmission line, 
attenuation and phase coefficients being ac-
counted for by separate networks in a sym-
metrical arrangement. The dependence of the 
transfer ratio on the line attenuation coefficient 
and the terminal mismatch is hence derived. 

621.396.67:621.392.076.12 3350 
Increase of Aerial Bandwidth by means of 

Compensation Circuits—R. Goublin. (Rev. 
tech. Comp. franc. Thompson- Houston, no. 17, 
pp. 61-73; July, 1952.) The problem of band-
width increase reverts to that of finding a 
quadripole which, when terminated on the 
antenna, has an impedance lying within a cer-
tain circle in the complex plane. A detailed dis-
cussion is given of various methods of com-
pensation by circuits or transmission-line 
sections. Methods of calculation for certain 
types of auto-compensated antenna such as 
folded dipoles, are outlined. 

621.396.677 3351 
An Improved Theory of the Receiving An-

tenna—R. King. (Prtoc. I.R.E., vol. 40, pp. 
1113-1120; September, 1952.) "The theory of 
the center-loaded receiving antenna is im-
proved by introducing the expansion parame-
ter of King and Middleton, and generalized 
to take account of a load consisting of a two-
wire line with finite spacing. First-order formu-
las for the distribution of current are obtained, 
together with approximate second-order formu-
las for the complex effective length of the 
antenna. Theoretical results are compared with 
experiment." 

621.396.677 3352 
A Design Method for a Directive Antenna 

Consisting of Two Elements, Projector and 
Reflector—R. Sato and K. Nagai. (Sei. Rep. 
Res. Inst. Tohoku Univ., Ser. B, vol. 3, pp. 
125-133; March, 1952.) Methods used in the 
measurement of antenna input impedance, 
power gain and directional characteristic are 
described. The data thus determined have been 
applied to the construction of a chart from 
which design details can be derived for an-
tennas with specified characteristics. 

621.396.677 3353 
A Directive Aerial with Increased Line-

Wavelength—U. Finkbein. (Frequenz, vol. 6, 
pp. 206-213; July, 1952.) Discussion of a sys-
tem of two conductors in line, fed at the inner 
ends and with capacitors inserted at regular 
intervals which are small compared with the 
wavelength used. The line wavelength is in 
this case greater than the free-space wave-
length. The radiation diagram for such an 
antenna is determined, and also the radiation 
resistance and power gain. 

621.396.677 3354 
Wide-Band Aerial for U.S.W. Beam Links 

—H. Körner and W. Stiihr. (Frequenz, vol. 6, 
pp. 154-162; May/June, 1952. Corrections, 
ibid., vol. 6, p. 215; July, 1952.) A detailed 
account of the development of directive an-
tennas for a radio link, of length 213 km, be-
tween Berlin and the Harz mountains, about 
90 km of the path being beyond the limit of 
vision. Two methods of measuring the input 
impedance of dipoles are described and the re-
sults obtained on different types of dipole as-
sembly are compared with theoretical results. 
The antenna arrays finally adopted consist of 
groups of four or six units, each unit including 
four stacked whole-wavelength dipoles fed in 
phase, with reflectors. Satisfactory operation 
has been maintained with these antennas over a 
period of 1 years, even under conditions of 
severe icing. 

621.396.677 3355 
Experimental Results for a Lattice Lens for 

Centimetre Waves—J. Moussiegt. (Come 
Rend. Acad. Sci. (Paris), vol. 234, pp. 2263-
2265; June 4, 1952.) Report of preliminary 
tests of a rough model of a lattice lens (3004 
of December), made up of 312 resonant ele-
ments cut from 0.05-mm Al foil and of length 
16 mm and breadth 4 mm, arranged in three 
parallel planes 16 mm apart, at their intersec-
tions with four paraboloids, the largest nodal 
circle having a diameter of 37.5 cm. Power is 
reduced by a half at 3.5° on either side of the 
axis, and the gain relative to that of an iso-
tropic source is 42. 

621.396.677:538.566:513.433 3356 
Laws of Propagation of Electromagnetic 

Waves in a Conical Horn—H. Buchholz. 
(Arch. Elektrotech., vol. 40, pp. 346-362; 1952.) 
Analysis of the propagation of any partial 
wave of the infinite system of TM and TE 
waves. The phase velocity, complex energy 
flow, and the em energy stored in a thin coni-
cal capsule within the horn, are calculated. 
Calculation of the group velocity by the usual 
formula, assuming an exponential law of prop-
agation, gives satisfactory results for large 
values of rk, where r is the distance from the 
apex of the cone and k the wave-equation con-
stant. For medium and small values of rk, 
however, the usual formula fails completely and 
even gives negative group velocities. A formula 
is derived which can be used throughout the 
range 0 <rk< co. For large values of rk it 
agrees, to a first approximation, with the usual 
formula. The attenuation is also calculated 
and the dependence of the amplitude on the 
value of rk determined. 

621.396.677.3 3357 
Sharpness of Aerial Beam Cut-Off—L. G. 

Chambers. (Wireless Eng., vol. 29, p. 142; 
May, 1952.) A note suggesting that the angle 
required for the field distribution at infinity to 
fall from 1/2 of its value to 1/10 of its peak 
value, i.e., for the gain to fall from 1/2 to 1/100 
of its peak value, a drop of nearly 17 db, af-
fords a practical basis for specifying the sharp-
ness of cut-off. 

621.392.26 3358 
Waveguide Handbook. [Book Review)— 

N. Marcuvitz (Ed.). Publishers: McGraw-
Hill, London, Eng., 1951, 428 pp., 64s. (Na-
ture (London), vol. 169, p. 1071; June 28, 
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1952.) No. 10 of the M.I.T. Radiation Labora-
tory Series. " . . . it may certainly be recom-
mended as a standard text of reference." 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.012.3 3359 
The Resolution of Complex Quantities— 

N. H. Crowliurst. (Electronic Eng., vol. 24, 
pp. 426-428; September, 1952.) A chart using 
logarithmic scales is presented for facilitating 
calculations involving complex quantities; its 
use is illustrated by examples. 

621.3.015.3:517.942.82 3360 
Treatment of Transient Phenomena by 

means of the Laplace Transformation— 
U. Kirschner. (Funk u. Ton, vol. 6, pp. 369-
373; July, 1952.) A simple explanation of the 
essential steps in applying the Laplace trans-
form to the determination of the transient 
response of a system. 

621.3.015.7:621.392.5 3361 
A Transmission-Line Pulse Inverter— 

R. W. Rochelle. (Rev. Sci. Inste., vol. 23, pp. 
298-300; June, 1952.) Description and theory 
of a device for reversing the polarity of pulses 
with rise times of the order of 10-9 seconds. It 
consists of two coaxial cables joined so that the 
inner conductor of one is connected to the 
outer conductor of the other and vice versa, the 
junction being shielded. Normalized design 
graphs aid in the calculation of inverter charac-
teristics. 

621.314.3t 3362 
Magnetic Amplifiers—W. Schilling. (Arch. 

tech. Messen, no. 197, pp. 139-142; June, 1952.) 
Review of the properties of basic types in 
reference to their use for control purposes in 
industry. 

621.314.634: 621.314.222 3363 
The Characteristics of the New Siemens 

Flat Se Rectifier, and the Internal Resistance 
of the Associated Transformer—R. Kilhn. 
(Funk u. Ton, vol. 6, pp. 337-350; July, 1952.) 
Description of the construction of Type-SSF 
rectifiers, with a table of dimensions and rat-
ings, derivation of approximate formulas and 
curves for the internal resistance of trans-
formers using standard M-type or E-I-type 
stampings, and examples of their application 
in the design of half-wave and full-wave recti-
fiers. 

621.316.86 3364 
Nonlinear Resistors with Sintered-Semi-

conductor Base—N'Guyen Thien-Chi and 
J. Suchet. (Ann. Radiated., vol. 7, pp. 106-
114; April, 1952.) Complementary to paper 
abstracted in 1219 of June. Two recently de-
veloped types of thermistor are described 
Type RD (1-W rating) and Type RH (15- or 
25-W rating). Their dc and ac characteristics 
are discussed and their applications are il-
lustrated. 

621.318.4:621.318.3 3365 
Rapid Coil Calculations for Magnetic De-

vices—A. E. Maine. (Jour. Brit. IRE, vol. 
12, pp. 403-410; July, 1952.) The equations and 
charts presented are primarily for designing 
coils associated with solenoid-operated devices, 
but are not restricted in their scope. 

621.392.4/.5 3366 
Realization of Positive Reactance Func-

tions for Practical Use—P. Behrend and K. 
Scheuermann. (Frequenz, vol. 6, pp. 190-199; 
July, 1952.) The realization of positive reac-
tance functions has applications in all section 
of quadripole theory. The general problem is 
here treated by a symbolism which a practical 
engineer can use without elaborate mathe-
matics. The rational positive function cor-
responding to the impedance of a 2-pole net-
work is first obtained and the result is extended 
to the case of a quadripole. Essential matrix 
and function theory is given. A scheme for 
realizing reactance functions in the form of 2-

Pole and 4-pole networks is explained and il-
lustrated by practical examples, including the 
realization of (a) a positive matrix as the re-
sistance matrix of a quadripole, (b) a quadri-
pole equivalent to a 10.5-km length of wide-
band cable. 

621.392.4.014.8.015.4 3367 
Electrical Resonance—W. Alexander. (Elec-

trician, vol. 148, pp. 1857-1861; June 6, 1952.) 
General discussion of resonance conditions in 
series and parallel RLC circuits, with correc-
tion of some common mis-statements and loose 
or ambiguous definitions. Relevant formulas 
are collected in two tables. 

621.392.5 3368 
Synthesis of Shunt-Resistance Networks 

with Given Resonance and Antiresonance 
Frequencies by the Partial-Network Method— 
T. O'Callaghan. (Frequenz, vol. 6, pp. 185-190; 
July, 1952.) The use of the method is ex-
plained for extension of a given network to 
one with new resonance and antiresonance fre-
quencies, and for the synthesis of a network 
from elements with assigned resonance and 
antiresonance frequencies. See also 66 of Feb-
ruary. 

621.392.5 3369 
The Transfer Function of General Two-

Terminal-Pair RC Networks—A. Fialkow and 
I. Gerst. (Quart. Appl. Math., vol. 10, pp. 113-
127; July, 1952.) The present study is com-
pletely general in relation to the types of 
network treated, in contrast to an earlier paper 
(350 of March) which deals with particular 
types. The investigation establishes the proper-
ties characteristic of the transfer functions of 
this class of network, and indicates how to syn-
thesize the network being given a transfer func-
tion having these properties. The adaptation 
of the analysis of RL and LC networks is indi-
cated. 

621.392.5 3370 
Network Analysis by Least-Power The-

orems—F. L. Ryder. (Jour. Frank. Inst., vol. 
254, pp. 47-60; July, 1952.) Theorems relating 
to electrical power, analogous to the theorem 
of least work applicable to mechanical de-
formation, are applied to the solution of the 
general linear network (a) without use of 
Kirchhoff's second law in the mesh-analysis 
case, (b) without use of Kirchhoff's first law in 
the nodal-analysis case. The theorems are put 
into a form suitable for practical network 
analysis and are extended to ac networks in-
cluding transformers and complex impedances. 

621.392.5 3371 
Approximations in Network Design— 

W. Saraga. (Wireless Eng., vol. 29, pp. 280-
281; October, 1952.) The relation between the 
Taylor and Tchebycheff approximations is 
demonstrated. See 2461 of October (Linvill). 

621.392.5 3372 
Positive Feedback Operator Networks— 

A. W. Keen. (Jour. Brit. IRE, vol. 12, pp. 395, 
402; July, 1952.) A feedback system using a 
passive bilateral shaping network in the for-
ward path and a unidirectional unit-gain trans-
former in the return path can be made to per-
form a prescribed mathematical operation on 
an input quantity. This generalized network is 
basic to certain hitherto uncorrelated circuits, 
including Beale and Stansfield's integrator 
/differentiator (British Patent No. 453887), 
Schmitt and Toiles' feedback differentiator 
(2174 of 1942) and Newsam's "bootstrap" 
integrator (British Patent No. 493843). In-
stability is prevented by including local nega-
tive feedback in the main return path. The 
system is compared with a more conventional 
arrangement using negative feedback. 

621.392.5 3373 
"Non-canonical" Symmetrical Lattice Net-

works—R. Leroy. (Câbles Er Trans. (Paris), 
vol. 6, pp. 193-210; July, 1952.) In "canonical" 

lattice networks the opposite impedances are 
equal for both pairs of branches, while in "non-
canonical" units the impedances of only one 
pair are the same. The solution of the general 
equation for such networks is considered par-
ticularly for networks comprising reactive ele-
ments, which enable the number of elements 
required for a filter to be reduced. The design 
is discussed of filters (a) passing neither zero nor 
infinite frequency, (b) passing either zero or 
infinite frequency and rejecting the other, (c) 
passing both zero and infinite frequency. Fil-
ters with a single pass-band, comprising re-
actances (a) with zeros both at the origin and 
at infinity, (b) with zeros at the origin and 
poles at infinity, are also dealt with and the 
necessary design formulas derived. 

621.392.5:512.94 3374 
Quaternion Calculus and Chain Arrange-

ments of Quadripoles—J. A. Ville. (Câbles fr 
Trans. (Paris), vol. 6, pp. 211-220; July, 1952.) 
The elements of quaternion calculus are ex-
plained. A quadripole can be represented by a 
matrix, and its image-impedance attenuation 
by the logarithm of a matrix. A method is de-
described for deriving the image parameters 
of a chain of quadripoles by a particular form 
of addition of the image parameters of the 
constituent units. 

621.392.5:621.396.645 3375 
Networks with Maximally Flat Delay— 

W. E. Thomson. (Wireless Eng., vol. 29, pp. 
256-263; October, 1952.) Discussion of the 
application of these networks (310 of 1950) to 
the design of low-pass and band-pass multi-
stage wide-band amplifiers and pulse-shaping 
networks. The treatment is more general and 
complete than that of Laplume (951 of May) 
which deals with 2-, 3-, and 4-stage amplifiers. 
The impulse response can be made more and 
more symmetrical and free from overshoot by 
increasing the order of n of the system, the 
Gaussian curve being approached as n tends 
to infinity. Numerical examples are worked 
out. 

621.392.52 3376 
On the Redundant Information Supplied in 

Practical Applications by the Time and Fre-
quency Phase Responses of a System— 
M. Levy. (Jour. Appl. Phys., vol. 23, pp. 801-
802; July, 1952.) In determining the transient 
response of a system from its frequency phase 
characteristics, or vice versa, curves are ob-
tained which include redundant information 
whose elimination simplifies the problem. Three 
main cases are discussed in relation to low-pass 
systems. See also Proc. NEC (Chicago), vol. 7, 
p. 73, 1951 (abstract only), and 2750 of No-
vember. 

621.392.52 3377 
Formulation of the Characteristic Functions 

and Calculation of the Attenuation of Sym-
metrical and Antimetrical Filters—K. H. 
Haase. (Frequenz, vol. 6, pp. 168-176, 182; 
May/June, 1952.) The term "characteristic 
function" is applied to the quotient of two 
polynomials determining the transmission 
properties of a quadripole. The different forms 
of these functions are tabulated for low-pass, 
high-pass, band-pass and band-stop filters of 
both the symmetrical and the antimetrical 
type, the latter being such as are changed into 
the dual form on exchange of input and output 
[see 959 of 1940 (Piloty)]. The normalized 
characteristic functions are applied to deter-
mine the over-all attenuation, for which ap-
proximate tolerances for the transmission and 
blocking regions can be derived. Numerical 
calculations for a practical band-pass filter il-
lustrate the theory. 

621.396.611.21.029.3 3378 
Quartz Vibrators for Audio Frequencies— 

J. E. Thwaites. (Proc. IEE (London), part 
IV, vol. 99, pp. 83-91; April, 1952.) Full paper. 
See 2472 of October. 
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621.396.611.3 3379 
Theory of Pull-In Effect—H. Fack. (Fre-

quens, vol. 6, pp. 141-145; May/June, 1952.) 
An approximate solution is obtained of the 
system of nonlinear differential equations for 
the oscillations in an oscillatory circuit sub-
jected to an applied alternating voltage of 
frequency different from the natural circuit 
frequency, a simplified type of characteristic 
being assumed. 

621.396.611.3:621.392.26 3380 
Multi-element Directional Couplers—S. E. 

Miller and W. W. Mumford. (PRoc. I.R.E., 
vol. 40, pp. 1071-1078; September, 1952.) 
Theory is presented that facilitates the treat-
ment of directional couplers using any number 
of coupling elements from two up to infinity. 
The backward wave in a directional coupler is 
related to the shape of the function describing 
the coupling between transmission lines by the 
Fourier transform. This facilitates the design 
of directional couplers with arbitrary directivi-
ties over any prescribed frequency band. Direc-
tional couplers with tight coupling are analyzed 
in simple terms; any desired loss ratio, includ-
ing complete power transfer between lines, can 
be achieved. The theory is verified by experi-
ments on waveguide models at frequencies of 
4, 24 and 48 kmc. 

621.396.615 3381 
RC Tuned Oscillators—H. Stibbé and P. 

Kundu. (Jour. Brit. IRE, vol. 12, pp. 392-
393; July, 1952.) Discussion on 2955 of 1951, 
with analysis of the oscillator shown in Fig. 
5(0). 

621.396.615 3382 
Cascade LCR Phase-Shift Oscillators— 

F. Butler. (Wireless Eng., vol. 29, pp. 264-268; 
October, 1952.) By including inductance in the 
feedback network the energy dissipation can 
be reduced in comparison with that for a RC 
network producing the same phase shift, thus 
facilitating the sustaining of oscillations. Sev-
eral one-tube and transistor oscillator circuits 
are described, intended primarily for operation 
at audio and low radio frequencies; some of 
them incorporate quartz crystals for frequency 
control. A simplified theory of operation is pre-
eented. 

621.396.615.17:537.533.9:530.12 3383 
Possibility of Frequency Multiplication and 

Wave Application by Means of Some Relativis-
tic Effects—K. Landecker. (Phys. Rev., vol. 
86, pp. 852-855; June 15, 1952.) Discussion of 
the possibility of convertinethe frequency of 
an em wave to a higher frequency by reflection 
from an electron cloud moving with relativistic 
velocity. Such a cloud can be realized by com-
pressing all or part of the beam of an electron 
accelerator into one or more groups. A gain of 
wave energy should result from such reflection. 
It is estimated that a 1-mm wave, with a power 
of at least 1 mw, can be generated by reflecting 
a 3-cm wave from the beam of a small beta-
tron. Equipment to test this is being designed. 

621.396.615.18 3384 
A New Frequency Divider—J. A. Fitz-

gerald. (Electronic Eng., vol. 24, pp. 413-415; 
September, 1952.) The divider described is a 
development of the balanced-modulator type. 
A single tube is used, having in its anode circuit 
the tuned primary of a transformer whose 
secondary is connected back to the modulator 
bridge. Satisfactory operation is obtained with 
division ratios from 2:1 to 5:1. By modifying 
the circuit slightly, fractional ratios are also 
obtainable. 

621.396.645 3385 
The Effective Bandwidth of Video Amplifiers 

—F. J. Tischer. (Paoc. I.R.E., vol. 40, p. 
1060; September, 1952.) See 3050 of December. 

621.396.645 3386 
Amplifier Frequency Response—A. E. Fer-

guson and D. A. Bell. (Wireless Eng., vol. 29, 
pp. 281-282; October, 1952.) Comment on 
2482 of October and author's reply. 

621.396.645 3387 
Amplifiers and Superlatives—D. T. N. 

Williamson and P. J. Walker. (Wireless 
World, vol. 58, pp. 357-361; September, 1952.) 
Requirements of a good amplifier [2715 of 1947 
(Williamson)] are first listed. Amplifier ef-
ficiency and trouble-free production are im-
portant factors in design. The operation and 
the merits of different output circuits are dis-
cussed. A triode-connected tetrode and a dis-
tributed-load tetrode give about the same 
quality, the efficiencies being 27 per cent and 
36 per cent respectively. Similar quality can 
be obtained with a conventional tetrode circuit 
if appropriate feedback is applied, preferably 
by way of multiple loops in order to avoid 
instability. 

621.396.645:621.314.7 3388 
Transistor Power Amplifier—R. F. Shea. 

(Electronics, vol. 25, pp. 106-108; September, 
1952.) Discussion of the best methods of ob-
taining maximum power gain and efficiency 
from junction-type transistors when used in 
class-A and class-B af amplifiers, with illustra-
tions of practical circuits for gramophone and 
speech amplifiers and for intercommunication 
systems. 

621.396.645: 621.314.7: 621.396.822 3389 
Noise Figures of Transistor Circuits— 

Y. Watanabe. (Sci. Rep. Res. Inst. Tohoku 
Univ., Ser. B, vol. 3, pp. 151-187; March, 
1952.) An alternative definition of noise figure 
is proposed, based on the relation between 
source power and output power on load. Com-
parison is made between the values of noise 
figure thus defined and the values in terms of 
available power for some simple amplifier cir-
cuits, cascade types of network, and for a cir-
cuit including a tube amplifier. Reasons are 
given for preferring the author's alternative 
definition, and on this basis noise figures are 
determined for transistor amplifiers with either 
base, emitter or collector electrode grounded, 
and the variation of noise figure with load re-
sistance is considered. 

621.396.645:621.396.619 3390 
On the Theory of Doherty's Power-Ampli-

fier Circuit—A. Simon. (Fernmeldetech. Z., 
vol. 5, pp. 201-210; May, 1952.) The operation 
of the circuit is analyzed. Expressions for 
voltage, efficiency etc. of the individual ampli-
fier chains and their typical values for an 80 
kw power stage are listed. The latter are based 
on the characteristics of a Siemens Type-
R5566 tube which does not operate with grid 
secondary emission. Two methods of reducing 
distortion are discussed: (a) insertion of a cor-
rection circuit in the input, (b) using a grounded-
grid circuit for the main amplifier. 

621.396.645.029.42 3391 
Low-Pass RC Amplifier for Very Low Fre-

quencies—G. Hoffmann. (Frequens, vol. 6, pp. 
162-165; May/June, 1952.) Description, with 
full circuit details, of an ac amplifier with a 
fixed lower frequency limit of about 0.3 cps 
and upper limit adjustable stepwise to 1, 2, 4, 
8, 16 or 32 cps. The amplifier is particularly 
suitable as a balance indicator in bridge meas-
urements at frequencies down to 1 cps. 

621.396.645.36 3392 
The Differential Amplifier with a Useful 

Modification—B. F. Davies. (Electronic Eng., 
vol. 24, pp. 404-407; September, 1952.) An 
analysis is given of the manner in which an 
amplifier comprising a cathode-coupled pair of 
triodes discriminates between push-pull and 
push-push signals. By suitably adjusting the 
input to one of the pair, via a potentiometer, 
the discrimination is made infinitely great 
without an inconveniently high value of hv 
being required. 

621.396.645.371:621.396.61:621.396.712 3393 
C.F.T.H. Applications of Negative Feed-

back—Warnier. (See 3590.) 

621.396.662 3394 
Saturable Reactors as R.F. Tuning Ele-

ments—E. Newhall, P. Gomard and A. Ainlay. 
(Electronics, vol. 25, pp. 112-115; September, 
1952.) New ferrite materials are used in sat-
urable reactors for remote tuning of rf circuits, 
the inductance of the coils wound on the ferrite 
cores being varied by changing the dc produc-
ing the magnetizing field. 

GENERAL PHYSICS 

06.055.5(45):53 : 538.56.029.6 3395 
Centre for the Study of the Physics of 

Microwaves [Florence, Italy[—N. Carrara. 
(Ricerca sci., vol. 22, pp. 643-647; April, 1952.) 
Director's report for the year 1951. 

535.22 3396 
A Check Determination of the Velocity of 

Light—E. Bergstrand. (Ark. Fys., vol. 3, pp. 
479-490; July 3, 1952. In English.) Further 
measurements, using improved equipment, 
termed a “geodimeter,” were made to check 
the determination previously reported (324 of 
1951). The final value deduced is c=299793 
± 0.2 km. 

535.43 3397 
Scattering of Plane Waves by Soft Ob-

stacles: Part 3—Scattering by Obstacles with 
Spherical and Circular Cylindrical Sym-
metry—E. W. Montroll and J. M. Green-
berg. (Phys. Rev., vol. 86, pp. 889-898; 
June 15, 1952.) A new variational method is 
devised for obtaining the "best" parameters for 
trial wave functions of a given type for inser-
tion in the integral equation for the scattering 
by soft obstacles. The differential and total 
scattering cross sections for scattering by 
Gaussian, exponential, and screened Coulomb 
potentials are obtained in simple closed forms. 
Part I: 2139 of 1951 (Hart and Montroll). 
Part 2: 2317 of 1951 (Hart). 

537.226:546.391.85 3398 
On the Theory of the Dielectric, Piezo-

electric, and Elastic Properties of NH,H2PO4— 
T. Nagamiya. (Progr. theor. Phys., Osaka, 
vol. 7, pp. 275-284; March, 1952.) 

537.226.2/.3:1546.212+547.261+547.262 3399 
Dielectric Dispersion in Pure Polar Liquids 

at Very High Radio Frequencies: Part 1— 
Measurements on Water, Methyl and Ethyl 
Alcohols—J. A. Lane and J. A. Saxton. (Proc. 
Roy. Soc. A, vol. 213, pp. 400-408; July 8, 
1952.) Measurements were made at wave-
lengths of 6.2 mm, 1.24 cm and 3.21 cm by a 
waveguide technique similar to that of Collie 
et al. (2508 of 1948). The temperature range 
covered was from - 10° to +50°C and results 
were obtained for water in the supercooled 
state. Values of the absorption coefficient and 
refractive index for the three liquids are tabu-
lated. The electrical characteristics of water 
vary in a continuous manner down to at least 
- 8°C. The results for the alcohols indicate 
that both, like water, have relatively high 
atomic polarizations. Part 2: 3400 below. 

537.226.2/.3: [546.212 +547.261 +547.262 3400 
Dielectric Dispersion in Pure Polar Liquids 

at Very High Radio Frequencies: Part 2— 
Relation of Experimental Results to Theory— 
J. A. Saxton. (Proc. Roy. Soc. A, vol. 213, pp. 
473-492; July 22, 1952.) Analysis of the results 
given in part 1 (3399 above) indicates that a 
single relaxation time as a function of tem-
perature is sufficient to account for the ob-
served dielectric properties of water, at any 
rate for wavelengths greater than a few milli-
metres. The results for methyl and ethyl alco-
hols for wavelengths near to I cm, which ap-
parently indicate a distribution of relaxation 
times, can be explained in terms of resonance 
absorption, with postulated bands centered at 
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wavelengths of 2.5 mm and 5 mm in methyl 
and ethyl alcohol respectively. Further meas-
urements at wavelengths between 1 mm and 
1 cm are required. The close relation between 
dipole rotation and viscous flow in the three 
liquids is discussed. 

537.311.33 3401 
The Influence of Surface [energy] Levels 

on the Chemical Potential and Work Function 
of a Semiconductor—G. E. Pikus. (Zh. eksp. 
Icor. Fiz., vol. 21, pp. 1227-1238; November, 
1951.) A discussion based on the assumption of 
a surface zone in which the number of levels is 
equal to the number of surface cells of the 
crystal. 

537.311.33 3402 
On the Diffusion Theory of Rectification— 

P. T. Landsberg. (Proc. Roy. Soc. A, vol. 213, 
pp. 226-237; June 24, 1952.) The Einstein 
relation eD=ukT between the mobility µ and 
diffusion coefficient D has not so far been estab-
lished theoretically or experimentally for recti-
fiers. Analysis of experimental results for a 
copper-oxide rectifier in terms of a Schottky 
barrier on the basis of the diffusion equation in 
which µ and D are retained, suggests that the 
values of µ and D differ for forward and reverse 
characteristics. The diffusion equation is de-
veloped from the formal theory of conduction 
using Fermi-Dirac statistics; the p and D of this 
equation are to be regarded as average values 
throughout the barrier, as both depend on the 
concentration distribution of conduction elec-
trons in the barrier. 

537.523.4 3403 
Mechanism of Positive Spark Discharges 

with Long Gaps in Air at Atmospheric Pres-
sure—H. Norinder and O. Salka. (Ark. Fys., 
vol. 3, pp. 347-386; July 3, 1952. In English.) 
Report of experiments made to determine to 
what extent the streamer theory is applicable 
in the case of long gaps. A sphere-to-plane or 
point-to-plane arrangement was used, with the 
point or sphere always at the positive potential; 
gap lengths ranged from 5 to 155 cm. 41 refer-. 
ences. 

537.523.4: 546.17-1 3404 
Electrical Breakdown of Gases: Part 2— 

Spark Mechanism in Nitrogen—J. Dutton, 
S. C. Haydon and F. L. Jones. (Proc. Roy. Soc. 
A, vol. 213, pp. 203-214; June 24, 1952.) The 
growth of the pre-breakdown ionization cur-
rents in uniform fields in nitrogen was meas-
ured for various field strengths, pressures, gap 
widths and sparking potentials. The sparking 
distances and potentials measured were found 
to be exactly in accordance with those pre-
dicted by the Townsend equation. There were 
strong indications that the secondary ioniza-
tion is a cathode process. Possible effects of 
space charge are considered. Part 1: 3405 be-
low. 

537.523.4: 546.217 3405 
Electrical Breakdown of Gases: Part 1— 

Spark Mechanism in Air—F. L. Jones and 
A. B. Parker. (Proc. Roy. Soc. A, vol. 213, pp. 
185-202; June 24, 1952.) Experimental in-
vestigations show that the pre-breakdown 
growth of small ionization currents in air in 
uniform electric fields can, for certain condi-
tions, be represented by the well-known Town-
send relation. This indicates the existence of a 
secondary mechanism throughout the complete 
breakdown process. Measurement of the pri-
mary and secondary ionization coefficients gave 
agreement between the calculated and observed 
sparking potentials. 

537.533 3406 
ttThe Dispersion of Electron Beams in Gases 

—P. F. Little and A. von Engel. (Proc. Phys. 
Soc. (London), vol. 65, pp. 459-460; June 1, 
1952.)z. Discussion of the mechanism of dis-
persion based on the discovery that an electron 
beam accelerated at 3-10 kv in nitrogen re-

mains well concentrated at pressures of about 
1 mm Hg. The ultimate cause of beam con-
centration is the presence of positive ions in 
and around the beam. 

537.533:519.21 3407 
Probabilities relating to a Continuous Elec-

tron Beam—P. Mourmant. (Radio franc., no. 
6, pp. 19-24; June, 1952.) In the case of cur-
rents involving the movement of a very large 
number of electrons, simple statistical methods 
of treatment result in theories of practical value 
for engineers. For feeble currents, however, 
where the number of electrons concerned may 
be relatively small, statistical methods are not 
satisfactory and discussion of certain proba-
bilities concerning individual electrons appears 
preferable. The probable number of electrons 
passing across a certain section of an electron 
beam in a given time interval, and the probable 
time interval between the passage of consecu-
tive electrons, are discussed, with numerical 
examples. Application of certain probability in-
variants in the case of modulated or unmodu-
lated beams is also considered. 

537.533.7:537.226 3408 
Free Paths of Electrons in Crystals, Electro-

luminescence Effects and Phenomena of 
Dielectric Breakdown—D. Curie. (Jour. Phys. 
Radium, vol. 13, pp. 317-325; June, 1952.) 

537.533.8 3409 
A Note on Wooldridge's Theory of Sec-

ondary Emission—E. M. Baroody. (Phys. 
Rev., vol. 86, pp. 915-916; June 15, 1952.) Re-
examination of Wooldridge's theory shows that 
the broad maximum which he obtained in the 
curve of secondary-emission coefficient against 
primary energy isfa result of inconsistency in 
approximations, rather than an essential result 
of his theory. See also 107 and 110 of February, 
and 108 and 109 of February (Brophy). 

537.562 3410 
Wave Theory of Plasmas—D. Gabor. (Proc. 

Roy. Soc. A, vol. 213, pp. 73-86; June 5, 1952.) 
A critical review is given of various theories. 
The spectral law of energy distribution in 
plasma waves is discussed and a thermo-
dynamical upper limit is shown to exist for the 
energy. The momentum and energy inter-
change of electrons with plasma waves is very 
weak, and quite insufficient to explain the 
existence of the Maxwellian energy distribu-
tions in low-pressure arcs observed by Lang-
muir, for which a fresh interpretation is re-
quired. 

537.562:538.566 3411 
High-Frequency Oscillations in an Electron 

Plasma—A. I. Akhiezer and Ya. B. Faynberg. 
(Zh. eksp. Icor. Fiz., vol. 21, pp. 1262-1269; 
November, 1951.) If a beam of charged par-
ticles enters an electron plasma, the fluctua-
tions of density and velocity in the beam are 
propagated in the form of waves with increas-
ing amplitude. 

537.562:538.566 3412 
On Magneto-hydrodynamic Waves in 

Gases—V. L. Ginsburg. (Zh. eksp. Icor. Fiz., 
vol. 21, pp. 788-794; July, 1951.) Formulas are 
derived which for high frequencies are trans-
formed into corresponding expressions deter-
mining the propagation of radio waves in the 
ionosphere, taking account of the effect of the 
magnetic field. At low frequency, below the 
gyromagnetic frequency for ions, the results 
obtained coincide with those derived from the 
hydrodynamic approximation. See also 2152 of 
1951 (Astriim). 

538.114 3413 
Molecular-Field Treatment of Ferromag-

netism and Antiferromagnetism—J. S. Smart. 
(Phys. Rev., vol. 86, pp. 968-974; June 15, 
1952.) A modified Weiss treatment of mag-
netism in crystals in which both first and 

second nearest-neighbor interactions, with all 
four combinations of signs, are considered. 

538.221 3414 
Antiferromagnetic Arrangements in Fer-

rites—Y. Yafet and C. Kittel. (Phys. Rev., 
vol. 87, pp. 290-294; July 15, 1952.) Néel's 
molecular-field treatment is extended to take 
into account the exchange interactions within 
the two magnetic sublattices. 

538.3 3415 
A Method for determining the Electromag-

netic Field inside a Closed Spherical Envelope 
with Nonuniform Permittivity—R. G. Miri-
manov. (Compl. Rend. Acad. Sci. (U.R.S.S.), 
vol. 80, pp. 361:364; September 21, 1951. In 
Russian.) An equation (10) is derived establish-
ing the relation between the total fields on both 
sides of the envelope. The total field in this 
case is made up of the field due to the external 
sources, which induce corresponding currents 
in the envelope, and the field excited by these 
currents in space. Methods are indicated for 
determining the secondary field, and a linear 
differential equation (22) is derived from which 
the required solution can be found. 

538.3 3416 
Matrix and Tensor Form of the Funda-

mental Relations of Magneto-ionic Theory—H. 
Arzeliès. (Compt. Rend. Acad. Sci. (Paris), vol. 
234, pp. 2430-2432; June 16, 1952.) Matrix 
relations are developed from Maxwell's equa-
tions which give all the characteristics of 
waves, including phase velocity and polariza-
tion. Formulas such as the Appleton-Hartree 
formula are included as particular cases. The 
system can be put into tensor form. 

538.521 3417 
The Dromgoole Effect—R. H. Frazier. 

(Wireless Eng., vol. 29, p. 253; September, 
1952.) Comment on 2491 of September, in-
dicating the relation between the Dromgoole 
effect and the well known Wiedemann effect. 

538.56:535.42 3418 
Diffraction by a Semi-infinite Metallic 

Sheet—T. B. A. Senior. (Proc. Roy. Soc. A, 
vol. 213, pp. 436-458; July 22, 1952.) "In spite 
of the considerable attention which has been 
focused on diffraction by perfectly conducting 
structures, little success has so far been 
achieved when finite conductivity is introduced. 
It is now shown that with the assumption of 
suitable boundary conditions, the problem of 
diffraction at a metal sheet is capable of exact 
solution. Corresponding to each of two funda-
mental polarizations, a pair of Wiener-Hopf 
integral equations is derived from which to 
determine the electric and magnetic' currents 
present in the sheet. One of these equations is 
subjected to a rigorous solution, and from it the 
solutions of the other three are deduced by 
symmetry considerations. Use of the gen-
eralized method of steepest descent then serves 
to determine the diffracted fields. The case of a 
circularly polarized incident wave is also 
briefly discussed and a comparison presented 
between the theoretical and experimental 
forms of the scattered field; good agreement is 
obtained." 

538.56:621.3.011.21:523.14 3419 
The Characteristic Impedance of Vacuum, 

an Important Universal Constant—E. Hallén. 
(Bull. Soc. franc. Elect., vol. 2, pp. 377-380; 
June, 1952.) Discussion of basic formulas of 
electromagnetic theory. See also 1397 of 1950 
(Tanasescu: Brylinski) and back references. 

538.566.2 3420 
The Concept of Group Velocity—P. Poince-

lot. (Conspl. Rend. Acad. Sci. (Paris), vol. 234, 
pp. 2426-2427; June 16, 1952.) Discussion for 
the case of propagation from one medium to 
another with different refractive index, justify-
ing the methods applied to the study of the 
ionosphere. See also 2179 of September. 
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GEOPHYSICAL AND EXTRA-
TERRESTRIAL PHENOMENA 

523.72+523.851:621.396.822.029.6 3421 
Cosmic Radio-Noise Intensities in the 

V.H.F. Band—H. V. Cottony and J. R. Johler. 
(Paoc. I.R.E., vol. 40, pp. 1053-1060; Sep-
tember, 1952.) Results of continuous observa-
tions made at the National Bureau of Stand-
ards during 1948 and 1949 on frequencies in the 
range 25-110 mc are reported. A regular daily 
variation in noise was found to correspond 
with the movement of the principal sources of 
cosmic rf noise across the receiving antenna 
system. The results are presented in terms of 
the observed daily maxima and minima. Peri-
ods of abnormally high noise levels, generally 
associated with periods of unusual solar activ-
ity, were also recorded. 

523.752:523.746.5 3422 
Prominence Activity and the Sunspot Cycle 

—R. Ananthakrishnan. (Nature (London), 
vol. 170, pp. 156-158; July 26, 1952.) Analysis 
of solar-prominence records at Kodaikanal 
from 1905 to 1950 shows a marked correlation 
with the sunspot cycle. The region of most in-
tense prominence activity on the sun is at about 
latitude 50e-55° in both hemispheres some 
three or four years before sunspot maximum. 

523.854:621.396.822.029.62 3423 
Measurements of the Radiation from the 

Milky Way on 255 Mc/s—I. Atanasijevié. 
(Compt. Rend. Acad. Sri. (Paris), vol. 235, 
pp. 130-132; July 16, 1952.) Preliminary re-
port of results obtained with the 7.5-m parab-
oloid of the Institut d'Astrophysique, Paris, 
with a diagram showing the 255-mc radio-
isophotes for the region of the Milky Way in-
vestigated. 

537.311 +537.226.21:546.331.31-145.1 3424 
Electrical Properties of Sea Water—J. A. 

Sarton and J. A. Lane. (Wireless Eng., vol. 29, 
pp. 269-275; October, 1952.) The results of 
recent measurements of the dielectric proper-
ties of aqueous NaCI solutions at frequencies 
between 9.4 and 48 lunc are applied to the cal-
culation of the electrical properties of sea water. 
The static dielectric constant has values of 
about 75 and 69 respectively at 0° and 20°C, 
the corresponding values for pure water being 
88 and 80. The reflection coefficient of sea 
water is given as a function of the angle of in-
cidence at frequencies between 30 mc and 30 
kmc, and it is shown how the dipolar and ionic 
conductivities govern the attenuation of pure, 
fresh and sea water at radio frequencies. 

550.386:523.78 3425 
Micro-magnetic Variations during the 

Solar Eclipse of February 25, 1952—N. F. 
Astbury. (Nature (London), vol. 170, pp. 
68-69; July 12, 1952.) A preliminary account 
of observed variations of the horizontal com-
ponent of the geomagnetic field at Khartoum. 
A region of minimum disturbance occurred 
about 10 minutes after totality; recovery to the 
pre-eclipse level was prolonged for 4-5 hours 
after the last contact. It is suggested that the 
magnetic variations are largely due to plasma 
oscillations in the lower levels of the ionosphere. 

551.510.535 3426 
Nocturnal Disturbances of Ionization in 

the Lower Ionosphere—E. A. Lauter and K. 
Sprenger. (Z. Met., vol. 6, pp. 161-173; June, 
1952.) The observations made on 245-kc sky 
waves, reported previously [1377 of 1951 
(Lauter)], are analyzed statistically and the 
types of disturbance are classified. Though 
there is generally close correlation with geo-
magnetic activity, some of the phenomena ob-
served cannot be explained by accepted cor-
puscular-radiation theories. Observations on 
long waves should yield useful information not 
only about the mechanism of disturbances in 
the lower ionosphere, but also about the wind 
systems in the upper atmosphere. 

551.510.535:621.396.11.029.53 3427 
Weak Echoes from the Ionosphere with 

Radio Waves of Frequency 1.42 Mc/s—S. 
Gnanalingam and K. Weekes. (Nature (Lon-
don) vol. 170, pp. 113-114; July 19, 1952.) 
Note of results obtained by a sensitive FM 
method suitable for detecting echoes at times 
of high absorption. In January and February, 
reflections were obtained from heights between 
75 and 80 km. The effective reflection coeffi-
cient was found to be <3X 10-4. On days when 
the absorption was less, discrete reflection 
heights were noted near 90, 96 and 112 km. 
From mid-March the reflection height was con-
sistently in the range 102-105 km. 

551.54:550.386 3428 
Atmospheric Pressure and Geomagnetic 

Disturbance—R. P. W. Lewis and D. H. Mc-
Intosh. (Nature (London) vol. 169, pp. 1059-
1060; June 21, 1952.) Discussion of possible 
relations between geomagnetic disturbances 
and atmospheric pressure variations in the light 
of results for selected days in years of low sun-
spot number between 1900 and 1945. 

551.594.6:551.515.3 3429 
Identification of Tornadoes by Observation 

of Atmospherics Waveform—H. L. Jones and 
P. N. Hess. (Paoc. I.R.E. vol. 40, pp. 1049-
1052; September, 1952.) 

LOCATION AND AIDS TO 
NAVIGATION 

621.396.9 3430 
Narrow-Band Link relays Radar Data— 

J. L. McLucas. (Electronics, vol. 25, pp. 142-
146; September, 1952.) Description, with de-
tailed circuit diagrams, of equipment for scan-
ning the ppi display on a radar cr tube at a 
slow rate, thus integrating the display data and 
enabling a video signal, of bandwidth 2.3 kc, to 
be derived for transmission over telephone 
lines or a radio link to any desired point, where 
an adapter unit generates the signals necessary 
to operate a display which is a reasonably good 
reproduction of the original. 

621.396.9 3431 
A Survey of Requirements for Port Radar— 

L. S. Le Page. (Jour. Inst. Nov., vol. 5, pp. 
285-295; July, 1952.) General discussion of the 
advantages and limitations of a port radar 
system, based on the results of an official in-
vestigation. The trial equipment set up at 
Sunderland (1388 of 1951) and now perma-
nently installed is described. Details are given 
of the operating procedure. Other existing and 
projected shore installations in various parts of 
the world are listed, with descriptive notes. 

621.396.9 3432 
Operational Requirements for the Harbour 

Radar Installation at Ijmuiden—E. Goldbohm. 
(Tijdschr. ned. Radiogenoot., vol. 17, pp. 156-
167; July, 1952. Discussion, p. 167.) The 
special problems introduced by local weather 
and tidal conditions are indicated. Design 
features discussed include choice of wavelength 
(3.26 cm) and resolving power (17 m radial, 0.7° 
half beam-width), screen excitation, ranges 
(10 km maximum), scale of display and ac-
curacy. Details are given of the parabolic-
cylinder antenna with offset horn feed; rotation 
rate is 20 r.p.m. Communication is effected by 
FM radiotelephone operating in the 160-mc 
band. 

621.396.9:621.317.75 3433 
The Indicator of the Harbour Radar In-

stallation at Ijmuiden—J. A. Grosjean. (Tij-
cischr. ned. Radiogenoot., vol. 17, pp. 182-190; 
July, 1952. Discussion p. 190.) The indicator 
comprises two similar independent units each 
equipped with a 16° metal-cone cr tube for 
panoramic display. A direct indication of bear-
ing and distance of object is provided. The 
sweep is performed by a rotating-coil mecha-
nism driven from the antenna by a servo link. 
Permanent magnets of ferroxdure are used to 

offset the display to give bearing and distance 
from the harbor mouth rather than from the 
transmitter. See also 3432 above. 

621.396.9:621.396.61/.62 3434 
The Transmitter and Receiver of the Har-

bour Radar Installation at Ijmuiden—J. Ver-
straten. (Tsjdschr. ned. Radiogenoot., vol. 17, 
pp. 168-180; July, 1952. Discussion, p. 181.) 
A magnetron transmitter with a peak power of 
7 kw is used in conjunction with a heterodyne 
receiver including Si detector and klystron os-
cillator with afc. The IF is 30 mc and the pulse 
repetition frequency 3 kc. Circuit design details 
for attaining the required resolution, range and 
accuracy of location are discussed. Some notes 
on the mechanical construction are included. 
See also 3432 above. 

621.396.9:621.396.8 3435 
Fluctuations of Ground Clutter Return in 

Airborne Radar Equipment—T, S. George. 
(Proc. IEE (London), part IV, vol. 99, pp. 
92-99; April, 1952.) Full paper. See 2514 of 
October. 

621.396.932/.933 3436 
D ecca Navigator—(Wireless World, vol. 

58, p. 338; September, 1952.) A map shows the 
locations of European Decca stations, includ-
ing those of the South-West British chain 
opened on 29th July 1952, with its central 
station near Plymouth. 

621.396.932/.9331.1+621.396.97 3437 
Common-Wave Broadcasting and Hyper-

bolic Navigation: Part 2—M. Pohontsch. 
(Telefunken Zig, vol. 25, pp. 93-97; June, 1952.) 
Discussion of the accuracy of hyperbolic navi-
gation systems and of the possibility of using 
the transmissions of the German Decca stations 
as frequency standards for common-wave 
transmitters in the medium-wave range and 
even for the control of usw transmitters. 37 
references. Part 1: 2515 of October. 

MATERIALS AND SUBSIDIARY 
TECHNI QUES 

535.37 3438 
Induced Conductivity and Light Emission 

in Different Luminescent Type Powders— 
H. Kallmann and B. Kramer. (Phys. Rev., vol. 
87, pp. 91-107; July 1, 1952.) Experimental 
and theoretical investigation of various 
(Zn:Cd)S phosphors. 

535.37 3439 
Electroluminescence of Single Crystals of 

ZnS:Cu—W. W. Piper and F. E. Williams. 
(Phys. Rev., vol. 87, pp. 151-152; July 1, 
1952.) Application of direct or alternating 
voltage causes luminescence. Observations are 
explained on the basis of semiconductor theory. 

535.371:546.472.21 3440 
A Study of the Electron Traps in Zinc Sul-

fide Phosphor—A. W. Smith and J. Turkevich. 
(Phys. Rev., vol. 87, pp. 306-308; July 15, 1952.) 

535.376 3441 
Recent Research on Radio-luminescence— 

G. F. J. Garlick. (Brit. Jour. Appl. Phys., vol. 
3, pp. 169-172; June, 1952.) Investigations of 
the excitation of single crystals by single par-
ticles, using sensitive photomultipliers, indi-
cate much simpler relations between lumines-
cence intensity and particle energy than those 
previously found for phosphors of complex 
structure. In many inorganic crystals the lu-
minescence is proportional to the energy ab-
sorbed; deviations from proportionality pro-
vide indications of the nature of the processes 
involved. Further theoretical research is 
needed on the nature of the nonradiative proc-
esses which consume at least 80 per cent of the 
energy absorbed by ordinary phosphor screens. 

535.376: [546.41.786-31 546.47 - 31 3442 
The Decay of Calcium-Tungstate and Zinc-

Oxide Phosphors after Electron-Beam Ex-
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zitation—H. Gobrecht, D. Hahn and H. Dam-
mann. (Z. Phys., vol. 332, pp. 239-247; June 
23, 1952.) Oscillograms of the decay character-
istics are examined. That of CaW04 is ex-
ponential, of ZnO hyperbolic. Luminescence is 
assumed to be a monomolecular process in 
CaW04, and to be due to a recombination 
mechanism in ZnO. 

537.224 3443 
Investigation of the Thermal Conductivity 

of Electrets—J. van Calker and R. Arnold. 
(Z. Phys., vol. 132, pp. 318-329; June 23, 1952). 

537.226 3444 
Thermodynamic Theory of the Ferroelec-

tric Properties of Crystals of the Barium 
Titanate Type—M. Ya. Shirobokov and L. P. 
Kholodenko. (Zh. eksp. icor. Fiz., vol. 21, pp. 
1239-1249; November, 1951.) 

537.226 3445 
The Ferroelectric Properties of Crystals of 

the BaTiO3 Type near the Curie Point in the 
Presence of Elastic Stresses—L. P. Kholo-
denko and M. Ya. Shirobokov. (Zh. eksp. icor. 
Fiz., vol. 21, pp. 1250-1261; November, 1951.) 

537.228.2:538.652 3446 
On the Theory of Electrostriction Vibration 

—Substitution of Magnetostriction Theory— 
Y. Kikuchi. (Sci. Rep. Res. Inst. Tokohu Univ., 
Ser. B, vol. 3, no. 1, pp. 7-12; 1951.) 

537.311.3 3447 
The Electrical Resistance of Binary Metal-

lic Mixtures—R. Landauer. (Jour. Ape 
Phys., vol. 23, pp. 779-784; July, 1952.) A 
theory is developed which assumes a random 
mixture of the two components, conduction 
proceeding as if each crystal is surrounded by a 
homogeneous medium whose properties are 
those of the mixture. The variation of resistiv-
ity with composition as computed from the 
theory is compared with curves obtained ex-
perimentally; agreement is satisfactory for one 
group of mixtures, but totally unsatisfactory 
for another group. 

537.311.33:537.565 3448 
Effects of Dislocations on Mobilities in 

Semiconductors—D. L. Dexter and F. Seitz. 
(Phys. Rev., vol. 86, pp. 964-965; June 15, 
1952.) The scattering of electrons or holes in 
semiconductors by the dilatation of the lattice 
around rigid randomly arranged edge-type dis-
locations is treated by the method of the de-
formation potential. The contribution of this 
scattering to the electrical resistance is deter-
mined from the Boltzmann transport equation. 

537.311.33: 537.58 3449 
Thermal Ionization of Trapped Electrons— 

R. Kubo. (Phys. Rev., vol. 86, pp. 929-937; 
June 15, 1952.) The rate of thermal ionization 
of electrons trapped on impurity atoms is 
treated on a quantum mechanical basis. Ap-
proximate formulas based on an Einstein 
model are derived for the total ionization rate. 
Reasons are given for expecting much greater 
rates than those given by Goodman, Lawson 
and Schiff (2453 of 1947). 

537.311.33:546.24-1 3450 
Semiconducting Properties of Tellurium— 

P. Aigrain, C. Dugas, J. Legrand des Cloiseaux 
and B. Jancovici. (Compt. Rend. Acad. Sci. 
(Paris), vol. 235, pp. 145-146; July 16, 1952.) 
Measurements of the conductivity and Hall 
effect of single crystals, of dimensions several 
millimeters, were made at different tempera-
tures between that of liquid N and 50°C. The 
results show that Te is a p-type semiconductor 
with intrinsic activation energy of 0.34 ev and 
impurity activation energy of about 0.039 ev. 
At room temperature the mobility of electrons 
was found to be 910 cm per v/cm, and that of 
holes 570 cm per v/cm. 

537.311.33:546.28-1 3451 
Study of the Conductivity of Silicon—M. 

Perrot and J. Tortosa. (Ccmtpt. Rend. Acad. Sci. 
(Paris), vol. 235, pp. 143-145; July 16, 1952.) 
Films of Si were deposited by evaporation on to 
glass between two Ag electrodes 100-300 g 
apart. For thicknesses 300 mg the resistance 
was nearly constant for applied voltages up to 
1.5 kv/cm, but the thinnest films showed con-
siderable departures from Ohm's law, the re-
sistance of 70-mg and 160-mg films being 15 
times greater at 1.5 kv/cm than at zero voltage. 

537.311.33:546.289 3452 
The ABC's of Germanium—J. P. Jordan. 

(Elec. Eng. (N.Y.), vol. 71, pp. 619-625; July, 
1952.) Discussion of mechanisms governing the 
properties and applications of Ge crystals. 

537.311.33/: 546.289: 537.568 3453 
Electron-Hole Recombination in Germa-

nium—R. N. Hall. (Phys. Rev., vol. 87, p. 287; 
July 15, 1952.) Measurements show that the 
rate of recombination varies linearly with 
carrier concentration over a wide range of con-
centration and of temperature. This can be ex-
plained on the assumption that recombination 
takes place largely through the agency of re-
combination centers distributed throughout 
the Ge. The Fermi level of these centers is esti-
mated as about 0.22 ev above the valence band 
or below the conduction band. 

537.311.33:546.772.21 3454 
Semiconductor Properties of Molybdenite 

—F. Regnault, P. Aigrain, C. Dugas and B. 
Jancovici. (Compt. Rend. Acad. Sci. (Paris), 
vol. 235, pp. 31-32; July 7, 1952.) Measure-
ments of conductivity and Hall effect were 
made at temperatures between that of liquid 
H and 300°C. The curve showing the logarithm 
of the number of free carriers plotted against 
the reciprocal of absolute temperature is not a 
straight line in all cases, indicating the pres-
ence of both types of impurity. 

538.221 3455 
New Magnetic Material—(Elec. Rev. 

(London) vol. 150, p. 1246; June 6, 1952.) A 
few details are given of a new Ni-Fe alloy, de-
veloped by Standard Telephones, to be known 
as a PermalloyF." It has a very nearly rectangu-
lar hysteresis loop, low coercive force, and is 
very suitable as a core material for all types of 
saturable reactor. A flux density of nearly 
14,000 gauss can be obtained with magnetizing 
fields <0.1 oersted. A list of proposed core sizes 
is given. 

538.221 3456 
The Magnetic Structure of Alnico 5—E. A. 

Nesbitt and R. D. Heidenreich. (Elec. Eng. 
(N.Y.), vol. 71, pp. 530-534; June, 1952.) Re-
vised text of A.I.E.E. Winter General Meeting 
paper, January 1952. Detailed discussion of 
(a) the mechanism which enables the alloy to 
respond to heat treatment in a magnetic field, 
(b) the mechanism resulting in the high coercive 
force of 600 oersted. See also 2530 and 2531 of 
October. 

538.221 3457 
Rare-Earth Ferrites with Two Curie Points 

—H. Forestier and G. Guiot-Guillain. (Compt. 
Rend Acad. Sci. (Paris), vol. 235, pp. 48-50; 
July 7, 1952.) Continuation of work noted pre-
viously (2532 of 1950). 

538.221:534.232:538.652 3458 
Magnetostrictive Vibration of Prolate 

Spheroids. Ni-Fe and Ni-Cu Alloys—J. S. 
Kouvelites and L. W. McKeehan. (Phys. Rev., 
vol. 86, pp. 898-904; June 15, 1952.) A study 
of various magnetic properties of Ni-Fe and 
Ni-Cu alloys determined from longitudinal 
magnetostrictive vibrations of spheroidal sam-
ples. See also 1929 of August (Beck et al.). 

538.221:537.226.2/.3 3459 
Dielectric Investigations on Ferrites—G. 

Miiltgen. (Z. angew. Phys., vol. 4, pp. 216-224; 
June, 1952.) Measurements of dielectric con-
stant sr and dielectric loss between 50 cps and 

20 mc indicate an inhomogeneous structure. 
Extremely high values of sr at low frequencies 
are attributed to very thin air layers between 
the ferrite crystals. At frequencies of a few kc 
Sr falls to a constant value of about 10; this is 
maintained up to 4 kmc. 

538.221:621.318.2 3460 
A New Permanent-Magnet Material of 

Nonstrategic Material—F. G. Brockman. 
(Elec. Eng. (N.Y.), vol. 71, pp. 644-647; July, 
1952.) An account of the properties of the 
Philips material ferroxdure. See also 2824 of 
November (Went et al.). 

538.221:621.318.2 3461 
Determination of the Characteristics of Per-

manent-Magnet Materials—E. Meyer. (Arch. 
Elektrotech., vol. 40, pp. 363-366; 1952.) A 
graphical method is described for determining 
the maximum induction that can be obtained 
in the air-gap of a magnet made from specified 
material. 

538.221:621.318.2 3462 
A Graphical Method for Determining the 

Optimum Working Point of Permanent-Mag-
net Systems—W. Breitling. (Arch. Elektrotech., 
vol. 40, pp. 366-369; 1952.) 

538.221:669.14.018.582-15 3463 
The Influence of Heat Treatment on Mag-

netic Viscosity in Permanent-Magnet Alloys— 
R. Street, J. C. Woolley and P. B. Smith. 
(Proc. Phys. Soc. (London), vol. 65, pp. 461-
462; June 1, 1952.) 

538.221:669.15.782 3464 
Low Remanence and the Temperature 

Variation of Permeability of Silicon-Iron Alloys 
—E. W. Lee. (Prot. Phys. Soc. (London), vol. 
65, pp. 455-456; June 1, 1952.) 

538.221.029.5/.6 3465 
The Magnetic Spectra of the NiZn Ferrites 

at Radio Frequencies—L. A. Fomenko. (Zh. 
eksp. icor. Fiz., vol. 21, pp. 1201-1208; No-
vember, 1951.) The influence of frequency on 
the elastic and viscous permeabilities of ferrites 
is considered. The Ni-Zn ferrites have a con-
tinuous magnetic spectrum with sharply de-
fined dispersion bands of elastic permeabilty 
and absorption bands of viscous permeability 
at frequencies from 0.75 to 360 mc. 

546.23.161:621.317.335.3 3466 
The Dielectric Constant and Loss of Amor-

phous Selenium at a Wavelength of 3 cm— 
H. A. Gebbie and D. G. Kiely. (Proc. Phys. 
Soc. (London), vol. 65, p. 553; July 1, 1952.) 
Results of waveguide measurements are in 
good agreement with values previously found 
for infrared wavelengths. 

546.26-1:537.582 3467 
The Thermionic Constants of Metals and 

Semi-conductors: Part 1—Graphite—S. C. 
Jain and K. S. Krishnan. (Proc. Roy. Soc. A, 
vol. 213, pp. 143-157; June 24, 1952.) Experi-
mental determination of the saturation vapor 
pressure of the electron gas from graphite as a 
function of temperature T by an effusion 
method, yielding a value for the work function 
of 4.62 ev and for the effusion constant of 60 
A/cm2/T2. 

546.47-31 3468 
The Photoconductivity of Zinc Oxide—H. 

Weiss. (Z. Phys. vol. 132, pp. 335-353; June 23, 
1952.) An investigation of the photoconductiv-
ity of evaporated ZnO films as a function of 
temperature and of the wavelength of the inci-
dent light. The quantum efficiency is deter-
mnied from the initial rise of current. Normal 
relations connecting dark and light current and 
rate of current change hold at temperatures 
down to 87°K. 

546.47-31: [537.533.9 + 535.215.2 3469 
The Energy Conversion in Light or Electron 

Irradiation of Thin Zinc-Oxide Films—G. 
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Heiland. (Z. Phys., vol. 132, pp. 367-383; June 
23, 1952.) A simple model is proposed which 
affords a theoretical explanation of the effects 
previously described (3470 below). 

546.47-31:537.533.9 3470 
Conductivity Variations of Thin Zinc-Oxide 

Films due to Electron Irradiation—G. Heiland. 
(Z. Phys., vol. 132, pp. 354-366; June 23, 
1952.) Irradiation by electrons of energy 1-6 
key produced a reversible increase of the con-
ductivity; a quantitative estimation of the 
energy conversion was made from the initial 
increase of current. 

621.3.042.143 3471 
Tape-Wound Magnetic Cores—A. L. Mor-

ris. (Electronic Eng., vol. 24, pp. 416-417; 
September, 1952.) The advantages of tape-
wound cores for use in transformers and mag-
netic amplifiers are indicated, and various con-
structions are discussed. Flux distribution can 
be made satisfactorily uniform by means of 
series, parallel or tertiary compensating wind-
ings. 

621.314.63 3472 
Further Results in the General Theory of 

Barrier-Layer Rectifiers—P. T. Landsberg. 
(Proc. Phys. Soc. (London), vol. 65, pp. 397-
409; June 1, 1952.) Formulas are derived for 
the temperature variation of the zero-voltage 
resistance of a rectifier with an arbitrary dis-
tribution of impurity centers. These formulas 
are applied to interpret experimental results 
and to determine the dependence on tempera-
ture of (a) the effective mass of current carriers 
in Ge rectifiers and (b) the mobility of current 
carriers in Se rectifiers. Thermal instability and 
current creep are discussed. 

621.314.632:549.328.1 3473 
Rectification Phenomena exhibited by 

Natural and Sulphurized Galena—A, L. Rei-
mann and J. V. Sullivan. (Proc. Phys. Soc. 
(London), vol. 65, pp. 480-487; July 1, 1952.) 
According to the sulphurization treatment 
given, either the rectification properties of 
specimens of n-type galena were improved, or 
the polarity was changed to p-type. The results 
of tests with dc and at 3 kmc were discussed in 
the light of present-day theory. 

621.314.634 +621.383.42]:546.49-13 3474 
The Influence of Mercury Vapour on Sele-

nium Rectifiers and Selenium Photoelements— 
P. Selényi. (Proc. Phys. Soc. (London), vol. 
65, p. 552; July I, 1952.) If Se rectifiers are 
exposed to Hg vapor, they lose their high re-
sistance in the blocking direction and become 
useless. A similar destructive effect has been 
observed with Se photocells. The effect, which 
is due to the formation of mercuric selenide, 
an excess semiconductor of high conductivity, 
is discussed with reference to Schottky's bar-
rier-layer theory. 

621.315.61:537.311.1 3475 
Electronic Conduction in Crystalline Insula-

ating Materials—W. Franz. (Z. Phys., vol. 132, 
pp. 285-311; June 23, 1952.) Systematic de-
velopment of a theory of conduction and break-
down. 

621.315.612.6:666.1 3476 
Dielectric Losses in Glass—J. M. SteveIs. 

(Philips tech. Rev., vol. 13, pp. 360-370; June, 
1952.) Losses at different temperatures due to 
(a) conduction, (b) after effect and (c) reso-
nance are discussed. The influence of chemical 
composition and structure is investigated, with 
special attention to the borate glasses. Meth-
ods of reducing the losses in certain frequency 
ranges are described. 

621.315.612.6:677.021/.024 3477 
Fibreglass in Electrical Insulation—A. R. 

Henning. (Distrib. Elec., vol. 25, pp. 154-158; 
July, 1952.) An account of modern methods of 
producing, spinning and weaving glass fibres, 
and of the application of glass-fibre yarn, braid, 

cloth, etc., for cable insulation and other pur-
poses. 

621.315.616.9: 621.396.822 3478 
Random Noise in Dielectrics—H. Bauss 

and R. F. Boyer. (Jour. Appl. Phys., vol. 23, 
pp. 802-803; July, 1952.) The fluctuating cur-
rents previously observed [2550 of 1950 
(Boyer)], on applying direct voltage across thin 
films of certain polymers, tend to disappear on 
cooling the sample below the second-order 
transition temperature. This is interpreted as 
supporting the theory that the fluctuations are 
due to the diffusion of ions. 

621.318.1 3479 
Magnetodynamics of Cores and Sheaths 

with Air-gaps—P. M. Prache. (Cables & Trans. 
(Paris), vol. 6, pp. 265-277; July, 1952.) Con-
tinuation of a previous paper (2246 of Sep-
tember). A physical explanation is given of the 
action of air-gaps in increasing the frequency 
at which skin effects begin to cause a decrease 
of coil inductance and Q factor. Formulas and 
charts are given which enable quantitative es-
timation of the improvement due to the use of 
air-gaps; experiments confirm their validity. 

621.318.2 3480 
Permanent Magnets for Spectrographs and 

Nuclear Physical Research—D. Hadfield and 
D. L. Mawson. (Brit. Jour. Ape Phys., vol. 
3, pp. 199-202; June, 1952.) Descriptions are 
given of recently designed permanent-magnet 
systems for producing constant strong fields 
in large air gaps; modern anisotropic alloys are 
used. Where small variations can be tolerated, 
auxiliary electromagnets are used to facilitate 
adjustment of field strength; alternatively con-
trol may be effected by artificial aging. 

621.396.611.21 3481 
High-Frequency Crystal Units for Primary 

Frequency Standards—A. W. Warner. (PRoc. 
IRE., vol. 40, pp. 1030-1033; September, 
1952.) Description of the characteristics of and 
production methods for a new type of crystal 
unit suitable for mass-production techniques. 
An AT cut is used and one face of the crystal 
has a spherical contour whose radius is chosen 
to give minimum series-resonance resistance. 
Both faces are polished, with gold-film elec-
trodes of limited area. Overtone operation is 
used, final frequency adjustment to within 1 
cps per megacycle/second being effected by 
control of the final stage of the gold-film de-
position. Such crystals operate in the range 
3-20 mc, have very high Q values and very low 
temperature coefficients, and are highly stable 
under conditions of vibration or shock. 

MATHEMATICS 
517.942.93 3482 

Separability Conditions for the Laplace and 
Helmholtz Equations—P. Moon and D. E. 
Spencer. (Jour. Frank. Inst., vol. 253, pp. 585-
600; June, 1952.) The necessary and sufficient 
conditions are deduced for separation of the 
variables in the Helmholtz and Laplace equa-
tions. The wave equation and the damped-wave 
equation can be reduced to the Helmholtz 
equation by separation of the time term, and 
Poisson's equation can be reduced to the La-
place equation by change of variable. Results 
are tabulated for Euclidean n-space and for 
Euclidean 3-space. 

681.142 3483 
Modern Computing Machines—G. T. 

Hunter. (Jour. Frank. Inst., vol. 253, pp. 567-
583; June, 1952.) A review of some American 
digital computers, with particular reference to 
the I.B.M.-Harvard calculators and their 
operation. Practical applications are mentioned. 

681.142:512.37 3484 
A New Construction Principle for Electrical 

Machines for Determination of the Roots of 
Algebraic Equations—D. Mitrovic. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 234, pp. 2519-
2521; June 23, 1952.) Voltages defined by cer-

tain relations among the coefficients of the 
equation are applied in the various branches of 
a ladder type of network comprising a set of 
simultaneously variable impedances in series 
and a set of equal fixed-value impedances X in 
parallel. By adjusting to obtain zero current in 
the first mesh of the network, the roots of the 
equation can be directly determined from the 
ratio ja/X. 

MEASUREMENTS AND TEST GEAR 

531.76: 621.318.572 3485 
A Dekatron Timer—J. McAuslan and K. J. 

Brimley. (Electronic Eng., vol. 24, pp. 408-409; 
September, 1952.) A circuit including a I-kc 
crystal-controlled oscillator is used to measure 
detonator delay times from 25 ms to 12 sec-
onds. The counting is done by four Type-
GC10/B dekatrons which display the result in 
decimal form. 

621.3.018.41(083.74): 621.396.611.21 3486 
High-Frequency Crystal Units for Primary 

Frequency Standards—Warner. (See 3481.) 

621.316.726.078.3:538.569.4.029.64 3487 
The Application of Molecular Resonance to 

Microwave Frequency Stabilization—H. R. L. 
Lamont and E. M. Hickin. (Brit. Jour. Ape. 
Phys., vol. 3, pp. 182-188; June, 1952.) A 
description is given of apparatus for stabilizing 
an oscillator at wavelengths near 1.25 cm; the 
method is based on that of Hershberger and 
Norton (2953 of 1948 and 2140 of 1950), mak-
ing use of the absorption lines of ammonia. 
Factors affecting performance are discussed. 
An N.P.L. test gave a measured stability figure 
of ± 6 parts in 10f; it should be possible to im-
prove on this by using a larger waveguide and 
a lower temperature, and especially by finding 
substances with sharper absorption lines. 

621.317.015.33 3488 
Parameters and Operation Constants of 

Surge Waves with Different Time Character-
istics—R. Hofer. (Elecktrotech. Z. Ed. A., vol. 73, 
pp. 461-462; July 11, 1952.) The different forms 
of surge waves are discussed and the theoretical 
relations between their parameters are ex-
plained, numerical results being tabulated and 
shown graphically. 

621.317.32.029.64:621.396.611.4:537.52 3489 
Methods of Measuring the Properties of 

Ionized Cases at High Frequencies: Part 2— 
Measurement of Electric Field—D. J. Rose 
and S. C. Brown. (Jour. Appl. Phys., vol. 23, 
pp. 719-722; July, 1952.) Three cavity-reso-
nator methods are described, the field being de-
termined in terms of the power incident on 
the cavity and the standing-wave pattern on 
the input line. Two of the methods are appli-
cable to high-Q cavities, with simple and com-
plex field configurations respectively, while the 
third is applicable to low-Q cavities. Part 1: 
3496. 

621.317.329: 621.392.26 3490 
The Electric Polarizability of Apertures of 

Arbitrary Shape—S. B. Cohn. (Paoc. I.R.E., 
vol. 40, pp. 1069-1071; September, 1952.) Re-
port of further electrolyte-tank measurements. 
See also 725 of April. 

621.317.335.3 3491 
The Effect of Reactance in a X/4 Lecher 

System on Measurements of Dielectric Con-
stant—I. V. Zhilenkov and A. N. Efremov. 
(Zh. eksp. ¿cor. Fig., vol. 21, pp. 839-844; July, 
1951.) Results are given of an experimental 
investigation of the effects of the inductance of 
the capacitor leads, the shunting action of the 
coupling loop, bending of the leads, etc., on 
measurements of capacitance and dielectric 
constant. The advantages of direct immersion 
of the open end of the system in the dielectric 
and of the use of a three-plate capacitor are 
indicated. 

621.317.335.3 -1- 621.317.374]: 621.392.2 3492 
The Tuned Coaxial X/2 Lecher Line as 
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Measurement Line for Determination of Loss 
Angle and Dielectric Constant at Decimetre 
and Centimetre Wavelengths—E. Lob. (Arch. 
glee übertragung, vol. 6, pp. 288-298; July, 
1952.) A method is described for determining 
dielectric properties from the resonance curve 
of a coaxial X/2 line provided with short-cir-
cuiting disks. The loss angle is found in the 
usual way from the width of the resonance 
curve at half the maximum height, and the di-
electric constant by comparison of the reso-
nance frequencies for the air-filled and the di-
electric-filled resonator. The losses occurring 
In the resonator itself are calculated for differ-
ent ratios of the diameters of the inner and 
outer conductors, minimum losses occurring for 
a ratio of 3.6. Numerical results are given for 
the losses in a brass resonator of optimum di-
mensions, for wavelengths of 40 cm and 55 cm. 

621.317.335.3.029.64:546.217 3493 
An Airborne Microwave Refractometer— 

C. M. Crain and A. P. Dearn. (Rev. Sci. 
vol. 23, pp. 149-151; April, 1952.) An account 
of the adaptation of the equipment previously 
described 12565 of 1950 (Crain)] to measure-
ments in aircraft. Results are to be published 
later. 

621.317.335.3.029.64 : 551.578.4 3494 
The Dielectric Properties of Ice and Snow at 

3.2 Centimeters—W. A. Cumming. (Jour. 
Appt. Phys., vol. 23, pp. 768-773; July, 1952.) 
Report of an investigation to establish the rela-
tion between the reflection coefficients of 
snow-covered surfaces and the dielectric proper-
ties of ice and snow. Permittivity and loss-
tangent measurements were made using wave-
guide techniques; values of reflection coefficient 
calculated from these measurements are com-
pared with values found from measurements of 
the radiation pattern of a slotted-waveguide 
antenna mounted at a variable height above a 
snow-covered surface. 

621.317.336:621.315.212 3495 
Reflections in a Coaxial Cable due to Im-

pedance Irregularities—G. Fuchs. (Proc. SEE 
(London), part IV, vol. 99, pp. 121-136; April, 
1952.) Full paper. See 2554 of October. 

621.317.337.029.64: 621.396.611.4: 537.52 3496 
Methods of Measuring the Properties of 

Ionized Gases at High Frequencies: Part 1— 
Measurement of Q—S. C. Brown and D. J. 
Rose. (Jour. Appt. Phys., vol. 23, pp. 711-718; 
July, 1952.) Measurements of the field asso-
dated with a gas discharge at microwave fre-
quency commonly involve prior determination 
of the power absorbed in a resonant cavity. 
Methods are described for determining the im-
pedance, and resonance wavelength of such 
cavity systems from measurements of the 
voltage distribution on the line terminated by 
the cavity; the series losses in the coupling be-
tween cavity and transmission line are taken 
into account. 

621.317.35:621.396.61 3497 
A Method to Estimate Attenuation of Spur-

ious Emission of Very-High-Frequency Trans-
mitter—H. Uchida. Sci. Rep. Res. Inst. 
Tohoku Univ., Ser. B., vol. 3, pp. 87-94; Sep-
tember, 1951.) 

621.317.35:621.396.615.17 3498 
Synthetic Waveforms speed Wave Analysis 

—A. A. Mahren. (Electronics, vol. 25, pp. 132-
135; September, 1952.) Description, with cir-
cuit details, of a generator for producing par-
ticular waveforms by addition of harmonics to 
a fundamental whose frequency can be varied 
from 25 cps to .3 kc. Both the amplitudes and 
phases of the individual harmonics up to the 
fifth are variable over very wide ranges. Typ-
ical synthetic waveforms are reproduced. 

621.317.443 3499 
Some Developments and Simplifications in 

Permeameters—A. M. Armour, A. J. King and 
J. W. Walley. (Proc. IEE (London), part IV, 

vol. 99, pp. 74-82; April, 1952.) Problems of 
strains in specimens and nonuniformity of field 
are solved for a precision-type instrument. One 
of the simplified instruments described uses a 
rotatable permanent magnet to vary the mag-
netization of the specimen. The associated 
magnetometer, covering a range 1-3000 
oersted, has a low-permeability moving magnet 
of silmanal, 3 mm' in volume. 

621.317.723 3500 
The Vibrating-Condenser-Type Electrom-

eter—S. Hamada, E. Takagi and A. Sato. 
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, 
vol. 3, pp. 233-249; March, 1952.) Description 
of the instrument used in the Research Insti-
tute of Tohoku University. Minimum differ-
ence of potential measurable is about 0.1 mv. 

621.317.725 3501 
A Differential Voltmeter using a Tempera-

ture-Limited Diode—V. H. Attree. (Jour. Sci. 
Instr., vol. 29, pp. 226-229; July, 1952.) A 
type-29C1 diode forms one arm of a resistance 
bridge. A center-zero instrument in the anode 
circuit gives an accurate indication of the sup-
ply voltage. A typical instrument has a range 
215-245 I/ and consumes 10 w. 

621.317.725 3502 
Mean-Square Vacuum-Tube Voltmeter— 

L. A. Rosenthal and G. M. Badoyannis. 
(Electronics, vol. 25, pp. 128-131; September, 
1952.) Description, with full circuit details, of 
an instrument which uses a nonlinear thyrite 
element in a rectifier bridge circuit for squaring 
the input signal. A suitable resistive shunt 
across the thyrite element results in a square-
law characteristic accurate to within ± 2.5 per 
cent for a current range of 50:1. The upper 
frequency limit of the meter is 500 kc. A ther-
mostat may be used to reduce the temperature 
error of the thyrite element. 

621.317.725 3503 
Valve Voltmeter TVL25—A. V. J. Martin. 

(Télévision, no. 25, pp. 161-168; July/August, 
1952.) Constructional details of an inexpensive 
linear-scale instrument with a range 3 v-1 kv. 
Probe fittings extend the range to 30 kv and 
adapt the instrument for measurement of 
alternating voltages with an upper frequency 
limit of 250 mc. 

621.317.733 3504 
The Elimination of Errors due to Stray 

Capacitances in certain Schering-Bridge Meas-
urements—H. C. Hall. (Jour. Sci. Instr., vol. 
29, pp. 224-225; July, 1952.) The simple circuit 
is modified to include three variable capacitors 
and a switch connecting the junction of the 
resistive arms either to earth E or to the high-
voltage terminal A. The value of stray capaci-
tance included in the equation for balance with 
the switch at E is unaltered when measurement 
is made with the switch at A. A Wagner earth 
is not required. 

621.317.733:621.311.6 3505 
Precision Voltage Source—V. H. Attree. 

(Wireless Eng., vol. 29, pp. 226-230; Septem-
ber, 1952.) A tungsten-lamp nonlinear bridge, 
run from a mains transformer, provides an ac 
source for the rapid and accurate checking of 
amplifier gain. The bridge is switched to dc for 
calibrating. 

621.317.733.011.22 3506 
A Note on the Sensitivity of Electrical 

Bridge Networks—M. Romanowski and A. F. 
Dunn. (Ganad. Jour. Phys., vol. 30, pp. 342-
347; July, 1952.) An analytical solution is 
presented of the problem of determining ac-
curately the value of a resistance when the 
bridge used for its measurement is very nearly 
but not quite balanced. Application is made 
to the use of the Kelvin double bridge for the 
comparison of precision standard resistors. 

621.317.733.011.5 3507 
A High-Voltage Schering Bridge for Di-

electrics Research—B. Salvage and T. R. 
Foord. (Distrib. Elec., vol. 25, pp. 160-162; 
July, 1952.) Description of a doubly screened 
bridge with automatic compensation of stray 
capacitance by use of a cathode-follower cir-
cuit to maintain the inner screen at the 
potential of one of the detector terminals, thus 
avoiding the need for balance by successive 
approximations, as with the Wagner circuit. 
An amplifier and moving-coil rectifier instru-
ment are used as detector. A new hv standard 
capacitor for the bridge, with units of 200, 350 
and 700 pf, is described. 

621.317.733.029.62 3508 
A Bridged-T Impedance Bridge for the 

V.H.F. Waveband—R. F. Proctor. (Proc. IEE 
(London), part IV, vol. 99, pp. 47-50; April, 
1952.) Full paper. See 2557 of October. 

621.317.755.029.51/.62 3509 
High-Frequency Curve Tracer for 100 

kc/a.-230 Mc/s—A. Klemt. (Funk u. Ton, vol. 
6, pp. 357-362; July, 1952.) Description of 
signal generator and cro equipment for display 
of the response curves of amplifiers, oscillatory 
circuits, filters, etc. Ranges of 100 kc-110 mc 
and 170-230 mc, with frequency marker pips 
derived from a quartz-crystal oscillator, are 
provided. A frequency wobble of 0-20 mc can 
be applied. 

621.317.77 3510 
A Simple Variable-Frequency Phase-

Measuring Device—J. C. West and J. Potts. 
(Electronic Eng., vol. 24, pp. 402-403; Septem-
ber, 1952.) The phase shift produced by the 
network under test is compared oscillographi-
cally with that produced by a calibrated 4-tube 
phase-shifting network with a frequency-
independent response over the range 100 cps-
25 kc. The error in the phase-angle measure-
ment is <I°. 

621.317.794 3511 
Accuracy of Bolometric Power Measure-

ments—H. J. Carlin and M. Sucher. (Pam. 
I.R.E., vol. 40, pp. 1042-1048; September, 
1952.) When a bolometer is calibrated at LF, 
errors of measurements at RF are minimized by 
using a convectively cooled wire with a large 
length/diameter ratio. Analysis shows that the 
error for a Wollaston wire in air is less than that 
for a corresponding wire mounted in vacuo, and 
that the advantage of the air-mounted wire in-
creases as the wire length becomes an ap-
preciable fraction of the wavelength. Wollaston-
wire bolometers, if properly designed and 
mounted, can be used to measure cw power 
over a range of wavelengths down to millimetre 
waves with an accuracy approaching that of LF 
measurements. 

621.396.615.029.426/.51 3512 
A Note on "A Precision Decade Oscillator" 

—J. A. B. Davidson. (Paoc. I.R.E., vol. 40, 
pp. 1124-1125; September, 1952.) Comment on 
2237 of 1951 (Edwards), pointing out that 
Muirhead & Co. have been producing precision 
decade oscillators since 1940 with a frequency 
accuracy within 0.1-0.2 per cent over the range 
1 cps-100 kc, four decade dials giving 1-cps 
steps up to 10 kc and 10-cps steps up to 100 
kc. Special features of these oscillators are 
mentioned. Other types with ranges of 100 
cps-40 kc and 0.1 cps-20 kc respectively are 
also noted. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

534.321.9:620.179.16 3513 
Thickness Gauge—(Overseas Eng., vol. 25, 

p. 440; July, 1952.) Oscillations from a variable-
frequency ultrasonic generator are transmitted 
into the plate or other structure whose thick-
ness is to be measured, a film of oil or grease 
being used to give good coupling. When the 
wave reflected from the back face is in phase 
with the transmitted wave, a maximum signal 
is picked up by a probe. The thickness is at 
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once obtained as the quotient of the speed of 
sound in the material by twice the fundamental 
frequency, which is read directly. Accuracy is 
within about 1 per cent. The complete equip-
ment weighs only 23 lb. 

534.321.9 : 620.179.16: 625.8 3514 
An Apparatus for Determining the Velocity 

of an Ultrasonic Pulse in Engineering Materials 
—E. N. Gatfield. (Electronic Eng., vol. 24, pp. 
390-395; September, 1952.) A detailed descrip-
tion of equipment for investigating road 
materials, particularly concrete. The time of 
propagation between quartz transducers sepa-
rated by the thickness of the material is meas-
ured and indicated on a cro. The frequency 
used is 200 kc and the pulse repetition rate 50 
per second. 

535.336.2.071:621.316.728 3515 
Power Supply for a Thermionic Ion Source 

—C. Reuterswâxd. (Jour. Sci. ¡asir., vol. 29, 
pp. 184-185; June, 1952.) Stabilized power is 
supplied to emissive filaments investigated in 
mass spectroscopy by means of regulated oscil-
lation generators; the laboratory unit described 
delivers 15 w. 

537.228.1:531.768.087 3516 
The Reciprocity Calibration of Piezoelectric 

Accelerometers—M. Harrison, A. O. Sykes and 
P. G. Marcotte. (Jour. Aeons. Soc. Amer., vol. 
24, pp. 384-389; July, 1952.) Theoretical and 
experimental evaluation of an absolute tech-
nique for the frequency range 100 cps-10 kc. 

621.384.6: 621.319.3.027.89 3517 
Tested Construction of Electrostatic Gen-

erator for Nuclear Research, giving Very High 
Voltage and using a Dust Stream—M. Morand, 
A. Raskin and L. Winand. (Compt. Rend. Acad. 
Sci. (Paris), vol. 234, pp. 2450-2452; June 16, 
1952.) Discussion of problems in the develop-
ment of a generator giving a current of the 
order of 1 ma at over 1 mv. Very finely pow-
dered glass is used for the dust stream. A 
generator of this type has been in regular use 
for over five years without giving trouble. For 
the first description and theory of such genera-
tors see 3451 of 1937 (Pauthenier and Moreau-
Hanot), 3725 and 4117 of 1939 (Pauthenier). 

621.384.622.2 3518 
Axial Motion of an Electron in a Constant-

Wave-Velocity Section of a Linear Accelerator 
—D. Caplan and E. Akeley. (Jour. Appt. 
Phys., vol. 23, pp. 774-778; July, 1952.) 

621.385.833 3519 
The Derivation of Paraxial Constants of 

Electron Lenses from an Integral Equation— 
H. Bremmer. (Appt. Sci. Res., vol. 132, no. 6, 
pp. 416-428; 1952.) 

621.385.833 3520 
The Current in the Electron Immersion 

Objective—L. Jacob. (Proc. Phys. Soc. (Lon-
don), vol. 65, pp. 421-425; June 1, 1952.) 
Analysis showing that the emission current 
under conditions of constant cut-off voltage is 
uniquely defined by the cross-over potential. 

621.385.833 3521 
The Reliability of Internal Standards for 

Calibrating Electron Microscopes—J. H. L. 
Watson and W. L. Grube. (Jour. Appt. Phys., 
vol. 23, pp. 793-798; July, 1952.) 

621.385.833 3522 
Specimen Charging in the Electron Micro-

scope and some Observations on the Size of 
Polystyrene Latex Particles—S. G. Ellis. (Jour. 
Appt. Phys., vol. 23, pp. 728-732; July, 1952.) 

621.385.833 3523 
A Method for the Electron and Optical 

Microscopic Examination of Identical Areas— 
E. D. Hyam and J. Nutting. (Brit. Jour. Appt. 
Phys., vol. 3, pp. 173-176; June, 1952.) 

621.387.4.087.6 3524 
A Printing Recorder for use in Conjunction 

with Scaling Units—A. R. Lang. (Jour. Sci. 

Instr., vol. 29, pp. 176-178; June, 1952.) De-
scription of a machine designed for use with an 
automatic X-ray counter spectrometer. The 
counts, together with an angle given in degrees 
and minutes, are recorded on a paper roll 6 
inches wide. 

621.387.42 3525 
The Parallel-Plate Counter as a Self-

Quenching Particle-Counting Apparatus—E. 
Bagge and J. Christiansen. ( Naturwiss. vol. 39, 
p. 298; July, 1952.) 

621.387.462:549.211 3526 
Electrical Counting Properties of Diamonds 

—F. C. Champion. (Proc. Phys. Soc. (London), 
vol. 65, pp. 465-472; July 1, 1952.) About 25 
out of 200 gem-quality diamonds responded to 
both a- and e-particles. Pulse heights given by 
5-mev a-particles were only about three times 
those for 1-mcv 0-particles. Results are dis-
cussed. 

621.387.462:549.211 3527 
Electrical Counting Response of Two Large 

Diamonds under Beta-Irradiation—K. Stratton 
and F. C. Champion. (Proc. Phys. Soc. 
(London), vol. 65, pp. 473-480; July 1, 1952.) 
Report and discussion of tests on removal of 
space charge, variation of counting rate with 
time, variation of pulse height with applied 
field, and comparison with a Geiger counter. 

621.387.464 3528 
Characteristics of Scintillation Counters— 

G. F. J. Garlick and G. T. Wright. (Proc. 
Phys. Soc. (London), vol. 65, pp. 415-421; 
June 1, 1952.) Experimental study to deter-
mine the factors responsible for the pulse-
amplitude distribution in a-particle counters. 

771.36.537.228.4.531.557 3529 
Electro-optical Shutters for Ballistic Pho-

tography—B. J. Ley and P. Greenstein. (Elec-
tronics, vol. 25, pp. 123-125; September, 1952.) 
Equipment for operating Kerr-type shutters 
gives either a single 1-ps pulse or ten identical 
pulses spaced 25, 50 or 100 us apart, with am-
plitudes up to 50 kv. 

PROPAGATION OF WAVES 

621.396.11 3530 
Sweep-Frequency Oblique-Incidence Iono-

sphere Measurements over a 1150-km Path— 
P. G. Sulzer and E. E. Ferguson. PROC. 
I.R.E., vol. 40, p. 1124; September, 1952.) Pre-
liminary account of results obtained in simul-
taneous transmission and reception experi-
ments at both Sterling, Virginia, and St. Louis, • 
Missouri, as well as in vertical-incidence vir-
tual-height/frequency recordings at the mid-
point of the path. Values of muf determined 
from the oblique-incidence records are in good 
agreement with those calculated from mid-
point data by the transmission-curve method 
[3042 of 1939 (Smith)]. 

621.396.11 3531 
On the Propagation of Electric Waves be-

hind a Mountain—Y. Nomura. (Sci. Rep. Res. 
Inst. Tohoku Univ., Ser. B, vol. 3, pp. 115-124; 
March, 1952.) Formulas for the field strength 
are derived on the assumption that the moun-
tain can be regarded as a vertical screen (a) 
with upper edge horizontal and inclined at 90° 
or any other angle to the vertical plane through 
transmitter and receiver, (b) with upper edge 
not horizontal. 

621.396.11+535.2221: 535.417 3532 
Determination of the Velocity of Short 

Electromagnetic Waves by Interferometry— 
K. D. Froome. (Proc. Roy. Soc. A, vol. 213, 
pp. 123-141; June 5, 1952.) A full account of 
the equipment used and the method of meas-
urement, an outline of which has previously 
been given (2313 of May). 

621.396.11.029.51 3533 
The Ionospheric Propagation of Radio 

Waves with Frequencies near 100 kc/s over 

Short Distances—K. Weekes and R. D. Stuart. 
(Proc. IEE (London), part IV, vol. 99, 
pp. 29-37; April, 1952.) Full paper. See 2577 
of October. 

621.396.11.029.51 3534 
The Ionospheric Propagation of Radio 

Waves with Frequencies near 100 kc/s over 
Distances up to 1000 km—K. Weekes and 
R. D. Stuart. (Proc. IEE (London), part IV, 
vol. 99, pp. 38-46; April, 1952.) Full paper. See 
2578 of October. 

621.396.11.029.55 3535 
Investigations of High-Frequency Echoes: 

Part 3—H. A. Hess. (Pkoc. I.R.E., vol. 40, 
pp. 1065-1068; September, 1952.) See 3139 of 
1950. Part 2: 3523 of 1949. 

621.396.81 3536 
Ionospheric-Propagation Predictions for 

Any Two Points on the Earth's Surface by the 
"Spanish Method"—R. Gea Sacasa. (Rev. 
Telecommunicación, Madrid, vol. 8, pp. 11-26; 
June, 1952.) Graphs are given for the month of 
June and N-S direction of propagation showing 
the optimum working frequency for any lati-
tude at any time of day for four distances, viz., 
400, 1000, 1300 and 2000 km. From these the 
optimum working frequencies for the E-W 
direction of propagation and/or for distances 
>2000 km can be simply determined. Similar 
curves can be constructed for other months. 

621.396.812.029.62 3537 
Cross Polarization of Scattered Radio 

Waves—A. H. LaGrone. (Pkoc. I.R.E., vol. 
40, pp. 1120-1123; September, 1952.) Exten-
sion of analysis previously given (1412 of June) 
to include study of the polarization of the 
scattered waves. Formulas are derived for the 
response of dipole antennas oriented hori-
zontally, vertically, or axially relative to a 
linearly polarized source. Numerical calcula-
tions for selected values of the scattering 
parameters are compared with measurements 
on 102.9-mc signals, initially horizontally 
polarized, arriving over a 147-mile path. 

621.396.812.5 3538 
Analysis of Observed Variations of Ab-

sorption of Electromagnetic Waves in the 
Ionosphere. G. Lange-Hesse. (Naturwiss., vol. 
39, pp. 297-298; July, 1952.) Published ab-
sorption figures have been analyzed by Bar-
tels' method (883 of 1951). In equatorial 
latitudes (Singapore) monthly mean values of 
absorption correlate closely with the relative 
sunspot number. For temperate latitudes 
(Slough) such correlation exists only for the 
summer months. Prediction of monthly mean 
absorption is possible in principle. The mean 
variation during the sun's 27-day cycle is far 
greater than that of the monthly means from 
month to month. Frequent marked increases 
of absorption of 2 to 20 hours duration occur-
ring in polar latitudes show correlation with 
geomagnetic disturbances and are limited to 
the auroral zone. 

RECEPTION 

621.396.62+621.397.62j:061.4 3539 
19th National Radio Exhibition [London, 

19521: State of Development in Television and 
Sound Receivers—(Wireless Eng., vol. 29, 
pp. 275-279; October, 1952.) 

621.396.621.54 3540 
Approximate Formulae for Alignment of 

Superheterodyne Receivers—H. W. Paehr. 
(Frequenz, vol. 6, pp. 133-138; May/June, 
1952.) Formulas are derived for three-point 
alignment of circuits with ganged capacitors of 
the same plate area; their use is illustrated by a 
worked-out example. 

621.396.813:621.396.97 3541 
Quality of Broadcasting Transmissions— 

H. Kôsters. (Tech. Hausmitt. NordwDtsch. 
Rdfunks, vol. 4, pp. 127-130; July/August, 
1952.) General discussion of problems asso-
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elated with faithful transmission and reproduc-
tion, in particular of original sound patterns 
such as are provided by orchestral music. 

621.396.822 3542 
On the Evaluation of Noise Samples—A. J. 

F. Siegert. (Jour. Appl. Phys., vol. 23, pp. 737-
742; July, 1952.) Criteria are developed for use 
in deciding whether a given noise sample can 
reasonably be assumed to have come from a 
Gaussian noise with predetermined parameters. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.39.001.11 3543 
Channel Capacity and Transmission Time 

—K. Kilpfmüller. (Arch. elekt. übertragung, 
vol. 6, pp. 265-268; July, 1952.) The capacity 
of a transmission channel depends in general 
on the channel transmission time. Only in the 
case of transmission times greater than a cer-
tain value can the limiting value of channel 
capacity given by Shannon's formula be ap-
proximately reached. This minimum transmis-
sion time is about equal to twenty times the 
reciprocal of the bandwidth. A formula is 
derived for the channel capacity correspond-
ing to a given finite transmission time. 

621.39.001.11 3544 
Information Theory—"Cathode Ray." 

(Wireless World, vol. 58, pp. 365-370; Septem-
ber, 1952.) An outline of the subject in simple 
terms, indicating its significance and applica-
tion. 

621.39.001.11:621.39.7.5 3545 
Quantized Signals in Communications 

Technique—F. Schróter. (Bull. schweis. elek-
trotech. Ver., vol. 43, pp. 497-508; June 14, 
1952. In German.) Practical means for using 
the equivalence of bandwidth and the logarithm 
of the signal/noise ratio in the Hartley-Shannon 
theory are discussed, and the principles of 
quantization for the reduction of bandwidth 
are illustrated. A "double-amplitude" system 
giving a further reduction of bandwidth is pro-
posed. This is a form of binary coding of the 
quantized signal so that the final pulse ampli-
tude represents kx+y, where k is a constant 
defined by the number of quantum stages, and 
x, y are the partial amplitudes of the quantized 
signal. Examples of quantization processes dis-
cussed include the coding of text and of color 
television. See also Telefunken Zig, vol. 25, 
pp. 115-127; June, 1952.) 

621.394.14 3546 
A Method for the Construction of Mini-

mum-Redundancy Codes—D. A. Huffman. 
(Paoc. I.R.E., vol. 40, pp. 1098-1101; Sep-
tember, 1952.) 

621.394.14:621.392.5 3547 
Coding with Linear Systems—J. P. Costas. 

(Paoc. I.R.E., vol. 40, pp. 1101-1103; Septem-
ber, 1952.) 

621.394.441:621.396.619.13 3548 
Two New Voice-Frequency Telegraphy 

Systems—H. Gardère. (Câbles ése Trans. 
(Paris), vol. 6, pp. 243-264; July, 1952.) A sys-
tem using phm has been described previously 
(1100 of May). A similar account is here given 
of a FM system. A subsequent paper will give 
results of a comparison of the two systems. 

621.395.44:622 3549 
"Montavox," Equipment for High-

Frequency Telephony in Mining—H. Ukrow. 
(Telefunken Zig, vol. 25, pp. 98-104; June, 
1952.) Description of a transmitter-receiver 
housed, together with its efficient Ag-Zn alka-
line accumulator, in a cylindrical watertight 
container which can be carried in one hand. 
Communication is effected by coupling with a 
flexible loop to any continuous metal system 
such as compressed-air pipes, tramway lines or 
lighting cables. Operating frequency is about 
200 kc, power 0.1-0.2 w. The locally generated 
oscillation of the 5-tube heterodyne receiver 

serves, after frequency transformation, to con-
trol the power stage of the transmitter. A 
signal lamp, whose switch is operated by a 
magnetic device in the receiver, indicates when 
the carrier of the "called" station is being re-
ceived. Ranges up to 1000 m are practicable. 

621.396:061.3 3550 
The Extraordinary Administrative Radio 

Conference, Geneva, 1951—C. F. B. (P.O. 
Elec. Eng. Jour., vol. 45, pp. 85-86; July, 
1952.) A brief outline of the main provisions of 
the agreement reached at the conference, 15th 
August-3rd December 1951. See also 2599 of 
October (Pressler). 

621.396.4: 621.396.619.13 3551 
Theoretical Performance of Simple Multi-

channel Systems using Frequency Modulation 
—E. G. Hamer. (Jour. Brit. IRE, vol. 12, pp. 
411-415; July, 1952.) Frequency-sharing and 
time-sharing systems using small numbers of 
channels are considered, formulas commonly 
used for systems with large numbers of chan-
nels being adapted. The same basic assump-
tions are made regarding signal bandwidth and 
noise as those made by Feldman and Bennett 
(454 of 1950). Advantages obtainable with the 
frequency-sharing system due to nonsimul-
taneous loading, and with the time-sharing 
system by use of companding, are discussed and 
illustrated by practical examples. 

621.396.41 3552 
Fundamental Aspects of Linear Multiplex-

ing—L. A. Zadeh and K. S. Miller. (Paoc. 
I.R.E., vol. 40, pp. 1091-1097; September, 
1952.) In a linear multiplex system the channel 
separation is achieved by the use of linear time-
variant or time-invariant filters. The sets of 
signals associated with the different channels 
are linear and disjoint, and the signals belong-
ing to such sets can be transmitted simul-
taneously and separated at the receiving end by 
means of linear, generally time-variant, filters. 
Frequency-band compression cannot be ef-
fected with linear systems. Analysis of the 
filtering process is based on resolution of sig-
nals into a set of complex exponential com-
ponent signals. Methods of synthesis of linear 
multiplex systems are indicated for types other 
than those using frequency or time division. 
See also 3028 of December (Zadeh). 

621.396.5:621.396.932 3553 
Portable Radiotelephony Equipment for 

Communication between Ship and Port—W. A. 
Krause. (Frequenz, vol. 6, pp. 146-149; 
May/June, 1952.) Port facilities such as those 
for Liverpool, where a single radar station 
suffices, are quite unsuitable for the long ap-
proach up the Elbe to Hamburg, where there 
are five radar stations with overlapping ranges 
and a similarly distributed set of hf telephony 
stations. Illustrations are given of portable 
send-receive equipment as used at Liverpool 
and Sunderland, and of several German types, 
one of which weighs only 3.1 kg. All operate in 
the range 156-174 mc. 

621.396.619.13:517.564.3 3554 
Spectrum of a Frequency-Modulated Wave 

—W. C. Vaughan. (Wireless Eng., vol. 29, p. 
254; September, 1952.) Corrections to paper 
noted in 2892 of November. 

621.396.619.16:621.396.4 3555 
Nonsynchronous Time Division with Hold-

ing and with Random Sampling—J. R. Pierce 
and A. L. Hopper. (Pace. I.R.E., vol. 40, pp. 
1079-1088; September, 1952.) A detailed de-
scription of the system, of which a shorter ac-
count has been given by Hopper (3231 of 
December). 

621.396.619.16:621.396.41:621.396.822.1 3556 
Crosstalk in Time-Division-Multiplex Com-

munication Systems using Pulse-Position and 
Pulse-Length Modulation—J. E. Flood. (Proc. 
IEE (London), Part IV, vol. 99, pp. 64-73; 
April, 1952.) Full paper. See 2606 of October. 

621.396.712:623.98 3557 
Project "Vagabond"—J. W. Seymour. 

(Electronics, vol. 25, pp. 120-122; September, 
1952.) Description of some of the equipment 
installed in the U. S. Coast Guard cutter 
Courier for relaying Voice-of-America pro-
grams. One 150-kw transmitter operates any-
where in the range 540-1600 kc and there are 
also two 35-1cw sw transmitters. 

621.396.932/.9331.1+621.396.97 3558 
Common-Wave Broadcasting and Hyper-

bolic Navigation: Part 2—Pohontsch. (See 
3437.) 

621.396.97:621.396.8 3559 
Quality in Broadcasting, and Compressor-

Expandor Systems—A. Warnier. (Onde élect., 
vol. 32, pp. 261-274; July, 1952.) A survey of 
the performance achieved in broadcasting as 
regards musical quality indicates that in the 
reception, e.g., of orchestral music, the results 
obtained are definitely inferior, even with a 
high-fidelity receiver, to those obtained from 
modern gramophones. Improvement is prac-
ticable by the use of compressor-expander sys-
tems, the characteristics of which are discussed. 
Equipment is described which has given results 
comparable with studio quality. 

621.396.97.029.62+621.397.61.029.62]: 061.3 
3560 

The European Broadcasting Conference 
[C.E.R.], Stockholm, 1952—W. Stepp. (Tech. 
Hausmitt. NordwDisch. Rdfunks, vol. 4, pp. 
144-145; July/August, 1952.) An outline of the 
proceedings, with analysis of the standards 
adopted for usw broadcasting and television. 
For a fuller account, in Danish, see Teleteknik, 
Copenhagen, vol. 3, pp. 149-155; August, 1952. 

SUBSIDIARY APPARATUS 

621-52:621.316.728 3561 
A Device for the Automatic Control of Elec-

trical Power up to 2 kW—W. T. Bane and J. S. 
Appleby. (Jour. Sci. Instr., vol. 29, pp. 174-
176; June, 1952.) Description of a closed-loop 
control system in which a voltage proportional 
to the consumed power is continuously com-
pared with a voltage representing the desired 
power consumption. Control to within ±} per 
cent has been achieved. 

621.311.62 3562 
Variable-H.T. Power Pack—A. H. B. 

Walker. (Wireless World, vol. 58, pp. 374-376; 
September, 1952.) Details are given of an 
easily constructed unit providing continuously 
variable output up to about 400 v. The rectifier 
circuit comprises two triodes with a center-tap 
cathode-follower connection. The control volt-
age applied to the grids is derived from one half 
of the center-tapped mains-transformer sec-
ondary via a miniature metal rectifier. 

621.311.62: 621.316.722.1 3563 
New Constant-Voltage Source of High Con-

trol Accuracy—E. Helmes. (Elektrotech. Z., 
Ed. A, vol. 73, p. 458; July 11, 1952.) Descrip-
tion of equipment for supplying heater currents 
at voltages from 2.5 to 6 v, constant to within 
±0.1 per cent. Variation of output voltage 
produces a deflection in a mirror galvanometer 
controlling the illumination of a photocell, 
which, in turn, governs a tube anode current 
feeding the primary of the output transformer. 

621.313.323.029.3 3564 
The Theory of the Operation of a Phonic 

Motor—D. E. Caro. (Proc. IEE (London), 
part IV, vol. 99, pp. 51-63; April, 1952.) "A 
mathematical analysis of the operation of a 
phonic motor is presented. Expressions are 
developed for the motor currents and voltages, 
power output, efficiency, etc. Both polarized 
and unpolarized motors are treated, and opera-
tion from high- and low-impedance sources is 
considered. A method for obtaining the motor 
constants experimentally is given and the 
predicted power output is compared with ex-
perimental results. Power ripple and motor 
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hunting are both analyzed. The possibility of 
multi-phase motors Is discussed and some ap-
plications of phonic motors are described." 

621.314.63 3565 
Special Rectifier Circuits—D. B. Corbyn. 

(Electronic Eng., vol. 24, pp. 418-419; Septem-
ber, 1952.) Some new hv circuits with im-
proved regulation are described, and "center-
tapped" circuits are discussed briefly. 

621.314.63 3566 
The High-Frequency Properties of the 

Boundary-Layer Rectifier—W. Schottky. (Z. 
Phys., vol. 132, pp. 261-284; June 23, 1952.) 
In dry rectifiers with specific impurity-center 
semiconductivity, delay in achieving an equilib-
rium condition can only affect the impedance 
characteristic if the impurity centers remain 
largely undissociated. This is the condition for 
a reserve boundary layer to be formed. The 
total boundary layer capacitance for small ac 
loads decreases with increasing frequency to a 
value many times smaller and finally corre-
sponding to the thickness of the reserve layer. 
The "kinetic" frequency cum,, characterizing the 
transition from conductive to capacitive action 
is given by the product of the recombination 
coefficient a and the electron density. Since the 
dielectric relaxation frequency com can be 
represented as the product of the electron 
density and a constant factor dependent on 
mobility µ and permittivity e, the ratio cukteto,,,2 
Is determined completely in terms of a, µ and e, 
and is apparently in every case «1. The capaci-
tive shunt appearing across the reserve layer as 
frequency increases, is due to lack of the neces-
sary rapid transfer of charge by the impurity 
centers. Values of a of about 5x10-10 cm, sec-1 
obtained from impedance measurements on 
Cu2O rectifiers support the theory. This is ex-
tended by considering a two-stage recombina-
tion process. The effect of reaction inertia on 
the rectification process is discussed. The 
effective increase of boundary-layer thickness 
at high frequencies can greatly improve the 
performance of a rectifier with a poor static 
characteristic. 

621.314.63:546.824-3 3567 
Titanium-Dioxide Rectifiers—(E/earonics, 

vol. 25, pp. 164, 166; September, 1952.) Short 
note on rectifiers, developed at the National 
Bureau of Standards, consisting of a layer of 
semiconducting TiO2 on a sheet of Ti, with a 
counter electrode of some other conducting 
material such as Ag. The most satisfactory 
oxide films are formed by heating Ti plates in 
steam at 600°C for about three hours. The 
counter electrodes are then applied by electro-
plating. The easy-flow direction is opposite to 
that for Cu2O rectifiers. The TiO2 rectifiers 
withstand reverse voltages of about 20 y per 
plate. 

621.314.634.015.5 3568 
Breakdown in Selenium Rectifiers—R. 

Cooper. (Proc. Phys. Soc. (London), vol. 65, 
pp. 409-414; June 1, 1952.) Experiments show 
that breakdown may occur at higher reverse 
voltages as the ambient temperature is raised, 
and as the thermal-dissipation constant is 
lowered. At voltages near to and beyond the 
knee of the current voltage characteristic the 
temperature coefficient of the rectifier is nega-
tive, i.e., rise in temperature causes the leakage 
current to decrease. Results do not support the 
thermal-instability theory of breakdown. 

621.314.653:621.311.62:621.396.712 3569 
Use of Thyratron Rectifiers in Broadcasting 

Transmitters—C. Wait. (Rev. tech. Comp. 
franc. Thomson- Houston, no. 17, pp. 33-40; 
July, 1952.) The characteristics and mode of 
operation of thyratron rectifiers are described, 
with illustrations of the waveforms of the 
cathode and anode voltages for various 3-phase 
arrangements. An outline scheme is shown for 
a complete rectifier unit for the medium and 
high voltages required for a broadcasting trans-
mitter. 

621.316.722:621.396.645.029.3 3570 
Supply Problems at Low Frequency—L. 

Chrétien. (TSF et TV, vol. 28, pp. 223-227; 
July/August, 1952.) Discussion of methods of 
stabilizing the anode voltage of an af amplifier, 
with details of a practical circuit. 

621.355.5 3571 
Reversible Cell with Electrolyte a Thin 

Crystal Layer deposited by Evaporation—A. 
Sator. (Compt. Rend. Acad. Sci. (Paris), vol. 
234, pp. 2283-2285; June 4, 1952.) Layers of 
Ag, PbC12 and Ag are deposited successively on 
a glass support. Repeated charging (at 0.5 µA) 
and discharging results in the reversible cell 
+Ag/AgCl/PbC12/Pb/Ag with a terminal volt-
age of 0.44 v, which only drops to 0.41 y after 
90 minutes discharge at about 1 µA. 

TELEVISION AND PHOTOTELEGRAPHY 
621.397.24/.26 3572 

Paris-London Television—T. H. Bridge-
water. (Electronic Eng., vol. 24, pp. 410-412; 
September, 1952.) Discussion of problems en-
countered by the B.B.C. in connection with 
the cross-channel relay of July 1952. See also 
2902 of November. 

621.397.3 3573 
Build-Up Curve and Bandwidth Utilization 

In Television—E. Schwartz. (Frequens, vol. 6, 
pp. 138-141; May/June, 1952.) The relations 
between the steepness of the build-up curve, 
overshoot, Kell factor [3942 of 1940 (Kell et al.) 
and 2639 of 1950], and width of scanning aper-
ture are discussed. Curves given show that the 
build-up curve is steepest for unity Kell factor, 
and that overshoot is greatest for a factor of 
0.5 and practically vanishes for a factor of 2.0. 
Optimum bandwidth represents a compromise 
between the effects of the various factors in-
volved. The method described by Goldmark 
and Hollywood (828 of April) for increasing the 
steepness of the build-up curve by a factor of 2 
is noted. 

621.397.5:621.39.001.11 3574 
Quantized Signals in Communications 

Technique—SchrOter. (See 3545.) 

621.397.5(485) 3575 
Television in Sweden—F. Bernard. (Télévis. 

franç., nos. 84/85, p. 36; July/August, 1952.) 
Note of transmission equipment operating ex-
perimentally in Stockholm. A public service is 
to start in 1953. 

621.397.61 3576 
C.S.F. Television Transmitters—J. Polon-

sky, L. Amster and G. Melchior. (Ann. Radio-
élect., vol. 7, pp. 151-165; April, 1952.) The 
units described are designed for service in 
France or abroad. Their frequency ranges are 
41-85 mc and 174-216 mc. Powers of 5 and 20 
kw are obtained by adding extra units to the 
3-bay 500-w transmitter. The hf amplifier 
chain and synchronization system are de-
scribed. The antenna coupling circuits include 
a band-suppression filter, a dummy antenna in 
the form of a lossy coaxial line, and diplexing 
equipment for feeding both vision and sound 
signals to one antenna. The functions of a 
maintenance bay are illustrated by diagrams of 
the signal-generator output waveforms suitable 
for checking and monitoring the transmitter 
performance. 

621.396.62+621.397.621:061.4 3577 
19th National Radio Exhibition [London, 

1954: State of Development in Television and 
Sound Receivers—(Wireless Eng., vol. 29, pp. 
275-279; October, 1952.) 

621.397.62:535.514 3578 
Surfaces with Multiple Planes of Polariza-

tion Application to Television—P. Toulon. 
(Comp!. Rend. Acad. Sei. (Paris), vol. 234, pp. 
2591-2592; June 30, 1952.) A study has been 
made of synthetically produced rectangular 
plates of optically polarizing material in which 
the plane of polarization varies as a periodic 

function of distance parallel to one edge of the 
plate. The distance between successive lines 
corresponding to the same plane of polarization 
is a characteristic parameter, termed the pitch. 
Various optical effects can be obtained by com-
binations of such plates. They have been ap-
plied successfully in the manufacture of 
variable-color screens for color television recep-
tion. 

621.397.62:621.396.677.1 3579 
The Detection of Television Receivers— 

W. J. Bray. (P.O. Elec. Eng. Jour., vol. 45, 
part 2, pp. 49-51; July, 1952.) Description of 
equipment fitted in a van and suitable for de-
tecting and locating television receivers that 
are being operated. Three horizontal loop 
antennas mounted on the roof of the van pick 
up energy radiated from the line-scanning coils 
of a receiver, and switching arrangements for 
intercomparison of the signal strengths from 
the three loops enable the receiver to be lo-
cated, the discrimination being sufficient to 
distinguish between receivers in adjacent 
houses on the same side of a road. 

621.397.621.2 3580 
Line-Scan Circuit with Economy Trans-

former—R. Andrieu. (Telefunken Zig., vol. 25, 
pp. 107-114; June, 1952.) Simplifying assump-
tions enable the relations between the most 
important parameters of this circuit to be de-
termined and design data to be derived. 

621.397.621.2 3581 
Low-Power Deflection for Wide-Angle 

C.R. Tubes—C. V. Bocciarelli. (Electronics, 
vol. 25, pp. 109-111; September, 1952.) The use 
of a narrow-neck tube with a specially shaped 
deflection yoke enables tubes to be produced 
with deflection angles up to 90° and with a con-
siderable increase of the ratio of face diameter 
to tube length. 

621.397.645.37 3582 
New Amplifier Techniques—V. J. Cooper. 

(Jour. Brit. IRE, vol. 12, pp. 371-391; July, 
1952.) Three types of television amplifier are 
discussed, viz., the cathode repeater (2168 of 
1950), the shunt-regulated amplifier (2562 of 
1951) and the feedback amplifier with desired 
frequency response characteristics (642 of 
April). Practical circuits and experimental re-
sults are given in each case. 

621.397.8 3583 
Various Factors affecting the Quality of 

Television Pictures—R. Monnot. (Radio franc., 
no. 6, pp. 1-15; June, 1952.) Discussion of fac-
tors affecting picture detail, contrast, distor-
tion, stability, etc., including scanning meth-
ods, number of lines, camera optics, transmis-
sion bandwidth, transient response of video 
amplifier, cr tube deflection system, projection 
methods, ambient light, and the characteristics 
of the different elements of the television chain. 
The interconnection between technical and 
economic aspects of television is indicated. 

621.397.812 3584 
The Effect of Atmospheric Variations on 

Picture Quality—P. Lemeunier. (Télévis. 
franç., nos. 84/85, p. 31; July/August, 1952.) 
A diagram based on 3 years' observations cor-
relates in general terms the quality of television 
reception with local weather conditions. 

621.397.828 3585 
Noise Limiters for Television Sound—R. T. 

Lovelock. (Wireless World, vol. 58, pp. 339-
342; September, 1952.) In the series peak 
limiter for suppression of pulsed RF interfer-
ence, shunt capacitance must be low to obtain 
good frequency discrimination. For the shunt 
limiter, a very low forward impedance is es-
sential. A combination of these circuits is de-
scribed which uses Ge diodes Type GEX34 and 
GEX03 in the series and shunt circuits respec-
tively; the harmonic distortion introduced is 
negligible. 
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TRANSMISSION 

621.396.61:621.317.35 3586 
A Method to Estimate Attenuation of 

Spurious Emission of Very-High Frequency 
Transmitter—H. Uchida. (Sci. Rep. Res. Inst. 
Tohoku Univ., Ser. B, vol. 3, pp. 87-94; Sep-
tember, 1951.) 

621.396.61:621.396.712 3587 
The Latest C.F.T.H. Developments in 

Broadcasting Transmitters—M. Guérineau. 
(Rev. tech. Comp. franç., Thomson- Houston, no. 
17, pp. 9-26; July, 1952.) Illustrated descrip-
tions, with diagrams showing circuit arrange-
ments, of 100/150-kw and 5/10-kw medium-
wave transmitters and a 50-kw sw transmitter. 

621.396.61.029.53 3588 
A New 150-kW Medium-Wave Broadcast-

ing Transmitter—H. Campet and S. Odar-
tchenko. (Ann. Radioélect., vol. 7, pp. 139-150; 
April, 1952.) The first transmitter of a new 
type constructed by the Société Française 
Radioélectrique was put into service in Luxem-
bourg in 1951. The circuit and lay-out of equip-
ment are shown. Features described include the 
over-all-feedback system, high-power triodes 
with ac filament heating for the modulation 
amplifier, and Hg-vapor rectifiers which are 
liquid-cathode tetrodes. Performance figures 
are given. 

621.396.619.23 3589 
Bases of Application and Calculation of 

Frequency-Modulation Pulse Trains—D. 
Biinemann and H. Pethke. (Fernmeldetech. Z., 
vol. 5, pp. 226-231; May, 1952.) The principles 
and operation of the serrasoid modulator [342 
of 1949 (Day)), and of a pulse-counting dis-
criminator system being developed for FM 
monitoring are described. A formula is derived 
for direct calculation of the If and hf spectra of 
a series of FM pulses. See also 3267 of Decem-
ber (Gundlach). 

621.396.645.371:621.396.61:621.396.712 3590 
C.F.T.H. Applications in Negative Feed-

back—A. Warnier. (Rev. tech. Comp. franc., 
Thomson- Houston, no. 17, pp. 53-60; July, 
1952.) Brief discussion of the use of negative 
feedback for reducing distortion and back-
ground noise, and description of a two-path 
negative-feedback system which has been ap-
plied in broadcasting transmitters with ex-
cellent results. 

TUBES AND THERMIONICS 

537.525.92 3591 
Some Considerations on the Space-Charge 

Equation—M. Matsudaira, M. Wada and T. 
Koda. (Sci. Rep. Res. Inst. Tohoku Univ., 
Ser. B, vol. 3, pp. 215-231; March, 1952.) The 
limit of application of the three-halves power 
law is considered and a solution of the space-
charge equation is obtained which expresses 
the characteristics of a tube with an oxide 
cathode and close electrode spacing. 

621.314.632:621.396.822 3592 
The Theory of Noise in the Crystal Recti-

fier—V. Watanabe and N. Honda. (Sci. Rep. 
Res. Inst. Tohoku Univ., Ser. B, vol. 3, pp. 39-
46; September, 1951.) The noise-producing 
effect of impurities in Si and Ge rectifiers is 
considered. Fluctuations in the concentration 
of surface-state electrons affect the height of 
the potential barrier and produce noise. Calcu-
lations based on Richardson's diffusion model 
(1391 of 1950) give results in good agreement 
with those obtained experimentally by Miller 
(2567 of 1947). See also 870 of April. 

621.383.2:621.396.822 3593 
Measurement of Fluctuations in a Photo-

multiplier—F. (Comps. Rend. Acad. 
Sci. (Paris), vol. 234, pp. 2594-2596; June 30, 
1952.) The output current of a 19-stage multi-
plier iemeasured directly by means of a gal-
vanometer. An optical system comprising 
lamp, galvanometer mirror and photocell de-

tector in conjunction with appropriately 
masked lenses is used to record either the mean 
value of the multiplier output current or the 
mean square of the fluctuations. Results are 
tabulated together with values calculated from 
theory. 

621.383.27 3594 
Photoelectric Characteristic in the Ultra-

violet down to 1500 A of an Electron Multiplier 
using a Copper/Beryllium Alloy—V. Schwet-
zoff, S. Robin and B. Vodar. (Jour. Phys. 
Radium, vol. 13, pp. 369-370; June, 1952.) 
Measurements on a 12-stage multiplier sealed 
into a pyrex tube with a quartz window are 
reported. The photoelectric threshold is at 
about 4 ev (3000 A), and the photoelectric 
efficiency is 6 to 8 times less than that of Ag-0-
Cs electrodes over the range 1608-2000 A. The 
advantage of this alloy is its stability on ex-
posure to the atmosphere. 

621.383.4:546.817.221 3595 
Impedance Measurements on PbS Photo-

conductive Cells—E. S. Rittner and F. Grace. 
(Phys. Rev., vol. 86, pp. 955-958; June 15, 
1952.) Analysis of existing and new impedance 
measurements indicates that the observed de-
crease in parallel resistance with frequency is 
attributable to a known effect of distributed 
capacitance. 

621.383.4:546.817.221 3596 
Industrial Applications of Semiconductors: 

Part 4—Lead Sulphide Photocells—C. J. 
Milner and B. N. Watts. (Research (London), 
vol. 5, pp. 267-273; June, 1952.) Discussion of 
the mechanism of photoconductivity, the pro-
duction and properties of PbS photocells, and 
their various applications. 

621.385.029.6:621.396.822 3597 
Calculation of the Noise Figure of the 

Travelling-Wave Valve: Part 2—W. ICIeen. 
(Arch. elekt. übertragung, vol. 6, pp. 299-303; 
July, 1952.) Methods of investigation similar 
to those described in part 1 (3276 of December) 
are applied to tubes in which the electron beam 
is subjected to potential jumps at points be-
tween field-free sections. With suitable choice 
of the lengths of these sections, an improve-
ment of the noise figure can be obtained com-
pared with that for the beam system con-
sidered in part 1. The effect of various param-
eters on the noise figure of the traveling-wave 
tube with helical delay line and different beam-
generator systems is discussed. 

621.385.029.64:168.2 3598 
A Symbolism for Microwave-Valve Clas-

sification—G. M. Clarke. (Proc. I EE (Lon-
don), part IV, vol. 99, pp. 24-28; April, 1952.) 
Full paper. See 2658 of October. 

621.385.032.216 3599 
Characteristic Shifts in Oxide-Cathode 

Tubes—W. P. Bartley and J. E. White. (Elec. 
Eng. (N. Y.), vol. 71, p. 496; June, 1952.) Sum-
mary of A.I.E.E. Winter General Meeting 
paper, January 1952. Investigations have 
shown that an oxide-cathode tube operating in 
the space-charge-limited condition may have 
its transconductance changed with time as a 
result of change of one or more of the following 
factors: interface impedance, contact pd, coat-
ing resistance, and peak emission. In the Type-
6SN7GT tubes studied, the only significant 
effects over a considerable period were re-
sistive and contact-pd shifts, the most im-
portant component of resistance, in active 
base-metal cathodes, being the interface com-
pound between the oxide coating and the base 
metal. Such interface resistances did not de-
velop in passive-cathode tubes in 3000 hours 
under normal operating conditions, but the 
resistance of the coating itself changed enough 
to affect the transconductance. 

621.385.032.216 3600 
Thermionic Emitters under Pulsed Opera-

tion—R. Loosjes, H. J. Vink and C. G. J. 

Jansen. (Philips Tech. Rev., vol. 13, pp. 337-
345; June, 1952.) See 2380 of September 
(Loosjes and Jansen) and back references. 

621.385.032.216.2 : 539.16 3601 
The Use of Radioactive Isotopes In a Study 

of Evaporation from Thermionic Cathodes— 
W. F. Leverton and W. G. Shepherd. (Jour. 
Appt. Phys., vol. 23, pp. 787-793; July, 1952.) 
Radioactive Bai4o, Snip and Cau were incorpo-
rated in the coatings of mixed-carbonate 
cathodes on Ni bases. The cathodes were 
mounted in diodes having a removable elec-
trode between cathode and anode to permit 
separate measurement of material evaporated 
during processing and during operation. The 
rates of transfer found for all three elements 
can be expressed as a function of absolute 
temperature by a single formula with ap-
propriate constants. The effect on the rate of 
transfer of bombarding the anode by electrons 
was investigated. 

621.385.15 3602 
Research on Electron Multiplication and its 

Applications: Part 2—D. Charles. (Ann. 
Radioélect., vol. 7, pp. 115-138; April, 1952.) 
The construction of a simple form of cylindri-
cal-diode multiplier and techniques for forming 
secondary-emission layers of Cs, K and Ba are 
described. Emission characteristics of different 
layers at various voltages and frequencies are 
shown graphically. Theory developed is sup-
ported by experimental results. Part 1: 2368 of 
September. 

621.385.15 3603 
Secondary-Emission Valves—M. Hira-

shima. (Wireless Eng., vol. 29, pp. 246-252; 
September, 1952.) The response of tubes using 
MgO-coated secondary emitters is investi-
gated. Potentials of 10-100 y are built up on 
the surface of these emitters; as a result, single 
pulses or pulses at low repetition rate are dis-
torted much more than pulses at a high repeti-
tion rate. The general trend of the waveform 
distortion is illustrated graphically by means of 
semiquantitative analysis of the experimental 
data obtained by Kawamura (Proc. Phys. 
math. Soc. Japan, vol. 24, p. 211; 1942.) 

621.385.2:546.289:538.63 3604 
Germanium Phenomenon—A. B. Kauf-

man. (Radio br Telev. News, Radio-Electronic 
Eng. Section, vol. 48, pp. 10, 29; July, 1952.) 
Experiments indicate that the forward re-
sistance of a Ge diode increases appreciably 
when the diode is subjected to a strong mag-
netic field; an increase of about 0.5 per cent 
was noted for a field strength of 2800 gauss. Si 
diodes did not show this effect. 

621.385.2.011.21 3605 
The Admittance of a Diode with a Retarding 

Field—J. J. Freeman. (Jour. Appt. Phys., 
vol. 23, pp. 743-745; July, 1952.) The contribu-
tion of space charge to the diode admittance 
is found by evaluating the current induced in 
an external circuit. The susceptance is capaci-
tive at low frequencies and inductive at high 
frequencies. The expression for the conduct-
ance is the same as that derived by Begovich 
(2959 of 1949). 

621.385.2/.3:621.396.615.141.2 3606 
Magnetron Effect in High-Power Valves— 

A. M. Hardie. (Wireless Eng., vol. 29, pp. 232-
245; September, 1952.) The resultant magnetic 
field in the neighborhood of a squirrel-cage 
filament structure is calculated and the results 
are used to investigate theoretically the mag-
netron effect in tubes with this type of fila-
ment. The theoretical treatment is restricted 
to the condition when anode and grid are 
strapped, since the problem becomes intract-
able for the case of a triode with anode and 
grid at different potentials. Experiments on 
two diode-connected tubes gave results sup-
porting the approximate theory. A tube with 
normal triode connections was also investigated 
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experimentally, using a pulse method; a quali-
tative explanation is given of the observed 
results. 

621.385.3 3607 
The Amplification Factor of a Triode: Part 

2—A Cylindrical Triode having a Cage Grid 
with Arbitrary Electrode Dimensions—M. 
Wada. (Sci. Rep. Res. Inst. Tohoku Univ., 
Ser. B, vol. 3, pp. 19-38; September, 1951.) The 
analysis developed in part 1 (552 of March) for 
uhf planar triodes is extended to cover cylindri-
cal arrangements of the type described by Rose 
et al. (501 of 1950). Results are compared with 
formulas derived by other workers. 

621.385.3:621.318.572 3608 
The Initial Conduction Interval in High 

Speed Thyratrons—J. B. Woodford, Jr. and 
E. M. Williams. (Jour. Appt. Phys., vol. 23, 
pp. 722-724; July, 1952.) 

621.385.3.012 3609 
Calculations of Families of Characteristics 

for a Planar Triode with Negatively Biased 
Control Grid of Parallel Round Wires of Finite 
Thickness and Spacing—W. Dahlke. (Tele-
funken Zig, vol. 25, pp. 83-92; June, 1952.) The 
known distribution function for the cathode-
current density of a planar triode is applied to 
the evaluation of various tube parameters as 
dependent on operating voltages and physical 
dimensions. Results are shown graphically. 

621.385.3.026.445 3610 
A Coaxial Power Triode for 50-kw output 

up to 110 Mc/s—R. H. Rhéaume. (PRoc. 
I.R.E., vol. 40, pp. 1033-1037; September, 
1952.) Description of the construction and 
special features of the Type-ML5681 tube, 
which has a thoriated cathode, a reentrant 
anode with integral water-cooling jacket, and 
coaxial ring-seal terminals. The bandwidth is 
suitable for television broadcasting. 

621.385.4 3611 
Study on the Characteristics of a Beam 

Power Output Tube: Part 1—The Volt/Ampere 
Characteristics—M. Wada. (Sci. Rep. Res. 
Inst. Tohoku Univ., Ser. B, vol. 3, pp. 135-
150; March, 1952.) Analysis for the case of 
plane parallel electrodes. The formulas derived 
give results in good agreement with measure-
ments on Type-807 tubes. 

621.385.4 3612 
Effect of Electron Transit-Time on the 

Efficiency of Transmitting Tetrodes—H. Rothe 
and E. Gundert. (Telefunken Zig, vol. 25, pp. 
75-82; June, 1952.) The hf output of both 
triodes and tetrodes decreases with increasing 
frequency. This decrease is partly due to the 
finite transit time of the electrons between 
cathode and control grid, and between control 
grid and anode in triodes or between screen 
grid and anode in tetrodes. A quantitative 
analysis of transit-time effects in the space 
adjacent to the anode is presented and their 
contribution to power decrease is discussed. 
Under different operating conditions the cal-
culated efficiency of tetrodes decreases almost 
linearly to about zero for a screen-grid/anode 
transit-time angle of 360°, but in practice the 
zero value is reached for much smaller angles, 
about 52° for Type-RS682 tubes and about 60° 
for Type-4X150A tubes. Effects of large and 
of small signal amplitudes on the efficiency are 
discussed. 

621.385.832 3613 
Ion Burn in Cathode-Ray Tubes: Metal-

lized Screens and Ion Traps—R. Roulaud. 
(Rev. gén. Elect., vol. 61, pp. 263-270; June, 
1952.) The causes of ion burn are discussed 
and various methods adopted for eliminating 
this troublesome effect are described. 

621.385.832:621.318.572 3614 
A Decade Counter Valve for High Counting 

Rates—J. L. H. Jonker, A. J. W. M. van Over-

beck and P. H. de Beurs. (Philips Res. Rep., 
vol. 7, pp. 81-111; April, 1952.) A tube is de-
scribed of the type having a ribbon beam de-
flected in one dimension to pass through a 
slotted screen over a target, ten discrete fixed 
positions of the beam being provided by means 
of feedback from the target to the deflection 
electrode. In each fixed position a part of the 
beam impinges on a fluorescent region of the 
wall, giving a visible numerical indication of its 
position. The beam is moved on by application 
of pulses to the deflection electrode. A detailed 
analysis is made of the flyback process. Time 
intervals <0.2 As can be resolved by use of 
appropriate tubes in circuit with the counter 
tube. 

621.396.615.14 3615 
Properties of Lines with Periodic Structure 

—P. Guénard, O. Doehler and R. Warnecke. 
(Comp!. Rend. Acad. Sci. (Paris), vol. 235, pp. 
32-34; July 7, 1952.) The frequency depend-
ence of the wave-transmission properties is 
studied. The expression for the field is written 
in a form corresponding to the superposition of 
progressive waves whose phase velocities form 
a series; these waves are designated as forward 
or backward according as the phase velocity 
has or has not the same sense as the energy 
velocity. For investigating the interaction be-
tween the wave field and an electron beam, it is 
convenient to consider the variation of the 
"retardation factor" (ratio of free-space 
velocity to phase velocity along line) with 
wavelength; this function is plotted and dis-
cussed in relation to the dispersion of the for-
ward and backward waves. 

621.396.615.14 3616 
New U.H.P. Oscillator Valves with Wide 

Electronic Tuning Band—P. Guénard, O. 
Doehler, B. Epsztein and R. Warnecke. (Comp!. 
Acad. Sci. (Paris), vol. 235, pp. 236-238; July 
21, 1952.) An account of the basic principles 
of tubes depending on the interaction between 
an electron beam and a transmission line con-
sisting of elements with periodic spatial dis-
tribution (3615 above). When the beam 
velocity is equal to the phase velocity of a for-
ward wave along the line, additive effects are 
obtained in the direction of the beam and the 
arrangement can be used as an amplifier. When, 
however, the beam velocity is equal to the 
phase velocity of a backward wave, the addi-
tive effect is obtained in the backward direction 
and the amplitude of the field transported by 
the line increases towards the origin of the 
beam, so that oscillations can be produced, the 
frequency being dependent on the velocity of 
the beam and the dispersion curve of the line. 

621.396.615.14 3617 
Reflex Resnatron shows Promise for 

U.H.F. TV—G. E. Sheppard, M. Garbuny and 
J. R. Hansen. (Electronics, vol. 25, pp. 116-
119; September, 1952.) In the reflex resnatron 
the negative repeller electrode reflects the 
electron beam back through the output cavity 
to the accelerator electrode. Wide-band modu-
lation is effected with low power by varying the 
repeller voltage. Some details are given of the 
construction of an experimental tube capable 
of an output of 2.5 kw at 560 mc, with a band-
width of 8 mc, power gain of ",5, and over-all 
efficiency of 38 per cent, the repeller voltage 
being 6.5 kv negative with respect to the ac-
celerator voltage of 8 kv. 

621.396.615.14 3618 
Some Limitations on the Maximum Fre-

quency of Coherent Oscillations—R. S. Elliott. 
(Jour. Appi. Phys., vol. 23, pp. 812-818; 
August, 1952.) Electron-beam oscillator tubes 
are classified in two groups depending on 
whether or not they use resonant energy ex-
tractors; for those which do it is proved that a 
natural upper frequency limit exists. The limit 
is determined chiefly by the ac beam current 
density and the noise level in the resonant 

structure. For practical values of these param-
eters the limit is below the frequency of light. 

621.396.615.141.2 3619 
Study of the Magnetron in the Cut-Off 

Condition: Part 1—P. Fechner. (Ann. Radio-
¿lea., vol. 7, pp. 83-105; April, 1952.) Various 
theories of space charge are discussed. The 
static distribution of the charge density is then 
calculated. In the case of electrons emitted 
with velocities obeying a statistical law, the 
electron density has a maximum value at a 
certain distance from the cathode, this distance 
depending on the anode voltage. The space 
charge takes the form of an extremely thin 
ring of very high density rotating round the 
cathode and including almost all the electrons 
circulating in the interelectrode space. An 
electron in the ring is in stable equilibrium 
and can oscillate with large amplitude if a 
resonance condition is established. Conditions 
of resonance in a multi-cavity magnetron are 
to be considered in part 2. See also 2678, 2680 
and 2946 of 1950. 

621.396.615.141.2 3620 
The Magnetron in the Static Cut-Off State 

Experimental Study—J. L. Delcroix. (Come. 
Rend. Acad. Sci. (Paris), vol. 234, pp. 2347-
2349; June 9, 1952.) Investigations were 
carried out on carefully constructed magne-
trons for which the ratio of anode to cathode 
diameter ranged from 1.25 to 7.5. Langmuir's 
law and the law governing the cut-off voltage 
(V) were verified for each tube. Magnetic 
fields (H) of 50-150 gauss and anode voltages 
(v) of 50-500 y were used. A residual current 
was observed in the cut-off region; it is prob-
ably due to spontaneous space-charge oscilla-
tions and is of an order of magnitude 1000 
times smaller than the thermionic currents 
which produce the space charge. It affords a 
means for studying the steady state and ex-
hibits discontinuities for certain values of the 
applied voltage, the positions of the discon-
tinuities only depending on the parameter 
m (= V/V) when H is varied. The residual 
current intensity depends on both H and m and 
increases with H when m is constant. The 
discontinuities fall into two classes, one class 
corresponding to transitions with small 
hysteresis of the order of 1-5 v, the other to 
transitions exhibiting very much greater 
hysteresis effects. Three distinct states have 
been distinguished these being the Brillouin 
state and the first two "bidromic" states. See 
also 3185 of 1951. 

621.396.615.141.2 3621 
Inverted Magnetron—J. F. Hull. (Paoc. 

I.R.E., vol. 40, pp. 1038-1041; September, 
1952.) Description of the construction and 
performance of a new type of magnetron in 
which the positions of the cathode and the seg-
mented anode are the reverse of those in a nor-
mal magnetron. Tests on experimental tubes 
show that over-all efficiencies of 25-55 per cent 
can be achieved. Since a relatively low anode 
voltage and high anode current are required, 
it may be possible to operate such tubes from 
a gas-filled modulator tube without a pulse 
transformer. 

MISCELLANEOUS 

001.891/.892:621.39 3622 
Army Communications—( Wireless World, 

vol. 58, pp. 353-354; September, 1952.) Gen-
eral account of the work of the Signals Re-
search and Development Establishment at 
Highcliffe, near Christchurch. 

621.38:061.4 3623 
Electronic Instruments and Equipment. 

Exhibition in Manchester—C. A. Taylor. 
(Nature (London), vol. 170, pp. 407-408; Sep-
tember 6, 1952.) Short descriptions of some of 
the exhibits at the seventh annual exhibition of 
the North-Western Branch of the Institution 
of Electronics, July 1952. 



10-Turn Helipot Highlights 
Whenever circuits call for precision 

and high resolution in compact space... 

From the basic Helipot principle, model variations 
have been developed to meet new requirements: 

There's a 10-turn Helipot 
to meet your requirements 

With the development of the original HELIPOT— 
the first multi-turn potentiometer—an entirely new principle of 
potentiometer design was introduced to the electronic industry. 
It made possible variable resistors combining high resolution and 
high precision in panel space no greater than that required for 
conventional single-turn potentiometers. 

High resolution and precision settings require a long slide 
wire. But by coiling a resistance element into a helix, it 

Principle.., is possible to gain desired resolution and precision without 
wasting panel space. This principle is applied in various Helipot models 
with slide wires ranging from 3 to 40 helical turns. 

Advantages are immediately apparent. In the case of the widely-used 
10-turn Model A Helipot, for example, a 45" long slide wire—coiled 
into ten helical turns—is fitted into a case 134" in diameter, and 2" in 
length. Another advantage of the 10-turn pot is that, when equipped with 
a turns-indicating RA Precision DUOD1AL, slider position can be read 
directly as a decimal, or percentage, of total coil length traversed. 

10-TURN HELIPOT MODELS —CONDENSED SPECIFICATIONS 
Model AN Model AJ Model A 

No. of turns 10 10 10 

Resistance Range 10 ohms to 
300,000 ohms 

100 ohms to 
250,000 ohms 

100 ohms to 
50,000 ohms 

Resistance Tolerance: 
Standard 
Best 

+5% 

+1% 

-4- 5% 

+1% 

+ 5% 

+ 3% 

•Linearity Tolerance: 
Standard 
Best 

+0.5% 
+0.05% 
(1K ohms 
and above) 

+0.5% 
+0.025% 
(5K ohms 
and above) 

-4-0.5% 
±0.1% 

(above 5K ohms) 

Power rating 40°C 5 watts 5 watts 2 watts 

Mechanical Rotation 3600° +4° 
—0° 

3600' +1' 
—0° 

3600° +12° 
—0° 

Electrical Rotation 2600° +4' 
—0° 

3600° + 1° 
—0° 

3600° + 12° 
—0° 

Starting Torque 2 oz. in. 1.0-4-.3 oz. in. .75 on. in. 

Running Torque 1.5 oz. in. 0.6-4-.3 oz. in. .60 oz. in. 

Net Weight — 4 on. 4 oz. 1 oz. 

The Helipot 

•i.e. INDEPENDENT LINEARITY. The above linearity tolerances are based on the fol-
lowing definition recently proposed to clarify and standardize nomenclature related to 
precision variable resistors. ... "Independent linearity is the maximum deviation in per-
cent of the total electrical output of the actual electrical output at any point from the 

best straight line drawn 
through the output 
versus rotation curve. 
(This line shall be 
measured through the 
extent of the effective 
electrical angle.) The 
slope and position of 
the straight line from 
which the linearity de-
viations are measured 
must be so adjusted as 
to minimize these de-
viations." 

Model A Helipot 
the original 10-turn Helipot-
provides a resolution from 12 to 
14 times that of conventional 
single-turn potentiometers of 
same diameter (1 3/4 "), lineari-
ties as close as +0.05% in re-
sistances as low as 1K ohms. 

The same multi-turn principle is also available in 3 turn units 
(Model C), and larger-diameter units of 15 turns (Model B), 
25 turns (Model D), and 40 turns (Model E)-a type for every 
application front 5 ohms to I megolmt. 
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Model AN Helipot 
an ultra-precision version of the 
basic 10-turn Hclipot. Produced 
in volume to extremely close 
electrical and mechanical toler-

i ances, this unit features preci-
sion ball bearings (Class 5), 
servo mounting lid, plus linear-
ity tolerance as close as +0.025% 
as low as 5K. A 3-turn unit 
(Model CN) is also available. 

Models AN and Chi are particularly recommended for precise 
servo-mechanism applications and represent the most ad-
vanced design and highest quality available today in the field 
of precision potentiometers. 
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"21r 

06 1250 oc. 

Model AJ Helipot 
a 10-turn Milliantre Helipot only 
3/4 " in diameter, weighs I oz., has 
slide wire 18" long. Also avail-
able with servo mounting (Model 
AJS) and servo mounting with 
hall bearings (Model AJSP). 
Linearities as close as -I- 0.1% 
as low as 5K. 

Designed for long life under severe operating conditions, the 
Series is widely mused where small size and weight are vital. 

THREAD -32NET-2 

Design details on above units are sub cet to change nithout notice. 
Certified drawings mailable upon request. 

P_Ltly Hellpot is able to supply—in volume—multi-turn helical 
potentiometers with special features to meet your particular 
needs... Special Shafts, Extra Spot Welded Taps at any posi-
tion, Ganged Assemblies (except AJ), Special Temperature Co-
efficients, etc. Send us your requirements! 

For complete details contact 
your nearby Helipot represent-

ative. Or write direct. 

THE Helipot CORPORATION 
A subsidiary of Beckman Instruments, In, 

SOUTH PASADENA 6, CALIFORNIA 
Field Offices: Boston, New York, Philadelphia. Rochester. Schenectady. Cleveland. Detroit, Chicago, St. Louis, 
Los Angeles. Seattle, Dallas. High Point. N. C. and Fort Myers, Florida. In Canada: J. S. Root, Toronto, 

Export Agents: Frathom Co., New York 36, New York. 
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Unmodulated Carrier 

MEASURE 

FM 

Modulation Index 1.3 

THE 
SPEEDY WAY 

Modulation Index 2.4 

The Carrier "Disappears" 

FM DEVIATION METER 

TF934 

11, 

For carriers in the range 2.5 to 

200 megacycles, this ruggedized 

deviation meter is ideal. With 

crystal-standardized deviation 

ranges of 5, 25 and 75 kilocycles, alternative high- and low-level buffered 

inlets, visual checking for optimum tuning and level, together with 

a separately buffered audio outlet, FM Deviation Meter TF 934 

incorporates every desirable refinement. There are no critical tuned circuits 

to drift and the overall demodulation distortion is less than 0.1 per cent. 

MARCONI INSTRUMENTS 
Specialists in Communication Test Equipment 

23-25 BEAVER STREET • NEW YORK 4 

CANADA: CANADIAN MARCONI CO., MARCONI BUILDING, 2442 TRENTON AVENUE, MONTREAL 

ENGLAND: Head Office: MARCONI INSTRUMENTS LIMITED • ST. ALBANS • HERTS. 

Managing Agents in Export: MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED 
MARCONI HOUSE, STRAND • LONDON • W•C•2 

Industrial Engineering 
Notes' 

EDUCATIONAL BROCHURE PUBLISHED By 

RTMA 

An educational brochure aimed at 

acquainting equipment manufacturers, 

their design engineers, the military and 

electronic jobbers with problems created 

by the selection of "close-limit" tubes has 

been distributed by RTMA. The four-

color, illustrated brochure was published 

on the recommendation of the RTMA 

Tube Division under the chairmanship of 

R. E. Carlson. 

The theme of the brochure is that if a 

tube must be specially selected, the tube 

manufacturer, himself, is best qualified to 

make the selection and to provide the 

appropriate tube designation. 

The proper solution of the problem, 

according to the brochure, is in the original 

design of all equipment. The equipment 

should function with tubes having charac-

teristics which fall anywhere in the entire 

range covered by the tube specifications. 

Salient points of this solution for equip-

ment manufacturers are: (1) Your design-

ers should work with tube makers in 

earliest stages. RTMA members will be 

glad to furnish type samples and their 

recommendations for your needs. (2) 

Explore all possibilities with tube makers' 

engineers before equipment designs are 

finalized and production begins. This will 

prevent serious difficulties later. (3) When 

it is determined that standard tubes will 

not give satisfactory performance, discuss 

the problem with the tube manufacturer. 

There are two courses of action to solve 

the problem, either the circuit has to be 

modified or a new tube type has to be 

considered—avoid selections. 

A limited number of copies of the 

brochure are available through RTMA 

headquarters. 

SPEAKMAN RESIGNS FROM RDB 

E. A. Speakman, vice chairman of the 

Research and Development Board, re-

signed November 1, 1952, to become gen-

eral manager of the guided missiles division 

of Fairchild Engine and Airplane Corpora-

tion, Wyandanch, L.I., N.Y. He became 

vice chairman of the Board in May, 1949, 

and previously had been connected with 

its Committee on Electronics. 

JETEC CONFERENCE SCHEDULED 

The second JETEC General Confer-

ence is scheduled to be held at Haddon 

Hall, Atlantic City, N.J., on March 19-21, 

1953, according to Virgil M. Graham, 

chairman of the Joint Electron Tube Engi-

neering Council. 

(Continued on page 68A) 

The data on which these NOTES are based 
were selected by permission from Industry Reports, 
issues of October 31, November 7. November 14. 
and November 24. 1952. published by the Radio-
Television Manufacturers Association, whose help-
fulness is gratefully acknowledged. 
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An automatic heat treat machine. Production is about 3 times that possible 
with manual methods while quality is held within very close limits. 

CRUCIBLE 
ALNICO KEEP COSTS DOWN ... through 

MAGNETS automatic production that gives quality control 

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

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

CRUCIBLE first name in special purpose steels 

52paoc& szieldeadewy PERMANENT ALNICO MAGNETS 
CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH 30, PA. 
STAINLESS • REX HIGH SPEED • TOOL • ALLOY • MACHINERY • SPECIAL PURPOSE STEELS 
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A TIP FROM CHIEF ENGINEER FLEXY: — 

S.S.p.wirE FUME SHAFTS 
CAN HELP .YOU IMPROVE 
DESIGNS AND LOWER COSTS 

Most electronic equipment contains parts and circuit 
elements which require adjustment or control from 
remote points. Whether the distance involved is a few 
inches or 50 feet or more, S. S.White flexible shafts 
should be considered as a means of providing the 
desired control. Here are four reasons why— 

IMPROVED CIRCUIT 

EFFICIENCY 

S.S.White flexible shafts give you all the 
freedom you need in locating controlled 
elements wherever desired to satisfy space, 
wiring, servicing and circuit requirements. 
They'll bring control to any point you 
need it. 

FASTER ASSEMBLY 

S.S.White flexible shafts are supplied in 
any desired length ready for installation. 
A simple coupling to the control knob and 
another to the variable element is all you 
need. No alignment, extra parts, or special 
assembly skill is required. 

BETTER CONTROL 

PANEL ARRANGEMENTS 

S.S.White flexible shafts simplify the job 
of getting a desirable grouping of the con-
trol knobs on the cabinet or Instrument 
panel. They'll allow you to place the con-
trol knobs anywhere regardless of how the 
circuit elements are arranged. 

LIFELONG SENSITIVITY 

S.S.White remote control flexible shafts 
are especially designed for this service. 
Tuning with them can be as smooth as a 
direct connection. What's more, they won't 
slip, wear out or lose their sensitivity. 
They're good for the life of the equipment. 

Send For the 256-Page Flexible Shaft Handbook 

It has full authoritative information and data on flexible shaft con-
struction, selection and application. Copy sent free if you request it 
on your business letterhead and mention your position. 

DIVISION 
INIVITAL &emcee  Dept. G, 10 East 40th St. 

NEW YORK 16, N. Y. 

W estern District Office • Times Building, Long Beach, California 

Industrial Engineering 
Notes 

(Continued from page 664) 

INDUSTRY STATISTICS 

The September, 1952 report showed an 
estimated total of 640,793 TV set-type 
tubes sold to equipment manufacturers 
and total sales of 788,107 units sold for 
renewal, to the government, for export and 
to equipment manufacturers. . .. Mem-
bers of the sales managers committee, 
under chairman J. F. Walsh, who met 
during the RTMA Industry Conference in 
Chicago, conducted an informal poll on 
the expectations of television set produc-
tion by the industry in 1953. The average 
of these "guess estimates" was 6.4 million 
compared with an earlier estimate of 5.7 
million obtained in a similar poll previ-
ously. Individual guesses ranged from 517 
million to 8 million sets at the Chicago 
meeting. . .. The production of television 
receivers in October, 1952 was 75 per 
cent above the same month of 1951, 
according to RTMA estimates. The radio 
output, however, declined from the level 
of last year. The RTMA report for Octo-
ber, 1952 showed the production of 724,117 
TV sets and 772,346 radios compared to 
411,867 television sets and 874,723 radio 
receivers in the same 1951 month. During 
the first 10 months of 1952, the RTMA 
report showed the production of 4,394,708 
TV sets and 7,461,881 radios. 

FCC ACTIONS 

The FCC moved to permit the use of 448 
kc by ship station licensees presently au-
thorized to use telegraph frequencies be-
low 535 kc. The Commission issued an 
order, effective November 1, 1952, that all 
ship telegraph licenses presently authorized 
to use frequencies below 535 kc are per-
mitted to use the working frequency 448 
kc (Region 2 only, emission 0.166 Al or 
2.66 A2) until November 1, 1953, or until 
the date of expiration of the present license 
for each ship station, whichever is earlier. 
. . . The FCC moved to amend its Rules 
and Regulations Governing Aeronautical 
Services to bring them into conformity 
with the agreement reached at the Extra-
ordinary Administrative Radio Conference 
(EARC), Geneva, 1951. The FCC change 
was contained in Mimeo 52-1421, which is 
available from the Commission's Informa-
tion Office. .. . The Commission has issued 
a Report and Order stemming from its 
earlier rule making proceedings to amend 
Part 8 of the rules covering the assignment 
of frequencies to ship stations. The order, 
which changes a large number of ship fre-
quencies effective January 1, 1953, is avail-
able from the FCC (Mimeo No. 82,579). 
. . . The Commission issued another Notice 
of Proposed Rule Making, November 19, 
1952, looking toward further amending 
Part 8 of the maritime rules to bring into 
force, as of June 3, 1953, the new ship 
radio telegraph frequencies from 22,000 
to 22,400 kc. The action was taken to 

(Continued on page 714) 
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The newest addition to Sperry's Microline* is 
Model 296B Microwave Receiver for laboratory use. 
This instrument is an important addition to 
the microwave laboratory where a good secondary 
standard of attenuation is required. 

The versatility of Model 296B permits measurements 
to be made at all microwave and UHF frequencies. 
In addition to its use as a secondary standard 
of attenuation, this receiver has many 
other uses ... one of the more important 
being antenna pattern measurements. 

Model 296B consists of a 30 mc pre-amplifier, 
IF amplifier and precision 30 mc waveguide 

below cut-off attenuator. Included in the receiver 
is a well-regulated klystron power supply. 
Klystron stability is assured by self-contained, 
automatic frequency control circuitry. 

Our Special Electronics Department will be happy 
to give you further information on this 
instrument as well as other Microline equipment. 

1) s y er ,f i 9 Nsf,4 5 :EPf SPERRY c!n(e..N 

SET. M. REG. U. S. PAT, ORE. 

GREAT NECK. NEW YORK • CLEVELAND • NEW ORLEANS • BROOKLYN • LOSANGELES• SAN FRANCISCO•SEATTLE 
IN CANADA SPERRY GYROSCOPE COMPANY OF CANADA. LIMITED, MONTREAL, QUEBEC 

NEW SPERRY 

MICROLINE 

RECEIVER FOR 

ACCURATE 

MEASUREMENTS 

AT MICROWAVE 

FREQUENCIES 

Model 296B Microwave Receiver 

30 Mc Amplifier Gain: 70 db + 30 db preamp gum 
- 15 db insertion loss. 

IF Bandwidth: 1.8 Mc. 

Attenuator: Insertion loss 15 (lb; 80 db attenuation - 

range ssith detent positions at 10 db steps. 

Local Oscillator Power Supply: Beam supply 
600 to 800 volts 50 ma, continuously variable. 

positive grounded. Reflector supply continuously 
variable from —10 to —500 volts %soh respect 

to cathode. 

Accessories Supplied: One pre-amplifier, one pre-
amplifier pov.er cable, one klystron poser cable. 

tsso 30 Mc IF cables. 

Accessories Needed: Local Oscillator Klystron 
and a mixer. 
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HERE'S WHY 

ALLIANCE TENNA•ROTOR 
IS THE ANSWER TO 

UHF RECEPTION! 

TURN THE ANTENNA 
TO ANY STATION • 

avoid costly changes! 
HF 

VHF 

ALLIANCE TENNA-ROTOR, properly 
installed on a directional antenna 
improves reception from both UHF 

and VHF stations. 

• UHF is more critical—highly directional! 
Tenna-Rotor is accurate—pin-points the antenna—puts it right on the beam! 

• Many channels are changing!* 
Tenna-Rotor gives directional all-channel reception—stoPs costly antenna 

alterations and re-alignments. 

• Hundreds of thousands of Alliance Tenno-

Rotors are in use! 

It pays to insist on Alliance Tenna-Rotor! 

Automatic MR with direction 
indicator control. Price $44.95 

Sold by 
TV Dealers 

Everywhere 

Weather-sealed 
rotator unit 

IMPORTANT NOTICE! 
'Changes in television demand changes in present anten-
nas! New UHF and VHF stations mean more channels! 
Current FCC rulings have assigned channel changes to nearly 
one-third of all VHF stations. This makes single-channel antennas 
and other fixed position antennas obsolete! Prepare now. Meet 
the coming changes in television with ALLIANCE TENNA-ROTOR. 

ALLIANCE MANUFACTURING COMPANY • Alliance, Ohio 

For nearly 4 years—Eye-
compelling Alliance TV 
spots continue to increase 
the number of viewers — 
extend the fringe around 
every major TV area. 

alliance 
TEN NA • ROTOR 

70A 

TV ANTENNA ROTATOR1 
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(Continued from page 68A) 

further implement the International Radio 
Regulations (Atlantic City, 1947) and is in 
accordance with the Extraordinary Admin-
istrative Radio Conference (Geneva, 1951) 
agreement. 

RESEARCH NEWS 

An electronic pulse generator which 
can provide nearly square-topped pulses 
at voltages up to 1,200 volts and currents 
up to several amperes has been developed 
by the National Bureau of Standards. The 
device was developed by the Bureau's 
Electronic Instrumentations Laboratory. 
to supply the heavy pulses required in an 
earlier NBS study of vacuum-tube cathode 
emissions. It is expected, however, to find 
other applications where nearly square-
topped pulses are required at high voltages 
and heavy currents. The pulse frequency is 
variable in steps of 10, between 10 and 60 
pulses per second. Pulse duration, a con-
stant one per cent of the period at each 
frequency, ranges from 165 microseconds 
at 60 cycles to 1,000 microseconds at 10 
cycles. Complete details on the pulse 
generator appears in the December issue 
of the NF3S "Technical News Bulletin." 
. An eight-page technical report on 

"Physical Limitations to Directional An-
tenna Systems in the Standard Broadcast 
Band" now is available through the 
Federal Communications Commission. It is 
a theoretical study, checked by measure-
ments, of the variations in radiated field 
intensity about the theoretical pattern 
factor. The report. T.R.R.1.2.6., is avail-
able on request to the Technical Research 
Division, Office of Chief Engineer, Federal 
Communications Commission, Room 1614, 
Temporary T Building, Washington 25, 
D. C. 

FTC HEARING SET FOR 1953 

H. Paul Butz, of the Bureau of In-
dustry Cooperation, Federal Trade Com-
mission, advised RTMA in December, 
1952, that a public hearing on rules for 
the radio and television industry will not 
be held until after the first of the year. Mr. 
Butz cited the Christmas season saying 
that he felt that a hearing during Decem-
ber would work a hardship on dealers and 
manufacturers. 

NEW STANDARD ISSUED 

The Underwriter's Laboratories, Inc., 
has issued a new "Standard for Power-
Operated Radio Receiving Appliances." 
The October, 1952 standards represent 
the eighth edition and supersede the edi-
tion of February, 1950. 

N PA OFFICIAL SAYS INDUSTRY 
NOT OVERLOADED 

While current production of the elec-
tronics industry is at an annual going 
rate in excess of $4 billion, the industry is 

(Confirmed on page 72A) 

I 1 PROVIDES YOU WITH THE 
WORLD'S FINEST PRECISION 

• MICROWAVE & 
RADAR 

COMPONENTS 
• ELECTRONIC 
INSTRUMENTS & 
TEST EQUIPMENT 

CUBIC MICROWAVE ENGINEERS —specialists in the 
field since the inception of Radar in World War II 

—start with electronic problems and ideas, and 

convert them into the most accurate precision-built 
electronic instruments and equipment! We welcome inquiries —not only in connection 

with our rapidly developing list of products—as represented below—but ors ideas, 
problems, or design of microwave assemblies of your own specification you may 

want developed and produced. 

MICROWAVE 
CALORIMETRIC 
WATTMETER 

portable ... for lab and field use ... to 

measure absolute microwave power. 

Frequency Range: 2600 MC 
to 26500 MC 
Max. VSWR: 1.1 
Max. Peak Power: 600 KW 

COAXIAL 
CALORIMETRIC 
WATTMETER 

Frequency Range: 200 MC to 3000 MC—Max. VSWR: 1.5 over range—Max. Peak Powers 

1 Coaxial rating 

MICROWAVE (X-BAND) 4 PULSE MEASURING 
WATTMETER 

ELECTRONIC DIRECT- k 
READING PHASE METER 
Frequency Range: 20 to 50,000 cycles 
0-360 degrees 

for measuring peak power of microwave 
pulses from signal generator > or radar systems. 

Shown at left are a few of our 

standard microwave components 
available as catalog items. Special 

purpose wave guide assemblies de-
signed to customer's specs can also 

be produced. 

SCO 
SAN DIEGO 
CALIFORNIA 

uswely to Electronics & Electronic E 
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dfre FREQUENCY-
TIME COUNTERS ... 
autoweeej 
FREQUENCY, TIME INTERVAL 
AND PERIOD 

USE THEM FOR 

FREQUENCY 
MEASUREMENTS 

• 

PERIOD 
MEASUREMENTS 

• 

TIME INTERVAL 
MEASUREMENTS 

• 

FREQUENCY RATIO 
MEASUREMENTS 

• 

SECONDARY 
FREQUENCY 
STANDARD 

• 

TOTALIZING 
COUNTER 

e 

DIRECT RPM 
TACHOMETER 

READS 

1COMPACT DESIGN 
rik CIRCUITS 

jir FEATURES 
LOWER PRICES 

Every known need in frequency 

and pulse measurement is now satis-

fied by four completely new designs 
of Potter frequency-time counting 

equipment. 

The simplified Potter 100 KC Fre-

quency, Models 820 and 830, are 

suitable for rapid and precise pro-
duction line applications. The ver-

satile Potter 100 KC and 1 MC Fre-
quency-Time Counters, Models 840 

and 850, include all gating, switch-
ing, timing and counting circuitry 

required for any conceivable count-
ing-type measurement. 

All models feature the convenience 

of smaller size, lighter weight, and 

functional panel layout. And, op-
tional readout indication—either the 

dependable Potter 1-2-4-8 decimal 

readout or the conventional 0-9 
lamp panels- is available. 

about Frequency-
Time Counters— 
both laboratory 
and industrial 
applications. 

For further data or 
engineering assistance 
write Dept. 1-E. 

115 CUTTER MILL ROAD 

GREAT NECK, N. Y. 

Industrial Engineering 
Notes 

(Continued from page 71A) 

by no means overloaded with military 
orders, chairman R. W. Cotton, of the 
NPA Electronics Production Board, told 
the Armed Forces Communications Asso-
ciation. Mr. Cotton spoke before the 
Boston Chapter of AFCA at the Charles-
town Navy Yard. 

After pointing out there "seems to be 
some feeling that the electronics industry 
is overloaded with military orders," Mr. 
Cotton said this industry can "undertake 
a very substantial additional amount of 
production," including "additional re-
search and development." 

EMPLOYMENT UPTREND CONTINUES 

The upward trend of employment in 
the electronics and related manufacturing 
industries continued in August, 1952 and 
bridged the period normally characterized 
by a seasonal slump, according to informa-
tion furnished RTMA by the United 
States Employment Service. 

According to estimates by electronic 
firms, USES reports that employment 
will continue to increase at least until 
mid-February, 1953. The strong demand 
for TV sets and for equipment for new 
TV stations, as well as increasing defense 
requirements, were cited by USES as 
being responsible for the continuation of 
the upward trend. 

FOREIGN NEWS 

One television station now is operating 
in West Berlin with a picture of 625 lines 
and 25 frames. The current is 50 cycles. 
Approximately 600 to 700 sets now are in 
use and sales reportedly are slow but 
steady due to the high costs. Two firms are 
producing TV receivers with a combined 
current capacity of 20,000 sets per year. 
Table models with wood cabinets com-
prise about 80 per cent of the sets. East 
Berlin also has one TV station transmitting 
a 625 line, 25 frame picture. The station 
operates only one hour per day; however, 
the programs all are on film, mostly of 
Russian origin. Set production has been 
announced as 200,000 sets in the next 
31 years, but it is reported that there is 
no visual evidence to support this claim 
since very few sets are in use in East 
Berlin.... Television in Spain still is in 
the experimental stage, according to 
reports reaching the Department of Com-
merce. Programming from Madrid is 
carried one hour daily and approximately 
100 sets now are in use in that city. 
Other stations are contemplated in Bar-
celona and Bilbao.... The Singapore 
government has announced that it is 
studying the cost of establishing a tele-
vision station in the colony. According to 
reports reaching the Department of Com-
merce a complete station with one or two 
mobile units is contemplated. A small 
annual license fee would be levied on set 

(Continued on page 74A) 
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Photographic comparison of the new G-E Drawn-oval capacitors (in color) and the conventional units they replace, showing savings in size. 

New General Electric Capacitor 
is Smaller, 10 to 20% Lower in Price 

These fixed paper-dielectric 
hermetically-sealed capacitors 
offer: 

c, Reduced costs-10 to 20% 

• Savings in size and weight 

e Double-rolled seams 

tà Drawn-steel cases 

e, Savings in critical materials 

If you're using fixed paper-dielectric capacitors with case styles CP53 
and CP70 in ratings from 1 to 10 muf, 600 to 1500 volts d-c or 330 to 660 
volts a-c—these Drawn-oval units offer you improved reliability, in addi-
tion to an opportunity for reducing the size, weight and cost of the elec-
trical equipment you manufacture. 

In the new Drawn-oval capacitors, we get minimum seam length by 
using drawn-steel cases, attaching the capacitor covers with a double-
rolled seam of proven reliability. This construction results in a lighter, 
yet stronger capacitor. Actual savings in size and weight vary with case 
style and rating but they can amount to as much as 30%. 

This new construction has enabled us to increase output while 
eliminating some critical materials. The resulting savings are passed on 
to you in the form of shorter shipments and lower prices. Prices average 
10 to 20% lower than standard capacitors, again depending upon case 
style and, of course, quantity ordered. 

For more information on the new G-E Drawn-oval capacitors, their 
ratings, dimensions and prices, see your local G-E apparatus sales repre-
sentative or write for Bulletin GEA-5777. Address Section 407-311, 
General Electric Company, Schenectady 5, N. Y. 

GENERAL ELECTRIC 
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The basis of a signal generator in the super-high-frequency n 
range is provided in the Model TVN-7 square-wave modulator 

un 
and power supply. This unit is used as a square-wave modulator 
at 600 to 2500 cycles for low-power velocity-modulated tubes, 
such as the 417A, 2K28, and 21:25. Provision is also made for 
external modulations: for grid pulse modulation at amplitudes 
up to 60 volts, and for reflector pulse modula tion at up to 100 
volts maximum. The power supply delivers regulated cathode 
voltage continuously variable from 280 to 480 volts, with provision 
for a 180-300 volt range. 

• 

Measurement of standing-wave ratios, with slotted lines, is 
easily accomplished with the Model TAA-16A amplifier — a 
high-gain a-c voltmeter, covering 500 to 5000 cycles per second. 
Front-panel controls can be set for broad-band or selective oper-
ation; sensitivities are: 15µv in broad-band and 101tv in selective 
position. The 4 inch output meter with illuminated scales is grad-
uated in standing-wave voltage ratio and with a 0-10 linear 
scale. A panel switch is provided for convenience in applying 
bolometer voltage. The master gain control switch provides atten-
uation factors of 1, 10, and 100. Unit and regulated power supply 
are contained in black wrinkle steel cabinet 9 x 20 x 12 inches. 

Both of these instruments we designed for 115-volt 50/60 
cycle operation. 

Write today for data sheets giving 
detailed specifications of the TVN-7 
and TAA-16A equipments. 

BROWNING 
La boratorie 

Winchester, 

Industrial Engineering 
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owners with it estimated that a minimum 
of 20,000 receivers could make the ven-
ture successful.... The Swedish Tele-
vision Committee has proposed the con-
struction of two experimental TV stations 
to be completed by July 1, 1954, according 
to reports reaching the Department of 
Commerce. The outlets would be in Stock-
holm and Uppsala and operate two hours 
per week until January 1, 1955, when 
transmission would be increased to eight 
hours per week. A license fee on receivers 
is proposed, starting in January, 1955. 
Stations also are proposed for the Goteborg 
area and the Province of Skane if the tele-
vision experiments are a success. 

TELEVISION NEWS 

State-wide networks of education 
television stations, which could lead to 
national and international networks, were 
envisaged by FCC chairman Paul A. 
Walker. The commissioner spoke at the 
66th annual meeting of the Association of 
Land Grant Colleges and Universities, in 
Washington. Urging the educators to pro-
ceed rapidly in the television field, chair-
man Walker said, "I suggest that the goal 
should be the establishment of statewide 
networks in every one of the 48 states. If 
you do not have sufficient reservations 
for such a statewide network in your 
state, then you should move promptly to 
make an engineering survey and arrange 
to obtain additional channels—if you are 
not already too late." . . . The RTMA board 
of directors has adopted a resolution rec-
ommended by its Committee on Educa-
tional Television endorsing establishment 
of educational television stations and 
recommending to RTMA member-com-
panies that they take individual action to 
encourage and promote this service as "a 
vital force in American life." The board 
also approved the Committee's recom-
mendations that the Committee continue 
to study educational television and make 
further recommendations to the directors 
as to ways and means of promoting the 
growth of educational television  
program designed to improve the technical 
proficiency and business technique ox radio-
TV service technicians as developed by 
the RTMA Service Committee, under 
chairman R. J. Yeranko, was approved 
the Set Executive Committee and subse-
quently the RTMA board of directors at 
their Chicago meetings. The Service Com-
mittee vocational training programs has 
as its immediate objective the upgrading 
of television service technicians through 
existing vocational and trade schools. 
This is to be accomplished through the 
development and publication of manuals 
and teaching aids for schools and instruc-
tors which would reflect the recommenda-
tions of the radio-TV industry and to be 
consistent with the rapidly changing de-
signs and products of the industry. ... 
The National Exhibitors Theatre Tele-
vision Committee and the Motion Picture 

(Continued on page 76.4) 
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ONLY THE LFE 401 OSCILLOSCOPE 

Offers all these 
Important Features 

HIGH SENSITIVITY AND WIDE FREQUENCY 

RESPONSE OF Y-AXIS AMPLIFIER 

The vertical amplifier of the 401 has been 
designed to provide uniform response and 
high sensitivity from D-C. The 
accompanying amplifier response 
curve shows the output down 3 db. 
at 10 Mc. and 12 db. at 20 Mc. Align-
ment of the amplifier is for best 
transient response, resulting in no 
overshoot for pulses of short dura-
tion and fast rise time. Coupled with 
this wide band characteristic is a 
high deflection sensitivity of 15 
Mv./cm. peak to peak at both D-C 
and A-C. 

37.5 Ms.. 0.24a sec width, lusec sweep full scale 

75 Mv., 0.2,4csec width, 1.tc sec sweep full scale 

TRIGGER GENERATOR with 
from 500 to 5000 cps. 

POSMVE L NEGATIVE UNDELAYED TRIGGERS and a 
POSITIVE DELAYED TRIGGER are externally available. 

à zu  
401 OSCILLOSCOPE MODEL 
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FREQUENCY -MEGACYCLES 

LINEARITY OF VERTICAL 
DEFLECTION The vertical amplifier 
provides up to 2.5 inches positive or 
negative uni-polar deflection without 
serious compression; at 3 inches, the 
compression is approximately 15%. 
The accompanying photographs il-
lustrate transient response and line-
arity of deflection. 

SWEEP DELAY The accurately 
calibrated delay of the 401 provides 
means for measuring pulse widths, 
time intervals between pulses, accu-
rately calibrating sweeps and other 
useful applications wherein accurate 
time measurements are required. 
The absolute value of delay is accu-

rate to within 1% of the full scale 
calibration.The incremental accuracy 
is good to within 0.1% of full scale 
calibration. 

Additional Features: 
variable repetition rate An INPUT TERMINATION SWITCH for terminat-

ing transmission lines at the oscilloscope. 

A FOLDING STAND for convenient viewing. 

FUNCTIONALLY COLORED KNOBS for easier 
location of controls. 

SPECIFICATIONS 

Y-AXIS  
Deflection Sens. — 15 Mv./cm, 
peak -to - peak. 

Frequency Response —DC to 10 MC 

Signal Delay-0.25.44 sec 

Input line terminations —52, 72 or 
93 ohms, or no termination 

Input Imp. —Direct — 1 megohm, 
30 41.f 

Probe —10 megohms, 
10 f 

X- Axis 
Sweep Range-0.01 sec,'cm to 0.1 

c. sec,'cm 
Delay Sweep Range-5-5000 sec 

in three adjustable ranges. 
Triggers — Internal or External, 
+ and —, trigger generator, 
or 60 cycles, undelayed or 
delayed triggers maybe used. 

Built-in trigger generator with repe-
tition rate from 500-5000 cps. 

General  
Low Capacity probe 
Functionally colored control knobs 

Folding stand for better viewing 

Adjustable scale lighting 

Facilities for mounting cameras 

Price: $895.00 

Designed and built for electronic engineers, the 401, 
with its high gain and wide band characteristics, and 
its versatility, satisfies the ever -increasing require-
ments of the rapidly growing electronics industry for 
the ideal medium priced oscilloscope. 

Write for Complete Information 

( LABORATORY for ELECTRONICS, INC. 
75 PITTS STREET • BOSTON 14, MASS. 

PRECISION ELECTRONIC EQUIPMENT • OSCILLOSCOPES • MAGNETOMETERS • COMPUTERS • MICROWAVE OSCILLATORS • MERCURY DELAY LINES 
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METALLIZED CERAMICS? 

> 

P.S. I can probably 
also be of considerable 
service to you on your 
ceramic problems — 
with precision pro-
duced "Lavite" Ceram-
ics ("Lavite" Steatites, 
"Lavite" Ferrites and 
"Lavite" Titanates). 

WHY MAT'S  A 
STEWARD SPECIALTY! 

Please don't ask me where the many metallized 
"Lavite" Ceramic parts we have produced are 
used, because I just don't know — but I will 
be happy to solve any metallizing problem 
you may have. Perhaps you can profit from 
metallized ceramics in lower production costs 
because of less soldering and handling—maybe 
it is a more solid job you are seeking — and 
again you may wish to eliminate awkward and 
costly assembly soldering. Whichever it be — 
please feel free to send me the specifications on 
your job and I guarantee a cost and time saving 
solution. I would like to say "send for descrip-
tive literature" but frankly I wouldn't know 
what to put into such literature — so, again 
I suggest you send me details of your require-
ments. 

D. M. STEWARD MANUFACTURING CO. 
3605 Jerome Ave. Chattanooga, Tenn. 

S.ilesof/ices in Principal Cities 

Industrial Engineering 
Notes 

(Continnrd from page 74A) 

Association of America, which asked the 
FCC to allocate a 420-mc band to theatre 
television, has filed a statement with the 
Commission outlining where this alloca-
tion might be made. At the time of the 
hearing, FCC had asked for such a state-
ment. "In order to give notice of these 
proposals to all interested persons," the 
Commission has released proposals from 
the statement of the theatre interests. 
The first proposal, in summary form, is 
as follows: (a) Allocate the frequencies 
from 5,925 to 6,285 mc for the use of 
theatre television. (b) Provide a reasonable 
transition period within which the present 
occupants of 5,925 to 6,285 mc can move 
to frequencies between 6,285 and 6,425 mc. 
(c) Consideration be given to the possi-
bility of using the frequencies between 
3,500 to 3,700 mc for the purpose of com-
mon carrier fixed operations. (d) Examina-
tion be made as to whether the land 
mobile services in 6,425 to 6,575 mc can be 
used for theatre television mobile pick-up. 
Proposal number 2 would classify theatre 
television as an industrial radio service on 
a frequency sharing basis and expand the 
6,575 to 6,875-mc band downward to 
include 6,425 to 6,575 mc for theatre 
television requirements. If theatre tele-
vision must share frequencies below 7,125 
mc with other services on a nonpriority 
basis, it will be necessary to use frequen-
cies above 10,700 mc, in larger centers of 
population. If frequencies are allocated for 
theatre television in bands above 10,700 
mc, they,should begin at 10,700 mc and 
progress upward from that point. We have 
not planned to make further or different 
allocation proposal. . . . The FCC adopted 
a Notice of_Proposed Rule Making which 
would amend the auxiliary TV broadcast 
rules (Part 4) to accommodate the needs 
for TV pickup, studio-transmitter link and 
intercity relay stations in the UHF band, 
through reapportionment of channels for 
these auxiliary services, and to make other 
changes not covered in the present rules. 
... The Commission has postponed fur-
ther the hearing on the allocations of fre-
quencies for theatre television from Janu-
ary 12, 1953 to January 26, due to the 
anticipated shortage of hotel facilities in 
Washington during the inaugural period. 

HDUB-TV, Lubbock, Tex., which 
was granted an STA in October, 1952, 
started commercial operation on Novem-
ber 6, 1952, as the fourth new station to 
get on the air.... At Austin, Tex., 
KTBC-TV, on channel 7, received an 
STA for interim operation with 2 kw 
visual and 1 kw aural output power for 
November 15, 1952... . Hawaiian Broad-
casting System Ltd., permittee of KGM B-
TV, Honolulu, was authorized and started 
commercial operation on channel 9 with 
output power of 500 w visual and 250 w 
aural, December 1, 1952. 

TV STATION GRANTS 

As of the end of November, 1952, The 
Federal Communications Commission had 

76A 
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/Yea n RF STE 

ATTENUATOR 
o-soo ne. r1 

Geared Drive 
output connector 

accessible 
through 

front panel 

Direct Drive 
for use with 
output cable 

New Model AT-120 RF is 
designed to meet size and 
weight restrictions with 
tight performance specs. 

• Flat attenuation characteristic from DC 
to UHF 

• Low VSWR 

• Perfect Shielding 

• Supplied with attenuation values to 
your specifications: 

Up to 120 db total; Up to 20 
db per step; Up to 10 steps 

• Output impedance; nominal 50 ohms 
unbalanced or optional at lower fre-
quencies 

• Output and input: 
BNC jacks or attachments for 
RG55U or RG58U Cable 

• Available with crystal diode voltmeter 
mount for monitoring input level at 
.1 to 2.0 volts. 

• Special mechanical features provide 
flexibility of mounting and drive. 

• Dimensions; Diameter — 21/2 "; Depth 
—1 1/2 " 

• Weight: 10 ounces. 

Suitable for Standard Signal Genera-
tors, Precision Microvolters and 
many specialized test equipment 
applications. 

Write for detailed performance 
data depending on the attenua-
tion values desired. 

TELEVISION CORPORATION 

1001 FIRST AVENUE ASBURY PARK, N. J. 

THE SIMPSON MODEL 260 

VOLT-OHM-MILLIAMMETER 

outsells all others combined 

because... 
A covers all ranges necessary for Radio and TV set testing 
B includes the Simpson 50 Microampere Meter Movement 
known the world over for its ruggedness 
C no bulky harness wiring. thus eliminating all intercircuit 
leakage at this high sensitivity 

D molded recesses for resistors, batteries. etc. 
E easy battery replacement 
• all components—including case and panels—are specially 
designed and completely tooled for maximum utility . . . 
not merely assembled from stock parts 

ranges 20,000 Ohms per Volt DC, 
1,000 Ohms per Volt AC 
Volts, AC and DC: 2.5, 10, 50, 
250, 1000, 5000 
Output: 2.5, 10, 50, 250, 1000 
Milliamperes, DC: 10, 100, 500 
Microamperes, DC: 100 
Amperes, DC: 10 
Decibels (5 ranges): 
— 12 to +55 DB 
Ohms: 0-2000 (12 ohms 
center), 0-200,000 (1200 ohms 
center), 0-20 megohms 
(120,000 ohms center) 

SIMPSON ELECTRIC COMPANY 

5200 W. Kinzie St.. Chicago 44 Phone COlumbus 1-1221 

'n Canada: Each•S,rnpson. Ltd., London, Ont. 
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prices 

Model 260 $38.95; 

With Roll Top $46.90. 

Complete with test 

leads and operator's 

manual. 25,000 volt 

DC Probe for use with 

Model 260, $9.95. 
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Small increments of 
attenuation in coaxial transmission 

lines result in excessive power losses when 
used in conjunction with hi-gain antennas in 

the UHF range. This loss of effective 
radiated power is often as high as 50%. 

The best solution to the problem is 
waveguide. Waveguide provides lower 

attenuation, greater coverage for equal 
antenna height ... it can be used in 

combination with UHF coaxial line . 
requires no dehydration or pressurization. 

Prodelin has pioneered the manufacture 
and development of UHF waveguide, and stands 

ready to assist you in all phases of this 
important new development. Write for Chart 
TC-1256, Attenuation of Coaxial Line, and 

Waveguide in the UHF Range, and for 
information related to your specific needs. 

The World's Finest Coaxial Transmission Lines & Waveguides 

PRODUCT DEVELOPMENT COMPANY, INC. 
307 BERGEN AVENUE KEARNY, NEW JERSEY 

Manufacturers of Antennas, Transmission Lines and Associated System Facilities 

Industrial Engineering 
Notes 

(Continued from page 79A) 

Lynchburg, Va., Lynchburg Broadcasting 
Corp., channel 13 with 28 kw visual 
and 14 kw aural. 

Lynchburg, Va., Old Dominion Broad-
casting Corp., channel 16 with 100 kw 
visual and 57 kw aural. 

Muncie, Ind., Tri-City Radio Corp., chan-
nel 49 with 16 kw visual and 8.1 kw 
aural. 

Pensacola, Fla., Southland Telecasters, 
channel 15 with 20 kw visual and 10 
kw aural. 

Pueblo, Col., Pueblo Radio Co., Inc., 
channel 3 with 10.5 kw visual and 
5.3 kw aural. 

Pueblo, Col. The Star Broadcasting Co., 
Inc., channel 5 with 12 kw visual and 
6 kw aural. 

San Bernardino, Calif., KITO, Inc., chan-
nel 18 with 87 kw visual and 49 kw 
aural. 

Santa Barbara, Calif., Santa Barbara 
Broadcasting and Television Corp., 
channel 3 with 50 kw visual and 25 
kw aural. 

Sioux City, Iowa, Cowles Broadcasting Co. 
channel 9 with 29 kw visual and 15.5 
kw aural. 

Sioux City, Iowa Great Plains Television 
Properties, Inc., channel 36 with 18.5 
kw visual and 10.5 aural. 

Sioux Falls, S. D., Midcontinent Broad-
casting Co., channel 11 with 57 kw 
visual and 29 kw aural. 

Tucson, Ariz., Arizona Broadcasting Co., 
Inc., channel 4 with 11 kw visual and 
5.5 kw aural. 

Tucson, Ariz., Old Pueblo Broadcasting 
Co., channel 13 with 316 kw visual 
and 160 kw aural. 

Waco, Tex., Central Texas Television Co., 
channel 34 with 5 kw visual and 3 kw 
aural. 

Warren, Ohio, Warren Tribune Radio Sta-
tion, Inc., channel 67 with 80 kw 
visual and 43 kw aural. 

Waterbury, Conn., WATR, Inc., channel 
53 with 245 kw visual and 125 kw 
aural. 

Wichita Falls, Tex., White Television Co., 
channel 22 with 18.5 kw visual and 
9.3 kw aural. 

Williamsport, Pa., WRAK, Inc., channel 
36 with 21 kw visual and 10.5 kw 
aural. 

AKRON 

'A Correlation Computer." by E. W. Hix. 
Goodyear Aircraft Corporation; October 21, 1952. 

'Good Engineering Practices in the application 
of subminiature tubes,' by E. F. Kahl, Sylvania 
Electric Products, Inc. 

(Continued on page 114) 
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experience... 
still the 

best teacher! 

A large manufacturer of mini-

ature lamps for switchboard and 

telephone use, came to Kahle re-

cently with a production problem. 

The client had been using a low• 

production tube bottoming ma-

chine that required frequent 

adjustment and maintenance due 

to its method of uneven shifting 

of the tubing. This oho caused 

excessive tube breakage within 

the machine and a high reject 

rate on the finished tubes. Kahle•s 

solution was to build the fully 

automatic machine shown above, 

Model 2048. This machine, pro-

ducing 4,000 units per hour, elim-

inates the lifting of the glass 

from one position to the next by 

using a continuous conveyor prin-

ciple. The glass is indexed straight 

through the machine and is not 

'jumped or bumped' in the proc-

ess. In-machine breakage and 

rejects are held to a minimum. 

In addition, Model 2048 is ideal 

for production of round or flat 

bottomed test tubes, vials and 

containers. 

If your production involves 

special-purpose machinery, learn 

—without obligation—how Kahle's 

more than 40   

years of practi-

cal experience 

can benefit you. 

Write Kahle 

today. 

kahle 
ENGINEERING COMPANY 

1 3 1 2 SEVENTH STREET 

NORTH BERGEN N. .1. 

(Continued from pear 804) 
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'Health Aspects of Radiation,' By J. H. Tolan, 

Georgia Institute of Technology; October 24. 1952. 

BALTtMORE 

"Radio and TV Interference" by P. F. Rand, 
Remington-Rand Laboratories; November 12, 1952. 

BEALTMONT-PORT ARTHUR 

"Developments in Aircraft Communication," 
by F. J. Maclary, Collins Radio Company; October 
29.1952. 

"Television Service Clinic." By Jim Brown, 
Spartan Television Company; November 12, 1952. 

BINGHAMTON 

'Linear Variable Differential Transformers.' 
by H. J. Schaevitz Engineering, Inc.; October 23, 
1952. 

BOSTON 

`A General Survey of Millimeter Wave Tech-
niques," by Dr. R. D. Kodis, Harvard University; 
October 16, 1952. 

BUFFALO-NIAGARA 

*Design of Video Amplifiers for Optimum 
Transient Response," by Harold Newman and 
W. K. Squires, both of University of Buffalo and 
consultants to Sylvania Electric Products, Inc.; 
October 15, 1952. 

"Medical Electronics." by Wilson Greatbatch, 
Cornell Aeronautical Lab. Inc. and Dr. Leonard 
Wolin. Buffalo General Hospital; November 19. 
1952. 

CEDAR RAPIDS 

"Radio Astronomy," by Dr. D. O. McCoy. 
Collins Radio Company; "Instrument Landing 
System Steering Computer," by E. H. Fritze and 
W. G. Anderson, Collins Radio Company; and "The 
Status of TV in Cedar Rapids," by R. D. Yoakam 

of KCRG-KCRK; October 22, 1952. 
"Should Engineers turn to Biology for New 

Ideas," by Dr. O. H. Schmitt, University of Minne-
sota; film, 'Collins Integrated Flight System,' 

November 12, 1952. 

CHICAGO 

'Magnetic Amplifiers for Industrial Control.' 
by L. W. Buechler, Vickers, Inc.; October 17, 1952. 

CINCINNATI 

'Radar Speed Control," by Col. S. R. Schrotel, 
Chief of Police and J. L. Hearn. Director of Comm., 
City of Cincinnati; October 21, 1952. 

CLEVELAND 

'Electronic Radio Field Strength Analyzer." 
by F. W. Smith, NBC and "VHF Tropospheric 
Recording Measurements," by J. S. Hill, United 

Broadcasting Company; October 23, 1952. 

CONNECTICUT VALLEY 

'Interference Problems in F-M" by Dr. L. B. 

Arguirnbau, Massachusetts Institute of Technology; 
September 18. 1952. 

"Analog Computers." by R. D. McCoy, Reeves 
Instrument Corporation; October 16, 1952. 

DALLAS-FORT WORTH 

Tour of L. D. Telephone Plant; September 23. 

1952. 
'Recent Trends in Oscilloscope Design," by 

C. V. Sanford, Tecktronix, Inc.; November 6, 1952. 
"Present Status of the Capacitor and Resistor 

Art as applied to Electronic Components" by Leon 
Podolsky, Sprague Electric Company; November 

20, 1952. 
(Continued on page 82A) 

V 

51E 
MODEL 11-2 
OSCILLATOR I 
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The unique SIE oscillator circuit which has 
no lower limit to its possible frequency of 

oscillation is responsible for the excellent low 

frequency performance of the Model M-2 and 

other SIE oscillators. 

SPECIFICATIONS 

Range. 1 cps to 120,000 cps. 

Calibration. Within l'2°/0 plus 1/10 cycle 

Output circuits: 20 volts or 20 millamps and 

1 volt at 300 ohms constant impedance 

Amplitude stability: Plus or minus '2 db 

UNDESIRED VOLTAGES 
Power Supply Noise: Less than 1/100% of 

output signal 

Power Line Surge: Less than 1/10% of out-

put signal 

Harmonic Distortion: Less than 2/10% from 
20 cps to 15,000 cps. Less than 1% at all 

other frequencies 

Microphonic Noise: Less than 1/100% of 

output signal 

ir SOUTHWESTERN INDUSTRIAL 
U ELECTRONICS COMPANY 

-»811 pe. • r+ -i• •••,d • 1.1,-•.tte 19. Texcm 
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FEATURES OF BOTH MODELS 

STAYS PUT-No wobble; no shift during 
shipment; no realignment necessary when 
your TV set is installed in the home. 

EASILY ADJUSTED- Slides more uniformly 
over tube's neck due to metal-to-glass 
contact. 

STABILIZED AND TESTED on special equip-
ment designed and used only by Heppner, 
each individual Heppner Ion Trap is guar-
anteed to meet your working requirements. 

UNUSUALLY FAST DELIVERY. 

LIGHTWEIGHT-Snap-On Model weighs 
only ounce; Slip-On Model only 3/5 
ounce. Will not harm tube's neck. 

ALNICO P.M. USED-Retains magnetism 
indefinitely. 

..•••••••• 
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MODEL T-312. The new simplified steel 
construction lowers manufacturing costs 
by fully utilizing, for the first time, the 
Alnico permanent magnet's maximum 
efficiency. This makes Model T-312 the 
lowest priced ion trap on the market. 
Installs in only 2-3 seconds-just slip on. 

SNAP-ON ION TRAP 

oe-eel 
.tLSt5Te • • ••••• 

tets'te ..• • -.* ¡es 

s Pet 

MODEL E-437. Saves you expensive 
production manhours with EXCLUSIVE 
instant snap-on feature. Reduces your 
parts costs because priced below com-
petition. Clamp-type construction of 
Hardened Spring Steel. 

Write today for further information on better 

HEPPNER 
MANUFACTURING COMPANY 

Round Lake, Illinois (50 Miles Northwest of Chicago) 
Phone: S-2111 

SPECIALISTS IN ELECTRO.MAGNETIC DEVICES 

ion traps at lower prices. 

Representatives: John J. Kopple 
60 E. 42nd St., New York 17, N.Y. 

James C. Muoglevrorth 
506 RIchey Ave., W., Collingswood, N. J. 

Ralph Motley 
2417 Kenwood Ave., Ft. Wayne 3, Indiana 

lev. M. Cochrane Co. 
406 So. Alvarado SI.. Los Angeles, Calif. 

(Continued from page 81A) 

DAYTON 

"Lightning and Spherics as Environmental 
Factors in Aircraft Operations." by M. M. Newman. 
Lightning and Transient Research Laboratory; 
November 13, 1952. 

DENVER 

"The Transistor; Successor to the Vacuum 
Tube?" by John Doremus. Motorola, Inc.; October 
28, 1952. 

DES MOINES-AMES 

A Practical Binural Recording System." by 
O. C. Bixler. Magnecord, Inc.; November 6. 1952. 

DETROIT 
"Just for Fun," by Nate Reiss, Reiss Public 

Address Systems. Inc.; September 19. 1952. 
"Voice of America Broadcasts," by J. L. Hollis. 

Collins Radio Company; October 17, 1952. 
Description of Electronic Equipment in WWJ-

TV Studios, followed by tour of building conducted 
by L. A. Spragg, Chief Facilities Engineer; Novem-
ber 21, 1952. 

EL PASO 

"Techniques of Measuring Position and 
Velocity by Radio," by Dr. J. W. Muehlner, Hollo. 
man Air Force Base; October 24, 1952. 

EVANSVILLE-OWENSBORO 

"Industrial Application of Ultrasonics." by 
G. E. Henry, General Electric Company; October 8. 
1952. 

FORT WAYNE 

"Design of Radio Station WOWO Studios." by 
B. H. Ratts, WOWO and WOWO FM Westing-
house Radio Stations, Inc.; November 6. 1952. 

HAMILTON 

Plant tour of T. S. Farley Ltd. (designer and 
manufacturer of coils and transformers for radio 
and television); October 27, 1952. 

KANSAS CITY 

"Electronic Trends ot Tomorrow," by Dr. J. D. 
Ryder. Faculty University of Illinois; November 11. 

1952. 
LITTLE ROCK 

"Microwaves in Pipeline Operation." by M. E. 

Nider, Texas-Illinois Gas Pipeline Co.; October 23. 
1952. 

LONDON 

"Background to Computer Technique." by 
Dr. Gottleib, University of Toronto; October 21. 
1952. 

"Low Noise Input Circuits." by A. C. Hudson. 
National Research Council; November 3. 1952. 

"Electronic Musical Instruments." by R. H. 

Tanner. Northern Electric; November 18. 1952. 

Los ANGELES 
"Some Comparisons in the Behavior of Micro-

waves and Light Waves." by Dr. M. E. StriebY, 

American Telephone and Telegraph Company; 
November 4. 1952. 

LOUISVILLE 

"Ultra-Sonics," by George Henry, General 
Electric Laboratories; October 9, 1952. 

Tour of Girdler Corporation Thermex Division 
plant conducted by T. L. Wilson, C. E. Ellsworth 
and R. R. Moore; November 13. 1952. 

MILWAUKEE 

Trip through Wisconsin Telephone Company 
Toll Office; October 27, 1952. 

(Continued on page 84A) 
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Araldite* Bonding and Casting Resins de-

veloped by Ciba Research are simplifying 

manufacturing methods, improving product 

efficiency, and opening new fields of product 

development. You will want to know more 

about them. 

NN, 

ARALDITE® 
TYPE 

ARALDITE '" BONDING RESINS 

CURING 
CONDITIONS 

PHYSICAL 
APPEARANCE 

BOND STRENGTH* 
ALUMINUM-ALUMINUM 

ILB./SO. IN.) 
SUGGESTED USE 

AN-101 Room temperature High viscosity liquid 2000-2500 Bonds or seals glass-metal. 

AN-102 Room temperature Low viscosity liquid 
contains solvents 

1400-1600 Bonds metal-metal and 
metal-wood. 

AN-111 Heat cure Low viscosity liquid 
contains solvents 

2000-2500 Impregnating (vacuum method) 
laminating and bonding. 

AN-115 Heat cure Low viscosity liquid 
contains solvents 

2500-3000 Impregnating, laminating and 
bonding. 

AN-106 Heat cure Heavy paste 
silver color 

3000-3200 Bonds socket-type joint. 

AN-107 Heat cure Heavy paste 
tan color 

3000-3200 Bonds socket-type joint. 

AN-112 Heat cure Heavy paste 
tan color 

2500-3000 Laminating, bonding. 
Rapid cure. 

AN-100 Heat cure Powder 
tan color 

4000-4500 1 Heat-resistant, 
smooth, 
non-porous 

on .. B d materials . s metal-metal, 
j metal-glass, 

metal-ceramic, 
glass-glass 

AN-110 Heat cure Powder 
silver color 

4000-4500 

AN-120 Heat cure Stick 
tan color 

4000-4500 

AN 430 Heat cure Stick 
silver color 

4000-4500 

AN-104 Room temperature Non-flowing poste 
tan color 

1000-1500 Bonds loose-fitting joints. 

AN-103 Heat cure Non-flowing paste 
ton color 

1200-1400 Bonds loose-fitting joints. 

•ASIM D1002-49T 
ARALDITE " CASTING RESINS 

ARALDITE® 
TYPE 

CURE 
PHYSICAL 

APPEARANCE 
SUGGESTED 

USE 
SHRINKAGE ELECTRICAL 

PROPERTIES 

CN-501 Heat cure Amber 
solid 

Casting, potting, 
encapsulating. 
Good adhesion. 

Very low 
(1/2  to 2%) 

Excellent 

CN-502 Room temperature 
or heat cure 

Thin 
liquid 

Casting, potting, 
encapsulating. 
Good adhesion. 

Very low 
(1/2 to 2%) 

Good 

C N-503 Room temperature 
or heat cure 

Liquid Similar to Araldite 
CN-501. Low tempera- 
tyre. Pour. 

Very low 
(1/2 to 2%) 

Excellent 

CN-504 Heat cure Very thin 
liquid 

Impregnating, costing, 
potting, encapsulating. 
Good adhesion. — 

Low 
(< 2%) 

Good 

SEND THIS COUPON . . . or write us on your company 
letterhead ... for complete technical dota on the physical 
properties and recommended procedures for the success-
ful use of Araldite Resins for your own fabricating needs. 

*Rog. LI S. Pot. OR. 

aPlastics 
*BONDING *CASTING *COATING RESINS 

r-

1.1t.E. 1 

 Title 

CIBA COMPANY INC., PD'ISsTg 

627 Greenwich St., New York 14, N. Y. 
(la Canada, Ciba Co. Ltd., Ciba Bldg., Montreal) 

Please send me Ciba Plastics Technical Bulletins for 

BONDING EI CASTING 1] COATING 

Name  

Company 

Address  
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E RIBBON 

CONNECTORS 

AN Type 

CONNECTORS 

POWER PLUGS 

AUDIO 

CONNECTORS 

_  

 "see"Vielnig  041,A,e1' 
 wow.. 

--"•«••••• 

  electronic 
components 

 by AMPHENOL 

!+&-MPHENOIDL  

RF Type 

CONNECTORS 

4 

WRITE Department 13 1 for your copy 

of General Catalog B-2 

AMERICAN PHENOLIC CORPORATION 
1830 South 54th Avenue •Chicago 50,111inois 

a 

The various categories of cataloged 
electronic components listed below are an 
indication of the intensive research and 
development program at Amphenol. 
Whatever your application problem, some 
one of the extensive list of Amphenol 
components will probably provide you with 
the quality cable, connector or socket you 
need. If no existing component will serve 
your purpose, then Amphenol will pinpoint its 
vast engineering resources on your problem 
and custom-engineer the part you need. 

AN Type CONNECTORS 

RF Type CONNECTORS 

AUDIO CONNECTORS 

POWER PLUGS 

BLUE RIBBON CONNECTORS 

RACK and PANEL Type 
CONNECTORS 

INDUSTRIAL SOCKETS 

MINIATURE SOCKETS 

TUBE SOCKETS and RADIO 
COMPONENTS 

MICROPHONE CONNECTORS 

RG COAXIAL CABLES, TEFLON and 
POLYETHYLENE 

CABLE and WIRE ASSEMBLIES 
PLASTICS—EXTRUDED and 

INJECTION MOLDED 

-••• 

&MPHENOL 

(Continued from page 824) 

NEW YORK 
'Electronic Equipment and Services for the 

New United Nations Headquarters, by H. B. 
Rantzen, UN Telecommunications; October 1, 
1952. 

Inspection Trip of United Nations Facilities in 
New York; October 8, 1952. 

NORTH CAROLINA-VIRGINIA 

'Nuclear Reactor Control,' by Dr. L. R. 
Quarles. University of Virginia; October 24, 1952. 

OTTAWA 

"Microwave Optics," by G. A. Woonton. 
Faculty. McGill University; October 23, 1952. 

PITTSBURGH 

"Recent Advances in Pulse Generation Systems 
for Radar and Geophysical Prospecting.' by Dr. 
J. B. Woodford and F. C. Alexander of Carnegie 

Institute of Technology and Gulf Research Labora-
tories. respectively; November 10. 1952. 

PORTLAND 

"Upper Ionosphere Research," by Dr. Marcus 
O'Day. Air Force Cambridge Research Laboratory: 
September 3, 1952. 

"Television Network Transmission," by Dr. 
M. E. Strieby. managing Editor of Bell System 
Technical Journal and Director of Technical 
Demonstrations; October 14, 1952. 

PRINCETON 

"Radio Astronomy," by Dr. J. P. Haegen. 

National Bureau of Standards; November 13. 
1952. 

SAN DIEGO 

"IRE Activities and Planning," by Dr. D. B. 
Sinclair, President. IRE; August 26, 1952. 

"Television Networks," by Dr. M. E. Strieby, 
Managing Editor of Bell System Technical Journal 
and Director of Technical Demonstrations; Octobet 
29, 1952. 

SAN FitaNcisco 

"Bell System Television Networks," by Dr. 
Maurice Strieby, Director of Technical Demonstra-
tions and Managing Editor of the Bell System 
Technical Journal; October 20. 1952. 

SYRACUSE 

•The All Glass Television Bulb," by J. P. 
Kearney and Dr. H. B. Vincent, Kimble Glass 
Company; October 20, 1952. 

"Military Communications in Korea,' by J. W. 
Nelson, Jr. General Electric Company; November 
17, 1952. 

Totarbo 
Films, 'And a Voice Shall be Heard' and 

"Television Lighting"; November 13. 1952. 

Toeoprro 
"Audio Reproduction," by D. T. N. William-

son, Ferranti Ltd. of England; October 20, 1952. 
"Electronics in Medicine," by Dr. R. H. 

Lowery, Defence Research Medical Laboratories; 
November 17, 1952. 

TULSA 

"Electronic Trends of Tomorrow." by Dr. J. D. 
Ryder. University of Illinois; November 12, 1952. 

"The Present Status of the Capacitor and 
Resistor Art as Applied to Electronic Components." 
by Dr. Leon Podolsky, Sprague Electric Company; 
November 19, 1952. 

(Continued on page 864) 

84A 



PHONE: Algonquin 5-3000 

WRITE or WIRE: Dept. IND 

TELETYPE: N. Y. 1-2482 

Write for Free Technical Bulletins 

WHOLESALE DISTRIBUTORS 
ELECTRONIC EQUIPMENT 

175 VARICK ST., NEW YORK 14 

• 

WHICH 
PILOT 
LIGHT 
DO 
YOU 
NEED? 

THE BIG ONE 
This Pilot Light Assembly was first 
made to accommodate the S-11 lamp and 
was intended for use in the cabs of great 
diesel locomotives. 

THE LITTLE ONE 

YOUR pluidarL 

The miniaturization program on defense 
products required the development of this 
sub-miniature light. It is used on communication 
equipment and aircraft. Midget flanged base 
bulbs to fit are rated 1.3, 6, 12, and 28 volts. 

Dialco HAS THE COMPLETE LINE 
of INDICATOR and PANEL LIGHTS 

52
 ,,,441. to suit your own special conditions eer and requirements will be sent promptly 

and without cost. Just outline your 
needs. Let our engineering department 
assist in selecting the right lamp 
and the best pilot light for YOU. 

Write for the Dialco 
- HANDBOOK of PILOT LIGHTS 

or 

Foremost Manufacturer of Pilot Lights 

ACTUAL SIZE 

Cat. #613529-211 

ACTUAL SIZE 

Cot. #8-1930-621 

DIALIGHT CORPORATION 
60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 
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...WHEN YOU BUY FILTERS 

RESPONSE CURVES and cases may look alike, but component 
quality and internal construction are the things that determine 

dependability— in a filter, and in the associated equipment. 

TO BE SURE components are the best, Lenkurt presses its own 
cores, winds the coils, and subjects all parts to the most rigor-

ous checks possible. 

IN A LENKURT FILTER, parts are firmly fastened to sturdy 
headers, connections made to rigid terminal boards. Units are 

impregnated, cased, and/or hermetically sealed as required. 

LENKURT FILTERS are engineered and built to your most ex-
acting specifications on delivery schedules to meet any quantity 

need by Lenkurt Electric Company—largest independent man-

ufacturers of telephone toll transmission equipment. 

LENKURT ELECTRIC 
SALES COMPANY 

San Carlos 2 California 

(Continued from page 84A) 

TWIN CITIES 

"High Fidelity Sound Reproduction—Past 
and Future." by Marvin Camras, Armour Research 
Foundation; October 28. 1952. 

"Ferroelectrics and the Dielectric Amplifier." 
by Dr. R. M. Smith. Minneapolis Honeywell 
Regulator Company; November 19. 1952. 

VANCOUVER 

"Electronic Controls for the Fraser River 
Model," by Mr. Ian Smith; October 20, 1952. 

W ASHINGTON, D.C. 

"Micro-Strip Printed Circuits for the Kilo. 
megacycle Range," by Dr. F. Assadourian. Federal 
Telecommunication Laboratories. Inc.; November 
10, 1952. 

W ILLIAMSPORT 

"Research in Electronics Production." by W. H. 
Hannahs. Sylvania Electric Products. Inc.; October 
22. 1952. 

SUBSECTIONS 

Astmuti-o-Lueuocx 

"Television for Lubbock and the South 
Plains," by R. F. Lee, KCBD and KCBD-TV; 
November 12. 1952. 

LANCASTER 

"Ultrasonic Waves and Their Applications." 
by P. D. Goodman. Brush Development Company; 
November 12. 1952. 

LONG ISLAND 

"Microwave Spectroscopy." by L. E. Norton. 
RCA; October 14. 1952. 

M ID-HUDSON 

"Radio Aids to Navigation." by Major Water-
man, West Point, USAF; October 21, 1952. 

NORTHERN NEW JERSEY 

"Feedback Theory—Some Properties of Signal 
Flow Graphs," by Samuel Mason. Faculty. Massa-
chusetts Institute of Technology; October 8, 1952. 

Roe« 

"Digital Computers." by S. N. Alexander. 

NBS; November 17, 1952. 

W ICHITA 

"Television Interference," by H. W. BourelL 
FCC; September 18. 1952. 

UNIVERSITY OF ALBERTA (IRE-AIEE) 

"The War of Words." by L. E. Gods. Secre-
tary of Faculty of Engineering, University of Al-
berta; October 23. 1952. 

"Leonardo da Vinci," by J. W. Porters, 
Faculty, University of Alberta; November 6, 1952. 

UNIVERSITY OF CALIFORNIA (IRE-AIEE) 

"Do We Have Enough Time for the UCSEE," 
by Professor R. A. Bruns, Faculty. University of 
California. 

(Continued on page 8M) 
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New Ceramic Lossy Material Means Greater Efficiency in these 
Waveguide, High Power Terminations, and Attenuators 

"Eilex", a new ceramic lossy material, is now available in waveguide, high power terminations and 
attenuators from Electro-Impulse Laboratory. 

This new material is extremely durable, provides a strong adhesive bond to waveguide walls, with-
stands temperatures up to 2500° F., and handles the thermal shock efficiently. 

The waveguide loads use walls that are poor conductors, which means a more efficient removal of the 
heat generated in the load, and less tendency toward pulsepower breakdown (arcing) as may occur in 
designs which use filling material in the waveguide. 

Attenuators are accurately calibrated and may be used as a termination and power measuring device in 
conjunction with a thermister bridge. 

For details, write Department "A". 

Type 
Frog 

Range 
KMC 

Waveguide 
In 

Nominal* 
Average 
Power 

Dissipation 

Maximum 
V.W.S.R. 

Size in Weight Weight Flange 

DUMMY LOADS 

HPTKI00 18-26.50 1/2 a 1/4  60 W. 1.15 8 long 2 lbs. UG425/U 

DA22/U 8.2-12.4 1.2 x 1 175 W. 1.15 II x2.5 x2.5 3 lbs. UG39/U 

HPTXS250 8.2-12.4 V2 IC 1 250 W. 1.15 11 x 3.5 x 3.5 31,4 lbs. UG39/U 

HPTXS150 8.2-12.4 ih 2 1 150 W. 1.15 11 x 2.5 x 2.5 3 lbs. UG39/U 

HPTXS75 8.2-12.4 1/2  a I 75 W. 1.15 II long 2l/2 lbs.  
6 lbs. 

UG39/U  
UG5I/U  
UG5I/U 

DA2I/U 7-10 11/4  a % 280 W. 1.15 11.5 x 3.5 a 3.5 

HPTXL250 7-10 IV4 x % 250 W. 1.15 12 x 3.5 x 3.5 31/4 lbs. 
Hrncuoo 7-10 11/4 x % 200 W. 1.15 11.25 x 2.75 x 2.75 2 lbs. 4 oz. UGI313/U 

HPTXL100 7-10 11/4 x % 100 W. 1.15 10 long 2 lbs. U651/13 

HPTXL500 7-10 11/4 x% 450 W. 1.15  
1.15  
1.15 

11.25 : 4.5 x 4.5 5% lbs. UG5I/U 

HPTX600 5.85-8.20 11/2  a % 600 W. 14 long 8 lbs. UG344/11 

HPTX800 3.95-5.85 2.00 x 1.00 800 W. 14 long 12 lbs. UGI49A/U 

TS 338 2.4-3.7 1.5 x 3 700 w. 1.1 24x 5.4x5.4 13 lbs.  
13 lbs. 

UG438/U  
UG4311/U HPTSI500 2.60-3.95 3.00 x 1.50 1500 W. 1.15 25 long 

HPTLI500 1.70-2.60 4.46 :2.31 1500 W. 1.15 15 long 20 lbs. UG435/U 

HPTL2000 1.12-1.70 6.66 : 3.41 2000 W. 1.15 32 long 24 lbs. UG417/U  

ATTENUATORS 

HPAXS 8.2-12.4 1.2 s 1.00 250 W. 1.15 
Attenuation 2-60 
decibels (fixed) UG39/U 

HPAXL 7.00-10 1% x % 450 W. 1.15 
Attenuation 2-60 
decibels (fixed) UG51/1.1 

• Without the use of water or forced air cooling. 

ELECTRO IMPULSE Laboratory 62 WHITE STREET • RED BANK, N.J. 

RED BANK 6-0404 



Type 394-A 
PONOGOMETER 

Precision Potentiometer Noise Tester 

Designed as a production and laboratory test instrument by the Technology 

Instrument Corporation for quality control in the manufacture of their precision potenti-

ometers, the Type 394-A Ponogometer is now available for such uses as: 

Incoming inspection of single or multi-turn potentiometers. 

2. To establish noise-performance criteria for precision potentiometers in 

servo, control, or instrumentation applications. 

3. For laboratory investigations and/or quality control in single or multi-

turn potentiometer manufacturing. 

Working to a definition t of noise covering, in part, the voltages created by the 

equivalent, transient contact noise resistance appearing between the wiper and resistance 

element of a precision potentiometer, the 394-A Ponogometer monitors this contact re-

sistance, providing an audible and visual indication when o prescribed threshold level is 

exceeded. 

POTENTIOMETER 

-4-ENR * 

D 
1 r CONSTANT CURRENT 

TYPE 394A 

PON OGOMETER 

SPECIFICATIONS 

Range: Equivalent Noise Resistance•-threshold level adjustable from 10 to 5000 
ohms. Lower levels can be set up by means of accessory amplifiers. 

Wiper Exciting Current: Constant 1 milliampere. Other values can be set up by 

means of accessory current sources. 

Type Indication: Audible tone and a neon light, essentially independent of speed 
of operation of total resistance, and resistance function of potentiometer. 

Write for specifications and further details in 
*Laboratory Report No. 6 

TECHNOLOGY INSTRUMENT CORP. 
535 Main Street, Acton, Ma•-. Tel. Acton 3-7714 milmmimi 

(Continued from page 86A) 

'Field Trip to KGO television studios; October 
16 and 17, 1952. 

"Apples are Falling," by W. E. Herrmann. 
General Electric Company; October 28. 1952. 

CALIFORNIA INSTITUTE OF TECHNOLOGY (IRE) 

"Atomic Standards," by Dr. R. D. Huntoon. 
National Bureau Standards; November 10, 1952. 

CASE INSTITUTE OF TECHNOLOGY (IRE) 

"Einstein's Theory of Relativity," by Dr. F. E. 
Brammer, Faculty, Case Institute of Technology; 
October 14, 1952. 

"Servo-Mechanisms," by Dr. J. H. Moran. 
Faculty, Case Institute of Technology; October 23. 
1952. 

UNIVERSITY OF COLORADO (IRE-AIEE) 

Films. "Steam for Power" and "The 1951 
World Series.' October 22, 1952. 

"The Master Control Traffic System used In 
Denver, Colorado," by J. B. Rudden; November 5, 
1952. 

COLUMBIA UNIVERSITY (IRE-AIEE) 

"The Purpose of the Electrical Engineering 
Society," by Professors J. B. Russell and J. R. 
Ragazzini, Faculty, Columbia University; October 
24. 1952. 

UNIVERSITY OF CONNECTICUT (IRE-AIEE) 

"Opportunities in Selling." by C. J. Gladfelter, 
Faculty. University of Connecticut; October 30. 
1952. 

COOPER UNION SCHOOL OF ENGINEERING 
(IRE-AIEE) 

"Micro Waves," by Mr. Hardy, Faculty, 
Cooper Union School of Engineering; October 28. 
1952. 

Films. "Naturally It's F.M." and "Electricity 
Serving New York. ° November 10, 1952. 

UNIVERSITY OF DENVER (IRE-AIRE) 

"The Transistor, Successor to the Vacuum 
Tube?" by J. A. Doremus, Motorola Corporation; 
October 28, 1952. 

"Microwave Transmission of Television Sig-
nals," by Dr. Strieby, American Telephone and 
Telegraph; November 17, 1952. 

UNIVERSITY OF DETROIT (IRE-AIRE) 

"Problems in Automobile Engineering,' by 
Ralph Schmuchal. Ford Motor Company; October 
28. 1952. 

FENN COLLEGE (IRE) 

"Direct Current Amplifiers." by John Blaha, 
The Brush Development Company; October 29. 
1952. 

UNIVERSITY OF FLORIDA (1RE-AIEE) 

"New Equipment and New Design." by W. R. 
Saylor, General Radio Company; October 20. 1952. 

GEORGE W ASHINGTON UNIVERSITY (IRE) 

"Upper Atmospheric Research with Rockets." 
by Dr. H. E. Newill, Jr., Rocket Sonde Branch, 
Naval Research Laboratory; November 5, 1952. 

GEORGIA INSTITUTE OF TECHNOLOGY (IRE) 

"Developments in the Power Field." by D. L. 
Chestnut, General Electric Company; October 21, 
1952. 

UNIVERSITY OF ILLINOIS (IRE-AIEE) 

"The Education of Electrical Engineers." by 
Dr. J. D. Ryder, Faculty, University of Illinois. 

"Micro-Switches and Their Uses," by Walker 
Smith, Minneapolis Honeywell; November 12. 
1952. 

(Continued on page 904) 
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23,698 
HOURS of SERVICE 

...and still no change in 

Performance Quality! 

That's what Earl F. Lucas, Chief Engineer 

W PAT 
Paterson, N. J. 

says about 

Federal 
F-5680 

2.5 KW POWER TRIODE 

It/p 
.„„, A 7. 

1/4'"°- 
'Os •. -c. 

lo es t, e 7: 1 

C (6: r 

¡it; t'y'L, 

Here's another record of the long life 

and operating stability of Federal Tubes! 

STILL on the job after 23,698 broadcast-hours! That's the record 
Federal's F-5680 has scored to date for WPAT, popular 5,000-watt 

station of the North Jersey Broadcasting Company, Inc. 

Moreover, says Chief Engineer Lucas, "periodic comparison with 

our spare tubes shows no performance differences, so I anticipate many 
more hours of use." 

Based on amazing service records of other Federal broadcast 
tubes, WPAT's F-5680 should be on the job for years to come! 

Here's proof of the solid-rock ruggedness and dependable per-
formance built into all Federal tubes by Federal craftsmen—drawing 

on tube design and production experience dating from the very birth 
of the industry...on experience with hundreds of broadcasters! 

Get the facts of longer-life Federal tubes ...write to Dept. K -837 

.7,7 z0,«;,.. 

- 

Federal F-5680 Power Triodes— 
in WPAT's Federal 196-A AM Transmitter 
—providing one of the most powerful signals 
in the New York-New Jersey area. 

"Federal always has made better tubes" 

Federal klephone and Radio Corporation  
VACUUM TUBE DIVISION 100 KINGSLAND ROAD, CLIFTON, NEW JERSEY 

In Canada: Federal Electric Manufacturing Company, Ltd., Montreal, P. Q. 
Export Distributors; International Standard Electric Corp., 67 Broad St., N.Y. 
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OVER 200 BASIC TYPES TO CHOOSE FROM 

Do audio attenuator problems cost you money? 

Chances are Shallcro'ss has a model to match 

your specifications exactly-and at moderate cost. 

Shallcross attenuators are made in over 200 

basic types. Each type can be supplied with a 

choice of attenuation characteristics . . . with a 

positive detent mechanism . . . and in numerous 

input and output impedances. Where calibration 

must be extremely accurate, Shallcross precision 

wire-wound resistors are used. For less critical 

applications, models with high grade composi-

tion resistors can be supplied-often at lower 

cost. 

A complete description of all Shallcross 

attenuators - mountings, characteristics, and 

circuits is yours for the asking in Bulletin L-4A. 

SHALLCROSS MFG. CO., 524 Pusey Avenue, 

/Collingdale, Penna. 

ICK DELIVERIES! Small quantities of 
popular 20 steP Shallcross composition resistor DIJ 
potentiometers and wire-wound ladders without 

detents are immediately available. 

Sha cross 

(Continued from page 88A) 

ILLINOIS INSTITUTE OF TECHNOLOGY (IRE) 

Films, 'Standing Waves of Radio Transmission 

Lines" and *Propagation of Radio Signals" October 
28, 1952. 

"The Amateur and You. by Fred Quelle. 
Student. Illinois Institute of Technology; Novem-
ber 3, 1952. 

UNIVERSITY OF M AINE (IRE) 

"Developments in the Curriculum in Electrical 
Engineering Since the Past Thirty Years." by Pro-
fessor W. J. Creamer. Faculty. University of Maine; 
election of officers; October 16, 1952. 

"Television Skyways. • by Mansfield Packard. 
New England Telephone and Telegraph Company; 
November 13. 1952. 

M ASSACHUSETTS INSTITUTE OF TECHNOLOGY 
(IRE-AIEE) 

Business meeting; September 26, 1952. 
"Servos." by D. P. Cambell, Faculty, Massa-

chusetts Institute of Technology; October 28, 1952. 
Business meeting; November 15. 1952. 

UNIVERSITY OF M IAMI (IRE) 

"Advantages of Membership in the IRE." by 
H. D. Randolph, Student. University of Miami; 
November 6. 1952. 

M ICHIGAN COLLEGE OF M INING & TECHNOLOGY 
(IRE-AIEE) 

General meeting; October 21. 1952. 
"Summer Employment in England and Wales." 

by Andrew Itzov. Student, Michigan College of 
Mining and Technology; November 4, 1952. 

M ICHIGAN STATE COLLEGE (IRE-AIEE) 

General meeting; October 15, 1952. 
`Proposed Nationwide Telephone Dialing 

System." by Mr. Foulkrod, Bell Telephone Com-
pany; November 5, 1952. 

UNIVERSITY OF M ICHIGAN (IRE-AIEE) 

"Human Engineering-Key to Success." by 
M. J. Evans, The Melvin J. Evans Company; 
October 21. 1952. 

"High Speed Electronic Computers.' by R. E. 
Machol. Willow Run Reeearch Center; November 
12. 1952. 

UNIVERSITY OF M INNESOTA (IRE-AIEE) 

`The Electrical Engineering Curriculum and 

You," by Dr. H. E. Hartig, Faculty, University of 
Minnesota; October 22. 1952. 

M ISSISSIPPI STATE COLLEGE (IRE) 

"The Atom Speaks and Echoes the Word of 
God," by D. L. Chestnut. General Electric Com-
pany; November 10. 1952. 

M ISSOURI SCHOOL OF M INES & M ETALLURGY 
(IRE-AIEE) 

Films, "Air Power is Peace Power" and "Propo-
gation of Radio Waves"; business meeting; October 
2, 1952. 

Films. "Shining Rails" and 'The Handling of 
Materials." October 9. 1952. 

'Instrumentation and Control of Guided 

Missiles," by G. J. Fiedler. Sverdrup and Parcel, 
Inc, October 31, 1952. 

`Suicide of a High Voltage Arc." by George 
Manke, Line Material Company; November 13. 
1952. 

UNIVERSITY OF M ISSOURI (IRE-A IEE) 

Slides and talk about Egypt by Professor 
Waldelich. Faculty. University of Missouri; Septem-
ber 30, 1952. 

(Continued on page 93A) 
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Specifyetitey... For 22 Years 
The Foremost same In Crystals 

MILITARY 

SHIP-TO-SHORE 

BROADCAST 

SPECIAL PURPOSE 

STANDARD 

COMMUNICATIONS 

AMATEUR 

ULTRASONIC DELAY LINES 

FREQUENCY STANDARDS 

letitcy 
CIZYS TA IS 

* * * 

Military types CR15, CR16, CR18, CR19, CR23, 
CR24, CR27, CR32, CR36, CR47 are represent-
ative of current production by Bliley. Complete 
range of types and cross reference index is given 

in Bulletin 43. 

Types MC7, SR5 and SR8 are suggested for shipboard depend-
ability. Price and details given in Bulletin 44. 

Types BC46T, MO3B, TC92 are first choice for automatic 
temperature control in AM, FM and TV transmitters. Consult 

Bulletin 43 for basic details. 

Types SRI() and MC9 provide wide range frequency choice for 
TV service, diathermy and citizens band. Request Bulletin 44 

for price and description. 

Type BH6A is the predominant choice for land mobile and 
airborne applications. Consult Bulletin 43 for basic information. 

Types KV3, MC9, SMC100 and MS433 cover reference fre-
quencies from 100 kc through 10.7 mc. Price and "stock tol-
erances" given in Bulletin 44. 

Types AX2 and AX3 together with Bliley packaged oscil-
lator Model CCO-2A were designed to bring precision and 
price together in the Ham Bands. Price and details are 

given in Bulletin 44. 

Custom built fused quartz delay lines provide high stability 
and precision time intervals for manipulation of pulsed or 
pulse modulated signals. Consult Bulletin 45 for technical 

information. 

Model BCS-1A is a high stability in-
strument for precision reference at 
100 kc. Ideal choice for research and 
development laboratories. Descriptive 
information given in Bulletin 43. 

Inn 
BLILEY ELECTRIC COMPANY 
UNION STATION BUILDING • ERIE, PENNSYLVANIA 
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GOSLIN Creative 
Talent and 
Radar Skill 
...Created the transformers 
for the APS-42... a proven 
storm and terrain warning 
type radar. An early pioneer 
in the field of airborne 
radar and its many complex 
problems, GOSLIN spe-
cializes in airborne radar 
transformers. 
Working closely with the 
nation's outstanding pro-
ducers of radar, GOSLIN 
introduced miniaturization 
reforms that rocked the 
very foundations of the 
transformer industry. The 
results? New transformers 
combining small size and 
light weight together 
with guaranteed terminal 
performance and 
dependability. 
Today, GOSLIN trans-
formers are installed in 
leading civilian and mili-
tary aircraft radar equip-
ment for greater safety and 
protection under any and 
all conditions. Production 
facilities are geared for 
immediate delivery. 
Custom-engineered for 
every airborne radar 
application, GOSLIN 
hermetically sealed and 
open framed airborne units 
meet or surpass all civilian 
and military specifications. 
Complete facilities avail-
able for all JAN tests. 

Write for new, descriptive Brochure containing 
detailed information on GOSLIN Transformers 
and facilities. 

GOSLIN 
ELECTRIC & MANUFACTURING CO. 
A DIVISION OF THE GOWN CORPORATION 

Designers and Manufacturers of 
Electro-Magnetic Components 

2921 WEST OLIVE ST., BURBANK, CALIFORNIZty 

... NOW AVAILABLE 

VICTOREEN HI-MEG RESISTORS 

IN STANDARD R.T.M.A. VALUES 

FROM 10 TO 10' 2 OHMS 

STANDARD VALUES 

1.0 1.8 3.3 5.6 

1.2 2.2 3.9 6.8 

1.5 2.7 4.7 8.2 

Victoreen's HI-MEG resistors were developed 

for use in electrometer circuits where stability, 

accuracy, and high humidity operation are of 

prime consideration. The resistor element is 

vacuum sealed in a glass envelope and the glass 
treated with a special silicone varnish to reduce 

the effects of humidity to a minimum. The re-

sistor is carefully aged to assure stability and 

reliability. 

These precision resistors are often used with 

Victoreen's electrometer tubes to measure ex-

tremely small currents. This combination has 

found wide application in radiation-detecting 

instruments, photocell circuits, mass spectrom-
eters, and leak detectors. 

Those who use Victoreen HI-MEG resistors 

will agree that they are the finest available for 

large values of resistance. 

. . . BETTER COMPONENTS MAKE BETTER INSTRUMENTS 

3800 PERKINS AVE. • CLEVELAND 14, OHIO 
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(Continued from page 90A) 

"Induction Heating," by representatives of 
Allis-Chalmers; November 11. 1952. 

UNIVERSITY OF NEBRASKA (IRE-AIEE) 

General meeting and film. "Energy is Our 
Business," October 8. 1952. 

General meeting and Talk, "Problems." by 
H. D. Sandborn, General Electric Recruiting De-
partment; October 22, 1952. 

THE UNIVERSITY OF NEW M EXICO (IRE) 

General meeting; September 25. 1952. 
"On Our Side of the Microphone." by Dr. R. E. 

Barton Allen, Faculty, University of New Mexico; 
October 24, 1952. 

NEW M EXICO COLLEGE OF AGRICULTURE & 
M ECHANIC ARTS (IRE-AIEE) 

"Opportunities in Electrical Engineering," by 
G. R. Yelderman. Chairman of El Paso Section of 
AIEE; October 17. 1952. 

COLLEGE OF THE CITY OF NEW YORK (IRE) 

"Distribution Systems in New York City," by 
Mr. Buchanan, Consolidated Edison Company of 
New York; October 23, 1952. 

"Ultra High Frequency Communication," by 
Mr. A. Kunze, Griffiss Air Force Base; October 30, 
1952. 

"Micro-Wave Techniques." by Dr. J. H. Vogel-
man. Rome Air Development Center; November 14, 
1952, 

New YORK UNIVERSITY (IRE-AIEE) (EVE: DIV.) 

"Growth of Power Industry-Its History and 
Future" by M. D. Hooven. Public Service Electric 
and Gas Company and C. S. Purnell, Westinghouse 
Corporation. Color movie, "Energy is our Business," 
November 14. 1952. 

NORTH DAKOTA AGRICULTURAL COLLEGE 
(IRE-AIEE) 

Films. "Impregnated Paper Insulated Cables" 
and "Laying another Submarine Power Cable" 
October 29, 1952. 

NORTHEASTERN UNIVERSITY (IRE-AIEE) 

"The Starting-up and Testing of Hydrogen. 
cooled Turbine Generators." by W. J. Schell, Jr.; 
Westinghouse Electric Corporation; September 30, 
1952. 

"Magnetic Amplifiers," by S. Jackson. General 
Electric Company; October 9. 1952. 

"Design and Application of Radar," by T. M. 
Bloomer, Westinghouse Electric Corporation; 
October 16, 1952. 

"Northeastern University Graduate Division," 
by Dr. H. K. Brown. Faculty, Northeastern Uni-
versity; October 23. 1952. 

OHIO STATE UNIVERSITY (I RE-AIEE) 

"Power Development in the Northwest," by 
T. M. C. Martin, Bonneville Power Administration; 
October 9, 1952. 

Film, "Automobile Design"; October 23, 1952. 
Field trip to the Columbus Sewage Treatment 

Works; November 6, 1952. 

OREGON STATE COLLEGE (IRE) 

"Television and Television Networks." by Dr. 
M. E. Strieby, American Telephone and Telegraph 
Company; October 15. 1952. 

"The Instrument Story," by Henry Berring, 
Weston Instrument Corporation; October 30. 1952. 

UNIVERSITY OF PITTSBURGH (IRE) 

Business meeting; November 6, 1952. 
General meeting; November 13, 1952. 

(Continued on page 94A) II 

A-,A,TTENUATION 
-:e;t to 3000 mcl 

Inquiries are invited 
concerning single pads 

and turrets having 
other characteristics 

COAXIAL LINE TERMINATION 
50 ohms 

SINGLE ATTENUATOR PAD 
50 ohms 

VSWR -± 1.2 to 3000 mc. 
One watt c.w. power dissipation 

STODDART AIRCRAFT RADIO CO. 
6644-C SANTA MONICA BLVD., HOLLYWOOD 38, CALIFORNIA 

Hillside 9294 II 
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New (q)bil_ -pet Relay! 

Sets a New High 
in Performance, 
Efficiency and 
Economy! 

• WITHSTANDS VIBRATION AND SHOCK 

• LONG OPERATING LIFE 

• COMPACT, LIGHTWEIGHT, RUGGED 

• 10 TO 20 AMPERE CAPACITY 

• RESPONDS TO IA CYCLE 

• I TO 5 POLE, DOUBLE THROW 

The new Phil-trol Type 33 Relay is another 
triumph of Phillips designing and engineer-
ing. It is an important addition to the com-
plete line of Phil-trol Relays that enables 
you to select the type practically tailor-
made for your particular needs. 

The Type 33 Phil-trol Relay is of single 
coil design and box shape construction. 
Armature and frame construction of a type 
that affords fast action in both operation 
and release. Contacts are quickly and easily 
pressure adjusted by means of screws. The 
Type 33 is available for either a.c. or d.c. 
operation (33 AC or 33 QA). The constant 
of operate and release times has qualified 
this relay for many applications such as are 
found in timing circuits. 

Power Relay 
Type 27QA 

Write for detailed Data Sheet and 
rave cIs 

copy of latest Phil-trol Relay Catalog 

. 11)11111111frS C 0 Winti Ir 
84 W. JEFFERSON ST. • JOLIET, ILL. 

OFFICES IN PRINCIPAL CITIES 

4 Mounting Holes 
416-32 N C Threads 
(can be furnished 
with elastic stop 
nuts) 

Miniature Telephone 
Type 4QA 

Telephone 
Type 2QA 

Hermetically Sealed 
Type 20366-1 

(Continued from page 934) 

RENSSELAER POLYTECHNIC INSTITUTE 

(IRE-AIEE) 

"Design and Characteristics of Power Trans-
former Cores," by Thomas Gordy, General Electric 
Company; October 28, 1952. 

"R.P.I.'s Computer," by Dr. W. C. Stoker. 
Faculty. Rensselaer Polytechnic Institute; Novem-
ber 18, 1952. 

RUTGERS UNIVERSITY (IRE-AIEE) 

"Low Temperature Research." by Dr. B. 
Serin. Faculty. Rutgers University; October 23. 
1952. 

SAN DIEGO STATE COLLEGE (IRE) 

"Servo-Mechanisms," by Dr. D. C. Kalbfell, 
Faculty. San Diego State College; October 28. 1952. 

SEATTLE UNIVERSITY (IRE) 

General business meeting; October lo. 1952. 

SOUTH DAKOTA SCHOOL OF MINES AND 
TECHNOLOGY (IRE) 

Business meeting; October 23. 1952. 

UNIVERSITY OF SOUTHERN CALIFORNIA 
(IRE-AIEE) 

Film. *More Power to America" and discussion 
on the General Electric Program of electrical ex-

pansion in industry, by Mr. W. Scott. General 
Electric Company; September 30. 1952. 

Lecture and demonstration on television trans-
mission, reception and existing cross-country net-
works. by Dr. Maurice E. Strieby, American Tele-
phone and Telegraph Company; October 31, 1952. 
STEVENS INSTITUTE OF TECHNOLOGY (IRE-AIEE) 

"The Distributed Amplifier." by A. C. Gilmore, 
Faculty. Stevens Institute of Technology; Novem-
ber 12. 1952. 

Tug UNIVERSITY OF TEXAS (IRE-AIEE) 

"The Engineer Must Learn to Talk with his 
Fellow Citizens," by Dr. H. H. Ransom. Faculty. 
University of Texas; October 20, 1952. 

TEXAS AGRICULTURAL & MECHANICAL COLLEGE 
(IRE-AIEE) 

"Oceanography as Connected with Electrical 
Engineering." by D. F. Leipper, Faculty. Texas 
Agricultural and Mechanical College; November 4. 
1952. 

UNIVERSITY OF UTAH (IRE-AIEE) 

"Engineering Aspects of Atomic Energy." by 
Dr. Lyle Borst, Faculty. University of Utah; Octo-
ber 30, 1952. 

UTAH STATE AGRICULTURAL COLLEGE (IRE) 

"The Instrument Story," by Henry Berring. 
Weston Electrical Instrument Corporation; Octo-
ber 14. 1952. 

'The History of Engineering Mathematics." 
by Prof. Vance Tingey, Faculty, Utah State Agri-
cultural College, October 29, 1952. 

"An Engineering Career in Industry." by Prof. 
Melvin Greaves, Faculty, Utah State Agricultural 
College; November 12, 1952. 

VILLANOVA COLLEGE (IRE-AIEE) 

"The Electrical Engineer in a Large Electrical 
Industry." by C. T. Pearce. Westinghouse Electric 
Corporation; October 14. 1952. 

UNIVERSITY OF VIRGINIA (IRE-AIEE) 

"The Roanoke Project." by L. Goeller, Student. 
University of Virginia and film. "The Shocking 
Truth"; October 21. 1952. 

(Continued on page 96A) 
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IC 
Th rmist 

READS 
DISCS 
RODS 
WASHERS 

CHECK 

THESE 

IMPORTANT 

POINTS 

• Full line of standard 
thernalstors available 
from stock 

'Special thermistors engl d te 
customers' requirement' 

e We make all Western Electric type 
thermistore 

e Our thermistors have exceptionally 
high temperature coefficient and sta-
bility 

• Technical assistance In your design 
and engineering problems 

A Few Common Uses: 
Time delay • Gas analysis • 
Volume limiting • Surge pro-
tection • Vacuum manometry • 
Flow measurement • Tempera-
ture control • Temperature 
measurement • Radar power 
measurement • Temperature 
compensation • Oscillator sta-
bilization • and a host of new 
applications being developed 
every day. 

Visit us at the IRE Show 

Send for free literature. 

IMEERING CORPORA 
Sifield Road 

12040 ... 
COUNTING 

PLUS CONTROL 
AT RATES TO 

40,000 CPS 
WITH 

:46 

PRESET COUNTERS 

••• 

DESCRIPTION—The Berkeley Preset Counter is an electronic decade with 
provisions for producing an output signal or pulse at any desired preset count 
within the unit's capacity. Any physical, electrical, mechanical or optical 
events that can be converted into changing voltages can be counted, at rates 
from 1 to 40,000 counts per second. Total count is displayed in direct-reading 
digital form. Presetting is accomplished by depressing pushbuttons corres-
ponding to the desired digit in each column. Model 730 Preset Decimal 
Counting Units are used. These are completely interchangeable plug-in units 
designed for simplicity of maintenance and replacement. 

APPLICATIONS —Flexibility and simplicity of operation make the Berkeley 
Preset Counter suitable for both production line and laboratory use. It has 
practical applications wherever signalling or control, based on occurrence of 
a predetermined number of events or increments of time is desired. Output 
signals from the unit can be used to actuate virtually any type of process con-
trol device, or to provide aural or visual signals. 

SPECIFICATIONS 

MAX. COUNT CAPACITY 

422 423 424 425 426 

100 1000 10,000 100,000 1,000,000 

INPUT SENSITIVITY (MIN.) ± 1 v. to ground, peak; at least 2 /4 sec. wide 

OUTPUT Choice of pos. pulse and relay cl or pos. pulse. SPST 
relay closure approx. /30 sec; pulse output is + 125 v. 
with 3 it sec, rise time and IS .:: sec. duration. 

PANEL DIMENSIONS 151/4 " x 83/4 " 19" x 83/4 " 

OVERALL DIMENSIONS 161/4 " x 101/4 " x 13" 203/4 " x 102" x 15" 

POWER REQUIREMENTS 117 v. ± 10% @ 90w. 117 V. ± 101/4  @ 180 w. 

PRICE (F.O.B. FACTORY) $375 $450 $595 $695 $795 

Model 

M3 For complete information, please request Bulletin 201 

Êwtheleit 
division of BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVENUE • RICHMOND, CALIFORNIA 

Telephone UNIonville 2-7150 
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TUBING 

OTHER 
SHAPES 

available for economical fabrication 

Extruded .187" dia. to 2.0" dia. 
Tolerance +.002"—.000" up to 1" dia. 

Molded 2.25" dia. to 4.0" dia. 
Beading .030" to .187" dia. 

Extruded .50" to 2.0" O.D. 
3/16" to 1.0" I.D. min. wall 1/4 " 

Molded 11/4 " to 8" O.D. at 1/4 " intervals 
Wall thickness %"-23/4" 

Strip thickness .002" to .060" 
Slab thickness 1/4 " to 11/4 " 
Special extruded shapes to customer specifications 

Outstanding properties of TEFLON 
Ad ge 

WIDE SERVICE 

TEMPERATURE 

RANGE 

CHEMICALLY INERT 

ZERO WATER 

ABSORPTION 

LOW POWER 

FACTOR 

STABLE DIELECTRIC 

CONSTANT 

TOUGHNESS AT 

LOW TEMPERATURE 

—100°F to +500°F 

Resists all known acids, alkalies and com-
mercial solvents over the service temperature 
range. 

Water will not wet the surface. 

.05% p.f. constant over entire frequency 
spectrum. 

2.0 unchanged over entire spectrum. 

Izod impact strength —70°F 2 ft. lbs./in. 

also available to your specifications 

MACHINED PARTS • MOLDED PARTS 

POLYPENCO 

.1•80.1 is a trademark of eke 
E. I. Dimon* Co. 

nylon 
teflon 

Write for technical data and prices on Polypenco Teflon and Nylon 

The POLYMER CORPORATION of Pennsylvania • Reading, Penne. 
"Canadian Representative: C-H Engineering Company, Montreal, Quebec and Toronto. Ontario" 

Student Branch Meetings  

(Continued from page 94A) 

VIRGINIA POLYTECHNIC INSTITUTE (I RE-A I EE) 

"Expansion of Electrical Industry and Need 
for Engineers," by Mr. Parks, Westinghouse 
Electric Corporation, and film, "Energy is our Busi-
ness"; October 21, 1952. 

Discussion on Technical papers for coming 
year; October 28, 1952. 

Business meeting; November 4, 1952. 

UNIVERSITY OF W YOMING (IRE-AIEE) 

"Why be a Member of the AIEE-IRE Joint 
Branch," by Robert Lawrence, Jr.; October 8, 
1952. 

Film. "Wyoming Resources." and general 
meeting; October 21. 1952. 

Film, "Wyoming Resources." and general 
meeting; October 21, 1952. 

"Stage Lighting." by Robert Lawrence and 
Gene Dymacek, Students University of Wyoming; 
November 4, 1952, 

YALE UNIVERSITY (IRE-AIEE) 

"The Philosophy and Instrumentation of 
Analog Computers," by R. D. McCoy, Reeves In-
strument Corporation; October 16. 1952. 

"History of Electrical Engineering at Yale." 
by A. G. Conrad, Yale University; October 22. 
1952. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 5IA) 

Sound Effects Filter 
A new Model 4200 sound effects 

filter which was designed for compactness 
(requires only 3¡ inches of rack space) 
is available from Hycor Co., Inc., 11423 
Vanowen St., North Hollywood, Calif. 

The unit features low hum pickup 
through the use of toroid coils. The unit 
may be used in circuits having signal 
levels as low as —40 dbm without the 
necessity for taking special precautions 
against hum pickup. The filter may be 
used at levels up to +20 dbm with negligi-
ble intermodulation distortion. All capaci-
tors and inductors are hermetically sealed 
for lifetime service. Aging effects are 
negligible. Both low- and high-frequency 
cutoff controls cover 100, 250, 500, 1000, 
2000, 3000, 4000, and 5000 cps. Attenua-
tion is approximately 16 db, per octave on 
both high- and low-frequency cutoff 
points. Impedance is 500/600 ohms, in-out. 

Net price fob North Hollywood is 
$195.00. 

(Continued on page 110A) 
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1. Push in hole. 

2. Lock in hole by 
turning adjusting 
screw through 
top terminal. 

3. Adjust capacitance 
from top at final 
test station. 

The chassis ounch•out required for the Style 535 is 'dentists to 
that for the tubular ceramic trimmers that are in general usage. 

ERIE components are 

STYLE 
ni 535 

TUBULAR TRIMMER 
Mounting 11.1.• 

Dimensions 

DIA. 
.217 

5" 17 ____,......_ 
32 64 1-4— .593" 

4 i ±.0I0 

.062" 
.094 
+ 001 

062 

Simplicity of design makes possible the extremely 
small size of the ERIE Style 535 Trimmer. The same 
simplicity of design results in very low inductance 
and unifrom, straight-line, noiseless adjustment. It 
can be mounted close to associated circuit ele-
ments, and the ribbon type leads help to minimize 
inductance in UHF circuits. 

When mounted, the high temperature, polysty-
rene body, extends only 17/32" from the underside 
of the chassis, and is only 7/32" in diameter. As 
shown at the left, the operator works from only 
one side of the chassis when installing the trimmer 
. . . a production cost saving feature . . . no addi-
tional hardware required. 

The ERIE Style 535 Tubular Trimmer combines 
the desirable features of small size, easy mounting, 
stable performance and economical price. Capacity 
range is from 0.7 to 3.0 mmf and working voltage 
is 500 volts. Write for full information and samples. 

stocked at leading electronic distributors everywhere. 

ERIE RESISTOR CORPORATION . . . ELECTRONICS DIVISION 

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

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

Foctor ERIE, PA. • LONDON, ENGLAND • TORONTO, CANADA 
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Ruggedly Designed 
for Dependable, 

Heavy-Duty Operation 

TECH LABS 

SOLENOID 
OPERATED 

When operating condi-
tions demand a solenoid 
switch that will stand up 
under the most rugged 
requirements, always 
choose Tech Laboratories 
Solenoid Switches. These 
multi-pole units are built 
to "take it" and are de-
signed and produced to 
meet your individual 
requirements. 

According to your specifications you can get: 
• Remote push-button operation, 

with or without manual reset. 
• Single or dual direction operation. 
• Single, or up to 8 decks. 
• Single pole to 4 poles per deck. 
• Two contacts up to several hundred contacts per deck. 
• Shorting or non-shorting. 
• Ceramic or phenolic insulation. 
• Load capacities up to 10 Amp.-120 Volts AC (de-

pending on number of contacts). 
• Long, trouble-free service life. 

Information on these and our additional line of 
motor operated switches is yours for the asking 
. . . Write today for complete catalog. 

Manufacturers of Precision Electrical Resistance Instruments 

The following transfers and admissions 
were approved to be effective as of Janu-
ary 1, 1953: 

Transfer to Senior Member 

Adler, R. B., Massachusetts Institute of Technol-
ogy. Bldg. 20A-118, Cambridge 39. Mass. 

Aronoff, M., 12 Doughty La., Fair Haven, N. J. 
Beatty, R. W., Rm. 302, Radio Bldg., National Bu-

reau of Standards. Washington 25. D. C. 
Benoit, R. C.. Jr., 109 Rose La., Rome. N. Y. 
Bolljahn, J. T., 11 Tulip La.. Palo Alto, Calif. 
Buffington, K., 463 West St., New York 14. N. Y. 
Clemens. C. S.. Box 8, Belle Glade. Fla. 
Corcoran, G. F., 7506 Hopkins Ave.. College Park. 

Md. 
Dillaplain, V. L.. 203 S. Pine. Little Rock, Ark. 
Flynn. F. J., 1917 Dalton Rd., Palos Verdes Es-

tates, Calif. 
Firestone, W. L., 368 Moraine Rd., Highland Park, 

Goodman, D. H., 1508 Acton St., Berkeley 2, Calif. 
Gracie, J. A., I.F.R.B., International Telecommuni-

cations Union, Palais-Wilson, Geneva, 
Switzerland 

Hedberg, C. A., 2382 S. Fillmore St., Denver 10, 
Colo. 

Higdon, R. V., 1030 S. Atherton, State College, Pa. 
Hoadley, J. C., 2910 Collins Ave., Wheaton, Silver 

Springs. Md. 
Honey, J. F., 304 Hedge Rd., Menlo Park, Calif. 
Lax, C. B.. Sgt. Jasper Apts., Charleston. S. C. 
Maylott, C. F., 41 River St., Sidney, N. Y. 
McKinley, H. W., 542 N.W. 34 St., Oklahoma City 

3, Okla. 
Merten, D. J. S., 166-56-23 Ave., Flushing, L. I.. 

N. Y. 
Ring, D. H., Box 7, Red Bank, N. J. 
Rogers, A. J.. 324 Roxbury Rd., Dayton 7. Ohio 
Schram, S. M., Jr., 121 Forcer Blvd., Dayton 9. 

Ohio 
Springer, P. W., 15 Virginia Ave.. Dayton 10, Ohio 
Thompson, J. M., Box 1245, Haselton Branch Post 

Office, Rome, N. Y. 
Tieman, C. R., 4925-33 Rd., N., Arlington. Va. 
Zaruba, E. J., 613 S. Yale Ave.. Villa Park, Ill. 

Admission to Senior Member 

Bagley, G. D., 4800 Oak Grove Dr., Pasadena 3, 
Calif. 

Carter. M. G., 516 Lewis St., Owensboro. Ky. 

Clark. P. H., 1951 Adirondack Trail, Dayton 9, 
Ohio 

Cookson, A. E., Federal Telecommunications Labo-
ratories, Inc.. 500 Washington Ave., Nut-
ley 10. N. J. 

Essigmann, M. W., Northeastern University, 360 
Huntington Ave., Boston 15, Mass. 

Fallon, G. P.. 207 Witherspoon Rd., Baltimore 12, 
Md. 

Hansen, T. A., 733 N. Washington St., Park Ridge. 

Hessler, O. G., 12 Hiawatha Dr., Clarendon Hills. 

Johnston, H. C., 21 N. American Blvd., Vandalia, 
Ohio 

Leed, D., 609 W. 175 St., New York 33, N. Y. 
Ludgate. F. E., Box 114. Rome Air Development 

Center, Griffiss Air Force Base, Rome, 
N. Y. 

Randmer, J. A., 51 Strawberry Hill Ave., East Nor-
walk, Conn. 

Reed. H. R., Electrical Engineering Department, 
University of Maryland, College Park, 
Md. 

Reinnagel, R. E., 270 Crosby Blvd., Eggertsville, 
N. Y. 

Roberson, R. E., 1100 N. Cerritos Dr., Fullerton, 
Calif. 
(Continued on page 101A) 
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(Continued from page 100A) 

Rose. L. H.. Electrical Engineering Department, 
University of Dayton. Dayton 9. Ohio 

Royston, M. F.. 80 Innis Ave., Poughkeepsie, N. Y. 
Schwerin, E. B., 710 W. 74 St.. Kansas City, Mo. 
Van Harlingen, W. M., Jr.. Hoe.. Signal Corps En-

gineering Laboratories. Fort Monmouth, 
N. J. 

Transfer to Member 

Ardelian, T. E.. Hudsons Bay Co., Radio Labora-
tory, Brandon Ave., Winnipeg, Man.. Can-

ada 
Aung. U. M., Assistant Engineer Wireless. H.Q. 

Telecoms., Rangoon. Burma 
Babcock. W. E., 117 W. Magnolia Ave., Maywood, 

N. J. 
Conn, R. B.. 200 Anita Dr.. Pasadena 2. Calif. 
Danielson. F. H., Philco Tech. Rep., AA&CM, 

TAS, Box 72, Fort Bliss. Tex. 
de Coligny, G., 11 rue E. Deschamps, Versailles, 

France 
Fogel. L. J., 31 Spring St.. Red Bank. N. J. 
Franevsky. M.. 1306 Jackson Rd.. Gastonia. N. C. 
Fritze. E. H., 313-31 St. Dr., S.E., Cedar Rapids. 

Iowa 
Geiser, D. T.. 2641 S. Fees, Wichita 10, Kans. 
Grubb. D. L., 236 Paiko Dr.. Honolulu 49, T. H. 
Hyatt, W. R.. Jr., Nike Contractor School, White 

Sands Proving Ground, Las Cruces. N. 
Mex. 

Jaffe. L.. 3467 E. 145 St., Cleveland 20, Ohio 
ICamens. B. R., 511 Union Ave., Bridgeport. C01111. 

Kampe. E. A., 409 Ramona Dr., El Paso. Tex. 
Klein. W. J. J.. 1206 Ruatan St.. Silver Spring, Md. 

(Continued ,,n lo2A) 

OPHAR 
__WAXES 

--COMPOUNDS 

Zophar Waxes, resins and 

compounds to impregnate, 

dip, seal, embed, or pot elec-

tronic and electrical equip-

ment or components of ail 

types; radio, television, etc. 

Cold flows from I 00°F. to 

285°F. Special waxes non-

cracking at —76°F. Com-

pounds meeting Government 

specifications plain or fungus 

resistant. Let us help you with 

your engineering problems. 

CONTINUOUSLY 
VARIABLE TIME DELAY! 

TYPE 506 
TIME DELAY: Continuously variable from 0 

to 0.275 microseconds 
RISE TIME: 0.0005Vt. t is delay in micro-

seconds 
IMPEDANCE: 190 ohms nominal 

SIZE: I" x 4" o 4". WEIGHT: 14 oz. 

TYPE 507 
TIME DELAY: Continuously variable from 0 

to 0.8 microseconds 

RISE TIME: 0.002 Nft7 t is delay irs m 
sc onds 

IMPEDANCE: 390 ohms nominal 
SIZE: I" x 4" x 4". WEIGHT: 14 oz. 

r0 - 

TYPE 302 CONTINUOUSLY VARIABLE DELAY LINE 
Advance also produces other continuously variable and 

step variable delay lines. The Type 302 distributed-
parameter line offers the exclusive feature of continuously 
variable time delay from zero to 0.6 microseconds with ex-

cellent transient response. 

STEP VARIABLE DELAY LINES 

TYPE 601: Time delay in step of 0.2 microsecond up 

to 2.2 microseconds. Rise time is less than 0.1 
microsecond in any step. Cutoff frequency is 6.5 
mc. nominal. 

TYPE 702: Time delay in step of 1 microsecond up to 
10 microseconds. Rise time is less than 0.45 micro-
second in any step. Cutoff frequency is 1.45 me. 
nominal. 

FIELD REPRESENTATIVES 
H. L. Hoffman & Co.. Boston, Mass. 

Phone: Capitol 7-1905 

J. R. Dannemiller, Cleveland. Ohio 
Phone: Evergreen 1-5100 

Arthur H. Lynch Associates. Fort Myers. Florida 
Phone: Fort Myers 5.6762 

Carl A. Stone Associates. Los Angeles 6, California 
Phone: Republic 2-8105 

Canada, Cossor (Canada) 
Phone: Halifax 4.6488 

Carl A. Stone Associates, San Francisco, California 
Phone: Exbrook 2-4909 

Kenneth E. Hughes. New York 23, N.Y. 
Phone: Circle 5-8831 

H. L. Hoffman & Co.. Philadelphia, Pennsylvania 
Phone: Pennypacker 5-9966 

H. L. Hoffman & Co.. Syracuse. New York 
Phone: Syracuse 3-4645 

Ltd.. Halifax, Nova Scotia 

WRITE FOR DATA 

ADVANCE ELECTRONICS CO mi 
P. 0. Box No. 394, Passaic, N. J. 
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It's Engineered for 
TOP PERFORMANCE 
... in Production NOW! 
This new DX 90° Deflection Yoke has 
everything a television receiver manufac-
turer wants . . . a sharp full-screen focus, 
a minimum of pincushioning, the ultimate 
in compactness and a price that's down-
right attractive. Because this yoke has been 
brilliantly designed for mass production on 
DX's specialized equipment, it warrants 
immediate consideration in your 27" re-
ceiver plans. Write us today. 

DEFLECTION YOKES ... TOROID COILS ... CRYSTALS 

I. F. TRANSFORMERS . . . R. F. COILS . . . DISCRIMINATORS 

SPEAKERS ... TV TUNERS ... ION TRAPS ... TRANSFORMERS 

GENERAL OFFICES: 2300 W. ARMITAGE AVE., CHICAGO 47, ILL. 

SWITCHCRAFT 
NEW 

TELEVER 
SWITCH 

A unique design telephone type 
lever switch, rugged but light con-
struction. For applications requiring de-
pendable switching. Made in 2 and 3 posi-
tion types, both locking and non-locking. 

"LEV-R-SWITCH" 
A smaller switch for single 
hole mounting. Available in 
many popular and less com-
plex circuits. 

Applications 

COMPONENTS 

For Those Rugged 

MODIFICATIONS 
Our flexible tools make modi-
fications to meet special re-
quirements economical and 
practical. 

Write for catalog of standard switches and other 
components. For modifications please furnish 
complete information—applicable specifications, 
quantities, etc., for prompt handling of your inquiry. 

viwtx-weeisl 
1332 N. Halsted St., Chicago 22, III. 

Canadian Representative: Atlas Radio Corp. Ltd., 560 King St. W., 

Toronto 28, Canada. Phone: Waverly 4761 
• The name "Switencraft." 1', a registered truth. mark and is the property of 
Berheheran, Inc. 

AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS 

, This NEW 

(„CATALOG Should Be In Your File! 

AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS • 

(Continued from page 101.4) 

Koffer. M., 743 Hendrix St., Brooklyn 7. N. Y. 
Kult, M. L.. 1751 Tenth Ave.. Sacramento, Calif. 
Morrison. F.. 3539 E. Pierce St.. Phoenix, Ariz. 
Passow, R. L., Box 263-K. R.F.D. I, Bellefonte. Pa. 
Peoples. J. F., 3708 N. Olney St., Indianapolis 18, 

Ind. 
Reed. D. E., 2538 Brewster Ave., Redwood City. 

Calif. 
Rose, R. H., II, 23 Fuller Ave.. Chatham, N. J. 
Rosenberg. J. D., 1610 Park Rd., NW.. Washing-

ton 10, D. C. 
Schwartz, R. F., 744 N. 64 St., Philadelphia 31, Pa. 
Shadle. P. W.. 1895 Windsor Ave., Pasadena 3, 

Calif. 
Slater, T. L., 3010 S. Monroe. Fort Wayne 5, Ind. 
Sollars, R. C.. 1171 W. 37 Pl.. Los Angeles 7, Calif. 
Swanson, R. E., 1777 Kipling St., Denver 15. Colo. 
Swinney, R. W., 1128 N.W. 28 St.. Oklahoma City. 

Okla. 
Wachowski, H. M., 5472 N. Marmora Ave.. Chi-

cago 30. Ill. 
Willardson. F. W., 220 E. Sixth St., Ext.. Empo-

rium, Pa. 
Wilson, R. W., 282 Lakeshore Ave., Toronto. Ont., 

Canada 

Admission to Member 

Ahmad, K., Dy. Assistant Engineer, c/o Director 
General P & T, Ferere Rd., Karachi 3, 
Pakistan 

Anderson. D., 663-B Couch St., Wright-Patterson 
AFB. Ohio 

Bailey, R. T.. 220 Edridge Way, Baltimore 28, Md. 
Bigelow, H. L., Jr., 5913 Hersholt Ave., Bellflower, 

Calif. 
Birdsey, G. J., Jr., 4224 McConnell Ave., El Paso, 

Tex. 
Bower, F. H.. 217 Seventh St., Fullerton. Pa. 
Brewer, C. P.. 582 E. Broadway St., Hawthorne. 

Calif. 
Budd, W. H.. Chicago Telephone Supply Corp., 

1142-1232 W. Beardsley Ave.. Elkhart, 
bd. 

Clinton. P. J., 108 W. 15 St., New York 11, N. Y. 
Cochran, E. D., 510 N. Parish Pl., Burbank, Calif. 
Coppock, R. A.. 705 Arlington, NW., Canton 8. 

Ohio 
Davis, C. E., Box 8549, Wright-Patterson AFB, 

Daytón, Ohio 
Fensler. W. E., 237 Waneta Ave., Dayton 4, Ohio 
French. C. E.. 6440 Mohawk La., El Paso, Tex. 
Gammie, J., 10 Fernwood Rd., Summit. N. J. 
Glazer, C. R., 89-19 Rutlegde Ave., Glendale 27. 

L. I.. N. Y. 
Harty, A. K. el, 14, Sheikh el Aghoury St., Kobba 

Gardens. Cairo. Egypt. 
Heinke, C. B. R., Caixa Postal 2815, Sao Paulo, 

Brazil 
Hollobaugh. R. C.. Box 43A, McGregor Dr., R.F.D. 

2, Verona, Pa. 
Hudson, A. C., Radio & Electrical Engineering Di-

vision. National Research Council, Ot-
tawa, Ontario, Canada 

Irland, G. A., 5 Market St., Lewisburg, Pa. 
Kline, K. W., Hq. Tactical Air Conunand, Langley 

Air Force Base, Va. 
Lahana. P., Box 352, R.F.D. 2, Trumbull, Conn. 
Langevin. R. A., c/o Brush Development Co., 3405 

Perkins Ave.. Cleveland 14. Ohio 
Loebner, E. E., 336 Linden Ave.. Buffalo 15, N. Y. 
Lutener, O. C., 4907 Quitman St., El Paso, Tex. 
MacGregor, H. D., 83 Freemont Ave.. Toronto IS, 

Ont., Canada 

McCarthy, F. J., Sylvania Electric Products. Inc., 
Electronics Division, North Woburn, 
Mass. 

McCown. J. R., 3123 N.W. 47, Oklahoma City. 
Okla. 

(Continued on page 1044) 

102A PROCEEDINGS OF THE I.R.E. January, 1953 



GREATER 
R I UTION 

PANADAPTOR SA-8a 
PANALYZOR SB-8a 
More Valuable Than Ever! 

New Panoramic engineering achievements em-
bodied in these improved instruments open im-
portant new applications involving modulation 
and interference problems. 
SA-8a and SB-8a enable spectrum analysis of 
signals so close in frequency that their corre-
sponding indications would normally mask one 
another. 
• IMPROVED RESOLUTION down to SO cps 

for RF spectrum analysis where maximum 
resolution is a "must" 

• LOW SWEEP RATES down to I scan per sec-
ond for analysis of pulsed RF signals with 
low p.r.f.'s 

• LONG PERSISTENCE DISPLAYS 
• CONTINUOUSLY VARIABLE SCANNING 
WIDTH 

3 types available with maximum sweepwidths of 
200 KC., 1 MC. and 10 MC. 

, . 
PANALYZOR MODEL S8-8.7-200 

• PANADAPTO• MODEL SA-8.T 

. . 
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WRITE TODAY FOR 
COMPLETE 

SPECIFICATIONS 
ANO PRICES 

PANORAMIC 
RADIO PRODUCTS, INC. 

12 SOUTH SECOND AVENUE, MOUNT VERNON, N.Y 
MOunt Vernon, 4-3970 

Famous for 

SENSITIVITY 

ACCURACY 

• 

STABILITY 

PRICE $200. 

VOLTAGE RANGE 001v to 10 0 v 

FREQUENCY RANGE   10 cps to 150 kc 

ACCURACY   2% ENTIRE RANGE 

INPUT IMPEDANCE   1/2  meg shunted by 30 uuf 

• Stability insured by the exclusive use of wire-wound resistors in the 
attenuator and feedback network. 

• Same accuracy of reading at ALL points on the logarithmic voltage scale 
and linear decibel scale. 

• Only ONE voltage scale to read with decade range switching. 

• No "turn-over" discrepancy on unsymmetrical waves. 

• Accessories available to extend the range to 20 uy and to 10 kv. 

• Provides 70 DB amplifier flat within 1 DB from 10 cps to 150 kc. 

Write for further details of this and other Rallantine voltmeters and accessories 

BALLANTINE LABORATORIES, INCILI 
102 Fanny Road, Boonton, N.J. 
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JuYLeYou 
for 

TRANSISTORS 
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Write for totost 
" list of Products 

SINCE 1901 

In line with our specialization in 
wire for new applications, we pro-
duce wires of composition suitable 
for the manufacture of Transistors; 
including GALLIUM GOLD and 
ANTIMONY GOLD. These alloys 
hove been made to fill a specific 
need arising from new develop-
ments in this field. 

• 

Other wires we make regularly 

for similar application are 
PHOSPHOR BRONZE, bare or 
electroplated, and PLATINUM 
Alloys produced to meet rigid 
specifications of tensile strength, 
size and straightness. 

SIGMUND COHN CORP. 121 So Columbus Avenue • Mount Vernon, N Y 

MICROWAVE RESIS' OIIS 
IEMMIE 

TYPE R RESISTORS employ noble 
metal film deposits on specially 
selected heat resistant glass. 
FILM THICKNESS offers negligible 
skin effect, at microwave frequencies. 
POWER CAPACITY of 1/4 watt pro-
vides high power handling ability. 
PHYSICAL STRUCTURE is ideally 
suited to impedance matching in stand-
ard coaxial line and waveguides. 
FINISH. Coated with a special silicone 
varnish to protect the film. 

TYPICAL APPLICATIONS 
• Power measurement at any 

frequency 
e Matched terminations for wave. 

guides or coaxial lines 
e Resistive power pickup loops 
•RF pads or attenuators 
e Dummy loads 
« Temperature measurements 
e Impedance matching 

SPECIFICATIONS 
Resistance: 50 ohms standard, other 
values on request. 

Tolerance: 5% or 10% 
Wattage: 1/4  watt continuous duty 

at 25°C 
Size: 1/16 inch diem. x 3/16 inch long 
Terminals: Tinned sections 1/16 inch 

long 
Film Length: Type R-063 — 1/16 inch 

Type R-093 — 3/32 inch 
Temperature Coefficient: 
approx. 0.0019 ohms/ohm/*C. 

Power Sensitivity: Approx. 10 ohms/ 
watt 

TELEWAVE LABORATORIES, INC. 
100 Metropolitan Ave. • Brooklyn 11, New York 
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McKain. J. L.. 105 E. Fourth, Emporium, Pa. 
Mintz, E.. 16141 Veteran Ave.. Los Angeles 24, 

Calif. 
Myers, J. A., Jr., 770 N. Northwest Hwy., Park 

Ridge. Ill. 
Naqvi, S. H., Y.M.C.A. Bldg.. Y.M.C.A. Radio In-

stitute. Lahore. Pakistan 
Newton. W. P.. Box 672. Alliance. Ohio 
Noble. J. J., 7709 Beland Ave.. Los Angeles 45, 

Calif. 
Olsen. J. C.. Box 214. BOQ, APO 323, c/o Post-

master. San Francisco, Calif. 
Oxman, H. M., 49 Holworthy St.. Roxbury, Mass 
Payne. J. N.. Box 254. Dahlgren, Va. 
Powers, E. W.. 7A Gov. Yeamans Apts.. R.F.D. 9, 

Naval Base, S. C. 
Rauf, A.. Wireless Station Napier Barracks, Ka-

rachi, Pakistan 
Revor, R. J., 11585 S. Prairie Ave., Chicago 28, III. 

Richard S. J., 2810 Bailey Ave.. New York 63, N. Y. 
Schindler, M., 837 N. Kings Rd., Los Angeles 46, 

Calif. 
Shintani. T., Radio NHK Uchisaiwaicho, Chiyo-

daku, Tokyo. Japan 
von Arx. E. F.. 68 Jerusalem Ave.. Levittown, L. I., 

N. Y. 
White. L. H., 3300 Mountain Ave., El Paso, Tex. 
Yearsley. W. A. C. A.. 31704 Broad Beach Rd., 

R.F.D. 2. Malibu, Calif. 

The following elections to the Associate 
grade were approved to be effective as of 
December 1, 1952: 

Amble, H. A.. Jr., 1067 Mayflower, Lincoln Park 25, 

Mich. 
Aronson. A. I., 219-A Garfield Ave., Collingswood, 

N. J. 
Backman, K. E. H., 835 N. Massasoit Ave., Chi-

cago. Ill. 
Baker, C. W., 2479 S. Mountain Ave., Duarte, 

Calif. 
Belless. J. J., Box 658, R.F.D. 7, Little Rock, Ark. 
Barbour, R. E., 3804 Aldrich Ave.. S.. Minneapolis, 

Minn. 
Beener, M. A., 380 Hillcrest. Wichita 8, Kans. 

Beresford. H. E.. Jr., 110 E. Reed Ave.. Alexandria, 
Va. 

Bloch, D. G., 39-61-44 St.. Long Island City, L. I., 
N. Y. 

Bloomquist, J. C., 1500 Black River Blvd.. Apt. 
21-A, Rome. N. Y. 

Bourne. C. P., 4659 Pescadero. San Diego 7. Calif. 
Bratschi. R. W., WSSCA, WSPG, Las Cruces. N. 

Mex. 
Bray, J. I., Jr., Enderley Heights, R.F.D. 1, Buena 

Vista. Va. 
Brown. J. 0., 5239 S. California Ave.. Chicago, Ill. 
Bryan. J. S., 4807-8 Schuyler St.. Philadelphia. Pa. 

Buatte, L. A., Jr.. 709 Walnut, Wamego, Kans. 
Burns, J. H., R.F.D. 1, Germantown, Ohio 
Carlson. D. G., 15131 Minnehaha St., San Fer-

nando, Calif. 
Carr, F. P.. Jr., 3024 Wylie Ave., Baltimore 15. 

Md. 
Chief's), A. B., 86-30-208 St., Queens Village, L. I., 

N. Y. 
Clark, W. J., 5903 Kensington Ave., Richmond 26, 

Va. 
Cooney. S. M.. Jr.. 40 High St.. Apt. 44, Spring-

field, Mass. 
Cours. T. M., 36 Lyndale Ave.. Buffalo 23, N. Y. 
Cravotta, M., 157 Chestnut St., Everett 49, Maas. 
De Muro, T. M.. 565 Broadway. Hastings Terrace, 

Hastings-on-Hudson, N. Y. 
Douthwaite, W.. Jr., 28 Linden Ave.. Rutledge. Pa. 
Dowds, T. A., 5315 N. 13 St., Philadelphia 41, Pa. 
Duepner, F., 2200 Olmos Dr., San Antonio 1, Tex. 
Dunn, S. B., 105 DeWitt Pl., Ithaca, N. Y. 
Eckles, W. W., Jr., 1791 Hazel, Beaumont, Tex. 

(Continued on page 106A) 
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THE •complete answer TO uhf SOCKET PROBLEMS -
Li 

ELECTRICALLY 
EFFICIENT! 

MECHANICALLY 
PERFECT! 

LOW INTER-ELECTRODE 
CAPACITANCE 

VERY LOW DIELECTRIC LOSS 

HIGH DIELECTRIC STRENGTH 

PERMANENT DIMENSIONAL 
STABILITY 

NON-HYGROSCOPIC, 
NON-WARPING 

INFORMATIVE DATA 
SHEETS AVAILABLE! 

410" 
, 4.D 9-a-IN 
UHF SOCKETS 

MYCALEX engineers designed these sockets to provide a corn. 

plete, yet economical, solution to UHF tube mounting problems. 
Exhaustive tests have proven their mechanical excellence and 

high electrical efficiency. The use of "MYCALEX 410" (injec-
tion molded glass-bonded mica) with its great dimensional sta-

bility permits a minimum amount of dielectric to be used in the 

body structure. This plus other unique design features results in 
extremely low inter-electrode capacitance. In addition to its other 

advantages—high arc resistance, high dielectric strength, non-
porosity, etc., "MYCALEX 410" has very low dielectric loss at 

all frequencies including UHF and thereby offers great advantage 
over phenolic materials. "MYCALEX 410" operates continuously 

in temperatures up to 650°F with practically no change in elec-
trical properties or mechanical structure. Soldering operations 

will not cause body distortion. 

MYCALEX TUBE SOCKET CORPORATION 
Under exclusive license of Morales Corporation of America • 30 ROCKEFELLER PLAZA, N. Y. 20 

Write for your complete set, together 

with loose-leaf binder for instant, easy 

reference. Your request will automatic-
ally assure prompt forwarding of all 

subsequent Mycolex data sheets and 
catalog material. Write on company e 

letterhead please. 

Contact terminals on these sockets are so designed that the effective 

inductance from soldered connection to the tube base is no greater 
than if the connection was made directly to the tube pin. Special 

design results in high contact area pressure that effectively reduces 
contact resistance. Contact terminals are secured in the body in a 
manner that permits 90° bending of the tab without weakening. 

ALI TYPES OF MOUNTING HARDWARE! 

"MYCALEX 410" UHF Sockets, 7 or 9 pin, can be furnished mounted 
in various standard saddle hardware—regular saddles (top or bottom 
mounted), saddles with ground lugs, snap or JAN types, permitting the 
use of radio tube shields. 

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

Executive Offices: 30 ROCKEFELLER PLAZA, NEW YORK 20 • Plant & General Offices. CLIFTON, N. J. 
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For more than 18 years, Eclipse-Pioneer has been a leader in the devel-
opment and production of high precision synchros for use in automatic con-
trol circuits of aircraft, marine and other industrial applications. Today, 
thanks to this long experience and specialization, Eclipse-Pioneer has 

available a complete line of standard (1.431" dia. X 1.631" lg.) and 

Pygmy (0.937" dia. X 1.278" lg.) Autosyn synchros of unmatched preci-
sion. Furthermore, current production quantities and techniques have re-
duced cost to a new low. For either present or future requirements, it will 

pay you to investigate Eclipse-Pioneer high precision at the new low cost. 
TRAP! ', ARK RrNDIA A,IA'ION CORPORATION 

AVERAGE ELECTRICAL CHARACTERISTICS-AY-200 SERIES** 

TYPI 
Iteméer 

Input VIOL., 
Nominal 

Excitation 

input input 
Current Power 

Milliamperes ' Watts 

Input 
Impedance 

Ohms 

Stater Output 
Voltages 
Une te Une 

Rotor Stator 
Resistance Reeistance 
(DC) 
Ohms 1 igCm)s 

. Mial/TMM 

Er'enSútreesed 

Transmitters 
AY201-1 26V, 40Ossi, 1 ph. 225 1.25 25 -i-j115 11.8 9.5 3.5 15 
AY201-4 26V, 400.., 1 ph. 100 0.45 45+1225 11.8 16.0 6.7 20 

Receivers AY201-2 26V, 400.s, 1 ph. 100 0.45 45+1225 11.8 16.0 6.7 45 

Control 
Trans-
formers 

AY201-3 From Trans. 
Autosyn Dependent Upon Circuit Design 42.0 10.8 15 

AY201-5 From Trans. 
Autosyn Dependent Upon Circuit Design 

250.0 63.0 15 

Resolvers 
AY221-3 26V, 400..., I ph. 60 0.35 108+1425 11.8 53.0 12.5 zo 
AY241-5 IV, 30•, I ph. 3.7 - 240+1130 0.34 239.0 180.0 40 

Differentials AY231-3 From Trans. 
Autosyn Dependent Upon Circuit Design 14.0 10.6 20 

...Also  includes High Frequency Resolvers desved for use up to 1008C (AY251-24) 

AY-500 (PYGMY) SERIES 

Transmitters AY503-4 26V, 400--, 1 ph. 235 2.2 45+1100 11.8 25.0 10.5 24 
Receivers AY503-2 26V, 400-, 1 ph. 235 2.2 45-1-j100 11.8 23.0 10.5 90 

Trans-
formers 

AY503-3 From Trans. 
Autosyn DependenUpon Circuit Design Upon 170.0 45.0 24 

AY503-5 From Trans. 
Autosyn Dependent Upon Circuit Design 550.0 188.0 30 

Resolvers 
AY523-3 26V, 400s., 1 ph. 45 0.5 290+j490 11.8 210.0 42.0 30 
A543.5 26V, 400.-i, 1 ph. 9 0.1 900+12200 11.8 560.0 165.0 30 

Differentials AY533-3 From Trans. 
Autosyn Dependent Upon Circuit Design  45.0 93.0 30 

For detailed information, write to Dept. G. 

ECLIPSE-PIONEER DIVISION of 
TETERBORO, NEW JERSEY 

. , ..... encri 
•VIATIOM CORPOR•TrON 

Eaport Sales: Bendiv International Division, 72 Fifth Avenue, New York 11, N. Y. 

(Continued from page 1044) 

Ehret, J. R., 5335 N. Lakewood, Chicago 40. III. 
Elefant, J., 486 E. 51 St.. Brooklyn, N. Y. 
Elmore, W. B., 299 W. 12 St., New York, N. Y. 
Fauvre, R. F., 306 W. Juniper St., Oxnard, Calif. 
Fields, G. S.. 1250 Waterworks Rd.. Newport, Ky. 
Fisher, C. E., 525 Morey Dr.. Menlo Park, Calif. 
Fisher, S. G., 26 President, New Rochelle, N. Y. 

Foster, G. C., 422 Claremont Ave., Kenmore 23. 
N. Y. 

Fry, W. E.. 406 W. 34 St.. Kansas City 2, Mo. 

Fussell. L. B., Box 454, Holloman, N. Mex. 

Gallichotte, J. H., 12 Crawford St.. Eatontown, 
N. J. 

Galpin, W. H., 168 Sherbrook St., Winnipeg, Man.. 
Canada 

Gillen, D. A., 2079 Belle Ave., San Carlos, Calif. 
Goldstein, B. S., U. S. Post Office. Haselton Branch. 

Rome, N. Y. 

Goundry, R. A., 2740 Elmwood Ave., Kenmore 17, 
N. Y. 

Gribben, J. C., Jr.. 103 N. Illinois St., Indianapolis 
4, Ind. 

Halchak, J. R., 10 True St., Everett. Mass. 

Hamlett, J. G., 270 W. Brighton Ave., Syracuse, 
N. Y. 

Harlan. R. E., 32 Freeman St.. Roseland, N. J. 

Hebei, E., Jr.. 144-11-29 Ave., Flushing. L. I., 
N. Y. 

Hedson, H. D., 2552 N. W. 20 St., Oklahoma City, 
Olda. 

Heller, E. A., 905 N. Bend Rd. at Winton. Cincin-
nati 24, Ohio 

Helmers, E. C.. 331 Ludlow Ave., Cincinnati 20, 
Ohio 

Higby, R. L., 3701-31 Ave.. Long Island City, 
L. 1., N. Y. 

Hoffman, W. C.. Code 530. U. S. Navy Electronics 
Laboratory, San Diego 52, Calif. 

Hogan, D. L., 12512 Epping Ct., Silver Springs, 
Md. 

Hogsed, H. B., 1201 East Ave.. Akron 7, Ohio 

Holcomb, D. R.. 2418 W. Wilkes, Biloxi, Miss, 
How. F. B.. 1800 Prairie Ave., Glenview, Ill. 
Humphrey, H. A., 608 Oak St., Newport, Ky. 
Humphreys, T. G., Jr., 410 S. Tenth St.. Birming-

ham 3, Ala. 

Iyer, S. K., Indian Radio & Television College, 157 
Lloyds Rd., Madras, India 

Jakub, J. J., 610 Magnolia Ave., Elizabeth 4, N. J. 

Jerrell, J. H.. 1916 Windsor Rd., Dayton, Ohio 
Katzenberger, H. S., 5201 Blanco St., Apt. B. El 

Paso, Tex. 
Keetch, W. A., 429 Colonial Rd., Ridgewood. N. J. 

Kemmerly, J. E., 242 Pioneer Village, Denver 10, 
Colo. 

Kessler, J. O., Fairview Ave., R.F.D. 3, Princeton, 
N. J. 

Kettler, R. F., Jr., 7313 Oak Park Ave.. Van Nuys, 
Calif. 

Kiesling, P. W., Jr., 65 Park Dr., Apt. 22, Boston 15, 
Mass. 

King, G. W., 63 Hillside Ave., Pleasantville, N. Y. 
Kirschner. A. G., 1146 Nancy Lee La., Cincinnati 

38, Ohio 
Klein. A. L., Walther-Boland Association, 301 

Broadway. San Francisco, Calif. 

Kohler, E.. 43 Doherty Dr., S., Clifton. N. J. 
Kortright, F. U.. 4628 N. Dover St.. Chicago 40, 

Krinsky, B. D., 18 Columbia Pk., Haverhill, Mass. 
Langille, N. A., Jr., 130-75 St.. Brooklyn 9, N. Y. 

Lawrence, D. H., International Business Machines 
Corp.. 230 S. 15 St., Philadelphia, Pa. 

Lawrence, R. E., 812 Eighth Pl., China Lake. Calif. 

Leahy, F. N.. 4209 Allerton Blvd.. Fort Wayne, 
Ind. 

Lerman, H., 1460 Clay Ave., New York 57, N. Y. 
Levonian, P. V., Moore School of Electrical Engi-

neering, University of Pennsylvania, Phil-
adelphia. Pa. 

(Continued on page 1084) 
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nucHial 
TUBE CLAMPS 
Hold Tubes in Sockets 
under all Vibration, 

Impact and 
Climatic 
Conditions 

You can't shake, pull or rotate a tube 
out of place when it's secured by a 
Birtcher Tube Clamp. The tube is 
there to stay. Made of Stainless Steel, 
the Birtcher Tube Clamp is imper-
vious to wear and weather. 
BIRTCHER TUBE CLAMPS can 

be used in the most confined spaces 
of any compact electronic device. 
Added stray capacity is kept at a 
minimum. Weight of tube clamp is 
negligible. 

Millions of Birtcher Tube Clamps 
are in use in all parts of the world. 
They're recommended for all types 
of tubes: glass or metal—chassis or 
sub-chassis mounted. 

THERE'S A BIRTCHER TUBE CLAMP 
FOR EVERY STANDARD AND 

MINIATURE TUBE! 

Write for samples, catalogue and price lists. 

THE BIRTCHER CORPORATION 
4371 Valley Blvd. 

Los Angeles 32, Calif. 

For the first time 
FLEXIBLE WAVEGUIDE with power rating 

equal to that of rigid guide! 

for 

HIGH POWERED 

14LEXAGUID.fr s° 

NOW 
you can 

route your 

R.F. circuits 

into previously 

impossible 

channels, 

without power, 

V.S.W.R. or 

attenuation 

penalties 

for RADAR applications 

Broad- band FLEXIBLE as-

semblies guaranteed to a 
V.S.W.R. of less than 1.10— 

attenuation equal to that of 
brass rigid waveguide—yet 
none of the essential ad-
vantages of flexible plumb-
ing sacrificed to achieve 

this new type of waveguide! 
Performance is what counts; 

let us show you ... 

Write for data sheets 

on new, high powered 

FLEXAGUIDE 

ét/eN 

oro-seit, 

Pee4,1 W/41,4, SAIS,,. 
PR, -3soPvzses fite Jec 
exseeweet. eAcemreve C..  

, .1 $' é0 

rE..5 7 PUN Ne./AfeeesS 

inc. 
20 East Elizabeth Ave., linden, New Jersey 

Aeeneae 
ra AM.,, ./14 

 BRANCH OFFICES  

CHICAGO ST. LOUIS DAYTON DALLAS 

BALTIMORE LOS ANGELES SEATTLE 
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A Precision Scope 
...that can GO PLACES 

THE TYPE 315-D 

How often have you wished for a precision oscil-

loscope that you could easily take on long trips 
and into tight spots? The TEKTRONIX Type 315-D 

is that kind of instrument—weighs only 36 lbs., 

measures only 12 %" high, 85/8" wide, 18 1/4" 

deep. Designed for portability, it works on power 
supply frequencies from 50 to 800 cycles. And it 
has all the features you expect in a fine labora-
tory oscilloscope ... plus several new features 

never before commercially available. 

Time base range. . 1 psec to 50 sec 

Sensitivity 0  01 v/division ac 

(double the originally published sensitivity) 

Vertical bandwidth. .. . dc to 5 mc 

Risetime 0  07 psec 

Sensitivity — 12 Calibrated Ranges 

ac only-0.01, 0.02, 0.05 v/divi-
sion 5 cycles to 5 mc 

dc and ac-0.1, 0.2, 0.5, 1, 2, 5, 
10, 20, 50 v/division dc to 5 mc 

Signal Delay--0.25 ,usec 

Time Base — 24 Calibrated Ranges 
—3 per decade, 0.1 psec/division 
to 5 sec/division. 100 second 
sweep available but not calibrated 

Graticule — Edge lighted, marked in 
1/4" divisions 

5X Magnifier — Expands time base 
to right and left of center 

Direct coupled unblanking 

Trigger amplitude discriminator 

Flat-faced high-definition 3" CRT 

Square wave voltage calibrator 

Sawtooth and Gate available at front panel 

qlr 
• 
• e 

01) • 
et • 

TEKTRONIX Type 315-D—$785 f.o.b. Portland, Ore. 

Call or write your TEKTRONIX Field Engineer 

for demonstration of the Type 315-D. 

TEKTRONIX, Inc. 
P. 0. Box 8318, Portland 7, Oregon Cable: TEKTRONIX 

(Continued from page 1064) 

Lewis. M. C.. 59 Lanark Rd., Brookline 46, Mass. 

Lowy. W. M.. 16 Walnut Ave., Washington, D. C. 
MacDonald. C. F., 182 Duchess Ave., London, 

Ont., Canada 

Macht, L. E., 40-18 St., Newport. KY. 
Magnuson. V. P.. 15225 S. Wilton Pl., Gardena, 

Calif. 
Martin, R. C., 106 Fairway Dr., Huntsville, Ala. 
Mathis, G. P., 1360 A 43 St., Los Alamos. N. Mex. 
McAllister. M. J.. 406 W. 34 St.. Kansas City. Mo. 

McClanathan. G. L., 509 E. San Juan Cove, Phoe-
niut, Ariz. 

McCullough, J. H., 71 Sheep La., Levittown, L. I.. 

N. Y. 

McDowell, M. H.. Box 245, Red Lion. Pa. 
McPheeters, D. W.. 45 Howard Ave.. Binghamton, 

N. Y. 
Mehta, G. K., Spectroscopic Laboratories. Institute 

of Science, Mayo Road, Bombay, India 
Metzger, H. W., 335 Carvol Ave., Covina, Calif. 
Middleton, A. E., Battelle Memorial Institute, 505 

King Ave., Columbus, Ohio 
Mills, W. B., 26 Willow St., Newton Center, Mass. 
Moffat, D.. 2474 Hull Ave.. North Bellmore, L. I.. 

N. Y. 

Moore, R. L., 51 Ledge Rd., Lynnfield, Mass. 
Morrow, R. A., Apt. 15-D, Lowry Ct., Richfield 

Village Apts., Clifton, N. J. 
Mullen, E. B., General Electric Co., Electronic 

Laboratory, Rm. 300, Electronics Park, 
Syracuse, N. Y. 

Murray, W. A., 7541 Taxco Rd.. El Paso. Tex, 

Myers, R. P.. 3700 E. Third St., Dayton 3. Ohio 
Nelson, K. L., 1216 Fremont. Apt. 4, South Pasa-

dena, Calif. 

Neu, W., Hofweisenstrasse 35, Zurich, Switzerland 
Newman, E. L.. 425 Ridge Rd., Apt. 8-A. North 

Arlington, N. J. 
Nistal, G. E., 5910 Greene St.. Philadelphia, Pa. 

Norris. W. J., 3894 Robina Ave.. Berkley. Mich. 
O'Bryhim, D. H., 1547 Ala Wai Blvd., Honolulu, 

T. H. 
Ostheimer. F. R.. Rm. 2311. 29 Broadway. New 

York. N. Y. 
Pantazin, T.. 217 Esmond. Fort Wayne, Ind. 
Partridge. E. M.. Jr., 104 Harding Rd., Wyckoff, 

N. J. 
Patterson. J. L., 1220 Burlington Ter., Des Moines 

14, Iowa 

Perrault, R. E., 11948 Magnolia Blvd.. North 
Hollywood, Calif. 

Pike, F.. Jr., R.F.D. I. Somerville. Ohio 

Pitalis, P. H.. 9632 S. Chappel, Chicago 17. III. 
Podell, E. J., 3736 Garfield Ave.. Pennsauken, N. J. 
Price, E. L., 5309 W. 123 Pl., Hawthorne, Calif. 
Prudhom. A. L., 115-43-237 St., Elmont, L. I., 

N. Y. 
Pscheidt, K., 8675 Champagneur Ave., Montreal 

IS. Que., Canada 
Puterbaugh,; W. H., 121 Martha Ave., Centerville. 

Ohio 
Raible, R. W., Box 675. Fayetteville, Ark. 
Rath, H. B., Box 116. Park Ave., Elsmere, Ky. 
Reed, J. E., Box 274. R.F.D. 2. Loveland. Ohio 

Remorenko, M. S., 109 E. Roland Rd.. Chester. Pa. 
Rice, K. J., 1919 Emerson Ave., Dayton 6, Ohio 
Riggins, H. C.. 775 Calderwood La., Pasadena. 

Calif. 
Rinker, E. A., 1845 Grant St.. Apt. 6, Denver, 

Colo. 
Rizwi, W. A.. A.D.E.T. do D.C., Posts & Tele-

graphs, Karachi 3. Pakistan 
Rock. A. J., 227 Los Trancos Woods Rd., Woodside, 

Calif. 

Rockwood. C. C.. 6040 S. Greenwood Ave., Chi-
cago 37, Ill. 

Rouse, R. J., Jr.. 2689 N. Bend Rd., Cincinnati 24, 
Ohio 

Ruddock, W. F., Pitney-Bowes, Walnut & Pacific 
Sta., Stamford. Conn. 
(Continued on page 1104) 
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The NEW Collins Mechanical Filter.. • 
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SELECTIVITY CHARACTERISTICS 

COMPARISON OF COLLINS MECHANICAL FILTER AND 

I.F STRIP USING TEN CASCADE TUNED CIRCUITS 

-6 D6- - 2.IKC 3.2 KC - 

tu 6.72 KC 

9.5KC 

450 452 454 456 458 
FREQUENCY —KILOCYCLES 

\  60013 

\ tee' 

SPECIFICATIONS 

Operating Frequency  455 kc 
Nominal Band Width 3 kc 
Peak to Valley Ratio 1  5 db 
Insertion Loss    26 db 
Overload Input Power Level  .035 watt 
Operating Temperature Range (without 

temperature compensation)  15°C to 80°C 
Vibration Satisfies Requirements of Army 

Navy Specification AN-E-19 
Case Size 1" x 15/16" x 2-13/16" 

(Filter Shown with Hermetically Sealed Shield 
Removed) 

Input and Output Impedance 6,500 ohms 

Engineering samples are now available. For complete technical 
data and price information, use the convenient coupon below: 

r-   --1 

1
 Collins Radio Company (Dept. 23) 

Cedar Rapids, Iowa 
Please send complete Information on The Collins Mechanical Filter. 

i NAME  
TITLE  

IADDRESS OR FIRM  
L....CITY    STATE  

— 

ANOTHER outstanding result of Collins Research and 
Development — the Mechanical Filter — has been en-
gineered to fill a long-standing need in the field of 
electronics for a compact, permanently tuned band pass 
filter for intermediate frequency amplifier applications. 
Mechanical elements of the Collins Filter provide selec-
tivity characteristics approximating the ideal rectangular 
shape needed for very close spacing of adjacent voice 
communication channels. Space requirements are reduced 
to a minimum with this hermetically sealed component 
that requires no adjustment. 

Production of the Collins Mechanical Filter in quantity 
is going ahead at an increased rate in anticipation of the 
many applications in industry for which this NEW Filter 
will be found ideally suited. Characteristics of Filters 
in current production are shown in the specifications 
below. Filters having other characteristics are in devel-
opment and will be announced in the future. 

( 
_ 

For advanced electronic development, it's 

COLLINS RADIO COMPANY, Cedar Rapids, Iowa 

11 W. 42nd Street, NEW YORK 36 1930 Hi-Line Drive, DALLAS 2 2700 W. Olive Avenue, BURBANK 
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QUALITY • QUANTITY • QUICKLY 

Type ONC UG-274/U 

The Right Connection... right now! 

Dage RF connectors are designed right, engineered right, 
built right—and available now. Each part is carefully made— 
Dage connectors are precision assembled to assure a sure 
connection. 
Check your specifications—be sure you're right—ask for 

Dage radio frequency connectors. 

ALWAYS SPECIFY 

Dage is versatile ... any standard or special RF connector 
can be quickly produced at Dage. Write for Catalog 101. 

RADIO FREQUENCY CONNECTORS 

DAGE ELECTRIC COMPANY, INC., 67 NORTH SECOND STREET, BEECH GROVE, IND. 

N 
Now in o ew home 

N.R.K. MFG. & ENGINEERING CO. 

4601 West Addison Street 
CHICAGO 41, ILLINOIS 

New telephone: SPring 7-2970 

Microwave Assemblies, Radar Components and Precision Instru-

ments ... manufactured to your Blueprints and Specifications. 

(Continued from page 108A) 

Sachs, J.. Radio Station KVRH, Salida, Colo. 
Shafer, M. W., 1213 Guildford Rd.. Glen Burnie, 

Md. 
Shannon, B. F., Manteo, N. C. 
Shannon. H. H., 303 Eighth Ave.. Asbury Park. 

N. J. 
Sheffield, R., 23 Hawthorne Dr.. Atherton, Calif. 
Smith, S. L.. 938 Van Auken Cir., Palo Alto, Calif. 
Smith. W. R., 4532 Willow Brook Ave., Hollywood. 

Calif. 
Sonnanstine, E. H., Jr., Box 269-P, R.F.D. 11, 

Dayton. Ohio 
Sorensen, G. L.. 1819 Ingleside Ter., N.W.• Wash-

ington 10, D. C. 
Spann. R. G., 187 N. Fulton Ave., Mount Vernon, 

N. Y. 

Spencer, G. M., SS Guay Ave., St. Vital, Man., 
Canada 

Spradlin, K. M.. 4201 S.W. Anthony Wayne Dr.. 
Fort Wayne, Ind. 

Staab, P. C., 388 Glen Oaks Rd., Cincinnati 38, 
Ohio 

Stein, E. F., 403 Yale Ave.. Baltimore 29. Md. 
Steinhardt, L., 152-14 Melbourne Ave., Kew 

Gardens, L. I., N. Y. 
Steube. F. R.. Corrientes 330, Buenos Aires. Ar-

gentina 
Stevens, R. T., 48 Laconia St.. Lexington 73, Mass. 
Stewart, J. H., 120 S. Jackson, Belleville, Ill. 
Stillwell. T. E., River St., R.F.D. 1, North Billerica. 

Mass. 
Szego, J. L., Mackay Radio, 67 Broad St., New 

York 4, N. Y. 
Teno, E., Lycoming College. Williamsport, Pa. 
Thiemaens, A. A., 655 McIlvaine, San Antonio, Tex. 
Toman, K.. Harvard University, Cruft Laboratory. 

Cambridge. Masa. 
Townsend, G. R., 44 Lakeside St., Springfield 9, 

Mass. 
Underwood, W. B., Box 345, Victoria, Va. 
Weisenburger. F. M., 3057 Kilbourn Ave., Chicago 

41, III. 
Welch, K. A., 2932 Grant Ave.. El Paso, Tex. 
Whitehill, H. J., Jr., Coleman Instrument Co., 706-

724 S. Troost, Tulsa, Okla. 
Whitley, E. G., 160 Gordonhurst Ave., Upper 

Montclair, N. J. 
Williams, S. A.. 750 Fleet Ave.. Winnipeg, Man., 

Canada 
Winitzer. A. J., 16 Short St., Brookline, Mass. 

Wong, J. L.. 1116 Pacific Ave., San Francisco, 
Calif. 

Wood, R. A., 1621 Floribunda Rd., Burlingame, 
Calif. 

Yount. R. G.. Box 816, Wickenburg, Ariz. 

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

(Continued from page 96A) 

New Literature 
The release of a new cross-referenced 

transformer catalog (number T-100) has 
been announced by Utah Radio Products 
Co., Inc., Huntington, Ind. 

This catalog automatically matches 
any Utah transformer to the manufac-
turer's part. Reference charts are supple-
mented by electrical and physical data for 
each item together with tube applications 
for output transformers. 

Copies may be obtained from any Utah 
sales representative or from the factory. 

(Continued on page 111A) 
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News—New Products  
a ttenhon.... ELE • 

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

(Continued from page 110A) 

Electrical Insulating 
Tape 

A new, self-bonding electrical insulat-
ing tape, designed as Bi-Seal Type V, has 
been announced by the Bishop Manufac-
turing Corp., 86 Factory St., Cedar Grove, 
N. J. 

This tape has all the characteristics of 
the original Bi-Seal patented tape, but 
with greatly increased abrasion and re-
sistance, tensile, and dielectric strength 
(over 1,000 volts per mil). It is suited to 
wire and cable splicing, as it affords such 
advantages as: water, acid, alkali, corro-
sion and weather-proofness. It is impervi-
ous to ozone and oxygen. 

Type V is a self-bonding, polyethylene 
based compound that fuses into a solid 
homogeneous mass when applied. It does 
not depend on an adhesive for bonding. 

Bi-Seal Type V can be applied at —40° 
F and does not become brittle at sub-zero 
temperatures. 

Type V is UL approved as a splice in-
sulation for rubber and thermo-plastic in-
sulated wires and cables when tempera-
tures do not exceed 80°C, and when cov-
ered with friction tape. 

Type V is available in standard widths 
of inch, I inch, and 1 inch, .020 inch 
thick, in 30 foot rolls, Clear or Black. 

(Continued on page 112A) 

MODEL A-4 

TIME DELAY 
GENERATOR 

• A precision device for the generation of 
accurate and variable time intervals 
from .00001 to 10 seconds. 

Also available: 
Model A-2—.8 to 100,000 p.s. 

Write for complete doto: 
Our bulletins I -A-4 and I -A-2 

(,t-tileydvia) 
ELECTRONICS CO. 

DEVELOPMENT ENGINEERS 
Reduce your problems with the 
NEW EUREKA "SNAPPER" 

THERMAL TIME 
DELAY RELAY 

Features ... Snap action. Single Pole Double Throw. 

Lightweight. Low operating temperature. Operates in 

any position. High contact rating. Gas filled. Low 

heater current. Durability 

and long life. 

VOLTAGE: 6.3, 26.5 
115 volts (A.C. or D.C.) 
or as required 

AMBIENT TEMPERATURE RANGE: 
—60 C. to 80 C. 

ENVELOPE: Miniature, 
or octal metal. 

TIME DELAY PERIODS: 
Preset from 5 seconds up. 

VACUUM: Evacuated, inert 
gas filled. 

HEIGHT: 13/4 " maximum seated. 

N EUREKA PRESENTS POSITIVE 

Siefedere 
The ELIMINATION OF CHATTERING is accomplished with the incor-

poration of "POSITIVE SNAP ACTION" in the EUREKA "SNAPPER" 

... LEADING ELECTRONIC MANUFACTURERS have acknowledged 

the new EUREKA "SNAPPER" as a major advancement in this field, 

and have already accepted this relay as a standard component of 

their latest equipment. 

Inquiries are invited ... send for our "Bulletin Number Snapper" 
3707 S. ROBERTSON BLVD., CULVER CITY, CALIF. 

111A 

EUREKA TELEVISION AND TUBE CORP. 
Manufacturers of Cathode-Ray Tubes and Electronic Products 
69 FIFTH AVE., HAWTHORNE, N. J. • TEL. HAWTHORNE 7-3907 



Now you ran readily design your Electronic Equipment 
for unitized PLUG-IN UNIT CONSTRUCTION 

News—New Products 

1 

New free Alden Handbook simplifies plug-in 
unit design. Presents complete line of basic 
components of tremendous flexibility for 
adapting your equipment to plug-in construc• 
tion. 

Unitise your circuitry iss compact vertical 
planes using Alden Terminal Card Mounting 
System. 

PRE.PUNCHED JUNIPER STRIP YOUR 
TERM. , MINIATURE., Eliminates wino' ,CMID.MTG...COMPLETED 

MTG. CARD, TERMINALS", for mermen cireuto SOOLETS CIRCUITS 

You can use Alden Terminal Mounting Card with Alden Miniature Ter. 
mines, Jumper Strip and Sockets staked to accommodate any circuitry —  
making complete units ready for housing. Components snap into unique 
Alden TerrtunaIs, are held ready for soldering. 

2 Make your circuits neat accessible plug-in units by mounting in Alden "20" Package or 
Basle Chassis. • 

ALDEN 
lo 

., PACKAGE 0, e 
\__. , 

Get instant voltage checks 
from front of your equipment 

'ALDEN MINIATURE 

'TEST POINT JACK 

131 h FITS ANYWHERE 
TAKES UP TO 8.000 V. 

. . . I JACK TO 

STANDARDIZE ON 

25. 2512 BEHIND PANEL 

I 32 32' 

»I'M\ 111 
2 1- 
pi* 

Gov't. contracts and equipments 
I "nothing flat," it takes very little space, 

I 

I 
, For a front panel test point of any critical 

' voltage in your equipment, use this Alden 

I Miniature insulated Jack. Standard on major 

. Soldecraend in 

i located in any accessible place — all you need 

is a V." hole, yet stands up to 8,000 V. break-

- down test. 
MINIATURE , MINIATURE  
INDICATING  lNDATNG Special punch press beryllium copper 
FUSE HOLDER -,, , . LIGHT 

contact — retains live action over thousands 

I of insertions — has generous solder tab with 
I wire hole for rapid, fool-proof soldering. 

Insulation: available with phenolic insulation 

ALDEN BASIC VARIOUS 
CHASSIS SIZES 

Alden components provide standard plug-in or slide-in housings —with  
•-istes, your Circuits become units replaceable in 30 seconds. 

3 
Monitor your plug-in units with ALDEN SENS-
ING ELEMENTS that spot trouble instantly. 

MINIATURE 
TEST MO( 

4
 Get fool-proof unit interconnections and acres-

sible check points with Alden Legit Cable and 
Back Connectors. 

BA0( CONNECTORS • UNIT CABLE 
Alden Back Conoroton site aoresobleetslor raided 

eck point for all 1110:10100 and outgoing chasm 
It-ads Can be built into Unit Cables that inert. 
connaa brooms. dim., and are instantly replace. 
able waits spates. 

121 N. MAIN ST., BROCKTON 64. MASS. 

REQUEST FREE 

"ALDEN 
HANDBOOK" 

If it is important for your transmitting 
and receiving equipment to stay "on 
the beam"—always, regardless of at-
mospheric extremes and rough han-
dling—be sure to specify Standard 

for low water absorption, high heat resistance 

I and excellent aging characteristics, in red, 

black, brown (MIL-P-MA) and blue, green. 

I tan colors. Also available with nylon insula-

i tion in brilliant black, red, white, orange, blue, 

yellow colors. 

Send for Laboratory Work Kit #9 con-
teining 27 Jacks and 1 Test Prod. $5.00. 

Piezo Crystals. They're built to take 
it. Send for our completely illustrated 
catalog or submit your problems to 
our engineers for recommendations. 

Seaedetd Peep 
CARLISLE, PENNA 

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

(C,atinued frito pave 111A) 



Is the 
P rice Right.) 

Now About De‘iverv? 

•••âNi‘l It Give Dependob‘e Service? 

Wilt It Conform to Specifications? 

CHOOSE SYNKOTE CABLE AND WIRE 
for Value for Service — for Dependability 

FIRST IN COMMUNITY 
TV: this ultra-rugged 
Synkote coax cable (RG 
59 U and 11/U) is 
double-shielded and 
double-jacketed, transmits 
signals over long dis-
tances with virtually no 
radiation losses. 

30 CONDUCTOR CABLE. 
— a Synkote custom-engi-
neered cable designed 
and manufactured from 
simple specifications read 
over the telephone. Diffi-
cult—looking, but "duck-
soup"toPlastoidengineers. 

NEW FOR UHF: Synkote 
"Ovaltube" twin-lead is 
a tubular air-dielectric 
construction, features low 
attenuation. Fits ordinar) 
hardware, can be made 
weathertight in seconds. 
Uniquely practical, noth-
ing else like it. 

"JUMBO" TWIN-LEAD: — 
185 mil web—the strong-
est TV lead-in ever in• 
troduced. Withstands 

gales, extreme heat, cold 
and humidity. Low loss — 
gives excellent reception 
in fringe areas. 

2. 

3. 

4. 

5. 

Choose for Dependable Construction 
You want to be sure that the wire you buy will give 
dependable service. SYNKOTE wire is warranted by 
Plastoid to be made of the finest materials. and will 
meet all applicable specifications. 

Choose for Engineering Know-How 
Possibly, you ma know what general characteristics you 
desire, but not how to put these into wire. Plastoid's 
large staff of engineers can transform your generalized 
requirements into a finished wire or cable. Simply 
give us your electrical and physical requirements — 
we'll design the cable. 

Choose for Rapid Delivery 
Plastoid's modern manufacturing facilities mean faster 
production. .. more rapid deliveries to you. 

Choose for Friendly Service 
You'll find everyone at Plastoid — executive, salesman 
or engineer — friendly, warm and informal . .. pleasant 
to work with and eager to do business with you. 

Choose for Reasonable Cost 
Remember, "bargains- seldom save you money. In the 
long run, it pays to pay a fair price and get dependable 
wire. For true wire economy specify SYNKOTE 
— manufactured only by Plastoid Corporation, 
Long Island City, New York 

"Manufactured by the mile- tested by the inch" piAsi-

plant: HAMBURG, N. J. • offices: 42-61 24th St., Long Island City, N.Y. 
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AUTHORIZED News—New Products 

InALLIED. 
ELECTRON TUBES FOR INDUSTRY 

Quick, Expert Service on RCA Tubes 

ALLIED maintains in stock for quick ship-
ment, the world's largest distributor 
inventory of RCA special-purpose 
tubes. We specialize in supplying 
the needs of industrial, broadcast, 
governmental and other users. To 
save time, effort and money— 
phone, wire or write to ALLIED. Fill 
all your electronic needs from one 
complete reliable supply source. 

1953 ALLIED CATALOG 

Refer to your ALLIED 
Catalog for all elec-
tronic supplies—parts, 
tubes, test instruments, 
audio amplifiers, 
accessories—avail-
able from the world's 
largest stocks. Write 
today for FREE 1953 
ALLIED Catalog. 

RCA 

8e4e, 

DISTRIBUTOR 

ALL TYPES IN STOCK 

FREE 

• Vacuum Power 
• Thyratrons 
• Vacuum & Gas Rect. 
• Ignitrons 
• Cold-Cathode 
• Phototubes 
• Oscillograph Tubes 
• Camera Tubes 
• Monoscopes 
• Special Types 

I ccccc hongeobility 
Directory 

Valuable guide to selection of 
proper RCA tube type replace-
ments. Lists 1600 tube types. 
Write today for this FREE RCA 
Guide No. 37-046. 

Everything in Electronics 

FROM ONE RELIABLE SOURCE 

ALLIED RADIO 
\ 833 W. Jackson Blvd., Dept. 35-A-3 

Chicago 7, III. 

FREE CATALOG!—Send for it now! 

Getting to the bottom of things 
Tradition of the true engineer and scientist ... no thought of personal 
glory . . . only satisfaction in the development of those things which 
contribute most to a better civilization ... tireless in his never-ending 
search for something finer .. . such is the heritage of the engineering 
profession . . . to these we owe much. 
FAST engineers, true to their profession ... forward looking; search-

ing beyond the horizon and planning ahead; ever seeking those refine-
ments that make their product better to fit the needs of TOMORROW'S 
equipment . . . are eager to help you plan for the new day just ahead. 
How well they are prepared to cope with tomorrow's problem can 

be demonstrated by their use of X-Ray as an instrument in the develop-
ment of finer capacitors ... 1935* found them applying this scientific 
device as part of research and manufacturing procedure . . . another 
proof of FAST years-ahead investigation and getting to the bottom of things. 

*See HERMAN E. SEE-
SPECIALISTS IN: Fixed Paper Dielectric MANN. PHYSICIST. 
Capacitors in Oil or Wax; Impregnated and KODAK RESEARCH 
Filled, or Polystyrene Film Units. In Card- LABORATORIES. "Mis-
board or Metal. Rectangular or Tubular Con- rellaneous Applications of 
tainers. For use in Electrical, Radionic, Scion. Radiography and Fluoros-
tific or Television Equipment. ropy." Symposium on Ra-
Power-Factor Correction Capacitors, Heavy- diograPby and N-Ray Dii-
Wire (No. 12 to No. 20) Choke Coils, air or fraction Methods, Ameri-
iron core. for RF or Radio Noise-Suppression. can Society for Testing 

materials. Philadelphia, 

AVAILABLE LITERATURE: Pa. (1937). 
Tubular Capacitors in paper tubes. 65° or 85°C 

rating  SEC. I, CATALOG 25 
Polystyrene Capacitors in paper tubes or metal-

lic containers  SEC. IV, CATALOG 25 
Hermetically-sealed Tubular Capacitors  SEC. VI, CATALOG 25 
Subminiature Capacitors: Special Bulletin. 
Jan C-25 Approved Capacitors: refer to Jan C-25, "Specifications" 
Power-Factor Correction Capacitors SECS. I, II, III, IV, CATALOG 27 

Capacitor Specialists for Over A Third of A Century 
3177 North Pulaski Road, Chicago 41, III. 

"WHEN YOU THINK OF CAPACITORS . . . THINK FAST" 

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

(Continued front page 112A) 

Brushless Generator 
The Georator Corp., Electric Products 

Div., Arlington 9, Va., announces its im-
proved "Nobrush" electric generator. This 
generator, featured in a 400-cycle type, 
avoids brushes entirely by a permanent 
magnet construction. 

Among the advantages attained by this 
construction are immunity to damage by 
moisture, immunity to damage by over-
head or short circuit durability and long 
life, reduction in size and weight, almost 
total elimination of maintenance, and 
elimination of radio interference. 

Units are furnished for belt drive or 
for mounting on driving motor or engine. 
Complete motor-generator or engine-gen-
erator sets are available. 

The generator is adapted for aircraft 
use, for field or laboratory supply, for 
portable power units, for mounting in 
marine craft or vehicles, or for operation 
of newer high-frequency portable power 
tools. Outputs range from 250 va to 25 
kva. Usual voltages, single or three phases, 
are provided. Request Circular E 10. 

Pocket Size Drafting 
Tool 

Loomis Industries, Box 442, Berkeley 
1, Calif., has a new drafting aid, "Paraline," 
which, in one instrument, provides T-
square, Straight-edge, Triangle, Protrac-
tor, ¡Ind inch scale, and Parallel Rules. 
Iemeasures 10} X 3h. inch and requires no 
attachments or board clamps. Selling price 
is ;2.95 plus 8¡ postage. (Add 3 per cent 
sales tax for State of California.) 

Improved model Paraline now has 
metal parts incorporated in one sturdy sec-
tion, thus eliminating slippage. 

(Continued on page 11521) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(C ntinu,•,/ jr,ni 7 ILI I 

Preset Counter 

Berkeley Scientific Co., Div. Beckman 
Instruments, 2200 Wright Ave., Rich-
mond, Calif., announces its new Preset 
Counter using from two to six Model 730 
preset decimal counting units. The counter 
is a high speed electronic counter with pro-
visions for obtaining output information at 

any count up to the maximum capacity of 
the unit. The output information can be in 
the form of a + 125 volt pulse or 1/30 of a 
second relay closure. Any discrete physical 
change from 0 to 40,000 times per second 
that can be converted into a changing volt-
age can be counted. 

(Continued on page 116A) 

MICO 
Precision Apparatus 

UHF COAXIAL WAVEMETERS 

"...) 2-75 
CENTIMETER 

RANGE 

MODEL 433 . .20 to 75 Centimeters 

MODEL 501 . . 4 to 20 Centimeters 

MODEL 402A. . 2 to 10 Centimeters 

MODEL 402B. . 2 to 10 Centimeters 
(Reaction Type) 

MICO INSTRUMENT CO. 

Need 

Linear and 

Non-Linear 

ACCURATE 
Functions? 

Use Fairchild Precision Potentiometers 

Experience with Fairchild potentiometers in hundreds of applications 
shows that these units are unusually precise. Accuracies of ±.1% in non-
linear types and as high as ±0.05% in linear types can be guaranteed. Serv-
ice life as high as 10,000,000 cycles, under certain conditions, also can be 
provided. High resolution, low torque, and low noise level are other per-
formance features worth noting. 

Fairchild Precision Potentiometers perform mathematical computations 
in electrical computing systems for machine-tool controls, process controls, 
telemetering, guided missiles, ffig,ht control, fire control, and analog com-
puters of all types. They are available in non-linear and linear types and in 
ganged combinations of either or both windings to meet your requirements. 

Use the coupon below to get full details. 

PRECISION POTENTIOMETERS 

THIS COUPON MAY HELP SOLVE YOUR POTENTIOMETER PROBLEMS! 

Department 140-32H 

Potentiometer Division 

Fairchild Camera and Instrument Corporation 

Hicksville, Long Island, New York 

Gentlemen: 
Please send me complete information about Fairchild Precision Potentiometers, 

and tell me how you might solve my potentiometer problems. 

Name 

Title 

Company 

Address 

79 TROWBRIDGE ST., CAMBRIDGE, MASS. 
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IN THIS CASE QUALITY MEANT 
RIESTER & THESMACHER 

Higher quality, finer workmanship at a reasonable 

cost adds up to this important 

fact: If you haven't 

shown your blueprints 

for sheet metal fabrica-

tions to Riester & Thes-

macher, you may be 
missing a great chance 

to improve your prod-

uct. Write direct or 

contact our nearest rep-

resentative. We wel-

come your inquiries 

Aluminum Spot Welding • Heliarc Aluminum Welding 

• REPRESENTATIVES • 

MANUFACTURERS 

Special Steel Equipment 
Metal Coses — Cabinets 

CONTRACTORS 

Sheet Metal 
Building Products 

VENTILATION, 

AIR CONDITIONING 

Frank W. Taylor Co. Paul R. Sturgeon 
P.O. Box 316, DeWitt, N.Y. 25 Huntington Ave., Boston 16 

Kenneth E. Hughes Co. Samuel K. Macdonald, Inc. 
17 W. 60th St., New York 23 1531 Spruce St., Philadelphia 2 

William E. McFadden 
150 E. Broad St., Columbus IS, Ohio 

THE 
RIESTER & THESMACHER 

COMPANY 
1.526 W. 25TH ST. CHERRY 1- 0154 

CLEVELAND, OHIO 

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

(Continued from page 115A) 

Film and Oscillograph 
Record Reader 

Faster, more accurate measurements of 
film and oscillograph records are now pos-
sible with the development of the Univer-
sal Telereader, by the Telecomputing 
Corp., 133 E. Santa Anita Ave., Burbank, 
Calif. 

The Universal Telereader measures rec-
ords ranging from 16 and 35 mm film to 12 
inch oscillograph paper measuring up to 
100 feet in length. It can handle either 
translucent or opaque records. 

Three interchangeable projection lenses 
are provided with the Telereader to permit 
record magnification of 2 X, 4 X and 11 X, 
depending on the need. 

When used with companion instru-
ments such as Telecomputing's Telecordex 
and a summary punch, the Universal Tele-
reader can print its measurements in deci-
mal form on a typewriter supplied with the 
Telecordex, as well as recording such infor-
mation into punched cards. 

Band Pass Filter 
Krohn-Hite Instrument Co., 580 Mas-

sachusetts Ave., Cambridge 39, Mass., an-
nounces a new Band Pass Filter, Model 
310-A. 

The Model 310-A is an adjustable band 
pass filter with unity pass gain and 24 db/ 
octave slopes outside the pass band. A 
peaking factor is used to reduce the attenu-
ation at the cut-off frequencies. 

(Continued on page 1184) 
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!ELECINICALLY REGULATED 'LA ORATORY 
iPOWER SUPPLIES 

B. 

STABLE 
• 

DEPENDABLE 
• 

MODERATELY 
PRICED 
• 

WIDTH 14" 

DEPTH 6" 
HEIGHT 8" 

WT: 17 LBS. 

BENCH 
MODEL 25 

• INPUT: 105 to 125 VAC. 

50-60 cy 

• OUTPUT #1: 200 to 325 

Volts DC at 100 ma 
regulated 

• OUTPUT #2: 6.3 Volts 
AC CT at 3A unregu-
lated 

• RIPPLE OUTPUT: less 

than 10 millivolts rms 

For complete information write 
for Bulletin N-5 

LAMBDA ELECTRONICil 
CORP OR A T ION 
CORONA NEW YORâil 

fioFlulei4D21 

rATION. 

TO 120 Mc. 

.111110e0VERLOAD CAPABILITIES. 

'AVAILABLE IMMEDIATELY. 

For data, Write: 

14' PENTA LABORATORIES INC. 
216 North Milpas Street 

SANTA BARBARA, CALIFORNIA 

• 
hO 6ederh4 14-oblem 
when you use Sangamo Paper Capacitors 

They meet the physical 

and electrical requirements 

of JAN-C-25 specifications 

Type CP 40 

Space-saving, high-volt-
age filter capacitors for 
transmitting, receiving, 
or industrial electronic 
equipment. Easy to 
mount. 

Type CP 50 
Unusually small but 
stable by-pass capaci-
tors of the "bathtub" 
type. Available in single, 
double, and triple sec-
tion units. 

Type CP 60 
These filter capacitors are 
available with seamless 
' drawn steel or non-magnetic 
cases that are smaller than 
JAN specs. 

S ANGA RA „ 
PeADE svill) 

D.600 
'DC 

Type CP 70 

Compact, fabricated can type 
for power supply in transmit-
ting, sonar, radar, or ground 
control equipment. 

Sangamo hermetically sealed paper capacitors for filter, by-pass, 
coupling or power supply applications can be furnished in types that 
give excellent performance with long life over a temperature range 
from — 55° C to + 125° C! Diaclor*, or mineral oil impregnation for 
85° C operation—and Sangamo developed E-therm impregnation for 
exceptionally high thermal stability and superior electrical perform-
ance over a range of operating temperatures up to 125° C. Write for 
further information. Complete story in Catalog No. 800A and 
Engineering Bulletin No. 104. 

*I'M Registered (Chlorinated Dielectric Oil) 

Zee tele,60e«.. deeyweeirfases, 

SANGAMO 

ELECTRIC COMPANY 
MARION, ILLINOIS SC53-2 
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precision-made to your needs.. 

BENDIX-FRIEZ 
thermistors 

Maybe your need for these temperature respon-
sive resistors can he satisfied by a type we carry 
in stock. Maybe you require a specially-developed 
type. In either case you can depend on Bendix-
Friez to provide precision-made thermistors to 
serve you with maximum efficiency. High stand-
ards of quality control in manufacture make 
Bendix-Friez Therinistors pre-eminent in t heir 
field ... assure you iif utmost satisfaction. 

STANDARD TYPES FOR IMMEDIATE DELIVERY 

Size (inches) 

.140 z .75 

€) +30°C. 4'4) 0°C. @ —30°C. 

45.0 ohms 

.040 x 1.5 

.018 x 1.5 

12,250 ohms 

35,000 ohms 

86 ohms 

26,200 ohms 

194 ohms 

82,290 ohms 

65,340 ohms 

229,600 ohms 

It it,. for details. 

FRIEZ INSTRUMENT DIVISION of . . 
1490 Taylor Avenue, BALTIMORE 4, MARYLAND 

Export Sales: Bendix International Division 
72 Fifth Avenue, New York 11, N. Y. 

Used in this typical application 

for sensing the temperature of 

hydraulic oil. 

cr•iifo 

AVIATION CORPORATION 

DEVELOPMENT and PRODUCTION 

METALLURGISTS 
Fine wire and ribbon in base, rare, and 
precious metals, and alloys for 
new and highly engineered applications. 
In small units and sizes, 
and to close tolerances. 

Further details on request 

SECON METALS CORPORATION 
228 East 45th Street, N. Y. 17, N. Y., MU 7-1594 

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

(Continued from page 1164) 

Both the high and low cut-off frequen• 
cies are independently adjustable from 20 
cps to 200 kc. This provides maximum flex-
ibility of adjustment of both the band cen-
ter frequency and the band width. 

The Model 310-A is especially useful in 
the audio and ultrasonic frequency range 
for noise measurements, harmonic and fre-
quency analysis, and for psychoaccustics 
and electro-medical research. The unit 
measures 12X7 X8 inches over all and sells 
for $275.00. A descriptive pamphlet is 
available on reque" st. 

Circuit Breaker 

Mini-Breaker, a new permanent-cir-
cuit protective device that fits like a fuse 
in any standard Edison base fuseholder de-
livering up to 125 volt ac service is availa-
ble from Mechanical Products Corp., 1824 
River St., Jackson, Mich. It requires no 
additional equpiment and no special wiring 
when applied to branch or main circuits of 
corresponding 15, 20, or 30 ampere ratings. 

To merit listing under the product clas-
sification "Circuit Protector" M ini-Breaker 
is required to: (1) safely interrupt 5,000 
ampere, 125 volt dc calibrated circuit once. 
(2) trip at 200 per cent load within 120 
seconds at 250°F.; and trip at 12 per cent 
load within one hour at 25°C. (3) com-
plete 35 cycles manual make and break at 

RtSET SUTTON 

TRIP RING 

CONDUCTOR STRIP 

MED CONTACT 

MOSLEM CONTACT 

ACTUATING (MAINE 

LAT(II NAT! 

EXTENSION SPRING 

RESET PLUNGER 

RETURN SPRING 

150 amperes for the 15 and 20 ampere de-
vices, at 180 amperes for the 30 ampere 
device; complete 15 cycles manual make 
and automatic break at same overloads, 
with both tests conducted at 125 volts, ac, 
60 cps, 50 per cent power factor. (4) make 
and break its rating in tungsten filament 
lamps four times at two minute intervals 
without automatic trip or welding of con-
tacts. (5) carry its rated current indefi-
nitely, with rise on center contact and 
screw shell not exceeding 50°C. (6) inter-
rupt calibrated 5,000 ampere circuit, 125 
volts ac, 60 cps at 50 per cent power factor 
three times. (7) meet dielectric strength re-
quirements after completing the ac short 
circuit test. 

(Continued on page 1204) 
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Now... 

a new 

group of 

TERMINALS 

especially 

designed 

for use in the 

U.H.F. region . . 

available 

in both 

feed- thru 

and 

stand-off types . . 

for 

hermetic or 

non-hermetic 

applications. 

Design engineers... 

for further 

information, 

write to... 

Lundey Associates 

694 Main Street 

Waltham 54, 

Massachusetts 

CANNON 
PLUGS 

to withstand moisture 

or severe vibration 

Resilient Polychloreprene 
insulators have high dielectric 
strength over wide 
temperature range. 

Hand tinning keeps solder 
inside cup. 

Both pin and socket contacts 
machined from solid bar stock, 

electroplated with silver. 

Matching serrations in endbell and shell make 
practical wrench tightening from one side of installation 

without putting strain on contacts or wires. 

Polychloreprene grommets 
make moisture-proof seal over 

soldered connections. 

Concentric rubber bushings moisture-proof wire 
entry. Eliminate strain on wires. 

AF and AN-F Series Cannon Connectors shown here 
are ideal for many varied industrial applications where 
severe vibration and moisture conditions must be met. 
This series was originally designed to answer Air Force 
and commercial air line requests for a product that would 
withstand the extreme conditions encountered in high 
speed aircraft. In addition to having great resistance to 
vibration and shock, these connectors withstand moisture 
from both external and internal condensation sources. 
They also provide for radio shielding. A study of the 
features, called out above, will show you why users are 
enjoying outstanding performance of these connectors. 
The machined ball-in-cone joint, while not obvious, plays 
an important part in providing radio 
shielding and improved vibration 
and moisture resistance. For engi-
neering data request Cannon's AN 
Bulletin. 

The Cannon AF Series consists of 2 plug types and 3 receptacles 
in 15 diameters. Contact arrangements closely follow those in the 
AN Series. Shells are cadmium plated. The sturdy hex shaped 
coupling nut shown here is used on sizes 8S through 18. Larger 
diameters have a strong spline type coupling nut to fit spanner 
wrenches. Knurled type coupling nuts are available to meet 
AN-F specification. 

CANNON ELECTRIC 
Since 1915 

Factories in Los Angeles, Toronto, New Haven, Benton Harbor. 
Representatives in principal cities. Address inquiries to Cannon 
Electric Company, Dept. A-377, P.O. Box 75, Lincoln Heights 
Station, Los Angeles 31, Calif. 

Machined 
ball-in-cone joint. 

PROCEEDINGS OF THE I.R.E. January, 1953 119A 



MINIATURIZATION 
Thru constant research, Acme transformer engineers 
have developed designs, that save pounds and 
ounces in weight and provide long-life perform-
ance. We build miniature transformers by the thou-

sands, each individually performance tested. 

PRESSURIZED SEAL 
Here is a transformer design with terminals sealed 

under pressure with a resilient sleeve that accom-
modates expansion and contraction of temperature 
changes. 

PLASTIC COATING 

This is one of a number of ways that plastic has 
been adapted to seal transformers or individual 
coils for service in humid atmospheres or under con-
ditions which breed fungi. 

• 

leteirleeittee 
TRANSFORMERS 

ACME ELECTRIC CORPORATION 
441 WATER STREET • CUBA, NEW YORK 

IN CANADA: ACME ELECTRIC (CANADA) LTD. 

824 NOTRE DAME ST., WEST • MONTREAL, CANADA 

100 MC BANDWIDTH 
PULSE AMPLIFIER 

e 

1111111111L1111111 

â MODEL 214 

High output voltage and very fast rise time 

with no overshoot characterize the performance of the SKI. 

Model 214 Chain Pulse Amplifier. The specially designed 

terminating cable provides a resistive output of 500 ohms and 

o capacitive output for connection to a cathode ray tube grid 

or deflection plates. Capable of deflecting a 5XP tube more 

than 1", the Model 214 finds extensive use in rodar, oscillo-

graphy, television testing, and nuclear physics. 

Write today for further information. 

0.06µ sec complex pulse applied 
directly lo oscilloscope plates. 
Rise time approx. 0.001µ sec. 

FEATURES 

MAX. OUTPUT VOLTAGE 
125 volts 

RISE TIME 
.006 usec. 

GAIN 
30 db 

INPUT IMPEDANCE 
180 ohms 

BANDWIDTH 
40 KC to 100 MC 

Pulse through Model 202P Wide 
Band Chain Amplifier and Model 
214 Chain Pulse Amplifier (50 db 
gain ). Note reproduction of fine 

detail. 

S I( I SPENCER • KENNEDY LABORATORIES, INC. 
IN 186 MASSACHUSETTS AVE., CAMBRIDGE 39, MASS. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued front page 118A) 

Components Catalog 
Titeflex, Inc., 500 Frelinghuysen Ave., 

Newark N. J., announces a new twelve 
page catalog describing its line of micro-
wave components. 

This booklet includes detailed specifi 
cations for both rigid and flexible wave-
guides plus schematic diagrams and appli-
cation charts. 

Titeflex rigid waveguides conform to 
the MIL-T-85B specification and are 
recommended for installations where there 
is no movement of the transmission line 
or for those portions of a waveguide run 
requiring the inclusion of complicated ac-
cessories. 

Waveflex flexible waveguides are pro-
duced by a method of convoluting strip 
metal. They are rubber-jacketed for pro-
tection against weather, corrosion and 
abuse and to prevent sharp bends and 
increase flexible life. The rubber jacket 
insures pressure sealing under operating 
conditions. 

The interior of flexible waveguides and 
the inner surface of rigid waveguides are 
silver-plated to reduce attenuation losses 
and to prevent corrosion. 

All Titeflex microwave components 
meet JAN specifications and each custom-
er's specific requirements before ship-
ment. 

Scintillation Detector 

A new scintillation detector, Model 
DS-1, designed for efficient gamma-ray 
counting, has been announced by Nuclear 
Instrument & Chemical Corp., 229 \V. 
Erie St., Chicago 10, III. 

The new detector is provided with a 
thallium-activated sodium iodide crystal 
and has a plateau length of approximately 
200 volts. With the external directional 
shield in place, efficiencies of 33 per cent or 
greater are obtainable using Cobalt 60, and 
40 per cent or greater using Iodine 131. 
Model DS-1 detector is equipped with a 
removable directional shield, and has a 
built-in preamplifier which provides an 
output pulse in excess of one-quarter volt, 
making its use possible at the G-M input 
of any scaler or count-rate meter. It is 
available as a separate, complete unit; or 
with a special lead shield for sample count-
ing. 

(Continued an page 135A) 
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smaller than a suitcase 

AMERICAN ELECTRIC 

MOTOR 
ALTERNATOR 

WEIGHT: Approx 125 lbs. 
SIZE: 22" x 12" x 12" 

Designed for production and 
laboratory high frequency 
power supply requirements. 
STRONG—SIMPLE—INDESTRUC-
TIBLE CONSTRUCTION—No deli-
cate moving parts, brushes or 
springs to wear out or maintain. 
Replaces single large, hard-to-
get H-F power supply serving 
multiple purposes ... A bank 
of these coin pact, flexible units 
costs far less, provides individ-
ual portable power sources for 
each project, avoids downtime 
hazards of single unit! 
Meets power supply require-. 
ments for AN-E-19 equipment. 

OUTPUT: Up to 1000 Watts single 
phase 115V or up to 1800 Watts 
three phase 115/200V. Input: 60 
cycle AC. 
Total harmonic content under 5%; 
-± 1% voltage regulation. 

WRITE FOR DETAILS! 

Larger capacities available. 

Rill Telegraph Rd. 

Les CalifAonrgneiales 22, 
' 

miniaturization wire 

stands temperatures 
from-55'c to 
+ 1 0 5 c • • • • AND MEETS OR 

BEATS ALL OTHER 

REQUIREMENTS OF 

JAN-C-76 AND MIL-W-5086 

ACTUAL SIZE 
of a 27 GAUGE (7/35) 
VINYL INS. - 0.0075" 
NYLON INS. - 0.0025" 
MAX. O.D. .• 0.058" 

• PROVE TO YOURSELF that wire does not need bulky insulation to 
stand extreme temperatures, or give you insulating values above 1000 
megohms per 1000 ft. 

• SEND FOR A SAMPLE of Turbo Miniaturization Wire. Test it on any 
electronic application where the continuous operating voltage does 
not exceed 600 volts R.M.S. See how its thin extruded vinyl primary 
insulation and thinner extruded nylon jacket resist boiling water, oils, 
fuels, hydraulic fluids, fungus, abrasion, etc. 

• TURBO MINIATURIZATION WIRE COMES IN AWG 
SIZES FROM 30 TO 12 GAUGE ... in standard or 
flexible wiring . . . in solid colors, or candy-striped 
colors with 1, 2 or 3 tracer combinations, to fit your 
circuit coding needs. 

• BULLETIN A-4662 gives you more information 
about TURBO insulation. Ask for it when re-
questing your samples of TURBO Miniaturiza-
tion Tire. Write Dept. P-1 

INSULATING MATERIAL 

THE WILLIAM 

THE BRAND ONLY BRAND MAKES 

AND CO., INC. 

North and Volley Streets, Willimantic, Connecticut — Phone 3-1661 
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ENGINEERS 
FOR ATOMIC 

WEAPONS INSTALLATION 

Mechanical Engineers, Electronics and Electrical 
Engineers, Physicists, Aerodynamicists, and Mathe-
maticians. A variety of positions in research and 
development open for men with Bachelors or 
advanced degrees with or without applicable 
experience. 

These are permanent positions with Sandia 
Corporation, a subsidiary of the Western Electric 
Company, which operates the Laboratory under 
contract with the Atomic Energy Commission. The 
Laboratory offers excellent working conditions and 
liberal employee benefits, including paid vaca-
tions, sickness benefits, group life insurance and 
a contributory retirement plan. 

.... • 

LOÇATE 

Albuquerque, center of a metropolitan area of 
150,000, is located in the Rio Grande Valley, one 
mile above sea level. Albuquerque lies at the 
foot of the Sandia Mountains which rise to 
11,000 feet. Cosmopolitan shopping centers, scenic 
beauty, historic interest, year 'round sports, and 
sunny, mild, dry climate make Albuquerque an 

ideal home. New residents experience little 
difficulty in obtaining adequate housing in the 
Albuquerque area. 

THIS IS NOT A 

CIVIL SERVICE APPOINTMENT 

Make Application to the 

PROFESSIONAL EMPLOYMENT DIVISION 

SANDIA BASE 
ALBUQUERQUE, N. M. 

TOP 
opportunity 

for TOP 
electronic 

engineers 
with 

communication 
backgrounds 

Here is your big opportunity — 

IF 

IF you are a top-flight elec-

tronic engineer with a degree in 

electrical engineering from a fully 

recognized college or university. 

IF you have a successful back-

ground in communications. 

IF you have the creative and 

inventive spark to come up with new 

and sound ideas. 

IF you can offer all these, 

National can offer you an enviable 

position with a world-respected 

leader in the communication field — 

an exceptionally good salary, generous 

social benefits and a fine group of 

people to work for and with. 

W. A. Ready, President, National Co., Inc. 

Send complete resume (education, ex-

perience, present salary, marital status, 
etc.) to Industrial Relations Dept., 

National Co., Inc., 61 Sherman Street, 
Malden, Mass. 

NATIONAL COMPANY, Inc. 
At WISH, MASSACHUSITTS 
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Guided 

MISSILE 
RESEARCH and DEVELOPMENT 

The APPLIED PHYSICS LABORATORY OF THE JOHNS 
HOPKINS UNIVERSITY offers an exceptional opportunity to 
qualified men who want to advance themselves professionally 
in a large, well-established laboratory with a reputation for the 
recognition and encouragement of individual responsibility 
and self-direction. 

We have openings NOW for 

JUNIOR AND SENIOR STAFF MEMBERS 

ELECTRONIC ENGINEERS 

Several; Ph.D.. M.S.. B.S., E.E. Experience re-
quirements range from two to ten years. Electronic 
circuit design and analysis. Microwave antenna de-
sign. Product design on missile components and 
installations. Servo system design. Design and devel-
opment of electro-mechanical analog computer 
equipment and video and digital systems packaging. 

PHYSICISTS 
Several; Ph.D., B.S., E.E. Experience requirements 
range from two to fifteen years. Original research 
and development of electronic systems; theoretical 
analysis. Applied research in fields related to ord-
nance equipment. Microwave theory and practice. 
Plan, design, coordinate, and test fire control systems, 
shipboard equipment. and radar systems. Design 
missile control systems. 

MATHEMATICIANS 
Several; Ph.D. or M.S. Coding problems for digital 
equipment; two years experience, some knowledge of 
electronics. Analyze tactical problems, formulate 
problems, set up computational methods, etc. 

COMPUTING MACHINE OPERATORS 
Several; Maddida, Rae, Simulators, Reac, Seac 

For additional information write 

MR. E. J. HARSCH 

• Laboratories located in beautiful residential 
suburb of Washington, D. C.—your choice of 
suburban or metropolitan living conditions 

• Available applied research and development 
laboratories among the nation's best 

• Liberal employee benefits,  I and sick leave, 
retirement program, etc. 

• Many other personal and professional advan-
tages available to staff members 

• Reasonable moving and travel expenses will be 
paid for selected applicants 

Applied Physics Laboratory 
THE JOHNS HOPKINS UNIVERSITY 

8621 Georgia Avenue 

SILVER SPRING MARYLAND 
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freers,. iezefises„, 
Mechanical Engineers — Electrical Engineers 

Servo Engineers —Aerodynamicists—Physicists — Mathematicians 

Do You Know the MELPAR Story? 
For complete information about the opportunities available 

for qualified engineers and scientists write to 

PERSONNEL DIRECTOR 

melpar, inc. 

The Research Laboratory of Westinghouse 
Air Brake Co. and its subsidiaries 

452 Swann Avenue, Alexandria, Virginia 

ELECTRONIC 
ENGINEERS 
& PHYSICISTS 

OUR STEADILY EXPANDING LABORATORY OPERATIONS 

ASSURE PERMANENT POSITIONS AND UNEXCELLED 

OPPORTUNITY FOR PROFESSIONAL GROWTH IN 

RESEARCH kic DEVELOPMENT 
GUIDED MISSILES 

RADAR 

ELECTRONIC NAVIGATION 

SOLID STATE PHYSICS 

VACUUM TUBES 

TELEVISION 

ADDRESS INQUIRIES TO: 

THE EMPLOYMENT DEPT. 

CAPEHART FARNSWORTH CORP. 
FORT WAYNE, IND. 

POSITIONS OPEN 
Location 

Kansas City, Mo. 

Electronic & Mechanical 

Engineers 

ELECTRONIC ENGINEERS: Must have consid• 

erable development experience in radio trans-
mitting and receiving equipment. Ability to 

fill position of Senior Project Engineer a requi-

site. 

MECHANICAL ENGINEER: Must have develop-

ment experience in mechanical design of elec-

tronic or similar precise equipment. Practical 

and theoretical knowledge of materials, finishes, 

sheet metal, and machine shop -leaign are basic 

requirements. Position is one of considerable 

responsibility. 

SALARY: Open 

These positions are permanent. 

Write stating educational and professional his-

tory direct to: 

JAY V. WILCOX, President 

WILCOX ELECTRIC COMPANY, INC. 

1400 Chestnut St.. Kansas City I. Mo. 

Dependable rommunleatIons since 1931 

ENGINEER 
tube 
design   

• 

and 

development 
Junior or Senior Engineer 

to design and develop gas 

discharge devices; carry on 

investigation of basic gas 

discharge properties. B.S. de-

gree in electrical engineer-

ing or physics, and some ex-

perience in tube design, pref-

erably gas tubes, essential. 

Please Send Corn plete Resume includ-
ing Education and Experience to: 

Manager of Pers  
Central Engineering Division 

SHY MI 
ELECTRIC PRODUCTS 
BAYSIDE, LONG ISLAND, N.Y. 
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when you come fo RCA 
• • • are headed for a better future 

If you want to work where you enjoy the 
highest professional recognition among 
your colleagues, come to RCA. Here 
your accomplishments are recognized 
and rewarded. Here your future is bright-
er, through challenging assignments that 
lead to better opportunities, better posi-
tions. Here you set goals for future at-
tainment at advanced levels. 

If your talent and skill are not being 
used in a way for which your education 
and experience has equipped you, come 
to RCA. Here you will find unusual op-
portunities to work in close association 

with distinguished scientists and engi-
neers in research . . . development . . . 

design ... and application of specialized 
electronic equipment for military proj-
ects as well as for an ever-increasing line 
of diversified commercial products. 

Positions open are lifelong career op-
portunities. They are not "temporary" 
jobs. Unlike "feast or famine" industries, 

RCA has forged ahead regardless of war 
or depression. You can continue ad-
vanced study at recognized universities 
under RCA's modern tuition refund plan. 
You and your family enjoy outstanding 
Company benefits. Yes, your future is 
better at RCA. 

LIFETIME OPPORTUNITIES FOR 

ENGINEERS—Electronic ... Electrical ... Communication ... 

Mechanical ... Computer ... METALLURGISTS and PHYSICISTS 

In Research—Development—Design—Application: in the following fields: 

RADAR • MISSILE GUIDANCE • SERVO MECHANISMS • COMPUTERS • TRANSFORMERS AND 

COILS • NAVIGATION AIDS • TELEVISION • ELECTRON TUBES • COMMUNICATIONS 

TECHNICAL SALES • ELECTRONIC EQUIPMENT FIELD SERVICE 

Send a complete résumé of 

your education and experience. 

Personal interviews 

arranged in your city. 

RADIO CORPORATION of AMERICA 

Send résumé to: 

Mr. ROBERT E. McQUISTON, Manager 

Specialized Employment Division, 

Dept. 2024 

Radio Corporation of America 

30 Rockefeller Plaza, New York 20, N. Y. 

PROCEEDINGS OF THE I.R.E. \ 
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FROM: GENERAL ELECTRIC 

SUBJECT: CAREER OPPORTUNITIES 

Those seeking long-range association with 
a leading company . . . those who wish to have the 
finest facilities and equipment available . . . those 
who recognize the importance of working with 
leading scientists ... those who desire the challenge 
of diversified, pioneering projects and look for steady 
advancement . . . will find that a General Electric 

career meets all these requirements. 

Positions are now open in Advanced 
Development, Design, Field Service, and 
Technical Writing in connection with: 

MILITARY RADIO & RADAR 

MOBILE COMMUNICATION 
MULTIPLEX MICROWAVE 

COMMUNICATIONS 

ELECTRONIC COMPONENTS 
TELEVISION, TUBES & ANTENNAS 

Bachelor's or advanced degrees in Electrical or Mechanical Engineering, 
Physics, Metallurgy, or Physical Chemistry and/or experience in electronics 

industry necessary. 
Do not apPly, please, if your best skills 
are being used for vital defense work. 

Please send resume to: 
Dept. 1-3-P Technical Personnel 

ELECTRONICS PARK 

GENERAL( ELECTRIC 

Come Again 
to the 1953 IRE 

Radio Engineering Show 
March 23-26, New York 

p SIV°14S Ope;‘, 

The following positions of interest to 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No..... 
The Institute reserves the right to refuse any 
announcement without giving a reason for the 
refusal. 

PROCEEDINGS of the I.R.E. 
I East 79th St., New York 21, N.Y. 

TRANSFORMER ENGINEER 
We are seeking a man experienced in design, 

development and manufacturing; to head pro-
gressive, growing electronic type transformer 
company. Salary $7000 to $8500. Metropolitan 
New York area. Box 710. 

ENGINEERS 
MIT's Digital Computer Labqratory has op-

portunities in the development of high-speed 
electronic digital equipment (including work on 
vacuum-tube circuitry, ferromagnetic and ferro. 
electric memory cells and computer elements, and 
magnetic drum usage). There is also work on 
use of high-speed digital computers to control 
large physical systems, involving study of the 
control requirements of the whole system and 
reduction of these to a simple pattern of coded 
instructions. Position requires appreciation of 
physical systems, ingenuity and imagination. 
Candidates experienced in computer principles 
will be trained. Persons from other fields are 
encouraged to apply and may come on leave. Op-
portunity for academic study. Salary appropriate 
to candidate's experience and training. Further 
information on request. Apply: MIT Digital 
Laboratory, 211 Massachusetts Ave., Cambridge 
39, Mass. 

(Continued on rage 127A) 

CAREERS 
IN 

RESEARCH 
The National Union Research Divi-

sion offers opportunities to men in-
terested in Permanent Positions with 
excellent future prospects. 

There are several openings on our 
research staff in the fields of Spe-
cialized Vacuum Tube Development 
and Electronic Circuit Design. 

ENGINEERS 
PHYSICISTS 
TECHNICIANS 

  Are invited to inquire re-
garding these positions. 

  Benefits include: 

• Free Hospitalization 
• Medical Surgical Plan 
• Free Life Insurance 
• Profit Sharing Plan 
• Paid Vacations 
• Paid Holidays 
• Merit Salary Reviews 
• Excellent Working Conditions 

NATIONAL UNION 
RESEARCH DIVISION 
350 Scotland Road Orange, N.J. 

I ROCEEDINGS OF THE I.R.E. January, 1953 



(Continued from page 126A) 

ELECTRONIC ENGINEER 
Electronic engineer, specializing in measure-

ment and calibration. Ability to set up and 
direct all phases of electronic measurement and 
calibration required, involving supervision of 
several specialists. Advanced degree and 6 to 
8 years of applicable experience preferred. 
Salary open, commensurate with ability. Please 
mail complete resume of education and experi-
ence to Mr. Robert E. McQuistèn, Dept. EPD-1, 
Radio Corporation of America, RCA Victor Di-
vision, Camden 2, New Jersey. 

ENGINEERS 
The manufacturers of the UNIVAC—the first 

electronic, general-purpose digital computer 
system to be sold commercially—have inter-
esting and important positions with challenging 
futures. Engineers and physicists are needed for 
work at all levels in many fields. Our rapidly 
expanding engineering and production programs 
have created many permanent positions paying 
excellent salaries. These positions offer out-
standing opportunities for professional develop-
ment. The possibilities for graduate study in this 
locality are excellent and the company's plan for 
reimbursement of tuition expenses is extremely 
liberal. Interviews arranged at our expense. Re-
plies strictly confidential. Remington Rand Inc. 
Eckert-Mauchley Div. 2300 W. Allegheny Ave., 
Phila. 29, Pa. 

ELECTRONIC ENGINEER 
Wanted electronic engineer for sales work, 

high technical content, nice manner, adaptable, 
good traveller. Salary $5000. Write details fully. 

Box 716. (Continued on page 128,1) 

ENGINEERS 
MICROWAVE 
Antenna Design in 

the 1 to 10 cm. region 

COMPUTER 
Design of Circuits 

and Systems 

Unusual problems on both commercial 
and defense equipment. Need original-
ity, solid theoretical background and 
five or more years of design experience. 

An excellent opportunity for full devel-
opment of the professional engineer. An 
unusual laboratory location in a rapidly 
growing, well established firm encourag-
ing a broad contribution and giving wide 
responsibilities. 

Write to Mr. Winker. 

VICTOR 
Adding Machine Co. 

3900 N. Rockwell 

Chicago 18, III. 

TELEPHONE 
ENGINEERS 

Transmission 
Equipment 

Leading manufacturer of carrier equip-

ment wishes to confect a small number 

of experienced telephone and tele-

graph engineers interested in perma-

nent positions with growing company. 

Openings in Engineering, Sales, and 

Publications Departments because of 

expanding activity in high-frequency 

carrier and multi-channel radio-relay 

systems. 

Salaries commensurate with training 

and experience; good working condi-

tions, optimum climate on San Fran-

cisco Peninsula. 

Please give full details in first reply. 

LENKURT ELECTRIC COMPANY 

1105 County Road San Carlos, Calif. 

ELECTRONIC ENGINEERS 
WANTED 

SOUTHERN CALIFORNIA 
Attractive opportunities offered to 

Engineers experienced in and 

qualified to design aircraft flush 

antennas and radomes. 

Complete modern facilities for 

laboratory testing and evaluation 

available. 

Salary dependent upon experience 

and ability. 

Contact Mr. J. C. Buckwalter 

Chief Engineer 

DOUGLAS AIRCRAFT COMPANY, Inc. 
LONG BEACH, CALIFORNIA 

\MOWERS\ 
• 
• 
• 
• 
• 
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You gain MORE with 

W. L. MAXSON. Top salaries 

... greater opportunities ... 

more responsibilities. Advance 

with W. L. MAXSON. 

BACKGROUND: Practical and re-

search experience in Advanced 

Electronic Circuits and Systems 

Engineering DESIGN & ANALYSIS, 

related to: Instrumentation, 

Fire Control, Communications, 

Navigation, or Optical Fields. 

Ability in management & 

supervision desirable. 

• 

If your skills are now being fully 

utilized in a vital defense industry, 

please do not apply. 

• 
• 
• Kindly send 
• 
• resume and 
• 
• salary re-

: • quirements to: 

• 
• 
• 

WiL.MMSON (e,e1 
4.60 W. 341*ST., 

PROCEEDINGS OF OF THE I.R./ January, 195,, 
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ENGINEERS 
USE YOUR EXPERIENCE 
TO BUILD A SOUND 

FUTURE AT 

Choose your desired field of work! Project and prod-
uct engineering work exists for graduate engineers 
with design, development and product experience in , 

VACUUM TUBE TECHNIQUES • ANALOGUE COMPUTERS • RADAR 
• HYDRAULICS • COMMUNICATION EQUIPMENT • ELECTRONIC 

PACKAGING • PULSE TRANSFORMERS • SERVO MECHANISMS • 
ELECTRONIC CIRCUITS • AIRCRAFT CONTROLS • INSTRUMENTATION 
• PRINTED CIRCUITS • FRACTIONAL H.P. MOTORS • MAGNETIC 
AMPLIFIERS • RADIO FREQUENCY 8 MICROWAVE MEASUREMENT 

ALSO PUBLICATIONS ENGINEERS engIneerIng eports. 

ENJOY MANY ADVANTAGES 
• Interesting, diversified work plus • Association with top engineering 
men on unusual engineering problems • Cost of Living Adjustment 
• Adequate Housing • Liberal Employee Benefits • Top Rotes 

' SUBMIT RESUME TO EMPLOYMENT OFFICE 

SPERRY GYROSCOPE CO. DIVISION OF THE SPERRY CORP GREAT NECK, L. I., N.Y. 

I II F 
a lid 

MICROWAVE 
ENGINEERS 

This rapidly growing organisation 
in South Central Wisconsin, which 
is approximately 100 miles from 
Chicago, Ill., has several openings 
for Junior and Senior Engineers in 
the UHF and Microwave Field. 

UNUSUAL SALARY 
OPPORTUNITIES 

exist under ideal working condi-
tions in large well equipped labo-
ratories. Personnel benefits such as 
sickness, accident and life insur-
ance in addition to a very liberal 
pension system are offered. 

For more information concerning 
the positions that are open, we in-
vite you to write to 

Personnel Director, Dept. A. 

GIBBS MANUFACTURING 
& RESEARCH CORP. 
Janesville, Wisconsin 

Pictured above is JAINCOMP-B, • 
revolutionary ultra high speed digital 
computer developed and built by The 
Jacobs Instrument Company. If you 
would like to work on the develop-
ment of such devices, or are interested 
in experimental or analytical work on 
c-w or pulse circuits, analog com-
puters, gyros, aircraft instruments, or in 
subminiaturization techniques, write for 
our brochure outlining professional 
opportunities. 

JACOBS 
INSTRUMENT CO. 

Bethesda, Maryland 

(Continued from page 127A) 

ELECTRONICS ENGINEER 
Group leader required to take charge of an 

electronics laboratory engaged in analytical in-
strument development. Design ability in conven-
tional circuitry as applied to a.c. and d.c. ampli-
fiers, power supplies, light detection devices, 
thyratron circuits, discriminators, magnetic cir-
cuitry and fractional horse-power motors de-
sirable. 5 years experience or advanced degrees 
in lieu of part of this experience required. Send 
resume with salary requirements to Personnel 
Mgr., Fisher Scientific Co., 717 Forbes St., 
Pittsburgh 19, Pa. 

ENGINEER 
A national employee-owned electrical distribut-

ing company offers permanent position to gradu-
ate electrical engineer for electronics sales work. 
Experience in broadcast, sound, radio communi-
cation, and industrial electronics desired, but not 
necessary. Opportunity for advancement; liberal 
employee benefits and security. Man 22 to 28 
preferred. Send complete resume of training and 
experience, including salary desired to R. W. 
Griffiths, Graybar Electric Co., 21-15 Bridge 
Plaza No., Long Island City 1, N. Y. 

ELECTRONIC ENGINEERS, ELECTRICAL 
ENGINEERS AND PHYSICISTS 

The Rome Air Development Center has posi-
tions in electronic research and development 
available at salaries from $3400 to $9600 per 
annum. Write: Professional & Scientific Re-
cruiter, Civilian Personnel Div. Griffiss Air 
Force Base, Rome, New York. 

(Continued on page 130A) 

SIMMONDS 
AEROCESSORIES, INC. 

Established aircraft instrumenta-
tion company has several openings 
for applicants with demonstrated 
ability. 

SR. DEVELOPMENT ENGI-
NEERS—at least 8 years experience 
in radio frequency communication sys-
tems or in electronic and electro-me-
chanical instrumentation and control 
systems. Must be able to organize and 
supervise projects, conduct customer 
liaison and prepare effective reports. 

LABORATORY SUPERVISOR-
10 years experience in electronic-electri-
cal laboratory, 3 years supervisory ex-
perience plus thorough knowledge of 
materials and equipment to supervise 
technicians, develop special techniques 
and locate subcontractors. 

FIELD SERVICE ENGINEER— 
E. E. graduate, minimum 5 years sales 
service experience of electric-electronic 
components to service aircraft electronic 
components and prepare technical sales 
proposals. 

• 

Expanding company with an established 
line of products required by both mili-
tary and commercial customers. 

Ideal Westchester location. 37.5 hour 
work week. Employee benefits. 

Mail resume to: 
Personnel Dept., 

Simmonds Aerocessories, Inc. 
105 White Plains Road, 
Tarrytown, New York 

I28A PROCEEDINGS OF THE I.R.E. January, 1053 
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ELECTRONIC 
ENGINEERS 

• 

We are looking for Electronic 

Engineers, with experience in 

the development of electronic 

digital computers, to work in 

the development of business 

machines. Plenty of opportu-

nities for advancement. 

Write, giving full details, in-

cluding education and experi-

ence. 

• 

THE NATIONAL 
CASH REGISTER COMPANY 

South Main and "K" Streets 

Dayton 9, Ohio 

EENGINEER!1 
IS YOUR WORK 
STIMULATING? 

• 

ARE YOU CHALLENGED 
BY YOUR JOB? 

ARE YOU RECEIVING 
PROFESSIONAL 
RECOGNITION? 

SYLVANIA 
believes in building men 
The company, now in its 51st year, 
is expanding rapidly. Net sales this 
year exceed 1938 by 16 times. 
Additional high caliber men are 
needed with training and experi-
ence in all phases of electronics, 
physics and mechanics. 
Write us about yourself, if your 
experience and future plans fit into 
this picture. 

JOHN WELD 
Department F 

SYLVANIA ELECTRIC PRODUCTS INC. 
N .10V Radio and Television Division 

254 Rano Street 

Buffalo 7, New York J 

ENGINEERS 
Electronic • Electro-Mechanical • Mechanical 

The manufacturers of the UNIVAC—the first electronic, general-
purpose, digital computer system to be sold commercially—have in-
teresting and important positions with challenging futures. Engineers 

and physicists are needed for work at all levels in any of the following 
fields: 

System Studies 

Logical Design 
New Components 

Solid State Physics 

Semi-conductors Product Design 
Magnetic Materials Test Equipment Design 

Computer Development and Design 
High Speed Electro-Mechanical Devices 
System Test and Maintenance 

Storage Techniques 
Circuit Design 

Pulse Techniques 
Input-Output Devices 

Design 
Research 

Development 
Test 

Our rapidly expanding engineering and production programs have 
created many permanent positions paying excellent salaries. These 
positions offer outstanding opportunities for professional development. 
The possibilities for graduate study in this locale are excellent and the 

Company's plan for reimbursement of tuition expenses is extremely 

liberal. Other Company benefits include retirement and group insur-
ance plans and the payment of moving expenses. 

Replies kept strictly confidential. Interviews arranged at our expense. 

REMINGTON RAND INC. 
Eckert-Mauchly Division 

2300 West Allegheny Avenue, Philadelphia 29, Pennsylvania 

Telephone: BAldwin 3-7300. 
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MAKE THIS YOUR HOME 

FOR IMPORTANT WORK 
UNDER IDEAL CONDITIONS 

e TV RECEIVER DESIGN ENGINEERS 
• ELECTRONICS ENGINEERS 
• FIELD ENGINEERS 
e TEST & INSPECTION ENGINEERS 
• COMPONENTS ENGINEERS 

NEEDED TO WORK ON: Radar, G.C.A., Mobile Radio, 

Auto Radio, Airborne Communication 8. Navigation 
Equipment, Television, Antennas, Microwave Equip-

ment, Servo Mechanisms and Guided Missiles. 

YOU BENEFIT AT BENDIX RADIO: 
from high wages, a modern, air-condi-
tioned plant, paid vacations and holidays, 
group insurance and a good chance for 
advancement. 

Housing immediately available in the 
beautiful suburban and country areas that 
surround the Bendix Radio plant. 

Write, Wire or phone 
MR. E. O. COLE, DEPT. M -13 en 7? a dio 

DIVISION OF BENDIX AVIATION CORPORATION 

BALTIMORE-4, MD. Phone: TOWSON 2200 

.141ce)/e4 Weld; .:eneoe 
Clecitcnic equemteet 

is offered for intelligent, imagi-
native engineers and scientists to 
join the staff of a progressive 
and self-sustaining, university. 
affiliated research and develop-
ment laboratory. We are desirous 
of expanding our permanent 
staff in such fields as electronic 
instrumentation, missile guidance, 
microwave applications, design 
of special-purpose electronic com-
puters, and in various other ap-
plied research fields of electron-
ics and physics. 

Salary structure and bene-
fit programs are on a par 
with industry. In addition, 
there are many tangible 
advantages, such as our 
self-sponsored internal re-
search policy, of interest 
to men with ingenuity and 

CORNELL AERONAUTICAL 
LABORATORY, INC. 
BUFFALO 21, NEW YORK 

SYSTEMS 

ENGINEERS 

For design and installation of radio 

communication systems of all types in 

HF, VHF and Microwave bands for 

use in foreign countries. 

Applicants should have experience in 

either radio propagation studies and 

antenna design or telephone and tele-

graph terminal equipment. 

These positions are not dependent on 

government contracts and employment 

would be in New York office with occa-

sional overseas surveys or job super-

vision. 

Write full details to 

Personnel Dept. 

Radio Corporation of America 

RCA International Div. 

30 Rockefeller Plaza 

New York 20, New York 

Positions Open 
(Cmatimged from rage 1284) 

ENGINEER—TEACHING 
The University of Nebraska has 1 full-time 

teaching position open in the Electrical Engi-
neering Dept. Salary range $3200 to $4600 
depending upon education and experience. One 
interested in electronics desired. For details write 
to Prof. Ferris W. Morris, Chairman, Dept. of 
Electrical Engineering, University of Nebraska, 
Lincoln, Nebraska. 

PRINTED CIRCUITRY 
Engineer with design and development ex-

perience in printed resistors desired by small, 
fast growing company in southern California 
area. Position offers permanency and advance-
ment. Write, stating age, experience, and edu-
cation to Box 715. 

ENGINEERS 
A department in Sylvania located in Salem, 

Mass, is rapidly expanding in the microwave 
tube business. There is always a need in this 
field to coordinate customer circuits and tube 
performance. There are many problems involv-
ing frequency drift, tube life, frequency modula-
tion characteristics, pulse response, etc., which 
may be solved either by changes in the tube 
or in the circuitry of the equipment. It is our 
policy to work very closely with the customer 
on an engineering basis to arrive at the most eco-
nomical and best solution from an overall systems 
point of view. There is a good opportunity for 
a personable engineer to get broad experience, 
both technically and from a business point of 
view. Apply Sylvania Electric Products Inc. 
Microwave Dept., 60 Boston St., Salem, Mass. 

TECHNICAL EDITOR 
Technical editor wanted for research organiza-

tion at the Pennsylvania State College. Back-
ground in engineering and journalism required. 
Opportunities for graduate work. Write Person-
nel Director, Box 30, State College, Pennsyl-
vania. 

* * * * 

Positions Wanted By 
Armed Forces 

Veterans 
In order to give a reasonably equal op-

portunity to all applicants and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason 

PHYSICIST 
Physics degree. Age 32, married, I child. 

Navy ETM, development experience in telemeter-
ing, sonar, radio interference, communications 
and degaussing. Desires non-classified research 
or development work. Box 587 W. 

(Continued on page 1314) 
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STAVID 
ENGINEERING, INC. 

has openings for 

GRADUATE 
ELECTRONIC and 
MECHANICAL 
ENGINEERS 

Experience in Design and Devel-
opment of Radar and Sonar neces-
sary. 

Broad knowledge of Search and Fire Control 
Systems: Servo Mechanisms, Special Weap-
ons, Microwave, Antennas and Antenna 
Mounts, etc. 

Mechanical Engineer should also have ex-
perience in packaging of Electrical Equip-
ment to Gov't specifications including de-
sign of complex cabinets, shock mounts and 
sway brace structures. 

FIELD ENGINEERS 
Qualified to instruct in the operation and 
supervise installation, maintenance and re-
pair of Radar, Sonar and allied electronic 
equipments in the Field. 

A chance to grow with a young and pro-
gressive company; salary and advancement 
commensurate with ability; liberal vaca-
tion, sick leave, 9 paid holidays, group life, 
sickness and accident insurance plans, and 
a worthwhile pension system. 

Personnel Office, 200 W. Seventh St. 
Plainfield, N.J.—Tel. Pl. 6-4806 

senior 
engineer 

APPLICATIONS 

RESEARCH 

Positions Wanted 
(( ,ntintied from page 130.4) 

ELECTRONIC ENGINEER 
BEE 1944 Senior Member IRE; 7 years in-

dustrial experience, radio communication and 
radar equipment, supervisory experience; Project 
engineer 5 years; VA years Signal Corps, IFF 
design and military TV. Over 15 years design 
of audio equipment and recording. Married, 2 
children. Desires permanent position in design, 
development and production, Box 588 W. 

JUNIOR ENGINEER 
3Ti years BEE N.Y.U. Age 25, married. 2 

years Naval electronic technician ET-2. 2./2 years 
TV development and field engineering. 1 year 
radar maintenance. Presently employed as equip-
ment engineer specifications writing. Desires 
position in development, writing or sales. New 
York City vicinity. Box 589 W. 

ELECTRONICS ENGINEER— PHYSICIST 
BA in chemistry, MA and Ph.D. in physics. 

8 years experience in electronics development. 
Desires responsible position in electronics design 
and development in west or southwest. Age 34, 
married. Box 606 W. 

ENGINEER 

BEE. Graduate studies toward MS. 2'4 years 
varied electronic engineering experience includ-
ing pulse circuitry, microwave circuitry, and 
radar modulators. 1 year technical writing. Age 
27. Desires position in electronic development 
and research in New York City area. Box 608 
W. 

(Continued on page 132A) 

TO do advanced development work on cir-
cuits and systems concerning UHF amplifiers 
and timers, color television systems, new cir-
cuits for television receivers, etc. Bachelor 
degree in Engineering or physics and at least 
5 years' experience in communications engi-
neering, preferably in television, essential. 
Tube experience desirable but not necessary. 

Please Forward Complete Resume 

Manager of Personnel, Central Engineering Div. 

SYLVANIA ELECTRIC 
COMPANY 

'Tayside, L.I., New York 

DIGITAL COMPUTER ENGINEERS 
ELECTRICAL ENGINEERS and PHYSICISTS 

needed for circuit design and development. Engineers and 
Physicists with 1 to 4 years experience in pulse circuits, 
pulse handling techniques, and systems development. 
Openings also for recent graduates. 

• Replies strictly • Interviews arranged 
confidential at our expense 

etf4wtéte )?efea4e1714fooee bra. 
A sa,,,a,n, of Zer•oreneese Mu./ 

Leaders in the Development of Digital Computers 

1902 W. MInnehaha, St, Paul 4, Minn. • "You Will Enjoy Living In Minnesota" 

Engineers get ahead at 

4151'47E711, 
A major guided missile program is 

just one of Boeing's many projects-
with-a-future. Other programs, which 
offer you plenty of room to get ahead 
in engineering, are America's first-
announced jet transport project, re-
search in supersonic flight and nuclear-
powered aircraft, and development of 
the B-47 and B-52 jet bombers, the 
airplanes that have given Boeing more 
experience with multi-engine jets 
than any other company. 

Boeing offers attractive careers of 
almost limitless range to men in 
virtually ALL branches of engineer-
ing, for aircraft DESIGN, DEVELOPMENT, 
PRODUCTION, RESEARCH and TOOLING; 

and for servo-mechanism and elec-
tronics designers and analysts, and 
for physicists and mathematicians. 

Boeing pays you a moving and 
travel allowance. You can work in 
Seattle, or Wichita. Besides skiing 
and mountain sports near Seattle, 
both cities provide fine fishing, hunt-
ing, golf, boating — and plenty of 
opportunity for specialized advanced 
training. You'll be proud to say, 
"I'm a Boeing engineer!" 

Write today to address below or use coupon 

r - -1 
JOHN C. SANDERS, Stall Engineer—Personnel 
DEPT. J-7 

Boeing Airplane Company, Seattle 14, Wash. 

Engineering opportunities at Boeing inter-
est me. Please send me further information. 

Nome 

Address 

City and State 
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„ Positions Wanted 

lie 

Electronic Designers 
For design and layout of UHF equip-
ment, Microwave components and sys-
tems. 

  Radio Engineers 
Minimum 5 years' experience. For re-
search and development in radio and ra-
dar systems and components. 

Engineers 
Experienced in the design and develop-
ment of components for the magnetic de-
flection of Cathode Ray Tubes. 

What can Kollsman mean to you? 
OPPORTUNITY 

Hie progressive, growing Kollsman organization offer. continuing op-
portunities in the design and development of America's finest aircraft 
in,trunients. 

CONVENIENCE 
An easy-to-reach modern plant, located in • quiet, residential section 
of New York. 

SATISFACTION 
'Ile finest facilities at your disposal ... friendly, cooperative co-workers 
... many liberal benefits including completely paid life, hospitalization, 
surgical, accident and health insurance. 

Find Out For Yourself—Contact Kollsman Today! 

KOLLSMAN INSTRUMENT CORP. 
80-08 45th Avenue, Elmhurst, Long Island, N.Y. 

EXPERIENCED 

RADAR AND COMPUTER 
ENGINEERS 

in one or more of the following fields: 

• General radar and 
computing systems 

• Servomechanisms 

• Radar transmitter-
modulators 

• Indicator systems 

• Wide band I F 
amplifiers and 
receivers 

• General pulse circuits 

• Generalized • Electro-mechanical 
systems analysis design 

UNUSUAL OPPORTUNITIES IN 

LONG-TERM DEVELOPMENT OF 
RADAR AND RELATED EQUIPMENT 

SINCE 1912 A LEADER IN RESEARCH 
DEVELOPMENT AND PRODUCTION 

Gilfillan Bros • 
1815 Venice Blvd., Los Angeles 6, California 

BROCHURE ON REQUEST 

(Continued from page 131 4 

ENGINEER 
Position in Toledo, Ohio area. BSEE Uni-

versity of Toledo June 1950. Age 23. 21 months 
experience PPI deflection and multiplexing; 
data transmission and handling; available Janu-

ary 1953. Box 611 W. 

ELECTRONIC ENGINEER 
3 years experience as research engineer, de-

partment head in charge of instrumentation and 
electro-mechanical development. BSEE, com-

munications, 1949. Married, age 27. Desires re-
sponsible, challenging work in electronics de-

velopment. Will locate in New Jersey, Pennsyl-
vania or Ohio. Box 612 W. 

ELECTRONIC ENGINEER 
BEF: Manhattan College 1950. 18 months 

experience Army Signal Corps. Operation test 
and maintenance carrier telegraph equipment. 
Desires position with future in electronics field. 

New York metropolitan area. Box 613 W. 

ELECTRONIC ENGINEER 
Electronic engineer, specializing in pulse tech-

niques, radar, digital computers; BS and MS 
from M.I.T.; 10 years experience, seeks perma-

nent position. Prefer west coast location. Box 
614 W. 

TELEVISION ENGINEER 
1ISEE 1949. (communication option) gradu-

ate work, Polytechnic Institute of Brooklyn. 5 

years experience in radio and television broad-
casting fields. Interested in position in tele-
vision design, development, or in television 

broadcasting. Box 615 W. 

(Continued ,n page 133A) 

A NEW Bendix Division! 

A NEW Electronic Product! 

NEW JOB OPPORTUNITIES  
In our modern plant at York, Pennsylvania, 
this new division of Bendix Aviation Cor-
poration is producing a new electronic 
product. This division has a big future; 
and this is your opportunity to get in on 
the ground floor, with excellent possibili-
ties for rapid advancement. We need the 
following: 

• ELECTRONICS ENG. 
e MECHANICAL ENG. 

Ce9 
We have many openings for men 
qualified by education or ex-
perience in all phases of elec-
tronics. 

YOU BENEFIT With the Bendix York 
Division, you will benefit from high wages, 
paid vacations and holidays and ideal living 
conditions in a beautiful suburban area. 

Write, Wire or Phone 

Department Y-2 

-mum 

AVIATION CORPORATION 

YORK DIVISION 

Phone: York 5521 York, Penna. 
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Positions Wanted 

(Continued from page I32A) 

DEVELOPMENT ENGINEER 
Ms in EE. 2.A years college teaching. 4 years 

industrial experience research development, test, 
design, and supervision. Current work servos. 
Desires development servos, circuits, analogs, etc. 
Pacific coast area. $650. min. Box 624 W. 

ENGINEER 
BEE January 1950, MEE June 1953; 21/4  

years design and development experience on 
automatic control systems; Electronic Techni-
cian, U. S. Navy. Desires position in the field 
of automatic control or medical engineering in 
New York area. Box 625 W. 

ELECTRONIC ENGINEER 
Electronic engineer, executive, age 44 with 

25 years experience research, development, de-
sign, installation, maintenance radio communica-
tions equipment; 51/4  years Naval electronics 
officer, over 5 years Navy Dept. Civilian Elec-
tronics Engineer. Salary $10,000; desires 
change. Established Washington, D.C. but will 
move. Prefer Phila. Pa. Box 626 W. 

ENGINEER 

BSEE Northwestern University; Eta Kappa 
Nu. Married, age 30. Private pilot, HAM. 14 
years 1st class radiotelephone. 3 years USN 
Airborne Technician Radar officer. 1 year cyclo-
tron const. 4 years electro-mech. timers. Box 627 
W. 

(Continued on page 136A) 

ELECTRON IC 
ENGINEERS 

FOR DESIGN AND DEVELOPMENT WORK IN 

RADAR 

COMPUTERS 

TELEMETERING 

DATA REDUCTION 

SERVO MECHANISMS 

DIGITAL TECHNIQUES 

A CHANCE TO GROW WITH A YOUNG PRO-

GRESSIVE COMPANY, SALARIES AND 

ADVANCEMENT COMMENSURATE WITH 

ABILITY, LIBERAL VACATIONS, SICK 
LEAVE, EIGHT PAID HOLIDAYS, GROUP 

INSURANCE, EDUCATIONAL ASSISTANCE 

PROGRAM, EXCELLENT WORKING CON-

ornoms. SEND RESUME OF EXPERIENCE 

AND EDUCATION WITH SALARY REQUIRE - 

MENU AND AVAILABILITY DATE TO: 

(.......) Electronic Ensineerins Company 

ISO SOUTM ALVARADO $TREET 

LOS ANGILES•4•CALIVORNIA 

lillill SPECIAL OPPORTUNITIES FOR 

SENIOR ENGINEERS 
Convair in beautiful, sunshiny San Diego in-
vites you to join an "engineers" engineering 
deportment. Interesting, challenging, essential 
long-range projects in commercial aircraft, mili-
tary aircraft, missiles, engineering research and 
electronics development. Positions open in these 
specialized fields: 

Electrical Design 
Mechanical Design 
Structural Design 
Structures 
Weights 

Servo-mechanisms 
Aerodynamics 
Thermodynamics 
Operation Analysis 
System Analysis 

Generous travel allowances to those accepted. 
For free brochure, write Mr. H. T Brooks, 
Engineering Dept. 800 

CONVAIR 
IN BEAUTIFUL 

SAN DIEGO 
3302 PACIFIC HIWAY 
SAN DIEGO 12, CALIFORNIA 
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ELECTRICAL 

ENGINEER 

or 

PHYSICIST 

with experience in 

RADAR 

Ur 

ELECTRON ICS 

s, 

•, 

Hughes Research and Develop-
ment Laboratories, one of the 
nation's leading electronics 
organizations, are now creating 
a number of new openings in 
an important phase of their 
operations. 

Here is what one of these positions offers you: 

THE COMPANY 

Hughes Research and De-
velopment Laboratories, 
located in Southern Califor-
nia, are presently engaged 
in the development and 
production of advanced 
radar systems, electronic 
computers and guided 
missiles. 

THE NEW OPENINGS 

The positions are for men 
who will serve as technical 
advisors to government 
agencies and companies 
purchasing Hughes equip-
ment—also as technical con-
sultants with engineers of 
other companies working 
on associated equipment. 
Your specific job would be 
essentially to help insure 
successful operation of 
Hughes equipment in the 
field. 

HUGHES 

THE TRAINING 

On joining our organiza-
tion, you will work in the 
Laboratories for several 
months to become thor-
oughly familiar with the 
equipment which you will 
later help users to under-
stand and properly employ. 
If you have already had 
radar or electronics experi-
ence, you will find this 
knowledge helpful in your 
new work. 

WHERE YOU WORK 

After your period of train-
ing—at full pay—you may 
(1) remain with the Labor-
atories in Southern Califor-
nia in an instructive or 
administrative capacity, (2) 
become the Hughes repre-
sentative at a company 
where our equipment is be-
ing installed, or (3) be the 

Hughes representative at a 
military base in this coun-
try or overseas (single men 
only). Compensation is 
made for traveling and 
moving household effects, 
and married men keep their 
families with them at all 
times. 

YOUR FUTURE 

In one of these positions 
you will gain all-around ex-
perience that will increase 
your value to our organiza-
tion as it further expands in 
the field of electronics. The 
next few years are certain to 
see large-scale commercial 
employment of electronic 
systems. Your training in 
and familiarity with the 
most advanced electronic 
techniques now will qualify 
you for even more impor-
tant future positions. 

How to apply: 

RESEARCH AND 

DEVELOPMENT LABORATORIES 

Engineering Personnel Depart ,,,ent 
Culver City, 
Los Angeles County, California 

• 

if you are under thirty-five 
years of age, and if you have 
an E.E. or Physics degree, 
write to the Laboratories, giving 
resumé of your experience. 

Assurance is required that 
relocation of the applicant 
will not cause disruption of 
an urgent military project. 

• 

Aerophysicists, 
Designers, 1 
Engineers I 

North American encourages advanced 
thinking, because they know looking 
ahead is the only way to maintain lead-
ership in the aviation industry. That's 
why North American needs men of 
vision. If you like hard thinking and 
would like to work for a company that 
will make the most of your ideas, you'll 
find real career opportunities at North 
American. North American offers you 
many extra benefits, too. 

North American Extras — 

Salaries commensurate with ability and 
experience • Paid vacations • A grow-
ing organization • Complete employee 
service program • Cost of living bo-
nuses • Six paid holidays a year • Fin-
est facilities and equipment • Group 
opportunities for advancement • Group 
insurance including family plan • Paid 
sick leave • Transportation and moving 
allowances • Educational refund pro-
gram • Low-cost group health (includ-
ing family) and accident and life insur-
ance • A company 24 years young. 

Write Today 
Please write us for complete informa-
tion on career opportunities at North 
American. Include a summary of your 
education, background and experience. 

Airborne Electronic Equipment 
Equipment Flight Tests 
Precision Instruments 
Automatic Controls 
Propulsion Systems 
Servo-Mechanisms 
Airframe Studies 
Radar Devices 
Instrumentation 
Micro Wave Techniques 
Metallurgical 
Electroplating 
Engineering Planning 

NORTH AMERICAN 
AVIATION, INC. 

Aerophysics, Electro-Mechanical Research 
Division 

Dept. 7, Pers I Section, 

12214 Lakewood Blvd., Downey, California 
North American Has Built More Airplanes 
Than Any Other Company In The World 
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Here is 
North American's 
Challenge 
To You 

Frankly, working at North American 
requires hard thinking and plenty of 
vision. Because North American always 
works in the future. Yet, if you are 
interested in advanced thinking, if you'd 
like to work on the planes that will 
make tomorrow's aviation history, you'll 
like working at North American. North 
American offers these extra benefits, too. 

North American Extras— 

Salaries commensurate with ability and 
experience • Paid vacations • A grow-
ing organization • Complete employee 
service program • Cost of living bo-
nuses • Six paid holidays a year • Fin-
est facilities and equipment • Excellent 
opportunities for advancement • Group 
insurance including family plan • Paid 
sick leave • Transportation and moving 
allowances • Educational refund pro-
gram • Low-cost group health (includ-
ing family) and accident and life insur-
ance • A company 24 years young. 

Write Today 

Please write us for complete informa-
tion on career opportunities at North 
American. Include a summary of your 
education, background and experience. 

Aerodynamicists 

Stress Engineers 

Aircraft Designers and Draftsmen 

Specialists in all fields of 

aircraft engineering 

Recent engineering graduates 

Engineers with skills adaptable to 

aircraft engineering 

NORTH AMERICAN 
AVIATION, INC. 

Dept. 7, Engineering Personnel Office 

Los Angeles International Airport 

Los Angeles 45, Calif.; Columbus 16, Ohio 

North American Has Built More Airplanes 
Than Any Other Company In The World 

FS MICROMETER HEAD 
éo tÁe Decttonic.1 .gneteu.ilty 

ENGINEERS USING IS MICROMETER HEADS FOR VARIOUS APPLICATIONS FIND THE TEMPERATURE COMPENSA-

TION CONSTRUCTION AND AUTOMATIC COMPENSATION FOR WEAR OF SPINDLE AND NUT THREAD CONTRIBUTING 

FACTORS TO THE INSTRUMENT'S PRECISE ACCURACY . . . A DEGREE OF ACCURACY IN READING, HITHERTO 

UNATTAINABLE IN ANY MICROMETER HEAD. SEND TODAY FOR YOUR COPY OF THE NEW DESCRIPTIVE BULLETIN. 

FREQUENCY STANDARDS 
P 0 BOX 66 EATONTOWN N I • TELEPHONE ASBURY PARK 1 1018 

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

Continued f rum rage 12t 

Gamma Ray Counter 
Nucleonic Co., of America, 497 Union 

St., Brooklyn 31, N. Y., now has available 
for early delivery a sensitive gamma ray 
geiger tube. This metal tube is six times 
more sensitive to gamma radiation from 
radio active iodine than other tubes of 
similar dimensions. It contains a bismuth 
cathode, and has a standard four prong 
connector: overall length is 8 inches; 
diameter is 1 inch. 

In addition, a wide variety of metal 
cosmic ray tubes possessing excellent 
plateau characteristics are also available 
now for early delivery. More information 
about these tubes and other nuclear 
products can be obtained by writing to the 
company. 

(Continued on page 136A) 

Opportunities At 

BECKMAN 
for 

ENGINEERS - SCIENTISTS 
To Develop Instruments and 

Electronic Components 

Use your training, aptitudes and exper-
ience in the following (or allied) fields: 
Spectroscopy . . . Precision Electronics 
Optics ... Physics ... Electromechanics 

Mechanics . . . Feedback Systems 

Men who combine fields will find our 
projects especially interesting. Typical 
developments include spectrophotom-
eters at all wavelengths, pH meters, 
electrometers, flame photometers, com-
puters, radiation instruments, titrators 
and others to be announced. 

Unusual opportunities in all divisions: 
Helipot and Beckman Instruments— 
So. Pasadena, California; Berkeley Sci-
entific—Richmond, California. Our 
company is a leader in the fast grow-
ing instrument industry, which is not 
dependent for its future on military 
contracts, but is of fundamental im-
portance to all types of research and 
industry. 

Write for application and information 
about our company. 

Personnel Department 

BECKMAN INSTRUMENTS, Inc. 
1001 El Centro Street 

South Pasadena 187, California 

AN/APR-4 LABORATORY RECEIVERS 
Complete with all five Tuning Units, covering the range 38 to 
4,000 Mc.; wideband discone and other antennas, wavetraps, 
mobile accessories, 100 page technical manual, etc. Versatile, 
accurate, compact—the aristocrat of lab receivers in this 
range. Write for data sheet and quotations. 

We have a large variety of other hard-to-get equipment, in-
cluding microwave, aircraft, communications, radar; and labo-
ratory electronics of all kinds. Quality standards maintained. 
Get our quotations! 

We will buy any Electronic Material at top prices. SCHOOLS 
—unload your dusty surplus for cash or credit. 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 
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EXPANDED 
FACILITIES 

at your 
service 

Your electron tube problems will 

now receive even finer, fuller, and 

faster attention at Lewis and Kauf-

man through absorption of the per-

sonnel and production facilities of 

Pacific Electronics, Saticoy, Califor-

nia. Top management of Lewis and 

Kaufman will remain unchanged 

and the Los Gatos Brand will be 

applied to all products. 

Special tube developments will 

receive added emphasis in the en-

larged organization. You are invited 

to submit your problems, whether 

for special or standard long-lived 

Los Gatos types. Contact your near-

by field representative or write 

direct. 

Positions Wanted 

(Continued from page 1334) 

PHYSICIST 
BS in physics with minor in • E.E. 3 years 

experience in application of electromagnetic 
waves. Desires location permitting further aca-
demic study either days or nights. Box 628 W. 

ENGINEER 
Naval Reserve officer, now on active duty 

with the Office of Naval Research, expects re-
lease end of 1952. 11 years electronic experi-
ence including development, administration and 
instruction. BEE and MEE degrees; continuing 
graduate studies. Married, age 34. Desires 
executive or administrative position in New 
York or New England area. Box 609 W. 

ENGINEER 
BSEE Purdue, 1948. Age 35, married. 6 

years operation-maintenance military electronic 
equipment. Several years experience design and 
development of communications and navigational 
equipment, technical writing, teaching, broad-
cast station operation. Available part-time New 
York City vicinity. Box 610 W. 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

Information. Please mention your I.R.E. affil ration. 

(Continued from page 135.1) 

Dummy Loads 

Mitron, Inc., 20 E. Elizabeth Ave., 
Linden, N. J., has developed a series of 
high power dummy loads which have been 
tested at power levels up to the breakdown 
level of the waveguide size for which they 
are intended, and show that they are 
capable of operating at peak levels and 
under conditions equivalent to that of rigid 
waveguide. 

They have a built-in metallic taper 
in the broad faces of the guide to provide 
for uniform power dissipation over the 
total finned area, thereby reducing the hot 
spots so common with standard dissipative-
wall dummy loads. 

Dummy loads are available with an 
average power dissipation equal to or 
greater than any existing radar system 
today and for the peak power rating of 
rigid wave guide. 

They are available in all waveguide 
sizes from I X to 3 X 14. 

(Continued on page I38A) 
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MINIATURIZED 
S-BAND CAVITIES 

4.w4-

• i 

co 3 

Originated by C.G.S. Laboratories, 
Inc., these S-Band Cavities have 

been perfected in cooperation with 
Signal Corps Engineering Labora-
tories. They utilize the new pencil 

tube series and meet all applicable 
JAN specifications. 

TYPICAL DATA 
Length-4-1/2" 

Diameter-1" (less projections) 

Weight-8 oz. 

Output—CW units—minimum 25 mw 

Pulse units-300-1000 Watts peak 

Tunable range—Pulse—up to 400 Mc 

—highest attainable frequency-

3400 Mc 

CW—up to 400 Mc 

—highest attainable frequency-

3000 Mc 

Temperature Drift—As low as +2 Mc 

from —50°C to +70°C 

Write for detailed specifications— 
determine how the C.G.S. Minia-
turized Cavity can solve your par-
ticular problem. 

C. G. S. 
LABORATORIES 

INC. 

391 LUDLOW ST. 

STAMFORD, CONN. 

SPACE SAVERS 
For Modern Electronics 

JOHNSON 
miniature air variables 

Capacitors too con turn on a 
dime . . . and require just a 
Ve" x 3/4 " panel area! Johnson 
miniatures are designed to 
solve the space and depend-

ability problem in modern portable, mobile and 
airborne equipment through the VHF range. 
You can depend on Johnson quality to maintain 
the high standards of your equipment. 

SPECIFICATIONS 

SINGLE 

CAT. NOMINAL CAP. NO. 
NO. MAX. MMF. PLATES L 

MIN. 

5M1 I 5.0 1.5 5 1-7/64 
9M1 I 8.7 1.8 9 1-7/32 
15M 1 1 14.2 2.3 15 1-13/32 
20M11 19.6 2.7 21 1-37/64 

DIFFERENTIAL 

6MA I 1 5.0 1.5 7 1-7/64 
9MA11 8.7 1.8 13 1-7/32 
15MAI 1 14.2 2.3 22 1-13/32 
19MAI 1 19.6 2.7 31 1-37/64 

BUTTERFLY 

3MB11 3.1 1.5 7 1-7/64 
5MB11 5.1 1.8 13 1-7/32 
9MBI 1 8.0 2.2 22 1-13/32 
I IMB I 1 10.8 2.7 31 1-37/64 

The Miniature Size with 

All Full Size Features! 

• Low inductance • Soldered plates 
assembled with precision • Split 
sleeve bearings • Beryllium copper 
tension spring contact for permanent 
alignment, constant torque and low 
inherent noise • Differential and but-
terfly types electrically symmetrical 
• Excellent vibration characteristic 
due to low inertia • Steatite insu-

lation impregnated with DC-200 • 
Metal parts brass, nickel plated • 
Single hole mounting bushing 

threaded 1/4 -32 with flats to pre-
vent turning • 3 16" shaft slotted 
for screw driver adjustment • Plate 
spacing .017" • Peak voltage rat-
ing, 1250. 

Features available in production 
quantities: Locking bearing, 180'stop, 

various shaft extensions, .0135" 

spacing with capacities up to 30 

mmfd, high torque. 

For Complete Information 

on the 

JOHNSON 

LINE 

Write for 

Catalog 973 

à11.111â0 

E. F. JOHNSON COMPANY 
CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS, JACKS, DIALS, AND PILOT LIGHTS 

204 2nd Ave. S. W. • Waseca, Minnesota 
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News—New Products 

Precision Resistors 

Write for details 

Available for use in 
equipment for the 
U. S. Government in 
1 watt size in values 
from 1000 ohms to 
1.0 megohm. 

11, electronics 
1026 SOUTH TEJON STREET 

METAL FILM TYPE 

1°/. TOLERANCE 

for 

HIGH STABILITY 
Under Severe Conditions 

IN AMBIENT TEMPERATURES 
from 125° C. to —65° C. 

AT FULL RATED LOAD 
up to 100* C. ambient. 

IN HIGH RELATIVE HUMIDITY 
less than I% change. 

TEMPERATURE COEFFICIENTS 
under 0.03% per degree C. 

VOLTAGE COEFFICIENTS 
less than 0.0005% per volt. 

DURABLE —Remain stable over long periods. 
Difficult to damage by rough handling. 

of Colorado 
• COLORADO SPRINGS, COLORADO 

FINNFLEX 
Conform to 
JAN -C-1 72A 

SPECIFICATIONS 
... but are actually 
made to exceed 
AN-E- 1 9 Drop 
Test requirements 

RUGGED PROTECTION for VITAL 
EQUIPMENT: Finnflex 
Mounts isolate vibration 
and shock from Electronic. 
Communication, and Con-
trol Equipment. They offer 
unimpaired efficiency from 
-se to +250°F.. "Selective 

,Action" friction dampening. 
non-linear steel springs, and 
other features. Wide range 
of sizes and load ratings 
available. 

TYPE SR MOUNTING BASE 

TYPE TPM VIBRATION ISOLATOR 

SHOCK MOUNTS for Signal Corps Mobile Equipment and for Naval 
Fire Control Units, 

SPECIAL PROBLEMS: Complete facilities for designing and fab-
ricating Shock and Vibration Mounts to order — regardless of 
size or weight of equipment mounted. 

Specify FINNFLEX—for Ruggedness. Efficiency, and Economy. 

Write for Catalog MB-110 

T. R. FINN E. COMPANY, Inc. 
Specialists in Vibration Control 

333 JACKSON AVENUE, NEW YORK 54, N. Y. 
Phone: CYpress 2-4192-3-4 

AIRBORNE 
MOUNTING 
BASES 

VIBRATION 
ISOLATORS -and 
SHOCK 
MOUNTS 
To JAN -C-1 72A 

SPECIFICATIONS 
and TO ORDER 

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

(Continued from page 1364) 

Subminiature Triode 

Raytheon Manufacturing Co., Special 
Tube Section, 55 Chapel St., Newton 58, 
Mass., announces a new low microphonic 
subminiature triode, Model Number 
CK6247 (formerly known as CK628). This 
type has a maximum noise output of 2.5 
millivolts ac across 10,000 ohms in the 

plate circuit when the tube is subjected 
to vibrational acceleration of 15 g at 40 
cps. The normal amplification factor rating 
is 60, and the mutual conductance rating 
2500 pmhos with maximum allowable 
plate voltage of. 275 volts. Data and further 
information may be obtained from Tech-
nical Information Service in Newton. 

Wire-Wrap Tools 
The Keller Tool Co., Grand Haven, 

Mich., announced the signing of a Patent 
License Agreement with Western Electric 
Co., Inc., to manufacture and market 
wire-wrap tools. 

During the past several years, Keller 
has designed and built air-powered wire-
wrap tools. Development work on such 
tools has been in progress at the Bell Tele-
phone Laboratories, Inc., and tools are 
currently in use by the Western Electric 
Co., Inc., the manufacturing unit of the 
Bell System. 

Wire-wrap tools are used in the manu-
facture of telephone equipment. In some 
cases, the tools are replacing hand methods 
for wrapping small wires around terminals 
to provide a positive mechanical and elec-
trical connection. They also eliminate the 
use of solder or any other method to 
mechanically hold the wire on the terminal. 
This method of joining wire and terminal 
is expected to find extensive application in 
the manufacture of radio and television 
sets, as well as telephone equipment. With 
the many hundreds of millions of terminal 
connections made annually, wire-wrap 
tools make available a great saving of 
manufacturing cost. 

(Continued on page 1404) 

I38A PROCEEDINGS OF THE I.R.E. January, 1953 



e enclable instruments 

FOR AIRCRAFT 

LABORATORY AND INDUSTRIAL 

APPLICATIONS 

The A-500 Portable Recorder is being 
widely used in many diversified fields 
as it is designed for applications where 
space is at a premium. Although ex-
tremely compact, 63/4" x 974( x 12 3A", 
and lightweight, 33 lbs., the Heiland 
A-500 retains the versatility and embod-
ies many of the features usually found 
only in much larger instruments. The 
features of the A-500 include four quick 
change paper speeds; precision time lines: 
trace identification; direct monitoring of 
galvanometer light spots. Paper width, 
4" -100' long. Available for either 12 
volt or 24 volt D.C. operation. 

Write today for catalog 
of Heiland oscillograph 
recorders, galvanometers 
and associate equipment. 

HEILAND RESEARCH CORP. 
1 30 E. FIFTH AVE • DENVER. COLORADO 

„sk 
ew ANTENNA* 

for VHF and UHF 

television 
The ANDREW "Skew" Antenna 

is the only antenna which provides 
a circular radiation pattern from 

antenna elements placed around a 

supporting structure which is 

larger than a half wave-length 

on a side! With the "Skew" 

Antenna, it is possible to mount 

a multiplicity of TV antennas 

on the sides of tall buildings, on 

the sides of existing towers — 

even towers which also support a 

standard antenna on top. The 

economy offered by a joint 

operation of this type is obvious. 

At present, the "Skew" 

Antenna is custom built for 

each installation and con-

sequently general performance 

specifications cannot be de-

lineated. However, ANDREW 

engineers will be glad to 

discuss its application to 

specific situations. 

ANDREW four element "Skew" 
Antenna on the conical end of the 
mooring mast of the Empire State 

building, used as auxiliary by 
WJZ-TV. Lower on the mooring 
mast, artist's sketch shows the 48 
element ANDREW "Skew" 

Antenna to be installed for WA TV. 

'Patents applied for 

ANTENNA SPECIALISTS 

C OR P OR A T ION • 363 EAST 75TH STREET, CHICAGO 19 

TRANSMISSION LINES FOR AM-FM•TV•MICROWAVE • ANTENNAS • DIRECTIONAL 
ANTENNA EQUIPMENT • ANTENNA TUNING UNITS • TOWER LIGHTING EQUIPMENT 
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News—New Products 

more LISTENING 
COMFORT with 
lightweight TELEX headsets!! 

Modern, light-
weight, durable . . 

Easily adjustable 
and built for hard 

usage, TELEX 

Headsets give top 
quality reception 

without the 
punishment of 

extra weight and 
pressure. 

"MONOSET 
The modern styling and 
dependability and su-
perior performance 
of the TELEX Mono-
set have made old 
fashioned head-
phones obsolete. 
Magnetic. 

THE ONLY 

PERSONAL PART 

OF ANY 

COMMUNICATION 

SYSTEM 

• DYNASET 
'Jew dynamic 
under-chin TELEX 
Dynaset. with more 
highs and lows of both 
music and speech, is the 
delight of radio and TV 
monitors. Weighs only 
1.25 on. 

s. 

•TWINSET 
This lightweight 1.6 oz.TELEX 
Twinset pipes signal directly 

no the ear, blocking 
out t background noises 

,79 Y nd fatigue.baishingmlaisgtneenti ng 

1"... (4.. 
' à 

-11( 

*Trade Mark 

•EARSET 
Sensitive TELEX Earset slips 
onto ear and is preferred by 
all who use single-phone 
headsets. Weighs only 1/2 
on. and leaves other 
ear free for 
phone calls or 
conversation. 

STANDARD OF THE 
WORLD FOR 

QUALITY HEADSETS 

Commercial Communications • Electronic Laboratories 
Office Transcribing Machines • Radio Monitoring 
Telecasting - Amateur Radio • Record Stores - Theaters 
Phone•Order Boards - Wired Music Installations 

For complete information on any of the above headsets, write 

TELEX, ELECTRO -ACOUSTIC DIV. 
Department 3E • St. Paul I, Minnesota 

In Canada, ATLAS RADIO CORP., Toronto 

2705 S. KRAMER 

Telex produces 
trearbets to 
manufacturers' 
specification 

HEARING AT 

ITS BEST 

rn ‘s. 

R. F. CHOKES 
Tiny-Rugged-Insulated 

Immediate Delivery 

from Stock! 

1/4 to 1 50 microhenries 

RADIO MFG. CO. 

TUCSON, ARIZ. 

• 1220 pages 
• 80,000 items 
• 8,000 illustrations 
• 8" x II"— lbs. 

Publisher's price 
$6.50—your price 

through your 
diegular part, el 95 

stributor %I 

The right part when you need it 
for production or laboratory 
requirements 

This permanent, hard cover Official Buying 
Guide of the electronic-TV parts and equip-
ment industry with its comprehensive detailed 
index, eliminates the need for maintaining files 
of small catalogs and manufacturers' literature. 
RADIO'S MASTER cata-
logs 90,, of TV and elec-
tronic equipment. Not mere-
ly part number listings— 
complete descriptions, spe- Ile Yen 
cifications and illustrations Files ef 
written and compiled by Small 
each manufacturer. Enables Celalegi earl 
you to make comparisons or • Leese 
substitutions right now! Literature 

UNITED CATALOG PUBLISHERS. INC. 
110 Lafayette St., New York 13 

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

(Cortinued fr es I 

Power Supplies 
Kepco Laboratories, Inc., 131-38 San-

ford Ave., Flushing 55, N. Y., has a new 
Modell#700 dc voltage supply with ex-
cellent regulation, low ripple content and 
low output impedance. 

The high voltage supply is continu-
ously variable from 0 to 350 volts and de-
livers from 0 to 750 ma. In the range 30 to 
350 volts the output voltage variation is 
less than j per cent for both line fluctua-
tions from 105 to 125 volts and load varia-
tion from minimum to maximum current 
The ripple voltage is less than 10 millivolts 
peak to peak. 

Cabinet height 221 inches, width 211 
inches, color gray, panel engraved. This 
unit is available delivering: 1.5 amperes— 
Model 710; 2.25 amperes—Model 720; and 
3 amperes—Model 730. 

Selenium Rectifier 
A new selenium rectifier cell rated 36 

volts (RMS), designed especially for appli-
cations where size and weight are primary 
considerations, has been developed by 
Federal Telephone and Radio Corp., 100 
Kingsland Rd., Clifton, N. J., manufactur-
ing associate of the International Tele-
phone and Telegraph Corp. 

Because the individual cells are rated at 
36 volts RMS, a rectifier stack made up of 
these cells will not only withstand a higher 
reverse voltage, but will require fewer cells 
for the same voltage output. As a result, 
losses are proportionately less, and the ef-
ficiency of the stack is considerably in-
creased. 

The newly developed Federal rectifier 
unit is particularly well adapted for use in 
aircraft and in many types of military 

(Continued on page 141,4) 
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Made of tough, durable Ethyl Cellu-
lose plastic. This cable clip will 
hold wires or groups of wires neatly 
and securely in position ... no possi-
bility of shorts or grounds. Only one 
fastener is required (screw, nail,' 
rivet or eyelet) with these loop type 
supports. 

Write for samples 
details, pri( es 

WECKESSER CO. 

6269 N. Avondale Ave. o Chicago 30, 

ttOSE-101ere. 

91115e." 

PRECISION 

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

(Continued from page 140A) 

equipment. Its compactness and lighter 
weight also make it ideal for use in battery 
chargers and power supplies. Other features 
include rugged construction, long life, and 
a high operating temperature which results 
in less derating. 

45 RPM Recording 
Discs 

The Reeves Soundcraft Corp., 10 E. 52 
St., New York 22, N. Y., manufacturers of 
recording discs and tape, has developed the 
first 45 rpm recording disc to be marketed 
commercially. The new disc has been de-
signed for both professional and amateur 
use. The Soundcraft "45" fits any conven-
tional recorder spindle and with the per-
forated center removed is ready for a 45 
rpm turntable. The new discs are now in 
production and initial orders are being 
filled. List price of the Soundcraft "45" is 
$1.10. 

Recent Catalogs 
The Television Transmitter Div. of 

Allen B. Dumont Laboratories, Inc., 1500 
Main Ave., Clifton, N. J., has released an 
up-to-date list of equipment and prices 
for complete television station planning. 

It is quite detailed and should be suf-
ficient to completely price any type of 
installation. 

(Continued on page 142A) 

QUALITY CONIROt... 
brings you tine best 

in paper tubes 

PAPER TUBES 
Made of the finest dielectric kraft, fish paper, acetate, 
or combinations, PRECISION Paper Tubes are die-
formed under heat and pressure. Uniformity, 
strength, and light weight are assured. High manu-
facturing standards and rigid testing result in maxi-
mum insulation, heat dissipation, and moisture re-
sistant characteristics. 

Available in any shape, length, I.D. or O.D. 
Finished to your exact specifications. 

SEND TODAY FOR FREE SAMPLE AND REQUEST 
NEW ARBOR LIST OF OVER 1500 SIZES. 

2051 W. CHARLESTON ST. 
Plant No. Two, 79 Chapel St., Hartford, Conn. 

Also Mfrs. of Precision Coil Bobbins 

CHICAGO 47, ILL. 

I ) C() 13NIC 

C()NNECT()R. 

Manufactured with hut one 

thou:sht in mind ... 

quality. 

D AI 0 N D 
MANUFACTURING CORPORATION 

7 North Avenue. Wakefield. Mass. 
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HD MFG. CO. 
BROOKLYN 4, N. Y. 

BiNSONHURST 6-9200 

world's largest manufacturer 
of tv antennas 6 accessories 

leading manufacturers use 

JFD PISTON TYPE VARIABLE TRIMMER CAPACITORS 
in both civil and military equipment 

NO OTHER LIKE IT! 
Spring loaded piston made of special 
invar alloy having extremely low tern. 
perature coefficient of expansion. 
Silver band fused to exterior of precision 
drawn quartz or glass tube serves as 
stationary electrode. 
Piston dimensional accuracy is held to 
close tolerance maintaining minimum air 
gap between piston and cylinder wall. 
Approximately zero temperature coeffi-
cient for quartz and -± 50 P.P.M. per 
degree C. for glass units. 
"Q" rating of over 1000 at 1 mc. 
Dielectric strength equals 1000 volts DC 
at sea level pressure and 500 volts at 3.4 
inches of mercury. 
10,000 megohms insulation resistance 
minimum. 
Operating temperatures, —55 C. to +125 
C. with glass dielectric. And —55 C. to 
+200 C. with quartz dielectric. 
Over 100 megohms moisture resistance 
after 24 hours exposure to 95% humid. 
ity at room temperature. 
Write for Form No. 199 

83-$378 

COAXIAL 
CRYSTAL 
MIXER 
BROAD BAND 

FIXED TUNED 

Broad Band Crystal Mixer Model CM107 

INPUT VSWR: Better than 2 to 1, without adjust-
ments, for all frequencies within the nominal 
frequency range. 

LOCAL OSCILLATOR POWER REQUIREMENT: 10 
Milliwatts. Oscillator injector is adjustable to 
accommodate large variations in oscillator 
power. 

LOCAL OSCILLATOR VSWR: Better than 2 to 1 
with any L. 0. injector adjustment. 

LOCAL OSCILLATOR REJECTION AT I. F. OUTPUT: 
Better than 30 DB. 

MODEL FREQ. RANGE IN MC 

CM-107A 
CM-107A1 
CM-107A2 
CM-1078 
CM-107C 
CM-1070 
CM-107E 
CM-107F 

225 to 400 
300 to 530 
510 to 760 
750 to 1210 

1120 to 1700 
1700 to 2600 
2600 to 4000 
4000 to 5600 

EMPIRE DEVICES' expert engineering staff is 
available to give careful attention to your prob-
lems. Your inquiries are invited. 

EMPIRE DEVICES, INC. 38-25 BELL BOULEVARD, BAYSIDE 61, N. Y. 

News—New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued front page 141A) 

Synchronous Brake 

Allard Instrument Corp., 30 Broad St., 
New York 4, N. Y., has released data on 
the second model B-2 Synchronous Brake. 
This is a device which provides a means of 
rotating a load at a desired synchronous 
speed without using a synchronous motor. 
An ac induction or any of the dc types of 
motors may be used. 

The hollow shaft of the brake rotor is 
fastened to the motor shaft, and the brake 
stator is fastened to the face of the motor. 
The stator is fed the synchronizing fre-
quency, the motor is started, and as it 
passes that synchronizing speed it is locked 
in step at that speed by the synchronizing 
torque of the brake. 

The maximum synchronizing torque is 
1.5 ounce-inches, maximum allowable 
speed is 15,000 rpm. Frequency range: 8-
pole winding, 0 to 1,000 cps; 4-pole wind-
ing 0 to 500 cps; 2-pole winding 0 to 250 
cps. Power input at full load and high 
speed is approximately 15 watts. Single 
phase winding, input voltage, up to 120 (to 
meet customer's specification). 

High Speed Level Recorder 

Recent electronic and mechanical de-
sign changes have resulted in improve-
ments of the High Speed Level Recorder 
(Model HPL) produced by Sound Ap-
paratus Co., Stirling, N. J. The frequency 
response has been improved; furthermore, 
the sensitivity has been increased and can 
be adjusted from 7 to 12 millivolts. A new 
semi-automatic electronic damping is pro-
vided which controls the writing stylus 
and is particularly useful when the input 
potentiometers or writing speed are 

MANUFACTURERS OF FIELD INTENSITY METERS DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS 

142A 

(Continued on page 143A) 
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•MULTIPLE GANGING 

•INDIVIDUAL EXTERNAL PHASING 

•POSITIVE INTERLOCK 

•PRECISION MACHINED 
ANODIZED ALUMINUM 

CASE 
• ADJUSTABLE TAPS 
WITHIN _L- 112 ° 

Designers are in-
vited to submit 
their applications 
to DeJur engi-
neers for recom-
mendations and 
suggestions. 

2" Diameter 
4 Watts Fully Enclosed 
10 to 200,000 Ohms Accuracy 
up to 1% 
Linearity up to 0.3°. 
Non Linear Windings 
360 (Continuous) Mechanical 
Rotation 
320 Electrical Rotation 
Taps as Required 
High Resolution 1,000,000 
Cycles Operational Life 
Precious Metal Contacts 
Low Torque 1 oz. inch 
Centerless Ground Stainless 
Steel Shafts 
Ball Bearings to Special Order 
Single or Ganged Units 
Servo Type Mounting or Single 
Hole Threaded Bushing 
Numerous Shaft Designs 

ueuoomim Ded111 AMSCO 
CORPORATION 

News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation 

(Continued from page 142A) 

changed. The electronic chassis is an in-
tegral part of the recorder and can be 
easily substituted with circuits of different 
functions. 

Mechanical changes have been made 
for a more convenient chart roll insertion 
and manual chart setting. Chart rewinding 
mechanism has been added. Knobs for-
merly protruding from the side of the 
instrument case have been eliminated. 

Bulletin available upon request. 

Fuse Marker 

A new marking machine makes possible 
for the first time the printing of label infor-
mation directly on cartridge-enclosed 
fuses, eliminating the need for paper labels. 
This machine is a product of Markem Ma-
chine Co., Keene, N. H. 

The 51A Machine is the result of a co-
operative development with Underwriters' 
Laboratories, Inc., and with leading fuse 
manufacturers. It produces direct ink im-
prints which cannot "fall off" and are un-
affected by moisture or ordinary chemical 
atmospheres. Label inventory and wastage 
problems are eliminated. Print is larger and 
colors simplify coding and identification. 
Use of this machine and the markings it 
makes on fuses meets with approval of 
Underwriters' Laboratories, Inc. Fuse 
manufacturers subscribing to UL testing 
service use a special recording die roll 
which counts the number of impressions 
made—maintaining the required UL con-
trol. 

This new addition to the Markem line 
of machines for special marking applica-
lions will be followed by machines for 
marking fuses of all types. 

(Continued on page 144A) 

IOU r‘l• 

TWO SPEED 

PRECISION DRIVE 

(Patents U.K., 

U.S.. etc.) 

Type 52 

TWO SPEEDS • SINGLE CONTROL 

FREE OF BACKLASH 

Accuracy of scale reading 100% 

Coarse searching speed plus fine 
setting control. 

Single control knob displaced 
axially to select the speed ratio. 

Spring-loaded gears with auto-
matic take-up of any wear or 
play between primary and 
secondary drives. 

Pointers geared directly to 
centre spindle. 

Security in operation: friction 
clutch obviates overdriving. 

TYPE NUMBER EFFECTIVE SPEED RATIOS 
OF DIAL SCALE 

COARSE FINE No MARKINGS LENGTH 

52 1,000 3.3 feet 1 : 8 : 120 
63 1.000 3.3 feet 1 : 8 : 120 
57 2.000 6.6 feet I : 15 I : 200 

56 2.000 6.6 feet 1 : 15 I : 200 
53 2.000 6.6 feet 1 : 15 I : 200 

We are specially organized to handle direct 
enquiries and orders from U.S.A. 

Billed in dollars. Settlement by your check. 

CABLE OR AIRMAIL TO-DAY 

TRANSRADIO LTD 
CONTRACTORS TO H.M. GOVERNMENT 

138A CROMWELL ROAD, LONDON, S.W.7., ENGLAND 

CABLES TRANSRAD, LONDON 
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GLUTTONS for PUNISHMENT 
News—New Products '11111.-

h 1 h't 1 

1-.1 F..1- • -1 

-11_1101 
Hl h.t- I EJ 

e AXON /1/ 

1W' II 

"1-iï 

F 

CUSTOM 

CORD SETS 

MI T I si 
MI-  

RUBBER ..PLASTIC.. 

Also 

0•810FLAME4 OR" 

, 

The Television 
Hookup Wire 

Designed, engineered and 
produced for YOUR products! 

For a delicate "walkie-talkie" 
or a huge arc welding unit ... 
put your wire problems up to 
CORNISH experts! 

ENC.; NEER C, R ENGI N E 

CORNISH WIRE CO., INC. 
50 Church St. New York 7, N.Y. 

.7Iz ere ii _Ain ay, On. „Lai., in every .7i.11 

BODNAR INDUSTRIES, Inc. 
leads in the field of 

TRANSILLUMINATED PLASTIC LIGHTING PLATES 
BECAUSE OF Quality • Uniformity • Performance 

Design & Layout "Know-How Service" 
Quantity Production Promptly 

NEW YORK —19 Railroad Ave., New Rochelle (Home Office) 
TEXAS —Jefferson Tower Building, Dallas 
CALIFORNIA-11056 Cumpston St., N. Hollywood 

\lee\  CANADA —313 Montreal Trust Bldg., 67 Yonge St., Toronto 
SPECIMEN PANEL MIL-P-7788 (AN-P-89) SENT ON LETTERHEAD REQUEST 

MICROWAVE NOISE GENERATOR 

COLOR TV TELE 

FREQUENCIES AVAILABLE: 

HG 48/U 2.600 to 3,950 megacycles 
HG 49/U 3.950 to 5,850 megacycles 
HG 50/U 5,850 to 8,200 megacycles 
HG 51/U 7,050 to 10,000 megacycles 
HG 52/U 8,200 to 12.400 megacycles 
RG 48 U $385. HG 49-52/U $285. 

SPECIFICATIONS: 
earldom Noise Output: - 15.8 db all guides ' 0.25 db above thermal 
noise at waveguide temperature of 32 C. Power Input:-30 Watts at 
115 Volts, 50 60 cycle. Output Couplings Standard JAN 

CHROME 
INCORIO.MO 

. . THROUGH ADVANCED RESEARCH & DEVELOPMENT 

(88 MERRICK ROAD, AMITYVILLE, N. Y.) 

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

(Continued from rage 143A) 

B-Supply 

This B Supply was designed by Soren-
sen & Co., Inc., 375 Fairfield Ave., Stam-
ford, Conn., specifically for a test position 
requiring 300 volts dc. regulated, at the 
relatively high current of 1 ampere. A num-
ber of subsequent requests for similar in-
struments have resulted in their being 
made available as standard catalog items. 

• 
Designated as the Sorensen Nobatron, 

model E-300-1, the instrument has the fol-
lowing electrical specifications: Input is 
105-125 volts at 50-60 cps; Output is ad-
justable from 297 to 303 volts dc at 0-1 am-
pere; regulation accuracy is ± 1 per cent 
for line and load changes from zero to full 
load; ripple is 10 mv. 

Full information on this instrument as 
well as other regulated dc sources and ac 
line regulators may be obtained by writing 
to the company. 

Gated Counters 
Digital Instrument Co., Inc., P.O. Box 

1345, Coral Gables, Fla., has two new 
models (604 and 605) which are basic 
counting units containing an electronic 
decade counting unit, an input amplifier 
system, a gated circuit and a hold circuit 
with a variable period. 

It is used with a time base generator 
to form a system for frequency, events, or 
revolution counting. When used with a 
fixed frequency source and controlled by 
on-off pulses, time interval measurements 
may be obtained. Maximum frequency is 
100,000 counts per second. Count capacity 
of Model 604 is 4-digits. Model 605, 5-
digits. 

144\ 

TELEPHONE: AMITYVILLE 4-4446 
(Continued on page 1454) 
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News—New Products 
These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

ntinucil In In page 114A 1 

Time Base Generator 
Digital Instrument Co., Inc., P.O. Box 

1345, Coral Gables, Fla., has developed 
a Time Base Generator (Model 420) which 
is a precision source for balanced square 
waves, gate lengths and timing markers. 
It is designed to produce either marker 
pips or dc steps suitable for controlling 
gated circuits. 

Fourteen gate lengths are available as 
follows: 0.05, 0.10, 0.50, 1.0, 5.0, 10.0 
milliseconds, and 0.05, 0.10, 0.50, 1, 5, 
10, 50, and 100 seconds. Square wave fre-
quencies of 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 
10, 50, 100, and 500 cps, and 1, 5, and 10 
kc. Frequency stability is 1 part in 100,000. 
Precisely balanced square waves, 50/50 
duty cycle. The output is direct coupled. 

(Cantinued on page 146A) 

Direct Coupled 
Wide Band Amplifier 

Almmur 

0' 

• 
AEL Mo.11 251 DC Amplifier 

A unique instrument to amplify small DC 
and high frequency potentials found in re-
search in such fields as physiology, geophysics, 
strain measurements and analog computing. 

Response Frequency response, flat ± 
to 20.000 cps, is usable to at least 100 kc. 

Gain Differential voltage gain of 100,-
000 stabilized by negative feed back to±1%. 

Noise Less than 10 microvolts of noise 
at widest bandwidth with input shorted. 

Drift Drift is less than 5 microvolts 
per minute with the AEL 351 Power Supply. 

Input Input impedance is 100 meg. 
with less than 0.1 microamp. grid current. 

Output Low output impedance directly 
drives oscillographs, recording instruments. 

Write for detailed specifications and catalog. 

American Electronic laboratories 
INCONPORATt 

641 Arch Street, Philadelphia 6, Pa. 

elltellIMPrgind 

High Impedance 
Millivolt Measurements 

Above 5 MC 
Below the input voltage level of 25 mV germanium diodes and other 

crystal rectifiers are nearly square law detectors. When combined with 
a high impedance vacuum tube millivoltmeter for DC, having 1 mV 
full scale deflection at 6 megohms input impedance, these crystal 
rectifiers can be used as "pseudo-thermocouples" for high impedance 
millivolt measurements at input wattage levels substantially lower (micro-
watts) than those of ordinary heater type thermocouples (milliwatts). 
This is particularly useful for mV measurements above 5 MC since little 
in the way of instruments has been available in those higher frequency 
ranges, so far. 

It Measures 

Where Others Fail 

Millivac MV-1813 RF-mV-Meter 

• Measures RF signals down to a single mV and DC down to 50 micro-
volts. 

• Wide Frequency Range (I MC to 200 MC flat within I 0°/0 directly 
calibrated. Useful up to 2,500 MC with calibration chart). 

• Minimum Circuit Loading (new "MINIMUM CAPACITY PROBES" 
have 1.0, 1.5 and 2.8 MMF rated input capacities). 

• Wide Voltage Range (RF 10mV to 1,000 V, directly calibrated, I mV 
to 10 mV by chart—DC 50 microvolts to 10 mV, directly calibrated). 

• Square Law Dial For Vacuum Thermocouples and High Impedance 
"Pseudo-Thermocouple" Measurements. 

MILLIVAC INSTRUMENT CORPORATION 

P.O. BOX 997, Schenectady, N.Y. 
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RCA TEST EQUIPMENT 
TUBES • PARTS • BATTERIES 

NEW! 5" OSCILLOSCOPE WO-88A 
High Gain • Wide Band • Direct Coupled 

Response flat from dc to 100 Kc; within — 3 db at 500 Kc; 
within -10 db at 1 Mc. Excellent square wave response with 
negligible tilt and over-shoot. Vertical deflection sensi-
tivity 25 rms millivolts per inch. Direct-coupled push-pull, 
two stage vertical amplifier. Frequency compensated, 
voltage-calibrated attenuators. 5" CR tube with graph 
screen scaled directly in peak-to-peak voltage. Overall 
input resistance 10 megohms shunted by 9.5 uuf with 
WG-216B Low Capacitance Probe. "Plus" and "minus" sync, 
1-volt peak-to-peak calibrating voltage. 

Complete with Matched Probes and Cables Price $159.50 

COMPLETE STOCKS ALWAYS ON HAND! 

íE 
;'r• 

17111 , 

e • e )11 • e 

-.11Mit._4444 

For fast service on RCA TUBES, TEST INSTRUMENTS, 
BATTERIES, PARTS . Call Hudson your complete, 
dependable source! 

FREE! 12 HUDSON CATALOG 
With Latest JAN Cross-Reference GUIDE 

Everything in electronics at your fingertips In this greatest of all 1953 HUDSON 
CATALOG! Over 196 pages of Radio, TV, Tubes, Test Instruments ... all standard 
electronics equipment for industry. The most complete buying guide of Its kind 
PLUS the latest JAN CROSS-REFERENCE GUIDE with complete listings of fully 
approved JAN type components with comparative cross-reference Interchange-
ability charts that save endless hours of catalog searching. 

-Ale. Get Prompt Delivery of Everything You Need From HUDSON ... Complete Stocks 
of All Standard Electronics Equipment and Fully Approved JAN Type COMPONENTS. 

HUDSON 
RADIO & TELEVISION CORP. 

Send for your FREE Catalog today! Dept. T-I 

48 WEST 48th ST. • 212 FUTON ST. 
New York 36, N. Y.• circle 6-4060 • New York 7, N. Y. 

Lengths from 1/2 " to 30' 
Inside Perimeters, .450" to 25' 

PARAMOUNT Paper Tubes facilitate coil wind-
ing—insure coil accuracy and stability. Proved 
by use, they have become standard with leading 
manufacturers of electrical, radio and electronic 
products. Here you are sure to obtain the exact 
size and shape you need for coil forms and other 
uses ... from stock arbors, or specially engi-
neered to your specifications. Ili-Dielectric. Ili-
Strength. Kraft, Fish Paper, Red Rope, or any 
combination, wound on automatic machines. 
Tolerances plus or minus .002" • Also Shellac 
Bonded Kraft Paper Tubes for absolute mois-
ture resistance. 

PARAMOUNT PAPER TUBE CORP. 
617 LAFAYETTE ST., FORT WAYNE, IND. 

Mfrs. of Paper Tubing for the Electrical Industry Since 1931 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from Page 145A) 

Recent Catalogs 

Featuring typical examples of specialty 
transformers for airborne electronic equip-
ment, a new 2-color brochure, complete 
with illustrations and descriptions, has just 
been issued by Goslin Electric & Manu-
facturing Co., Div. The Goslin Corp., 
Dept. AT, 2121 \V. Olive St., Burbank, 
Calif. 

The brochure outlines applications of 
transformers custom-engineered especially 
for airborne radar, gyro and communica-
tions equipment and describes construc-
tion features, electrical characteristics, 
dimensions, weights and specifications. 
Transformers featured meet or surpass 
exacting Military and Civilian aircraft 
specifications and include the following 
types: hermetically sealed and open framed 
units of small size and light weight; Pulse, 
Single-Phase to Three-Phase, Filament, 
Power, Charging Reactor (Choke), Bridge, 
Audio Frequency, Filter Choke (Reactor), 
etc. 

Brochure also includes illustrations of 
modern engineering, development, testing 
and production facilities. Brochure can be 
obtained by writing. 

High-Speed Capacitor 
A butterfly-type variable capacitor 

capable of continuous operation at speeds 
as high as 3,200 rpm is now available from 
the Hammarlund Mfg. Co., Inc., 460 West 
34 St., New York 1, N. Y. 

The high-speed capacitor, designed for 
sweep circuits and other applications re-
quiring alternating capacity values, elimi-
nates rotor contact springs and uses com-
mercial ball bearings in addition to a novel 
alignment and end-thrust take-up device. 
Soldered brass rotor and stator assemblies 
nickel or cadmium plated, are used. 

Units are available with series effective 
capacity values ranging from 5.4 to 17.0 
puf nominal. Air gap between plates is 
0.030 inches nominal. Outside dimensions 
of each silicone-treated steatite base is 
11X11 inches. 

(Continued on page 148A) 
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v4HERE. 
RESISTANCE UV 
HIGH AND 1- 011/ 
'TEMPERATURES 
IS VITAL -'30oc. 

111 
—60°c 

INSULATED 
HOOK-UP WIRE 

R4ii>JË 
• HEAT 

• FUNGI 

• ABRASION 

• CHEMICALS 

"Surflene", extruded monochloro-
trifluoroethylene, has high insula-
tion resistance, dielectric strength 
and outstanding resistance to heat, 
abrasion, most chemicals and con-
centrated acids, including fuming 
nitric acid. It is non-inflammable 

and inert to fungi. It is especially 
designed for hermetically sealed 
and water-proof equipment and for 
high temperatures encountered in 
power supply and continuous duty 
apparatus. Also available in multi-
conductor cables. 

"Surflene" is available in thirteen 
colors — red, orange, yellow, pink, 
light and dark green, blue, gray, 
tan, brown, black, white and clear. 

Write our Engineering Service 
TODAY for technical assistance. 

Ça 
MANUFACTURING COMPANY 

199 WASHINGTON ST., BOSTON 8, MASS. 

itlaWthe EBYsub-miniature 
completes the EBYsocket line! 

1 41-m -r-- 
SUB-MINIATURE RECTANGULAR 

5 pin available. Write for particulars on 6, 7, and 
8 pin. Material data below. 

MINIATURE SOCKETS 
Complete line of 7 and 9 pin; 

R.M.A. and JAN types. 

• 
OCTAL SOCKETS 

Complete line of R.M.A. and 
JAN types, plus all-molded for 
. high voltage TV circuits. 

Eby sub-miniatures complete the stand-
ard Eby socket line. Here are the details: 

Contacts: Beryl. copper silver plated, tin dipped, or gold 
flash over silver plate. 

Body: Low-loss mica-filled phenolic. 

Saddle: Brass, nickel plated. 

Deliveries on all Eby components are good. Phone, write or wire. 

Need an Eby catalog? 
Just ask for one. 

HUGH H. INC. 

PROCEEDINGS OF TIIE I.R.E. January, 

4702 Stenton Ave., Philadelphia 44, Pa. 
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PATENT PENDING 

Socket-Turrets for most 
tube types will carry 
a wide variety of cir-
cuit elements. 

Plug-Ins of many sizes 
with sockets and plugs 
as desired provide 
great flexibility in 
circuitry 

/ UNIQUE 
Unitize those tricky circuits for 
quick change or repair, com-
pactness, top performance, 
ease and economy of fabrica-
tion. Hundreds of experiment-
ers and designers have found 

_,....y  the answer they have been 
looking for in the Socket-Tur-
ret Method of construction. 
New and improved models 
for the most exacting appli-
cations are now available. 
Let us tell you more about 
them. Send for catalog. 

REPRESENTATIVES 
B. B. Taylor Co., 150 Broadway. N.Y. City 
Anderson Sales, 172 State St., Boston i 
R. J. Magnuson, 2323 W. Devon, ChIca go 
D. H. RossCo., 1355 Market, San Francisco 

Vector Electronic Co. 
3352 SAN FERNANDO RD, LOS ANGELES 65 

MICROLAB 

Frequency Range 

Attenuation 

Power Rating 

Impedance 

VSWR 1000 MC 

VSWR 2000 MC 

Connectors 

FIXED PAD 
ATTENUATORS 

D.C. to 3000 MC 

1 to 60 db 

One Watt 

52 ohms 

1.10 

1.15 

Type N 

PRICE 

$20.00 
to 

$30.00 

Some of Our 

OTHER PRODUCTS 

• LOW PASS FILTERS 
• HIGH PASS FILTERS 
• COAXIAL TERMINATIONS 

• POWER LINE FILTERS 

• FREQUENCY MULTIPLIERS 

WRITE TODAY 

For Our 

Complete 

Catalog 

Phone: SOUTH ORANGE 2-7422 

MICROLAB 

di 
301 SOUTH RIDGEWOOD ROAD 

SOUTH ORANGE, NEW JERSEY 

COAXIAL COMPONENTS and TEST EQUIPMENT 

News—New Products 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

(Continued from page 146A) 

Mechanical Filter 
The Collins Radio Co., Cedar Rapids, 

Iowa, recently announced the development 
of a Mechanical Filter. This unit is being 
offered to the industry as a component 
and, in addition, Collins is incorporating 
these filters in their new transmitter and 
receiver designs. More rigid control of 
transmitter side-band radiation as well as 
rejection of adjacent channel interference 
in receivers is accomplished by this filter. 

The filter is a magnetostrictively driven 
unit for intermediate frequency applica-
tion and is composed of three sections; 
the input transducer, the resonant section, 
and the output transducer. Input and 
output sections are identical and function 
to convert the electrical signal to a me-
chanical form and vice versa. In the reso-
nant section, disks composed of special 
alloy metal have a very sharp resonance 
and excellent frequency stability. By 
means of magnetostrictive action, me-
chanical vibrations are converted into a 
varying magnetic field. A coil intercepts 
this field and supplies the output voltage. 
The entire unit is housed in a hermetically 
sealed case smaller in size than a normal 
intermediate transformer. 

Recent Catalogs 

470 new items are covered by Cen-
tralab, Div. Globe-Union, Inc., 900 East 
Keefe Ave., Milwaukee 1, Wis., in a new 
industrial and distrubutor stock catalog 
number 28. The book has 32 pages and 
covers five product divisions; variable re-
sistors, ceramic capacitors, rotary and 
level switches, printed electronic circuits, 
and steatite insulators. 
A few of the items included in Catalog 

28 are: A new line of miniature ceramic 
rotary switches; Disc capacitors with 
molded insulation;—all values; Expanded 
and improved "Blue Shaft" and "Ada. 
shaft" control lines; New capacitor items: 
Ceramic standoffs, feed-throughs, button-
type capacitors, 1600 volt buffers, and 
miniature trimmers. 

Central Catalog 28 will keep anyone in 
radio or electronics up to date with the 
latest information on components from 
the pioneer and leader in that field. 
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COMMUNICATIONS EQUIPMENT CO. 

PULSE TRANSFORMERS 
D-I66173: Video, Ratio 50:900 Ohms 10KC 

2511'  $12.50 
G.E.K.•2745  $39.50 
G.E.K.-2744-A. 11.5 KV High voltage. 3.2 KV Loy 

soltage Ye 200 KW oler. (270 KW max.) 1 microsee. 
1/inieroser. Ss 600 PPS  $39.50 

W.E. 0169271 Hi Volt Input pulse Transformer  $27.50 
G.E. K2450A. Will reiteive 13KV. 4 micro-second pulse 
on prl. seronilary delivers 14KV. Peak power out 100 
KW G. E.  $34.50 

G. E. K2748A. Pulse Input line to magnetron  $36.00 
Ray UX 7896- Pulse Output Pr'. 5e. sec. 41e ..$7.50 
Ray UX 8442--1•111se insersion-40v + 40v  $7.50 
Ray UX 7361  25.00 
PHILCO 352-7250. 352.7251. 352-7287 
UTAH 9332. 9278. 9341. 
RAYTHEON: UX8693. UX5986   $5 ea. 

0.166310, D•16638. KS 9800. KS9948 

PULSE EQUIPMENT 
APQ-I3 PULSE MODULATOR. lui.,  1,1111 .7. to 1.1 

5lierri See. Rep. rate 624 to 1348 Pps. IL. Pwr. out 
35 KW Energy 11.11 18 Joules  $49.00 

TP13.3 PULSE MODULATOR. Pb. power 50 amp. 24 
KW 11200 KW ok): pulse rate 200 PPS. 1.5 microsec. 
Pulse 1111Y impedance 50 ohms. Circuit series charging 
version of DC Resonance type. Uses two 705-A's as 
rectifiers. 115 v. 400 cycle input. New with all 
tulws  $49.50 

DELAY LINES 
D•168184: 0.5 micmsec. tap to 2000 PPS 1800 ohm 
him  $4.00 

D-170499: 25/.50/.75 mlerosee. 8 KV 50 dint. 
 $16.50 

97.50 
RCA 255686.502. 2.2u sec. 1100 ohms  $2.00 

11111, 

D. (65997: P4 mieroser.   

PULSE NETWORKS 
G.E. :6R3-5-2000-50P2T. 6KV "E" i.ir 
milt, :1 seetions .5 tnicrosecond, 2000 PPS 
511 ohms Impedance  $6.50 
15A-1-400-50: 15 KV. -A" CRT 1 
mieroser. 41(0 PPS. 50 ohms imp. 937.50 
G.E. 23K CI-84-8101 8-2.24-405) 50P4T: 
3KV "E" CKT Dual Unit: Unit 1. 3 

sections. 0.84 511crostr. 810 PPS. 50 ohms imp.: 
11,11 2, 8 Sections, 2.24 microsee. 405 PPS. 50 ohms 

 $6.59 
7-5E3-1-200-67P. 7.5 KV. "E" Circuit, 1 micmsec 

200 PPH. 67 ohms impedance 3 sections  $7.50 
7-5E4-16-60. 67P. 7.5 KV. "E” Circuit, 4 sections 16 

mierosee. 60 PPS. 67 ohms Impedance  $15.00 
7.5E3-3-200-6FT. 7.5 KV. "V - Circuit. 3 mIcrosec. 200 
PPS. 6 011111S inn,. 3 sections  $12.50 

7755: 10KV, 2.2user.. 375 PPM. 50 ohms imp.  $27.50 
:754: IOKV. sno,...•.. 75o PPS. 50 1,11111 , 111111.  927.50 

.00 CYCLE TRANSFORMERS 
(All Primaries II5V. 400 Cycles) 

Stock Ratings Price 
352-7039 640VCT @ 250MA, 6.3V/.9A. 6.3V/6A. 

5V/6A   $5.49 
702724 9800/8600 @ 32MA    
12033 4540V/250MA   17.50 
K59584 5000V/290MA. 5V/I0A   22.50 
521652 .   14.65 
KS9607 734VCT/.177A. 1710VCT/.177A   6.79 
352-7273 700VCT/350MA. 6.3V/0.9A, 6.3V 2 5A 

6.3V/.06A, 5V/CA   6.95 
352-7070 2X2.5V/2.5A (2KV TEST) 6.3V/2.25A. 

1200/1000/75 OV @ .005A   7.45 
352-7196 1140V/I.25MA, 2.5V/I.75A. 2.5V/ I 75A 

-5KV Test   3.95 
352-7176 320VCT/50MA. 4.5V/3A, 6.3VCT/20A. 

2X6.3VCT/6A   4.75 
RA6400-1 2.5V/1.75A, 6.3V/2A-5KV Test   2.39 
901692 I3V 9A   2.49 
901699-501 2.77V @ 4.25A   3.45 
901698-501 900V 15 M A. 100V/.04A   4.29 
UX8855C 900VCT.067A. 5V/3A   3.79 
RA6405-I 800VCT 65MA, 5VCT/3A   3.69 
T-48852 700VCT 80MA. 5V/3A, 6V/1.75A   4.25 
352-7098 2500V 6MA. 300 VCT. 135MA   5.95 
KS 9336 1100V SOMA TAPPED 625V 2.5V/5A 3.95 
M-7474319 6.3V ,2.7A. 6.3V '.66A. 6.3VCT 2IA . 4.25 
KS 8984 27V 4.3A. 6.3 2.9A, I.25V/.02A   2.95 
52C080 526VCT ,50MA. 6.3VCT/2A. 5VCT/2A 3.75 
32332 400VCT/35MA. 6.4V/2.5A. 6.4V/.15A 3.85 
68G631 1150-0-1150V   2.75 
80G198 6V CT/.00006 K VA   1.75 
302433A 6.3V/9. IA. 6.3VCT/6.5A, 2.5V/3.5A, 

2.5V/3.5A   4.85 
KS 9445 592VCT/118MA. 6.3V/8.IA, 5V/2A . 5.39 
KS 9685 6.4 7.5A, 6.4V/3.8A. 6.4V/2.5A   4.79 

ALL CT 
70G3OG 1 600VCT/36MA   2.65 
M-7474318 2100V/.027A   4.95 
95-G•45 2000V/.002A. 465V/.6A. 44V/I0A, 

6.3V23.5A, 6.3V/1.8A, 5V/9A. 
2X2.5V 1.75   17.95 

TRANSTAT IN: II5V. 400 CV. 
OUT: 75-120V, 6.0 Amps.   12.95 

MICROWAVE COMPONENTS 
S BAND-3" x 11/2" 

WAVEGUIDE 
DIRECTIONAL COUPLER. litoadband 
type "N" Coupling. 20 ,ib. with std. 
flanges. Navy 7CABV 47AAN-2. A, 
Mown  $37.50 
WAVEM ET E 2700-3400 MC. Reaction 
type with counter Dial-51fg.. 
 $92.50 

REACTION WAVEMETER, Mfg. G.E. 3000-370u 
MC. 5lic. Head  $125.00 

LHTR. LIGHTHOUSE ASSEMBLY. l'art of ItT39 
APG 5 & APG IS. Receiver and Trans. Cavities 
w/assoc. Tr. Cavity and TYPe N VP1/0 . To Item>. 
Uses 2C41), 24'43. 11327. Tunable APX 2400-2700 
5ICS. Silver Plated  $49.50 

BEACON LIGHTHOUSE cavity 10 cm. 5Ifg. Ber-
nard Rim. each  $47.50 

MAGNETRON TO WAVEGUIDE Coupler with 
72IA Dupleser Cavity. gold plated  $45.00 

RT-39 APG•5 10 cm. lighthouse RP head clo 
Xintr.-Itecyr-TIL cavity compl. reevr. & 30 51C 
Il" strip using 00K5 12C40. 2(.'43. 11327 lineup) 
w/Tulies. 

72IA TR BOX complete with tube and tuning 
plungers  $12.50 

McNALLY KLYSTRON CAVITIES for 707B or 
2K28  $4.00 
F 29 SPR-2 FILTERS. type "N" input and 
output  $12.50 

WAVEGUIDE TO 3/eo RIGID COAX -DOOR-
KNOB" ADAPTER CHOKE FLANGE. SILVER 
PLATED BROAD BAND  $32.50 

ASI4A AP-10 CM l'irk up Dipole with "N" 
Cables  $4.50 

Oki ECHO BOX. 10 CM TUNABLE  $22.50 
HOMERELL-TO•TYPE "N" Stale Adapters  
W. E. :11107284  $2.75 

I. F. AMP. STRIP: 30 MC. 120 d.h. gain, 2 51C 
Bandwidth. um, 6AC711-wItli video detector. 
I A.K4 tubes  $24.50 

POLYROD ANTENNA. A831/APN-7 in Lucite 
Ball. Type "N" feed  $22.53 

ANTENNA. AT49A/A1•11: Broadband Conical. 3011-
:13011 Me. Type "N" Icty'd  $12.50 

"E" or "H" PLANE BENDS. 00 Deg, less 
flanges  $7.50 

7/8 " RIGID COAX-%" I.C  
RIGHT ANGLE BEND. with flexible coax output 
pickup loop  $8.00 

SHORT RIGHT ANGLE BEND, with pressuriz-
ing nipple  $3.00 

RIGID COAX I,, flex coax connector  23.50 
STUB-SUPPORTED RIGID COAX, gold plated 

length,. Per length  $5.00 
RT. ANGLES for above  $2.50 
RT. ANGLE BEND 15s L. OA  $3.50 
FLEXIBLE SECTION. 15" L. Male to female $4.25 

RIGID COAX. BULKHEAD FEED-THRU 
 $14.00 

IMMEDIATE 
DELIVERY - - FULLY 

GUARANTEED 
X BAND-1" x 1/2 " WAVEGUIDE 
1" x 1/2" wavegulde In 5' lengths VG 39 flange to 
U040 cover  per length $7.50 

Rotating joints supplied either with or without deck 
 Mg. With UG40 flanges  each. $17.50 

Bulkhead Feed-thru Assembly  $15.00 
Pressure Gamma Section 15 Ili, gauge and press 
nipple  $10.00 

Pressure Gauge. 15 Ms.  $2.50 
Dual Oscillator. Mount. (Hack to back) with crystal 
mount, tunable termination attenuating slugs 
 $18.59 

Directional Coupler. UG-40/U Take off 20 db $17.50 
TR-ATR Uuplegor section for above  $8.50 
723AB Mixer-Beacon dual Ose. 5Int, w/xtal 
holder  $12.00 

Waveguide Section 12" long choke to cover 45 dev 
twist & 254" radius. 90 deg. bend  $4.50 

Twist 90 deg. 5" choke to cover w/pres nipple $6.50 
W Ide Section 2% ft. long silver plated with 
ehoke flange  $5.75 

Rotary Joint choke to choke with deck mount-
ing  $17.50 

3 cm. mitered elbow -E" plane  912.00 
UG 39 Flanges  $ .85 
90   elbows. "E" or "11" plane 2%" ra 

 $12.50 
90 degree twist 6" long  $8.00 
45 degree twist  $8.00 
APS-4 Under Belly Assembly, le,. tube, _6375.00 

1 1/4 " x 3/e" WAVEGUIDE 
X Band Wave GD 114" x ,„" 1). I 16" wall 
aluminum  per ft. 75C 

Slug Tuner Attenuator W.E. guide. Gold plated 86 
RI -Directional Coupler. Type "N" Takeoff 25 .50 
coupling  $27:95 

POWER TRANSFORMERS 
Comb. Transiormers-115V/50-60 cps Input 

CT15-2-600VCT/.2A. 5V CA   $5 
CT-I5A 550VCT .085A 6.3V/.6A, 6.3V,1.8A2".9855 
CT-I64 4200V.002,1 ,12KV Test. 5VCT/3A/I2KV 

Test. 6.3V 0.6A'5400 V Test   12.95 
CT-341 1050V/I0MA,-625V @ 5 MA. 26V @ 4.5A 

2x2.5V 3A. 6.3V @ 3A  16.95 
CT-825 360VCT .340A 6.3VCT 3.6. 

6.3VCT/3A   3.95 
CT-626 1500V .160A 2.5/12. 30/.100   9.95 
CT-071 110V .20011 33/.200. 5V/10. 

2.5/10   1.95 
CT-367 580VCT .050A 5VCT/3A   2.25 
CT-99A 2x1I0VCT .010A 5.3/IA. 2.5VCT/7A. 3.25 
CT-403 350VCT .026A 5V/3A   2.75 
CT-931 585VCT .086A 5V/3A. 6.3V/6A   4.25 
CT•610 1250 .002/1 2.5V/2.IA, 2.5V/ 

I.73A   4.95 
CT-456 390VCT SOMA 6.3V/I,3A. 5V/3A   3.45 
CT-I60 800VCT 100MA 6.3V/1,2A. 5V/3A  4.95 
CT-931 585VCT 96MA 5V/3A, 6.3V/6A  4.95 
CT-442 525VCT 75MA 5V/2A, 10VCT/2A, 

50V/200MA   3.85 
CT-720 550-0-550V/250MA. 6.3V/I.8A   8.95 
CT-43A 600-0-600V .08A. 2.5VCT/6A, 6.3VCT/IA 6.49 
CT7-501 650VCT 200MA. 6.3V/5A   6.49 
CT-444 230-0-230V 085A. 5V/3A, 6V/2.5A  3.49 

Filament Transformers-115V/50-60 cps input 
Rating Each 

FTI-t6e7m4 8.IV I.5A  $ 1.10 
FT-I57 4V 16A.2.5V/1.75A   2.95 
FT-101 6V .25A   .79 
FT-924 5.25V 2IA, 2x7.75V/6.5A   14.95 
FT-824 2x26V/2.5A, 16V/IA. 7.2V/7A. 6.4V/IOA.  

6.4V/2A   8.95 
FT-463 6.3VCT/IA. 5VCT/3A. 5VCT/3A   5.49 
FT-55-2 7.2V/2I.5A. 6.5V/6.85A. 5V/6A. 5V,3A  8.95 
FT-986 I6V ® 4.5A or I2V @ 4.5A   3.75 
FT-38A 6.3/2.5A. 282.5V/7A   4.19 
FT-A27 2.5V/2.5A. 7V/7A. TAP 2.5V,2.5/1, 

I6KV TEST   18.95 
FT-608 6.3V/3A/750V Test    1.79 
FT-873 4.5V/.5A. 7V/7A   2.19 
FT-899 2x5V @ 5A. 29KV Test   24.50 

Plate Trans.-115V. 60 cps 
Item Price 

PT-446 18.5V3.5A  Rating $4,59 
P1.699 300/150V/.05A. 300/150V/.05A   24:5799 
PT.302 120-0.120V/350MA   4.69 
PT-67I 62V/3.5A    7.95 

Special Fil. Transformers-60 cps 
Pei. Volts Secondaries 

STIFte-m370 220/440 382.5V/5A, 3KV Test 

STE-11A 220V 2.5V/15A   2840V/.05A, 2x5V/8A Price 

STF•608 220V   4.49 24V;0.6A. 5V/3A, 6.3V/IAS. "5 

ST F-968 230V 2.56V376./51AA   3.45 
tin I 3 50 STF 2x5V/27A, 2x5V 9A 17 3.1 

THERMISTORS VARISTORS 
D157018 .. $1,5" 0171812 91.50 
0167332   1.50 DI72155   1.50 
0167613   1.50 0167176   1.50 
0166228   1.50 0 I 68687   1.55 
0164699 '.50 0167208E, 0171858 1.50 
0 163903   1.95 308A. 3A, 27-B .... 1.50 
0166792   2.15 0168403   2.15 

DYNAMOTORS 
Input Output Radio 

Type Volts Ames Volts Amps Set 
PE86 28 1.25 250 .060 RC 36 
DM116 14 5.2 33(1 .170 RU 19 
DM33A 28 7 540 .250 BC 456 
PEIOIC 13/26 12.6 400 .135 SCR 515 

6.3 800 .020 
B O AR 93 28 3.25 375 .15 
23350 27 1.7$ 285 .075 APN - I 
2.90 -dI 12/24 4/2 500 .050 
B•19 pack 12 9.4 275 .110 MARK 11 

500 .050 
D104 12 225 .100 

440 .200 
OA-3A 28 10 300 .060 SCR 522 

150 .010 
14.5 .5 

5053 28 1.4 250 .060 APN - 1 
PE73CM 28 19 1000 .350 BC 375 
CW21AAX 13 12.6 4 .135 

26 6.3 800 .020 
9 1.12 

PE94 28 10 300 .200 SCR 522 
150 .101 
14.5 .5 

IN 
PE-218.H: Input: 25 28 vdc. 92 amp. Output: 115 v. 

350 500 cy 1500 volt-amperes. New  $44.50 
PE-206: Input: 28vdc. 38 amps. Output: 80 y 800-cy. 
500 volt•amps. Dim: 13" \ 5.," New  $22.50 

LELAND No, 10536: IN: 28 VDC, I2A. OUT: II5V, 
II5VA, 400 CY 3 PHASE. EXC. COND.  $70.00 

MAGNETRONS 
Tube Tube Tube 
2127 2149 713DY 
2131 2156 720BY 
2121 2161 725-A 
2122 700 730-A 
2126 706 OK 62 
2132 2162 OK 61 
2138 3131 El K 60 
2139 5130 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. SEND M.O. OR CHECK. ONLY SHIPPING SENT C.O.D. 

RATED CONCERNS SEND P.O. ALL MDSE. SUBJECT TO PRIOR SALE, AND PRICES SUBJECT TO CHANGE WITHOUT NOTICE. 

PARCELS IN EXCESS OF 20 POUNDS WILL BE SHIPPED VIA CHEAPEST TRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y. Dept I-1 Chas. Rosen Phone: Dlgby 9-4124 
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PROFESSIONAL CARDS 
ALFRED W. BARBER 
LABORATORIES 

Specializing in the Communications Field and 
in Laboratory Equipment 

Office., Laboratory and Model Shop at: 
32-44 Francis Lewis Blvd., Flushing, L.I., N.Y 

Telephone: Independence 3-3306 

CROSBY LABORATORIES, INC. 
MURRAY G. CROSBY & STAFF 
RADIO-ELECTRONIC RESEARCH 

DEVELOPMENT á MANUFACTURING 

COMMUNICATIONS, FM & TV 

ROBBINS LANE 
HICKSVILLE, NEW YORK 

HICKSVILLE 3-3191 

ELDICO OF NEW YORK, INC. 
Donald J. S. Merten and Engineering Staff 
Consultants on Interference Elimination 
from Transmitters, Induction Heaters, 

Diathermy, etc. 
44-31 Douglaston Parkway, Douglaston, L.I., N.Y. 

Bayside 9-8686 

Richard B. Schulz 

sPeeceld_Seaeed 
Radio-lnterfeernce Reduction; 

Development of 
Interference-Free Equipment, 

Filters, Shielded Rooms 
4337 N. 5th Street, Philadelphia 40, Pa. 

GLadstone 5-5353 

ELK ELECTRONIC LABORATORIES, INC. 

Jack Rosenbaum 

Specializing in design and development of 

Test Equipment for the communications 
radar and allied fields 

333 West 52nd St., New York 19, PL-7-0520 

v pC11,1 N E WORses 

ELECTRONICS X-RAY DIVISION 

°i"siGe - DEVEL.0::1'; HT teAtsuFROUet 

I I Astoria Boulevard Lone Island City 3, N.Y. 
Phone AStoria 8.2800 

HARRIS GALLAY 
Electronic Consultant 

Military Electronics Since 1935 

Your inquiries solicited and our experience is 
at your command. 

60 Perry Street Belleville 9, N.J. 
Be 2-4237 

PAUL GODLEY CO. 
Consulting Radio Engineers 

P.O. Box J. Upper Montclair, N.J. 
Offs & Lab.: Great Notch. N.J. 

Phone: Montclair 3-3000 
Established 1926 

HERMAN LEWIS GORDON 
Registered Patent Attorney 

Patent Investigations and Opinions 

Warner Building 
Washington 4, D.C. 

National 2497 

100 Normandy Drive 
Silver Spring, Md. 
Shepherd 2433 

HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 

Design, Development and Manufacture 
of Transformers, Chokes, Etc. 

for the 
Electronic, Industrial and Allied Fields 

Main & Urban, Westbury, L.I., N.Y. 
WE-7-2933 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Electronics, Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro -sensitive recording media. Instrumenta-
tion. 
155 Perry Street, New York 14 CHelsea 2-7855 

LEONARD R. KAHN 
C0111141tant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 

Applications of Magnetic Tape Recording 

Elizabeth Bldg., 22 Pine St., Freeport, L.I., N.Y. 
Freeport 9-8800 

DAVID C. KALBFELL, Ph.D. 
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Basic 
Eleme The versatility of the entire line 

measuring equipment is based on the 

oaxial Connector with which all coaxial elements are 
equipped. Any two of these connectors plug smoothly into each other withou 

intermediate elements, eliminating the complication of male and female ends. 

The Type 874 connector accepts Type 274 banana plugs as well. It is 
adaptable to panel mounting and connects to rigid air lines or flexible cables. 

Electrical characteristics are excellent. 

‘14 
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Slotted Line 
Type 874-LB 

The Type 874-LB Slotted Line is a fundamental measuring 
instrument for use at ultra-high frequencies. With it, the standing-
wave patterns in coaxial transmission lines can be determined 
accurately and simply. It has excellent electrical characteristics, is 
low in cost and light enough to be used in the field and in such 
awkward locations as the top of antenna towers. 
The Slotted Line is a 50-ohm air-dielectric coaxial transmission 

line with a longitudinal slot in the outer conductor through which the 
field is sampled. The inner conductor is supported only by a single 
Type 874 Connector at each end, minimizing reflections and dis-
continuities. 
The r-f voltage which is picked up by the adjustable capacitive 

probe, mounted on a sliding carriage, may either be rectified by a 
built-in crystal detector, or connected to coaxial terminals for 
detection by an external receiver. 

Type 874-LB Slotted Line, with crystal detector   $220.00 

Type 874-020 Adjustable Stub, for tuning with crystal . $10.50 
Type 874-1V Micrometer Vernier Attachment   $20.00 

Type 1602-A Admittance Meter 
The Type 1602-A Admittance Meter represents a new and unique 

technique in u-h-f instrumentation. It provides a rapid, simple and 
accurate means for the measurement of impedance, admittance or 
VSWR in the range between the upper limit of conventional bridges 
and the lower limit of practical slotted lines. 
This instrument is very versatile, portable, light weight, and 

suitable for field use. It can be used to match a load to a line, to com-
pare directly the impedance of one circuit or component to another, 
and to measure reflection coefficient. 
The Admittance Meter is a null device featuring: 

Direct-reading conductance and susceptance scales independent 
of both frequency and calibration of detector 
No sliding balance — conductance and susceptance adjustments 
are independent 
Accurate measurements on balanced circuits with the new Type 
874-UB Balun 
Direct-reading measurements of Impedance (resistance and 
reactance) or Admittance (conductance or susceptance) when 
used with the Type 874-LK Constant-Impedance Adjustable 
Line 
Elimination of line-length corrections when used with the 
constant-impedance line stretcher 

This instrument is designed for measurements on antennas, lines, 
coaxial components, and lumped and distributed networks. 

  Specifications  

Frequency Range: 66 to 1,000 Ale, direct 
( n be used from 20 lo 1,500 Ale 

Conductance Range: 0.2 to 1,000 millimhos 

Susceptance Range: (0.2 to 1,000) millimhos 

Range with Type 874-LK: resistance, 1 to 5,000 
ohms — rea( nce, (I lo 5,000) ohms 

Features 

Frequency Range: 300 Mc to 5,000 Mc 
Accuracy: constancy of probe coupling 
21.,(70 or better 

Characteristic Impedance: 50 ohms I% 
Connectors: Type 874 with standing-
w::',  ratio less than 1.05 to 4,000 Mc 
Probe Penetration: completely adjustable 
Probe Travel: 50 cm 
Slow-Motion Drive: engaged by down-
ward pressure for fine adjustment; 
disengaged by upward pressure on 
knob for free sliding 
Scale: calibrated in centimeters — can 
be shifted to simplify calculations 
Accessory Micrometer Vernier: for meas-
urement of high standing-wave ratios 
by the "width of minimum" method 
Portability: weighs only 8 pounds 

_ 
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Accuracy: for bath Conductance and Sus-
ce planee —0 to 20 millimhos, (5% -I-
0.2 millimho) — 20 to co millimhos, 5 
M% (M is scale multiplying factor) 

Accessories Supplied: 50-ohm termination, two 
adjustable stubs with calibration, two patch 
cords for connection to generator and detector, 
one coaxial connector for receiver. 

ir4 

Type 1602-A 

Admittance Meter 

$295.00 



Type 874-UB Balun... $70.00 
The Type 874-UB Balun is a balanced — to— 

unbalanced coaxial transformer which makes 
possible the simple and accurate impedance meas-
urements of balanced systems with unbalanced 
measuring equipment. 

It uses an artificial half-wave line which is 
made tuneable for maximum accuracy. When 
tuned to the operating frequency, the conver-
sion from balanced to unbalanced impedance is 
made accurately and without appreciable loss. 
The Balun operates in the range from 50 to 
1,000 Mc. It, can be used with the Admittance 
Meter, Slotted Line and any other G-R coaxial 
equipment. 

Type 874-LK 

Constant-Impedance 
Adjustable Line   s36.00e21: 

The Type 874-LK Constant-Impedance Adjustable 
Line (50 ohms) is a line stretcher with an adjustable 
range of 22 cm. between 58 and 80 cm. A convenient 
locking mechanism is provided for maintaining desired 
adjustments. 

l'he VSWR is less than 1.10 to 2,000 Mc and is appre-
ciably better at lower frequencies. This line stretcher is 
particularly useful for: 

ACCESSO 
by 

When the Balun is used with the Admittance Meter 
and the Type 874-LK line stretcher, admittance meter 
readings are simply multiplied by 10 to obtain actual 
balanced impedance in ohms. 

The two adjustable stubs and the two air line lengths 
required to tune the Balun depend upon the frequency 
range. Two Type 874-VC Variable Capacitors and 
appropriate lengths of line permit use over the 50-300 
Mc range. 

Type 
(Tiro of e ach req II ire d) 

Accessory Equipment 

Frequency Range Total Cost 
(Megarycic,,) 

874-D20 Stubs 470-1000 
874-D20 Stubs and 814-110 Lines 350-525 
814-D20 Stubs and 874-L20 Lines 275-380 
874-D20 Stubs and 874-L30 Lines 225-280 
874-0 50 Stubs and 874-L30 Lines 170-280 

$21.00 
34.00 
34.00 
36.00 
39.00 

Supplied with the instrument are: a Type 874-UB-P1 
terminal unit for use with 300-ohm twin lead; a Type 
874-WN3 Short-Circuit Termination and a Type 874-
WO3 Open-Circuit Termination to facilitate tuning. 

*Eliminating line-
length corrections * Converting 
admittance measuring devices to direct-reading impedance 
measuring instruments, and vice versa * Use as part of 
a matching section to convert a load impedance to the 
characteristic impedance of a line system. 

Type 874-M Component Mount   
The Type 874-M Component Mount is a 

shielded enclosure of convenient size, which 
greatly minimizes "lead" reactance and 
stray capacitance when measuring impedance 
of resistors, capacitors, inductors and com-
binations of circuit elements from dc to 5,000 
Mc. It connects directly to the Slotted Line, 
Admittance Meter or other G-R Coaxial 
Elements. 

Insertion Unit . . $10.00 
The Type 874-X Insertion Unit is a shielded 

housing for impedance-matching networks, attenu-
ator pads, v-h-f transformers, filters and a variety 
of other small networks. Space available in the 
hollow cylinder for mounting components is 2 
inches long and 9/16 inch in diameter. A shielding 
cover-sleeve slides over the opening in the cylinder. 

Adaptors to Type N Connector 
G-R Type 874•QNJ $3  75 
G•R Type 874-QNP $4  50 

Adaptorsillf. pe C Connector 
$4  73 
$6  30 

e at2ikammime 

$25.00 

One Type 874-WN3 Short-Circuit Termin-
ation and one Type 874-W03 Open-Circuit 
Termination are supplied to simplify deter-
mination of line-length corrections between the 
instrument measuring point and the com-
ponent being measured. These corrections 
can be eliminated entirely if a Type 874-LK 
line stretcher is used. 

Fof,e)r, eue, adapee4 
e adaptabiiity and scope o t 

Type 874 u-h-f measuring equipment ib 
increased by four new adaptors. They 
permit interconnection of Type 874 
equipment with all other commonly 
used coaxial systems, with a minimum 
of connection error. Engineers can now 
take full advantage of the high 
accuracy provided by G-R instruments 
for measurements on any system 
equipped with Types N, C, BNC and 
UH F 

Adaptors to Type BNC Connector 
G-R Type 874-QBJ $3  73 
G-R Type 874-QBP $6  00 

Adaptors to UHF Connector 
G•R Type 874•QUJ $4  OC 
GR Type 874-QUP   $425 

G-R Type 874-QCJ 
G-R Type 874-QCP 



ype 1021-AU Standard-Signal Generator 
Type 1021-AU Standard -Signal 

Generator is a reliable and con-
venient source of u-h-f power from 
250 to 920 Mc. It is widely used at 
vhf and uhf as a signal source for 
measurements with bridges and 
slotted lines, and for obtaining 
characteristics of t-v and radio 
receivers and amplifiers. 
With the Type 1000-P6 Crystal 

Diode Modulator, this signal gen-
erator can be modulated over a 
range of 0 to 5 Mc with negligible 
incidental fm. 

ype 720-A 

Tuning Circuit: butterfly-type with no slid. 
in nmiads 

Frequency Range: 150 to 920 Mc in one band 

Frequency Calibration: direct-reading 

Output Voltage: continuously adjustable 
from ft.- to 1.0 volt, open circuit, with 
in type altenuator 

Amplitude Modulation: internal, I kc —ex-
ternal, flat to within 3 db from 30 cycles 
to 15 ke, adjustable from 0 to 50% 

Output Impedance: 50 ohms 10% 

Panel Meter indicates either carrier out-
put voltage or modulation percentage 

Type 1651-A 

Type 1021-AU Standard-Signal Generator, 
1» Y10 Mc, with power supply . . . $615.00 

Type 1021-AV Standard-Signal Generatcr, 
50 — 250 .11c, with power supply . $595.00 

Bolometer Bridge ... $325.00 
Type 1651-A Bolometer Bridge is a 

general-purpose power measuring instrument 
designed for maximum utility and adapti-
bility in the u-h-f laboratory. Either d-c 
substitution or direct-reading methods may 
be used. In commercial, industrial and 
educational laboratories, the Bolometer 
Bridge's flexibility permits operation with 
many different types and makes of bolo-
meters. It can be adapted for use with exist-
ing equipment of different manufacturers' 

Heterodyne Frequency Meter . . $395.00 
Type 720-A Heterodyne 

Frequency Meter is widely 
used for the rapid and reli-
able measurement of fre-
quency in the v-h-f and u-h-f 
b'ands. The instrument is 
Wintery operated, completely 
self-contained and mounted 
in a portable cabinet. 

With this instrument the 
power required from the un-
known source to produce 
beat notes with a calibrated 
oscillator is very small. 

G-R wavemeters and other 
frequency -measuring devices 
are also available. 

Type 1203-A 
Unit Power Supply 

Frequency Range: fundamental 100 to 200 .21!c 
—from 10 Mc to 3,000 Mc nteasurements 
can be made by harmonic methods 
Calibration: each main dial division corresponds 
to 1 Mc—one-half turn of vernier dial corre-
sponds to I% variation in main dial setting 
Accuracy: 0.1% 
Tuned Circuit: butterflr-tvpe, assures smooth 
frequency adjust nind and avoids sliding 
contacts and other difficulties inherent in 
u-/i-f tuning devices 
Adjustable Antenna: mounted on panel, elimi-
nates need for direct connection to source 
under measurelne nt 
Detection: dynamic speaker mounted on Judd 
panel for strong signals—headphones for weak 
signals—panel-meter indication steady even 
when frequency being measured is unstable 
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Bolometer Resistance Range: 25 to 400 ohms 
Current Range: 0 to 100 nio 
Frequency Range: determination of poncer is 

independent of frequency. Practical range; 
5 to -1,000 .11c with thermistor units; 5 to 
1,000 Mc with fuse units 

Accessories Supplied: power cord, spare fuses 
and paid: cord to thermistor unit. 

A variety of Thermistor Units and 
Fuse Bolometer Holders are available 
from G-R for operation over wide 
ranges. 

Nee 

Unit U-H-F Oscillator 
The Type 1209-A Unit U-H-F Oscillator 

is a compact, moderately-priced signal source 
delivering 100 to 500 milliwatts over a 250 to 
920 Mc frequency range. The availability of 
this low-cost signal source and other G-R unit 

.4, instruments ideally adapt these units for use 
in electronics laboratories and in college 
demonstration and experimentation classes. 

Type 1209-A U-H-F Unit Oscillator   $235.00 

Type 1203-A Unit Power Supply 
(for Unit Oscillators)   $47.50 

Type 1208-A V-H-F Unit Oscillator, 
65 to 500 Mc   $190.00 

Since 1915— Designers and Manufacturers 



"Let's take this capacitor problem to C-D" About 3 times out of 4, 
we find that a capacitor problem submitted to us has come up before, and the 
solution is ready and waiting. 

Coincidence? No, just that C-D is usually called on to tackle the capacitor 
problems of other companies engaged in the same type of work as your own. 

If your problem is new or old, our engineers will be glad to collaborate with you. 
Cornell-Dubilier Electric Corporation, South Plainfield, New Jersey. 

CORNELL-DUBILIER 
world's largest manufacturers of capacitors 

CONVERTERS ROTATORS CAPACITORS ,BRATORS ANTENNAS 

SOUTH PLAiNfiELD, N. J. • NEW BEDFORD, WORCESTER AND CAMBRIDGE, MASS. • PROVIDENCE, R. I. • INDIANAPOLIS, IND. • FUQUA." SPRINGS, N. C. • SUBSIDIARY, IHE RAD1ART CORP., CLEVELAND, O. 



§ 
INTEGRATED SYSTEM 

or measurements 

Basic parts of the Type 874 Coaxial Connector: 
inner conductor, outer conductor and support-
ing polystyrene bead. The overlapping portion 
of the connection is a unifonit coaxial section. 

A Complete Line of 11-11-F 

Coaxial Measuring Equipment 

A complete line of high-frequency coaxial 

measuring equipment is now available, 

after many years of development by G-R 

engineers. All of the instruments of this 

line use Type 874 Coaxial Connectors. 

These instruments, elements and inexpen-

sive auxiliary units include: 

Slotted Line, Bolometer Bridge, Signal 

Generators, Oscillators, Heterodyne Fre-

quency Meter, Crystal Galvanometer, Volt-

meter Rectifier, Voltmeter Indicator, Mixer 

Rectifier, Line Elements, Attenuators, Fil-

ters, Balun, Adaptors, Patch Cords, etc. 

These instruments can be assembled in 

many configurations to meet practically all 

u-h-f measuring needs. They are widely 

used in research, education, v-h-f and u-h-f 

broadcasting. 

Ai For 
'omplete 
Read the 6-Page 
nsert Just Inside 

Back Corer 

based on t 

Univer 

Connector 

Quick Connect-Disconnect 
—No male female parts 

Identical Connectors 
Low VSWR 

— less than 1.05 to 4,000 Mc 

The G -R Type 874 Coaxial Connector is the basic element in a compl 
versatile and interchangeable line of u-h-f coaxial measuring equipment and ass. 
atad line elements. 

Unparalleled convenience in use and excellent electrical uniformity at all 
quencies from 0 to 5,000 Mc, make the Type 874 Coaxial Connector the k 
laboratory connector. Intended for the laboratory rather than for the field, i 
designed for quick connect and disconnect instrument use and not as a sys-
connector with locking junctions and pressurizing. 

* Complication of male and female 
assemblies is completely eliminated — 
all Type 874 Connectors are identical 
and plug smoothly into each other — 
connections can be broken quickly and 
conveniently—no intermediate ele-
ments needed 

* Strong friction grip is made by mul-
tiple spring-loaded contacts—no special 
tools or locking required 

* Reflections are small—they can be 
neglected in most measurements— 
VSWR is less than 1.05 to 4,000 Mc 

* External fields from connector are 
negligible 
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* Characteristic impedance 50 ohn 
the widely accepted standard 

* Basic connector is inexpensi 
only $1.25 

* Type 874 Connectors are made 
several models for mounting on pat 
or for connecting to solid outer corn-
tor or flexible coaxial lines. They 
accept Type 274 banana plugs for is 
frequency use 

* New Coaxial Adaptors from the C 
Type 874 Connecter to other type c 
nectors now permit use of G-R precis 
laboratory instruments for meast 
mente in conjunction with governm 
and other types of equipment 

Admittance Meters tr Coaxial Elements * Decade Capacitors 

Decade Inductors tr Decade Resistors te Distortion Meters 

Frequency Meters* Frequency Standards * Geiger Counters 

Impedance Bridges * Modulation Meters et Oscillators 

Variacs te Light Meters* Megohmmetera tr Motor Controls 

Noise Meters te Null Detectors tr Precision Capacitors 

Pulse Generators tt Signal Generators* Vibration Meters* Stroboscopes tr Wave Fillers 

U-H-F Measuring Equipment tr V-T Voltmeters te Wave Analysers tr Polariscopes 


